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Abstract t 
Background d 
Measurementt of colonic transit time (CTT) is sometimes used in the evaluation of 

patientss with chronic constipation. 

Ai m m 
Too investigate the relation between symptoms and CTT, and to assess the 

importancee of symptoms and CTT in predicting outcome. 

Methods s 
Betweenn 1995 and 2000, 169 consecutive patients (median age 8.4 years, 65% 

boys)) fulfillin g the criteria for constipation were enrolled. During the intervention 

andd follow up period, all kept a diary to record symptoms. CTT was measured at 

entryy to the study. 

Results s 
Att entry, defecation frequency was lower in girls than in boys, while the frequency 

off  encopresis episodes was higher in boys. CTT values were significantly higher in 

thosee with a low defecation frequency (<l/week) and a high frequency of encopresis 

(>2/day).. However, 50% had CTT values within the normal range. Successful 

outcomee occurred more often in those with a rectal impaction. CTT results <100 

hourss were not predictive of outcome. However, those with CTT >100 hours were 

lesss likely to have had a successful outcome. 

Conclusion n 
Thee presence of a rectal impaction at presentation is associated with a better 

outcomee at one year. A CTT > 100 hours is associated with a poor outcome at one 

year. . 
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Chapterr 9 

Introduction n 
Constipationn is a common problem in children, accounting for about 3% of 

consultationss in an average paediatric practice and as much as 25% in a paediatric 

gastroenterologyy clinic13. No specific organic cause can be found in approximately 

90%% of the children4,5. The diagnosis is mainly based on clinical history and physical 

examination.. Patients and/or their parents refer to the number of stools per week, 

too stool volume, to difficulty in defecation, and /or to sensation of abdominal 

fullness4.. Several tests have been developed to objectify these complaints6" 10. 

AA plain abdominal radiograph is frequently used to confirm the presence of retained 

stooll  or enlargement of the colon or rectum7,8. However, the value of abdominal 

radiographh examination in this setting is a matter of debate11. Assessment of total 

andd segmental colonic transit time (CTT) using radio-opaque markers, is a non-

invasivee method which provides information about colorectal motor function6'9,10. 

Furthermore,, this technique has been used to localise a delayed transit in the colon 

andd to evaluate the response to treatment9,11" 13. Some investigators have shown a 

goodd relation between symptoms of constipation and CTT in adults14 ,15. However, 

otherss report a significant difference between previous reported symptoms and the 

CTTT results9 ,16. No previous studies have investigated the prognostic value of CTT 

measurement. . 

Ourr study had two main objectives. First, to investigate the relation between 

symptomss and CTT. Second, to evaluate the possible relation between symptoms 

andd CTT, and the outcome after one year of follow up. 
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Patientss and methods 
Patients s 
Al ll  pat ients referred to our paediatric gastrointestinal outpatient clinic with 

constipationn between 1995 and 2000 were eligible. They were referred by family 

practit ioners,, paediatricians, psychiatrists, and school doctors. At entry, patients 

hadd at least two of the following: (1) defecation <3/week; (2) encopresis episodes 

>> 1 /week; (3) passing of very large stool every 7-30 days; and (4) a palpable abdominal 

orr rectal faecal mass1 7. All were at least 5 years of age. Children with Hirschsprung's 

disease,, spinal and anal anomalies, previous colon surgery, metabolic or renal 

abnormali t ies,, mental retardation, or using drugs other than laxatives were 

excluded.. All patients and parents gave written informed consent. The medical 

ethicss committee of the hospital approved the protocol. 

Colonicc transit time 
Att entry, all children underwent a CTT study using the method described by Metcalf 

andd colleagues10. Treatment with oral or rectal laxatives was discontinued for at 

leastt four days before the test; during this period they took one sachet of fibre 

(Volcolon,, 6 g) each day. They then ingested a capsule with containing 20 radio-

opaquee marke rs on th ree consecut ive morn ings. Abdominal rad iograph 

examinationss were performed on days 4 and 7 in the morning. Additional abdominal 

radiographh examinations were performed on days 10, 13, and 16 if more than 20% 

off  the markers remained on the previous film. Radiograph localisation of markers 

wass based on the identification of bony landmarks and gaseous outlines as described 

byy Arhan and colleagues6. Markers were counted in the right, left, and rectosigmoid 

regions,, and mean segmental transit times were calculated according to a previously 

describedd formula610. The normal ranges for total and segmental transit times 

weree based on the upper limit s (mean + 2 SD) from a study in healthy children6. 

Basedd on this study, a CTT of more than 62 hours was considered delayed. The 

upperr limit s of the normal range for right colon, left colon, and rectosigmoid transit 

timee were 18, 20, and 34 hours, respectively6. 

Medicall  history and physical examination 
Onee week prior to entry and throughout the study the child and parents kept a diary 

inn which defecation frequency, encopresis frequency, consistency and size of stool, 
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andd pain during defecation were recorded. Associated symptoms such as abdominal 

pain,, appetite suppression, absence of urge to defecate, and enuresis were also 

noted. . 

Att entry, abdominal and rectal examinations were performed. Abdominal distension 

andd palpable abdominal faecal masses were noted. Anal tone and the presence of a 

faecall  impaction were recorded. 

Treatmentt and follow up 
Thee treatment regimens consisted of a high fibre diet, toilet advice (attempt 

defecationn on the toilet for five minutes after meals), laxatives, and biofeedback 

trainingg or anorectal manometry1 7. Oral laxative therapy consisted of an initial 

dosagee of 6 g lactulose per day, increased stepwise to a maximum of 24 g if 

necessary.. Enemas were given if severe rectal faecal impaction was present. A 

rewardd system was also employed. 

Thee treatment intervention lasted for eight weeks. A detailed medical history 

wass obtained during the intervention period, and at 6 and 12 months after entry. 

Whenn necessary, children were also seen at other times at the outpatient clinic. 

Definitionn of success 
Treatmentt was considered to be "successful" if patients had three or more bowel 

movementss weekly and less than one encopresis episode in a two week period, 

havingg discontinued laxatives for at least one month. 

Statisticall  analysis 
Baselinee characteristics of the cohort were analysed in a descriptive way. Median 

valuess and 25th and 75th or 10th and 90th centiles were used if the distribution of 

continuouss variables was skewed. Non-parametric (Mann-Whitney U and Kruskal-

Wallis)) and chi-square statistics were used to test for differences between groups. 

Logisticc regression models were used to examine possible factors associated with 

successs at one year. The following factors were considered: defecation frequency 

(inn three groups: <l/week, 1-3/week, and >3/week), encopresis frequency (in four 

groups:: no encopresis, < l /day, 1-2/day, >2/day), the presence of night-time 

encopresis,, the production of large stools, the presence of an abdominal or rectal 

mass,, and CTT >100 hours. Odds ratios with 95% confidence intervals were used 

too express the strength of the associations. 
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Results s 
Baselinee characteristics 
AA total of 169 consecutive children (65% boys) were enrolled. Table 1 presents 

theirr baseline characteristics. The median age at intake was 8.4 years. The median 

defecationn frequency at intake was lower in girls than in boys (1.0 versus 2.0 times 

perr week; p = 0.03), while an encopresis frequency of more than twice weekly was 

reportedd more often in boys (94% versus 73%; p = 0.0002). Of the total group, 65% 

reportedd the passage of large stools every 7-30 days. Night-time encopresis occurred 

inn 37%. A rectal impaction was present in 32%. 

Tablee 2 shows the total and segmental colonic transit times at entry to the study. 

Approximatelyy 50% had a total CTT in the normal range. No significant differences 

weree found between boys and girls in the CTT or rectosigmoid transit time (RSTT). 

Inn 86% of those with an abnormal CTT, the RSTT was also prolonged. In children 

withh a normal CTT, a delay in RSTT was present in only 14%. There was a significant 

correlationn between CTT and RSTT (Pearson correlation coefficient 0.88, p = 0.0002). 

Inn the total group, a CTT >100 hours was found in 22%. Of these, 92% had a 

delayedd RSTT and 39% had a delay in all segments. 

Tablee 1 Baseline characteristics and clinical findings. 

Agee - y rs 
Med ian n 
Percent i less 25 - 75 

Agee of onset of s y m p t o ms - y rs 
Med ian n 
Percent i less 2 5 - 75 

Defecat ionn frequency / week 
Med ian n 
Percent i less 2 5 - 75 
<33 t imes / week 

Encop res iss frequency / week (daytime) 
Med ian n 
Percent i less 2 5 - 75 
>> 2 t imes per week 
noo encopres is 

Night t imee Encopres is 
Abdominall  pa in 
Pa inn d u r i ng defecation 
Noo rectal sensa t ion 
Largee stools (every 7-30 days) 
Palpablee abdominal m a ss 
Pa lpab lee rectal m a ss 

Boys s 
n=109 9 

8.5 5 
7 . 0-- 10.5 

4.0 0 
1 . 0 - 4 .0 0 

2.0 0 
1 . 0 - 3 .0 0 

7 4% % 

10.5 5 
7 . 0 - 2 1 .0 0 

9 4% % 
6% % 

3 8% % 
57%) ) 
45%o o 
22%o o 
6 3% % 
2 6% % 
3 2% % 

Girl s s 
n=60 0 

8.0 0 
6 . 9-- 10.6 

3.0 0 
0 . 0 - 4 .0 0 

1.00 * 
1 . 0 -2 .0 0 

8 8 % ** * 

8.5 5 
1 . 0 - 2 1 .0 0 

7 3 % ** * 
20%** * 
3 7% % 
5 2% % 
4 7% % 
16% % 
6 8% % 
1 8% % 
2 7% % 

Total l 
n == 169 

8.4 4 
7 . 0-- 10.5 

3.5 5 
1 . 0 - 4 .0 0 

2.0 0 
1 . 0 - 2 .0 0 

7 9% % 

10.0 0 
5 . 5 - 2 1 .0 0 

8 6% % 
11%) ) 
37%o o 
56%) ) 
46%. . 
20%. . 
65%o o 
23%o o 
3 0% % 

Missing g 

2 2 
2 2 
2 2 

p<0.05,, Mann-Whitney U Test, **p<0.05, Chi-square 
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Tablee 2: Total and segmental transit times. 

Transitt time - hrs Boys s 
(n=109) ) 

Girls s 
(n=60) ) 

Totall  group 
(n=169) ) 

Totall  colon 
Median n 
Percentiless 2 5 - 75 
Delayedd > 62 hrs 

Ascendingg colon 
Median n 
Percentiless 2 5 - 75 
Delayedd > 18 hrs 

Descendingg colon 
Median n 
Percentiless 2 5 - 75 
Delayedd >20 hrs 

Rectosigmoid d 
Median n 
Percentiless 25 - 75 
Delayedd > 34 hrs 

60 0 
388 - 103 

49% % 

10 0 
5-16 6 
23% % 

11 1 
4-18 8 
2 1% % 

37 7 
1 9 - 68 8 
53% % 

53 3 
3 7 - 74 4 

43% % 

11 1 
5-15 5 
18% % 

8 8 
5-18 8 
23% % 

31 1 
1 7 - 47 7 
38% % 

58 8 
3 7 - 92 2 

47% % 

10 0 
5-16 6 
2 1% % 

10 0 
5-18 8 
22% % 

32 2 
1 8 - 63 3 
48% % 

Correlationn between CTT and symptom severity 
Att t he first visit, ch i ld ren wi t h a very low defecat ion f requency (< l /week) showed 

signi f icant lyy p ro longed m e d i an CTT (74 hours) c o m p a r ed to ch i ld ren w i t h a 

defecat ionn f requency of 1 -3 /week (50 hours) a nd a defecat ion f requency > 3 / w e ek 

(499 hours) (p =0 .001 ). In addi t ion, in pa t ien ts wi th 2 ep isodes of encopres is p er 

day,, med ian CTT va lues were signif icantly delayed (70 hours) compared to t he 

groupp wi th 1-2 episodes of encopres is per day (50 hours), t he group wi th < 1 episode 

off  encopres is per day (52 hours ), a nd those w i thout encopres is (49 hours) (p = 

0.003)) (table 3). Fu r the rmore, a signif icantly h igher CTT w as p resent in ch i ld ren 

wi t hh n ight - t ime encopres is a nd in those wi t h a rectal m a ss (respectively p<0 .0001 

a ndd p<0.0001) (table 3). As table 3 shows, s imi lar assoc ia t ions were found be tween 

cl inicall  s y m p t o ms a nd rectosigmoid t rans it t ime. 

Clinicall  outcome and prognostic value 
Afterr one year 5 0% of the boys a nd 7 2% of the girls h ad a successful o u t c o me 

(relativee r isk (RR) boys ve rsus girls 0.70; 9 5% CI 0 .55 to 0.90). These pe rcen tages 

increasedd to 6 1% in boys a nd to 8 0% in girls (RR 0.77; 9 5% CI 0 .63 to 0.93) w h en 

pa t ien tss were inc luded who h ad a no rmal defecat ion frequency w i thout encopres is 

b utt where still u s i ng laxat ives. 

Thee independent effect of var ious prognost ic factors was analysed in a mul t ivar iate 

modell  predic t ing the probabi l i ty of a successful ou tcome after one year. Boys were 
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l esss likely to be successfu l ly t reated at one year (OR 0.34; CI 0 .16 to 0.70). The 

p r e s e n cee of a m a ss on rectal examinat ion w as a posit ive predict ive s ign for success 

(ORR 3 .39; CI 1.30 to 8.83). In those wi t h a CTT <100 h o u rs at ent ry, the t rans it 

t imee d id not pred ict ou t come at one year. However, those wi t h a CTT >100 h o u rs 

weree less likely to have a successful ou tcome (OR 0 . 3 1; CI 0.12 to 0.85). Other 

poss ib lee prognost ic factors s u ch as a low defecat ion frequency, the p resence of 

encopres i s,, a nd large stools at entry were not assoc ia ted wi t h ou tcome (table 4). 

Tablee 3 Correlation between clinical parameters and transit time (hours). 

Numberr CTT p-value RSTT p-value 
off  patients (median) (median) 

Defecationn frequency 
0-11 /week 
>> 1-3/week 
>> 3/week 

Encopresiss frequency 
(dayy and night) 

Noo encopresis 
< l /day y 
1-2/day y 
>> 2/day 

Nighttimee encopresis 
Nott present 
Present t 

Rectall  mass 
Nott present 
Present t 

79 9 
55 5 
35 5 

18 8 
24 4 
48 8 
79 9 

106 6 
63 3 

118 8 
51 1 

74 4 
50 0 
49 9 

49 9 
52 2 
50 0 
70 0 

47 7 
74 4 

48 8 
86 6 

pp = 0.001* 

pp = 0.003* 

p<< 0.0001** 

p<< 0.0001** 

38 8 
30 0 
28 8 

24 4 
31 1 
30 0 
38 8 

28 8 
46 6 

28 8 
64 4 

pp = 0.009* 

pp = 0.03* 

p<o.ooor r 

pp < 0.0001** 

*Kruskal-Walliss Test, **Mann-Whitney U Test 

Tablee 4 Prognostic factors for cured at 1 year. 

Multivariatee analysis 
Oddss Ratio (95% CI) 

Male e 
Defecationn frequency 

>> 3 / week 
>> 1-3/week 
0-11 /week 

Encopresiss frequency 
Noo encopresis 
<< 1 / day 
1-2/day y 
>> 2 / day 

Largee stools 
Nighttimee encopresis 
Palpablee abdominal mass 
Palpablee rectal mass 
CTTT > 100 hrs 

0.34(0.16-0.70) ) 

1.000 (reference) 
1.48(0.54-4.08) ) 
1.06(0.40-2.80) ) 

1.000 (reference) 
0.58(0.14-2.43) ) 
0.44(0.11-1.68) ) 
0.44(0.12-1.68) ) 
1.09(0.51-2.30) ) 
1.10(0.51-2.41) ) 
1.23(0.49-3.10) ) 
3.39(1.30-8.83) ) 
0.31(0.12-0.85) ) 
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Discussion n 
Thiss study shows that more severe symptoms, such as a relatively low defecation 

frequency,, or a high encopresis frequency and the presence of a palpable rectal mass 

stronglyy correlate with a prolonged CTT and RSTT. Gender (girls) and a palpable rectal 

masss at entry were associated with a successful outcome at one year. An abdominal 

radiographh examination with the use of radio-opaque markers at intake had no 

predictivee value. Measurement of CTT did not predict outcome if less than 100 hours. 

Inn contrast, a CTT above 100 hours predicted a poor outcome at one year. 

Thee ingestion of radio-opaque markers and the use of one or more abdominal 

radiographh examinations allow the differentiation between children with normal or 

prolongedd CTT18. Several techniques have been used to measure CTT in patients with 

gastrointestinall  disorders and have proved to be reliable and reproducible19. In our 

studyy we used the three day Metcalf marker method. Radiograph examinations were 

repeatedd with a three day interval until more than 80% of the markers disappeared10. 

Withh this method, the radiation exposure is relatively high in children with severe 

constipation.. In future studies, we wil l use the Bouchoucha method in which the 

patientt ingests one capsule with 10 markers on six consecutive days. Subsequently, 

onlyy one abdominal radiograph examination at day 7 is needed to calculate CTT20. 

Inn this study CTT was measured without first cleansing the colon. A recent study 

inn adults with constipation showed no difference in distribution patterns of the 

markerss before and after cleansing of the colon21. 

Inn agreement with previous studies in adults and children we found that severe 

symptomss of constipation strongly correlated with prolonged CTT and RSTT12'15'22. 

Itt has been suggested that constipation in children is mostly caused by the conscious 

orr unconscious postponement of defecation (withholding behaviour). This could be 

learnedd behaviour due to pain with evacuation of a large faecal bolus. Prolonged 

stooll  retention in the rectum might result in increased anorectal sampling with 

failuree of contraction of the external anal sphincter and consequent soiling. It is 

likelyy that the associated delay in RSTT leads to secondary prolongation of CTT. 

Inn accordance with earlier studies in children with constipation a normal CTT 

wass found in approximately 50% of the patients1 1'2 2 - 2 4, It has been suggested that 

adultss complaining of constipation with normal transit times have a high incidence 

off  psychosocial disturbance and may not be truly constipated25. In children, however, 

vann der Plas et al. showed that reported symptoms correlate well with the actual 
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bowell  habit . In a recent study we showed that colonic transit patterns, including 

normall  colonic transit were not indicative of abnormal behaviour27. Normal colonic 

transitt time in constipated children is probably due to the fact that the measurement, 

evenn though it represents bowel pattern over a one week period, still remains a 

snapshott observation. Furthermore, the upper time limi t for normal transit, as 

suggestedd by Arhan et al. is based on only 23 healthy children, and so may be 

misleading6.. Papadopoulou et al. suggested that the markers themselves might 

acceleratee transit, causing a false negative result13. 

Inn our experience this marker test has proved useful in differentiating retentive 

fromm non-retentive defecation disorders, such as constipation and functional non-

retentivee faecal soiling27. A normal CTT in combination with a normal defecation 

frequencyy and no rectal mass indicates the latter diagnosis22. Such children are 

bestt treated with a toilet training programme without laxatives28. Furthermore, 

t reatmentt of CTT is useful in cases in which information is unreliable, such as in 

eatingg disorders. 

Afterr one year, 58% of the patients in our study had been treated successfully. This 

wass in accordance with success rates in other long term follow-up studies29" 31. The 

overalll  success rate was 68% when patients without symptoms of constipation were 

included.. In a recent long term study, more than 50% of the children with constipation 

experiencedd at least one relapse within the Five years of first treatment32. 

Too our surprise, the presence of a rectal mass at presentation was a positive 

predictorr of success. After removal of the mass most children experience less pain 

withh defecation. It is likely that rectal control of sensation and defecation improves 

afterr removal, and there is a decrease in encopresis and abdominal pain. 

AA CTT longer than 100 hours predicted a poor outcome at one year. Almost 40% 

off  these children had a delay in transit in all segments. Some patients, mainly 

adolescentt girls, might suffer from idiopathic slow transit constipation33" 35. This 

severee form of constipation presents with a gradual reduction in bowel frequency 

andd increasing abdominal pain. 

Inn conclusion, the diagnostic and prognostic role of CTT measurements is limited. 

Onlyy those with a CTT above 100 hours have a predictably poor outcome. 
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