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Colonic Transit Time—What Is Normal?
By S. Wagener, K.R. Shankar, R.R. Turnock, G.L. Lamont, and C.T. Baillie

Liverpool, England
l
h
h
c

C

c
m
c
r
u
J
r

ackground: Constipation is a common problem in child-
ood, and various radiologic methods have been advocated
or investigation. Colonic transit time (CTT) has been used in
dults to investigate colonic motility, but few studies evalu-
te this method in children. Data on CTT in the normal
aediatric population are scarce.

ethods: The colonic transit time was measured in 22
ealthy children (median age, 10 years; range, 4 to 15 years)
y Abrahamsson’s method. Children took bolus ingestions
f radiopaque markers on 6 consecutive days, and on day 7 a
ingle abdominal x-ray was performed. This was evaluated
or total and segmental colonic transit time.

esults: The mean total CTT was 40 hours, and the upper

imit of normal (95th percentile) was 84 hours. The upper I
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imit of normal for segmental transit time was as follows: 14
ours for the ascending, 33 hours for the transverse, 21
ours for the descending, and 41 hours for the rectosigmoid
olon.

onclusions: CTT provides an objective measure to assess
hildhood constipation. To date, 6 studies using 5 different
ethods have been published reporting values for healthy

hildren. Comparing these, Abrahamson’s method has low
adiation exposure and is well tolerated. This study contrib-
tes additional normal values in children.
Pediatr Surg 39:166-169. © 2004 Elsevier Inc. All rights

eserved.
NDEX WORDS: Colonic transit time, childhood constipation.
ONSTIPATION IS COMMONLY described by
frequency, consistency and size of stools, and

ifficulty in passing a bowel motion.1,2 After clinical
ssessment by history and physical examination, various
adiologic methods have been used to investigate consti-
ation in children. These include the plain abdominal
adiograph,3,4 contrast enema, defaecating proctogram,
nd the measurement of colonic transit time.5,6 Addition-
lly, colonic and anorectal manometry have been used to
nvestigate colonic motility,6-8 rectometrography has
een used to assess rectal compliance8 and electromyo-
raphy has been used to evaluate muscular coordination
uring defecation. Few of these investigations have any
roven value in the investigation of severe constipation,
nd only a rectal biopsy will identify an underlying
athology in the minority of patients with Hirsch-
prung’s disease.9

Evaluation of the colonic transit time, allows the
linician both to confirm clinical suspicion of constipa-
ion and quantify its severity. Analysis of segmental
olonic motility usually distinguishes 2 types of delayed
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ransit (pancolonic and rectosigmoid hypomotility). Few
tudies have evaluated colonic motility in children, and
ormal data are limited. We present the results of a study
easuring total and segmental colonic transit time in 22

hildren without symptoms of constipation. The litera-
ure is reviewed.

MATERIALS AND METHODS

Twenty-two healthy children (median age, 10 years; range, 4 to 15
ears) who were admitted for routine day case surgery other than
astrointestinal surgery took part in this study. None had any symptoms
f constipation as assessed by a questionnaire.10 The study was ap-
roved by the Royal Liverpool Children’s Hospital Ethics Committee.
nformed written consent was taken from parents and children.

The colonic transit time (CTT) was measured using the saturation
ethod described by Abrahamsson et al.11 Radiopaque polythene

ranules (2 mm3, specific gravity of 1.2; Portex, SIMS Portex Ltd, UK)
ere used as markers. Several weeks after their day case surgery, the

hildren swallowed 10 radiopaque markers at the same time daily for 6
ays. A single abdominal radiograph was performed on the seventh
ay, 24 hours after ingestion of the last dose of markers. During this
ime, the children were asked to keep to their usual diet. By the seventh
ay, a steady state is reached in which the number of swallowed and
xcreted markers are equal.11 Total CTT (in hours) is the number of
etained markers divided by the daily ingested dose and multiplied by
4. Segmental transit times were calculated by counting the number of
etained markers in 4 colonic segments (ascending, transverse, de-
cending, and rectosigmoid) as a fraction of the total retained. Markers
bserved at the junction of colonic segments were proportioned equally
etween adjoining segments. The product of each fraction and the total
TT was the segmental colonic transit time.11 Statistical analysis was
erformed using SPSS software (SPSS 10.0, SPSS Inc, Chicago, IL).

RESULTS

Total and segmental CTT were evaluated in 22 healthy

hildren. The mean total CTT was 39.6 hours (standard

rnal of Pediatric Surgery, Vol 39, No 2 (February), 2004: pp 166-169
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167COLONIC TRANSIT TIME
eviation [SD], 21.4 hours; range, 7.2 to 86.4 hours).
ecause transit times were not normally distributed but

kewed, the upper limit of normal could not be expressed
n terms of 2 SD above the mean (Fig 1). Therefore, the
5th percentile was used as the upper limit of normal
TT,11 giving a time of 84 hours. A comparison with
reviously reported normal values for total CTT in chil-
ren12-17 is detailed in Table 1.
Mean segmental transit times were as follows: ascend-

ng colon, 5.5 hours (range, 0 to 14.4 hours); transverse
olon, 10.9 hours (range, 0 to 33.6 hours); descending
olon, 6.1 hours (range, 0 to 21.6 hours), and rectosig-
oid colon, 18.2 hours (range, 0 to 40.8 hours). Upper

imits of normal segmental transit times were expressed
s 95th percentile values (Table 2). Previously published
alues for segmental CTT in children are summarised in
able 3.

DISCUSSION

A variety of methods have been used to measure
olonic transit time. Hinton et al18 described a method
sing serial radiographs of collected faeces. After this,
ariations of 2 methods, either using a single bolus of

Fig 1. Histogram shows the results for total CTT (hours) with

uperimposed Gaussian distribution.

Table 1. Total CTT in Healthy Children Expressed as Mean

Study
No. of

Children Age (yr)

Arhan et al (France, 1981)12 23 �15
Corraziari et al (Italy, 1985)13 78 2 mo to 12
Bautista Casanovas et al (Spain, 1991)14 10 6-14
Zaslavsky et al (Brazil, 1998)15 13 12-18
Tota et al (Italy, 1998)16 15 3-14
Gutierrez et al (Spain, 2002)17 30 2-14
Current study (UK) 22 4-15

Abbreviation: SE, Standard error.
*Value used in study.

†95th percentile.
arkers and serial radiographs12 or repeated ingestion of
arkers and a single abdominal radiograph have been

escribed.11,17,19 Some reports suggest the use of colonic
cintigraphy.16,20 This requires repeated attendance for
cintigraphy, and mean radiation doses16 compare un-
avourably with the radiation dose for a single abdominal
-ray (1.4 mSv).
The first study to measure the CTT in healthy children

as performed by Arhan et al.12 A single bolus of
arkers was ingested, and daily radiographs were per-

ormed until all markers were excreted. Two studies14,15

sed a simplified method, first described by Metcalf et
l.19 On 3 consecutive days, markers were ingested,
sing a different shape each day, and a single radiograph
as taken on the fourth day. This method underestimates
TT in patients with a transit time longer than 72
ours.14,20 The latest study by Gutierrez et al17 used
ngestion of differently shaped markers for 6 days and a
ingle radiograph on the seventh day.

Abrahamsson et al11 adapted Metcalf’s method in
dults, giving daily bolus marker ingestions of the same
hape for 6 days with a single radiograph on the seventh
ay. Evaluation is simplified by using markers of one
hape only. Radiation exposure is low, and the method is
herefore suitable for repeated assessment of constipated
hildren.

Six studies have been published reporting values for
TT in healthy children (Tables 1 and 3). In most, the
umber of children studied is between 10 and 30. Our
tudy falls within this range analysing data from 22
hildren. The series by Corazziari et al13 is significantly
arger but is based on Hinton’s method in which markers

SD, the Upper Limit of Normal Expressed as Mean � 2 SD

Total CTT (h)
Upper Limit

of Normal (h) Method Used

29, SE 4 62.0 Arhan et al12

25, SD 3.7 32.4 Hinton et al18

37.8, SD 6.2 50.2 Metcalf et al19

30.2, SD 13.2 56.6 Metcalf et al19

22.3, SD 4.8 25* Vattimo et al20 (radionuclides)
29.08, SD 8.3 45.68 Adapted Metcalf et al19

39.6, SD 21.4 84† Abrahamsson et al11

Table 2. Segmental CTT, the Upper Limit of Normal is Expressed

as 95th Percentile

Mean Segmental CTT,
SD

Upper Limit of Normal
(95th Percentile)

Ascending colon 5.5, SD 4.4 14.2
Transverse colon 10.9, SD 9.6 33.1
Descending colon 6.1, SD 5.4 20.6
Rectosigmoid colon 18.2, SD 13.3 40.8

NOTE. All values are given in hours.
and

yr
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168 WAGENER ET AL
re recorded by faecal x-ray.18 It has not been repeated
or obvious logistic reasons, and measurement of seg-
ental transit is impossible by this method.
The upper limit of normal for total CTT based on the
ean plus 2 SD varies significantly between different

tudies. Two Italian studies13,16 have reported short val-
es (25 and 32 hours). Regional factors and study meth-
dologies might have a role in explaining these. Our data
howed that transit times were not distributed normally
eing skewed towards longer values (Fig 1). This finding
as most likely the case in all studies reported, with the

xception of Corazziari et al13 who had sufficient num-
ers to ensure a normal distribution. We therefore used
he 95th percentile as the upper limit of normal and
ould question the validity of values using the mean and
SDs. The upper limit of normal from our data was 84

ours, which is longer than previously reported.
To measure the segmental CTT, most investigators

ave divided the abdominal radiograph into 3 regions
sing bony landmarks according to the method proposed

12

Table 3. Previous Reported Segmental CTT in Healthy Chil

Expressed a

Study

Right Colon

Segmental
CTT

Upper Lim
of Norma

Arhan et al,6 1981 7.7* 18.0
Bautista Casanovas et al,14 1991 10.8, SD 3.5 17.8
Zaslavsky et al,15 1998 6.7, SD 3.9 14.5
Tota et al,16 1998 5.4, SD 3.0 7†
Gutierrez et al,17 2002 7.25, SD 5.75 19.02

NOTE. All values are given in hours.
*Mean only.
†Value used in study.
y Arhan et al. In practice it is easy to differentiate i
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egments corresponding to ascending, transverse, de-
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onic and rectosigmoid transit times). Segmental transit
ime was found to be longest in the rectosigmoid region,
hich corresponds with previous studies.
Studies in children with functional constipation have

hown a good correlation between CTT and clinical
ymptoms.5,20 It has been suggested that children with
ifferent subgroups of constipation (pancolonic transit
elay, rectosigmoid transit delay) might benefit from
ifferent treatment approaches.5,15,16 These arguments
rovide the rationale for assessing total and segmental
TT in constipated children.
This study adds a series of normal values to the limited

ata available. The method used is well tolerated, non-

Expressed as Mean and SD and the Upper Limit of Normal

an � 2 SD

Left Colon Rectosigmoid Colon

Segmental
CTT

Upper Limit
of Normal

Segmental
CTT

Upper Limit
of Normal

8.7* 20.0 12.4* 34.0
12.2, SD 2.7 17.6 14.7, SD 2.1 19.1
7.9, SD 7.8 23.5 15.6, SD 10.7 37.0
7.1, SD 3.4 8† 9.8, SD 3.2 10†
6.6, SD 6.2 19.0 14.96, SD 8.7 32.36
nvasive, and has low radiation exposure.
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Discussion
A. De Caluwe, London, England: Could you tell why
f you have already done the study 6 times? You need to
o it a seventh time to come to the same conclusion.
S. Wagener (response): One reason is that there is a

arge variation in normal values in the literature. The
ormal values used in most studies of constipated chil-
ren are those of Arhan with an upper normal limit of 62
ours. In view of the large variations between studies,
ne is forced to conclude that it might be better to have
ocal values. Another reason is that different study meth-
dologies have been used and, apart from the 2002 study,
ll have used more than one abdominal x-ray or colonic
cintigraphy. In view of the higher radiation exposure,
e wished to use a method combining low radiation

xposure and the ability to study segmental and total
olonic transit time using one abdominal x-ray.

A. Martins, Lisbon, Portugal: If normal is so variable,
ow does it help in terms of managing patients in the
uture?

S. Wagener (response): In choosing which normal
alues to use, our preference has been to favour our local
ata in case of regional differences. If you use a method
hich enables measurement of segmental transit times, it

s possible to distinguish between pan-colonic transit
elay and rectosigmoid transit delay. It has been found in
ifferent studies that these children seem to respond to
ifferent management strategies. The less severe are
sually the ones with the rectosigmoid transit delay.
hese children often have good results with laxatives and
ietary measures. In pan-colonic transit delay many of
hese children, at least in the Liverpool experience, seem
o progress to surgical management.

A. Martins: Can we compare what is normal in chil-
ren with normal for a particular child?
S. Wagener (response): This is a difficult question. I

hink that you would probably need studies with a larger
umber of children to get very definite normal values.
his is why we have used the 95th percentile as our

esults were not normally distributed. As our upper limit
f normal transit was longer than in previous studies, we
ave possibly underestimated the number of children
ith transit delay.
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