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1  | INTRODUC TION

Functional constipation (FC) is a common problem faced in pedi-
atric healthcare.1 In some tertiary centers, colonic manometry has 

become a diagnostic tool used to guide surgical management.2-4 
In general, a colonic motility disorder is defined when there is 
no increase in colonic motor patterns after ingestion of a meal 
and there is no evidence of spontaneous or bisacodyl- induced 
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Abstract
Background: Using water- perfused (WP) high- resolution manometry, we recently 
demonstrated that children with functional constipation (FC) lacked the postprandial 
increase in distal colonic cyclic motor patterns that was observed in healthy adults. 
Our aim was to determine if similar results could be detected using a solid- state (SS) 
manometry catheter.
Methods: We performed a retrospective analysis of 19 children with FC (median age 
11.1 years, 58% male) who underwent colonic manometry with a SS catheter (36 
sensors, 3 cm apart). Data were compared with previously published data using a WP 
catheter (36 sensors, 1.5 cm apart) recorded from 18 children with FC (median age 
15 years; 28% male).
Key Results:	The	cyclic	motor	patterns	 recorded	by	 the	SS	catheter	did	not	differ	
from	those	previously	recorded	by	the	WP	catheter.	There	was	no	detected	increase	
in this activity in response to the meal in either group. Long-single motor patterns 
were	recorded	in	most	patients	(n	=	16,	84%)	with	the	SS	catheter.	The	number	of	
these	events	did	not	differ	from	the	WP	recordings.	In	the	SS	data,	HAPCs	were	ob-
served	in	4	children	prior	to	the	meal,	in	5	after	the	meal.	This	did	not	differ	signifi-
cantly from the WP data.
Conclusions & Inferences:	These	data	recorded	by	SS	manometry	did	not	differ	from	
WP manometry data. Regardless of the catheter used, both studies revealed an ab-
normal colonic response to a meal, indicating a pathology which is not related to the 
catheter used to record these data.
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high-	amplitude	 propagating	 contractions	 (HAPCs).4	 HAPCs	 are	
temporally associated with defecation and are therefore consid-
ered to be an important hallmark of functional integrity of the 
colon.5

The	colonic	postprandial	response	is	poorly	defined	and	defini-
tions of a “normal” response differs among research groups. Using 
fiber- optic high- resolution manometry in healthy adults, a high 
calorie meal was shown to induce a significant increase in prop-
agating cyclic motor patterns in the sigmoid colon.6	This	increase	
was largely absent in adults with slow transit constipation.7 Using 
these adult derived manometric definitions, we performed high- 
resolution water- perfused manometry in children with FC in an at-
tempt to quantify their colonic postprandial response. Our results 
indicated that like the constipated adults, the children also failed 
to show an increase in the cyclic propagating motor patterns.8 
Indeed, in those children, while cyclical pressure waves at 2- 6 cy-
cles per minute could be identified, the meal had no apparent ef-
fect	upon	them.	As	the	initial	postprandial	response	is	likely	to	be	
mediated via extrinsic neural input,9 these findings in both adults 
and children, suggest that an extrinsic neuropathy may exist.

A	potential	criticism	with	our	water-	perfused	manometry	study	
in children was that we compared data recorded by 2 different ma-
nometry systems; water- perfused manometry in children and fiber- 
optic manometry in adults.8	Therefore	the	findings	in	children	may	
have	been	due,	 in	part,	 to	the	recording	technique.	At	Nationwide	
Children’s Hospital, in the United States, colonic manometry is 
currently performed using a solid- state (SS) manometry catheter. 
Previous comparative studies have shown that both solid- sate and 
water-	perfused	(WP)	catheters	are	capable	of	detecting	HAPCs,10,11 
however, those studies did not examine the respective catheters 
ability to detect lower amplitude or cyclical contractions. In this cur-
rent study, we aimed to evaluate the postprandial response in these 
SS data and compare these results with our previously published 
water- perfused data.

2  | MATERIAL S AND METHODS

2.1 | Study design

We performed a retrospective chart review of patients with FC who 
underwent colonic manometry with an SS catheter (36 sensors, 3 cm 
apart; Unisensor, Switzerland) between September 2013 (the time 
of introduction of the 36- sensor SS colonic manometry catheter at 
Nationwide Children’s Hospital) and February 2016.

These	 data	 were	 compared	 with	 previously	 published	 data	
from children with FC who underwent WP colonic manometry (36 
channels,	1.5	cm	apart,	stationary	manometry	version	9.3K;	MMS,	
Enschede,	The	Netherlands).8

2.2 | Ethical considerations

This	study	was	 reviewed	and	approved	by	 the	 institutional	 review	
board	of	Nationwide	Children’s	Hospital	(Columbus,	Ohio,	USA).

2.3 | Subjects

Children and adolescents were eligible for inclusion if they were 
0- 21 years of age and had a diagnosis of FC according to the Rome 
III criteria since childhood.12 Colonic manometry was generally per-
formed because patients had persistent symptoms of constipation 
despite treatment, and were therefore considered to suffer from in-
tractable FC (unresponsive to intensive conventional interventions 
for	≥3	months).2 Exclusion criteria were: constipation due to known 
organic causes (eg, Hirschsprung’s disease, tethered spinal cord, 
and hypothyroidism) and incomplete data (eg, as a consequence of a 
technical problem during the colonic manometry).

2.4 | Admission protocol

Patients were admitted to the hospital 1 day prior to the colonic ma-
nometry for a colonic lavage to allow for catheter placement into the 
colon. In order to improve lavage efficacy, patients also completed a 
preadmission home cleanout with high- dose polyethylene glycol and 
stimulant laxatives (bisacodyl or senna). During admission, patients 
received	polyethylene	 glycol	with	 electrolytes	 (GoLYTELY®), given 
via a nasogastric tube. In accordance with hospital protocols, poly-
ethylene glycol with electrolytes was administered until the patients 
passed clear stools. Patients were put on a clear diet 24 hours prior 
to catheter placement and fasted overnight prior to the catheter 
placement.

2.5 | Catheter placement

Solid- state catheters were placed by 3 different techniques; 2 
types of retrograde placement and 1 type of antegrade place-
ment.	The	decision	of	which	technique	to	use	was	dependent	upon	

Key Points

• Using water-perfused manometry in children with se-
vere constipation, we found an abnormal colonic post-
prandial response, when compared to data recorded by 
a fiber-optic manometry in healthy adults.

•	 To	determine	if	those	results	were	not	simply	the	result	
of water-perfused manometry, we performed a retro-
spective analysis of solid-state colonic manometry re-
cordings in constipated children and compared these to 
previously published water-perfused data.

•	 The	data	on	the	colonic	postprandial	 response	did	not	
differ between the solid-state and water-perfused 
catheters.	Therefore,	regardless	of	the	catheter	used,	an	
abnormal response to the ingestion of a meal is 
demonstrated in children with severe functional 
constipation.
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available access routes to the colon and availability of resources 
(eg, operating room scheduling time, availability of interventional 
radiology).

1. Retrograde placement: colonic manometry catheters were placed 
via the anus with the aid of colonoscopy or with a guidewire 
under fluoroscopy by an interventional radiologist, both place-
ment techniques have been discussed previously.8,13 In all 
retrograde placements, the tip of the catheter was placed 
between the cecum and the splenic flexure, depending on 
the length of the child’s colon; the catheter was placed so 
that recording sites spanned at least from the splenic flexure 
to the rectum. 
a. Colonoscopy: a suture loop connected to the tip of the cath-

eter was grabbed using a hemostatic clip passed through the 
biopsy channel of the colonoscopy to help carry the catheter 
through the colon during colonoscopy.8 Once the catheter tip 
was located in the cecum or all sensors had passed through 
the anus, the loop on the catheter tip was clipped to the mu-
cosa with the hemostatic clip to secure its position (Boston 
Scientific,	MA,	USA).

b. Interventional radiology: If placed by an interventional radiol-
ogist, the catheter was advanced with the aid of a guidewire 
and positioned under fluoroscopic guidance.13 Clipping of the 
catheter was not possible if the catheter was placed by inter-
ventional radiology.

2. Antegrade placement: if a cecostomy or appendicostomy was al-
ready in place, the catheter could be placed through this artificial 
opening	with	the	aid	of	interventional	radiology.	The	in-dwelling	
device (eg, Chait cecostomy button) was removed and the ma-
nometry catheter was then advanced with a guide wire under 
fluoroscopic guidance as described above.

For both antegrade and retrograde catheter placements, the ma-
nometry	catheters	were	placed	under	sedation	or	anesthesia.	The	
position of the catheter was verified by abdominal radiography at 
the time of placement by the radiologist or visually if placed by colo-
noscopy.	An	abdominal	radiography	was	obtained	in	all	patients	at	

the end of the postprandial observation period, before administra-
tion of the stimulant laxative, to verify the positioning of the cathe-
ter tip, as there is a potential for it to migrate distally.

2.6 | Colonic manometry protocol

Colonic manometry commenced within 2- 4 hours after the catheter 
placement to ensure children were fully awake. Firstly, recordings 
were performed for 2 hours before and 2 hours after a meal; the 
meal consisted of whatever the patient ordered and patients were 
encouraged to eat as much as they were able to. Recordings were 
registered with Solar GI colonic manometry software (stationary 
manometry	version	9.3K;	MMS).

2.7 | Analysis of manometry recordings

As	 the	WP	 studies	 primarily	 recorded	 data	 from	 the	 descend-
ing colon to the rectum, we divided the data of this study into 2 
colonic regions; the descending colon and the sigmoid/rectum. 
Sensor location was determined from the x- ray images (Figure 1). 
These	 data	 were	 then	 analyzed	 in	 2	 ways.	 An	 automated	 ap-
proach was used to identify the frequency of pressure waves 
throughout each region and then determine how the meal im-
pacted	 upon	 these	 frequencies	 (see	 Section	 2.7.1).	 The	 second	
approach involved manual analysis, where the manometric trac-
ings were examined to identify propagating motor patterns (see 
Section 2.7.2).

2.7.1 | Spectral analysis

Spectral analysis was performed with custom scripts written in 
Python	 utilizing	 the	 SciPy	 ecosystem.	 The	 amplitudes	 of	 the	 sig-
nal for 33 logarithmically spaced frequencies between 1 every 
16 minutes to 16 per minute were obtained by calculating the global 
wavelet spectrum14 of the synchrosqueezed15 continuous wavelet 
transform	using	the	Morse	wavelet.16	This	resulted	in	a	spectrum	for	
preprandial and postprandial periods and for each available region 
in each subject.

F IGURE  1 An	example	of	the	
placement of a solid- state catheter in the 
colon of a child with severe constipation. 
An	example	of	the	manometric	recording	
is	shown.	The	colored	circles	indicate	the	
location of the pressure recordings within 
the colonic region. In this example the 
cyclic motor pattern can be seen in the 
rectum and several examples of the long- 
single motor pattern are also shown

Sigmoid 
colonRectum

Descending 
colon

Long-single motor pattern

cyclic activity ( 2-4 cpm)

1 min

100 
mmHg
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2.7.2 | Manual analysis

The	manual	 identification	of	 features	within	manometric	data	was	
performed	using	software	 (PlotHRM)	developed	by	one	of	the	au-
thors	 (LW).	 PlotHRM	 was	 written	 in	 JavaTM	 (Oracle,	 Redwood	
City,	CA,	USA).	Each	manometric	recording	was	manually	examined	
for the presence of motor patterns that had been characterized in 
healthy adults.6,17 Due to the intersensor spacing of 3 cm on the 
SS catheter used, we were unable to accurately identify propagat-
ing cyclic motor patterns or short-single motor patterns.18 Previous 
studies have shown that a sensor spacing of 3 cm can result in a 30% 
chance of incorrectly labeling propagating motor patterns.18	The	cy-
clic	activity	was	analyzed	in	the	spectral	analysis	defined	above.	The	
motor patterns identified by manual analysis are detailed below. For 
each motor pattern, the average number, velocity (speed of propaga-
tion), extent (distance of propagation), and amplitude of component 
pressure waves were determined.

1. Long-single motor patterns occurred as single pressure events 
which propagated over long distances (the majority of recording 
sites,	 >40	cm).	 These	 events	 had	 a	 clear	 time	 lag	 between	 the	
onset of the most proximal pressure wave in the sequence 
and the onset of the most distal pressure wave.

2. HAPCs	were	defined	as	pressure	sequences	with	a	peak	ampli-
tude	of	≥75	mm	Hg	 that	migrate	 in	an	antegrade	direction	over	
≥15	cm.19

3. Pancolonic pressurizations were defined as pressure sequences 
with a peak amplitude <50 mm Hg, occurring simultaneously 
across all colonic sensors.17

2.7.3 | Statistical analysis

To	describe	the	effect	of	the	meal	upon	the	frequency	of	pressure	
waves, contractile activity was quantified for 1 hour before and 
after initiation of the meal. During each of these periods all of the 
pressure wave frequencies were calculated. Frequency spectra were 
analyzed by computing the ratio of the spectrum between the pre-  
and postprandial periods and calculating the bootstrap 95% confi-
dence interval (with 100 000 draws) of the mean amplitude of each 
group’s spectra, repeated for the 2 regions (descending colon and 
the rectosigmoid). Similarity between groups is observed where the 
confidence	 intervals	overlap.	The	 initial	 spectral	analysis	 indicated	
that there was no significant difference between the SS data re-
corded by the antegrade or retrograde techniques. Visual identifica-
tion of motor patterns between these 2 groups also failed to show 
significant	 differences.	 Therefore,	 for	 the	 purposes	 of	 analysis	 in	
this paper, the antegrade and retrograde placement techniques have 
been combined into a single SS group.

The	data	 for	 the	 long-	single,	HAPC	and	pancolonic	pressuriza-
tion were compared between WP and SS using Fisher’s exact tests 
and	Mann-	Whitney	U	tests.	This	was	performed	on	pre-		and	post-
prandial data. Data are expressed as mean ± SD.

3  | RESULTS

3.1 | Subject characteristics

Data from 19 children with FC were analyzed; the median age was 
11.1 years (IQR 7.3- 14.0, range 3.9- 19.5) and the sample consisted 
of	11	boys	(58%).	The	median	duration	of	symptoms	was	8.1	years	
(IQR	6.1-	11.1).	 Table	1	 shows	patient	 characteristics,	 including	 the	
diagnostic and therapeutic workup that children had received prior 
to	 their	 colonic	 manometry.	 After	 obtaining	 the	 abdominal	 X-	ray,	
we discovered that in 1 patient, the catheter had migrated from 
the cecum to the transverse colon during the colonic manometry 
recording.

3.2 | Manometry data

3.2.1 | Spectral analysis

The	spectral	analysis	of	the	SS	data	showed	that	pressure	waves	at	
2- 4 cycle per minute could be identified before and after the meal, 
however, similarly to what we had found in our previous study 
with WP manometry,8 the meal had no apparent effect upon these 

TABLE  1 Subject characteristics

Variable n (%)

Catheter placement (direction)

Antegrade 9 (47)

Retrograde 10 (53)

Placement method

Interventional radiology 16 (84)

Colonoscopy 3 (16)

Response to bisacodyl

Sensation (urge/pain/cramping) 18 (95)

Stools 17 (89)

Diagnostic workup

Anorectal	manometry	(with	positive	RAIR) 19 (100)

Rectal biopsy 8 (42)

Contrast enema 14 (74)

Colonic transit time 8 (42)

MRI 5 (26)

Surgery before colonic manometry

Antegrade	continence	enemas 11 (58)

Sacral nerve stimulation 1 (5)

Ileostomy 2 (11)

Surgery after colonic manometry

Antegrade	continence	enemas 1 (5)

Sacral nerve stimulation 1 (5)

Ileostomy 1 (5)

Resection 4 (21)



     |  5 of 9KOPPEN Et al.

motor patterns. It was also apparent that in both regions of the 
distal colon, before and after the meal there was no difference in 
the pressure wave frequency between the WP and SS recordings 
(Figure	2).	As	a	comparison,	the	findings	from	the	healthy	control	
data, recorded by fiber- optic manometry, have been included in 
Figure 2 (green shading), where it can be seen that in healthy adult 
individuals, the 2- 4 cycle per minute activity increases after the 
meal.6

3.2.2 | Long-single motor patterns

In most children (n = 16, 84%), long-single motor patterns were 
recorded.	 These	 contractions	 occurred	 in	 12	 children	 before	 the	
meal and in 15 children after the meal. Details on amplitude, ve-
locity,	length	of	propagation	are	provided	in	Table	2,	together	with	
 previously published data acquired in children with FC using WP 
	colonic	 manometry.	 The	 proportion	 of	 patients	 with	 long-single	

F IGURE  2 The	spectral	analysis	of	the	pressure	waves	recorded	in	the	descending	colon	(top)	and	sigmoid	colon	(bottom),	prior	to	(left)	
and	after	(right)	the	meal.	The	X- axis represents the frequency of pressure waves in each region from 1 every 16 minutes to 16 per minute. 
The	Y-	axis	represents	the	root	mean	squared	of	signal	at	each	frequency.	The	shaded	regions	(magenta	=	water-perfused;	gray	=	solid-state)	
represent	the	bootstrap	95%	confidence	intervals	for	the	mean.	The	width	of	the	shaded	regions	overlap	indicating	there	is	no	difference	
between	the	2	groups.	Also	included,	to	provide	an	indication	of	the	response	seen	in	healthy	controls,	are	the	data	taken	from	a	fiber-	optic	
study (green shaded region).6	As	can	be	seen,	in	the	healthy	adults	the	2-	4	cycle	per	minute	activity	increases	after	the	meal

Solid state catheter

Water perfused catheter

Fibre-optic catheter

Pre-meal Post-meal

Minutes/cycle Cycles/minute Minutes/cycle Cycles/minute

Descending colon

Sigmoid colon

Children

Healthy adults

TABLE  2 Characteristics	of	long-single	motor	patterns	(LSMP)	and	high-	amplitude	contractions	(HAPC)	in	children	with	FC	undergoing	
SS colonic manometry in the US compared with children with FC undergoing WP colonic manometry in the Netherlands

Amplitude (mm Hg) Velocity (cm/s)
Distance of  
propagation (cm)

Patients exhibiting this 
motor pattern Number/1 h

Children with FC (solid-state)

LSMPs

Preprandial 14.8 ± 12.0 2.5 ± 1.5 30.3 ± 3.8 12/19 4.1 ± 6.4

Postprandial 13.0 ± 8.9 2.8 ± 2.9 28.3 ± 4.0 15/19 7.2 ± 13.7

HAPCs

Preprandial 102.7 ± 34.9 0.4 ± 0.3 21.5 ± 9.9 4/19 0.2 ± 0.6

Postprandial 115.3 ± 35.0 0.3 ± 0.3 28.2 ± 16.4 5/19 0.6 ± 1.1

Children with FC (water-perfused)

LSMPs

Preprandial 16.2 ± 8.3 2.7 ± 0.7 46.2 ± 5.9 14/18 8.0 ± 13.3

Postprandial 17.7 ± 8.1 2.9 ± 0.6 47.2 ± 5.9 15/18 10.3 ± 15.6

HAPCs

Preprandial 73.9 0.8 19.5 1/18 0.0 ± 0.1

Postprandial 63.3 ± 29.2 0.6 ± 0.1 17.7 ± 9.3 3/18 0.2 ± 0.6



6 of 9  |     KOPPEN Et al.

motor patterns before and after the meal did not significantly differ 
between the SS and WP manometry studies (P = .476 and P = 1.00, 
respectively).	The	number	of	long-	single	motor	patterns	per	hour	be-
fore and after the meal did not differ between the 2 studies either 
(P = .707 and P = .988, respectively).

3.2.3 | High- amplitude propagating contractions

As	would	be	expected	in	severely	constipated	children,	HAPCs	were	
rarely identified. Prior to the meal they were detected in 4 children 
(21%)	and	in	5	children	(26%),	after	the	meal.	Three	of	the	4	children	
with	 preprandial	HAPCs	 also	 had	 postprandial	HAPCs.	Details	 on	
the	characteristics	of	HAPCs	are	provided	in	Table	2.	The	proportion	
of	 patients	with	HAPCs	before	 and	 after	 the	meal	 did	not	 signifi-
cantly differ between the SS and WP manometry studies (P = .340 
and P	=	.693,	respectively).	The	number	of	HAPCs	per	hour	before	
and after the meal were not statistically compared due to the low 
number of patients and the low number of contractions per patient.

3.2.4 | Pancolonic pressurizations

At	no	stage	we	were	able	to	identify	synchronous	pressure	events	
spanning	all	recording	sites.	All	events	in	which	a	sequence	of	pres-
sure waves spanned all recording sites had a time lag between the 
start of the pressure wave in the first sensor and the start of the 
pressure	wave	 at	 the	 last	 sensor.	A	 re-	analysis	 of	 the	water	 pres-
sure data from the previous study also failed to identify pancolonic 
pressurizations.

4  | DISCUSSION

These	data,	recorded	by	a	SS	manometry	catheter,	show	that	in	chil-
dren with intractable FC, the postprandial colonic response is im-
paired.	Although	propagating	contractile	activity	was	observed	in	all	
children, they lack the normal increase in postprandial motor activity 
at 2- 4 cycles per minute which has been described in healthy adults.6 
These	data	support	the	findings	from	previous	studies	in	adults	and	
children with FC, performed with different types of manometry 
catheters.7,8 Importantly, data recorded by the SS catheter did not 
differ from the WP data recorded previously.8	 This	 indicates	 that	
these findings likely reflect pathophysiology of the colon and do not 
result from methodological issues.

Colonic manometry is performed in both adults and children 
in	 several	 countries	 throughout	 the	world.	 The	 technique	 is	 used	
to identify colonic abnormalities in patients with functional bowel 
disorders. In children, the procedure is used to diagnose and guide 
treatment.3,4	 The	 recent	 introduction	 of	 high-	resolution	manome-
try,20,21 has the potential to improve the diagnostic capabilities of 
the procedure even more and several research groups and tertiary 
centers in this field have begun to record colonic data with these 
catheters.6,8,17,18,20,22–27 However, to date there is no standardization 
of protocols, equipment or analytical techniques. WP,8,20 SS,17,24,27 

and fiber- optic catheters6,26 are all in use, and while comparative 
studies have shown the ability of SS and WP catheter to both detect 
HAPCs,10,11 no study has directly compared the results from all 3 
catheter types and their ability to all capture motor patterns that 
fall	outside	the	HAPC	criteria.	Therefore,	it	 is	possible	that	certain	
published results may reflect the catheter’s recording ability rather 
than the normal or abnormal motility of the colon. We hypothesized 
that this was potentially the case with one of our previous publica-
tions.8	The	WP	manometry	used	in	children	with	FC	was	compared	
to adult motility data recorded by fiber- optic manometry.6,7 While 
our findings indicated that both children and adults with constipa-
tion displayed an abnormal colonic response to meal,8 we wanted 
to determine if this response in children was also shown with other 
catheter types.

To	 address	 this,	we	 performed	 a	 retrospective	 analysis	 on	 co-
lonic manometry data recorded in constipated children using a SS 
catheter. Using the same analysis as that performed in our WP study, 
we were able to show that catheter type made no difference to the 
obtained results. Furthermore, we were able to show that the place-
ment technique (antegrade or retrograde placement; see methods) 
also	had	no	apparent	 effect.	 This	 is	 an	 important	observation	be-
cause it suggests that motor abnormalities found with colonic ma-
nometry are not dependent upon the catheter type or placement 
technique.	 This	will	 now	 potentially	 allow	 for	 comparison	 of	 data	
between groups.

The	clinical	relevance	of	the	failed	postprandial	response	as	de-
fined in this study, remains undetermined. In healthy adults, cyclic 
motor activity in the distal colon increases within 1 minute of start-
ing a meal.7	This	colonic	response	is	likely	to	be	mediated	by	extrinsic	
neural input.7,9	Therefore	a	failed	increase	in	such	activity	may	sug-
gest an extrinsic neuropathy in these patients. We have provided an 
argument for this hypothesis in previous publications.7,8

The	 long-single	motor	 pattern	was	 identified	 in	 both	 pediatric	
studies.8 Indeed, in our previous study these motor patterns were 
significantly more prevalent in constipated children than in healthy 
adults.8	The	origin	of	these	motor	patterns	has	not	yet	been	estab-
lished. However, the characteristics of the individual pressure waves 
(duration, amplitude, gradient) that make up the long-single motor 
pattern in health did not differ from those that made up the cyclic 
motor pattern.6	As	the	cyclic	motor	patterns	consisted	of	pressure	
waves at 2- 4 per minute, it is assumed they are generated by in-
terstitial cells of Cajal located in the circular muscle layer and are 
of myogenic origin.28-30	 Therefore,	 the	 long-single	 motor	 pattern	
may share the same underlying myogenic mechanism.6	 The	 phys-
iological role of these motor patterns is not known. In previous 
low- resolution recordings, low amplitude propagating contractions 
that could span long lengths of the colon were associated at times 
with flatus31 and they may therefore play a role in gas propulsion. 
However, these motor patterns were equally prevalent in both con-
stipation and health32 and may therefore represent a different kind 
of motor pattern. In our studies, the long-single motor patterns were 
more prevalent in constipated children than in healthy adults and 
the reasons for this are unknown. In the WP studies their increased 
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number could have been due to the introduction of water into the 
colon. However, this seems unlikely as an increased count was not 
observed in all children and we also identified a similar number of 
these contractions in children using the SS catheter. It is also pos-
sible that in the healthy adult colon this motor pattern is normally 
suppressed. Studies in whole segments of surgically removed human 
colon show that motor patterns similar to the long- single motor pat-
ters are prevalent.33,34	Therefore,	if	this	motor	pattern	is	prevalent	
it may indicate an abnormality in the extrinsic input to the colon. 
Further studies will be needed to examine this hypothesis.

The	 other	 motor	 patterns	 we	 specifically	 looked	 for	 were	
HAPCs	 and	 pan-	colonic	 pressurization.	While	 some	HAPCs	were	
identified, their numbers were too low to draw any significant con-
clusions. Even in the prepared healthy adult colon, this motor pat-
tern is rarely seen in short duration studies.6 Our results regarding 
the pancolonic pressurization are of potential interest. Corsetti 
et al, identified this motor pattern in constipated adults, albeit at 
significantly reduced numbers compared to healthy adults.17 In 
this study, we could not identify them, and they have not been de-
scribed in other high- resolution constipation pediatric studies.8,22-24 
There	have,	however,	been	descriptions	of	simultaneous	pressure	
waves in children. For example, Giorgio et al noted “simultaneous 
pressure events,” but these were seen predominantly in the more 
distal colon, and they were seen at the end of bisacodyl- induced 
HAPCs	.20 We found a similar motor pattern in our previous study 
(see figure 6 in Ref. 8). However, these motor patterns clearly differ 
from the pancolonic pressurization because they are preceded by 
proximal colonic propagating motor patterns. Why our constipated 
children failed to show evidence of the pan- colonic pressurizations 
remains unknown.

There	are	 limitations	 to	our	 study.	 Ideally,	we	would	have	per-
formed repeat studies in the same children with the 2 different 
catheter types. However, these are invasive procedures and asking 
children to come back for a repeat study would pose ethical con-
cerns. In an attempt to compensate for this, we assessed manometry 
recordings performed in patients with the same constipation symp-
toms and used the same recording protocol, regarding the pre-  and 
postprandial	 recording	phase.	These	data	were	always	analyzed	 in	
the same fashion. In our study, we included children with a cecos-
tomy or appendicostomy and although the colon was left intact 
during these procedures, we cannot be entirely certain that this has 
not influenced our results. Due to the lack of healthy control data 
in children, we also had to define a “normal” postprandial response 
based	 upon	 data	 obtained	 from	 adults.	 At	 present,	 ethical	 con-
straints prevent us from performing colonic manometry in healthy 
children and therefore the use of healthy adult data as a normal com-
parator is always going to be a necessity.4,8,35 What differences may 
exist between adult and pediatric gastrointestinal motility remains 
unknown; however, some of our children were close to 18 years of 
age and were of adult size, and their motor abnormalities did not 
differ from the younger children.

In addition, unlike adult studies, we were unable to provide a stan-
dardized meal for our children. Pediatrics span the ages between 0 

and 18 years and no- one meal can be provided across such an age 
group. Even if a meal could be found, a child may simply refuse to eat 
it. For this reason, we strive to provide a high caloric content using a 
meal	that	is	appropriate	for	the	age.	As	mentioned	above,	the	colonic	
meal response is rapid in healthy adults, commencing within a min-
ute of starting the meal.6	Therefore,	the	full	consumption	of	a	700-	
1000	kCal	meal	is	not	required	to	start	the	colonic	meal	response.	As	
all of the children were able to eat most if not all of their high calorie 
meals, we should have been able to detect a colonic response if there 
was one.

Finally, all children underwent a full bowel preparation, and it is 
not known what colonic content (volume of liquid/gas) was present 
at the time of recording, and this could affect the recorded motor 
patterns.36 Yet, most colonic studies in adults and children are per-
formed this way and so we are comparing motility in similar environ-
ment. Instead of a negative, the bowel preparation should be seen 
as a way of standardizing colonic content at the time of recording.
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