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SUMMARY

Background: Laxatives are frequently ineffective in

treating constipation. An alternative therapeutic

approach is to target serotonin-4 receptors, which are

involved in initiating peristalsis.

Aim: In a double-blind, placebo-controlled trial, to assess

the efficacy and safety of a systemically active serotonin-

4 agonist, prucalopride.

Methods: Seventy-four women with constipation were

stratified into slow or normal transit groups, and each

group was randomized to receive either placebo or 1 mg

prucalopride daily for 4 weeks. A bowel function diary

was maintained. Whole-gut and orocaecal transit,

visceral sensitivity, quality of life and psychological

state were assessed before and after treatment.

Results: Prucalopride, not placebo, increased sponta-

neous stool frequency (P ¼ 0.008) and reduced time to

first stool (P < 0.001). Prucalopride reduced the

number of retained markers in all patients compared

to placebo (P ¼ 0.004). Prucalopride reduced the mean

number of retained markers in slow transit (P ¼ 0.069),

but did not alter the marker count in normal transit

(P ¼ 0.86). Orocaecal transit was accelerated by pru-

calopride, not placebo (P ¼ 0.004). Prucalopride,

not placebo, increased rectal sensitivity to distension

(urge volume, P ¼ 0.01) and electrical stimulation

(P ¼ 0.001). Prucalopride significantly improved several

domains of the Short Form Health Status Survey and

the disease-specific quality of life. Adverse effects were

similar for prucalopride and placebo.

Conclusions: Prucalopride improves symptoms, upper

gut transit and gut sensitivity in constipated patients

with both slow and normal transit. It improves transit

in patients with slow transit. These changes are

associated with improved well-being.

BACKGROUND

Constipation is one of the most common digestive com-

plaints with a prevalence of up to 20% in the developed

world.1–3 In addition to impaired physical health,

chronic functional constipation is associated with

psychological morbidity and impaired social function-

ing,4–7 resulting in a considerable negative impact on

the quality of life and well-being.8

Patients with constipation vary in their symptom

pattern and underlying physiological abnormality.

Patients with slow transit usually have a reduced bowel

frequency.9, 10 Those with normal transit tend to have

normal bowel frequency but an excessive need to strain,

their symptoms relating mainly to disturbed anorectal

function.11 In patients with slow colonic transit, gastric

emptying and small bowel transit are often slow,12

suggesting a panenteric disorder. The treatment of

constipation and its associated symptoms might be more

effective if upper and lower gut function could be

enhanced.

The current treatment of constipation centres on

dietary fibre supplementation and laxative use,13 but

such treatments are often poorly tolerated. Increasing

dietary fibre intake can result in significant bloating and

flatulence, often without improving bowel frequency in
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patients with severe constipation.11 Laxatives often lose

their effectiveness with time,13, 14 and clinical studies

have shown a lack of universal benefit for any single

agent.15, 16 The predominant effects of both fibre and

laxatives are thought to be restricted to the colon. There

is a need for more effective and better tolerated drugs

that normalize bowel function.

Prucalopride is a highly selective and potent serotonin-4

receptor agonist which facilitates cholinergic and exci-

tatory non-adrenergic, non-cholinergic neurotransmis-

sion.17 The drug is well absorbed and acts via a systemic

mechanism to initiate peristalsis,18 enhancing the

occurrence of giant migrating contractions and accel-

erating colonic propulsion.19 Because some patients

with constipation are known to have fewer giant

migrating contractions,20 the drug might be expected

to play a useful role in the treatment of functional

constipation.

Prucalopride has been shown to accelerate whole-gut

transit in healthy volunteers,21, 22 with a marked and

consistent effect on stool frequency and consistency.21

Subsequent healthy volunteer studies have confirmed

that prucalopride stimulates colonic transit, and

enhances gastric emptying and small bowel transit,

suggesting that it may also improve upper gut function

and associated symptoms.22, 23

The aim of this randomized, double-blind, placebo-

controlled study was to investigate the efficacy, physio-

logical effects and safety of prucalopride in functional

constipation, both slow and normal transit. We also

assessed the extent to which the quality of life could be

improved by pharmacological therapy for functional

constipation.

METHODS

Patients

Consecutive female patients aged over 18 years, with a

greater than 6-month history of constipation, were

enrolled. Functional constipation was defined as either

two or fewer spontaneous bowel actions in a week or

the need to strain at defecation on at least a quarter of

occasions.24 Patients were screened by physical exam-

ination, electrocardiograph, urinalysis and routine

serology. Patients had to have a body mass index

between 18 and 28. All patients had undergone a

normal structural examination of their colon within

1 year of the trial.

Patients with megacolon, faecal impaction, external

rectal prolapse, solitary rectal ulcer or an active

proctological condition causing constipation were

excluded. Patients with known severe co-morbidity

and those who had received care for an eating disorder

were ineligible. The use of concomitant medication

which might alter gut motility was prohibited. Other

standard exclusion criteria applied. All subjects gave

written informed consent and ethical approval was

granted by the Harrow Ethics Committee.

Trial design

Patients kept a bowel habit diary throughout the

6 weeks of the study, comprising a 2-week drug-free

run-in period followed by 4 weeks of treatment. Consti-

pation was confirmed during the run-in period by

means of the bowel function diary. Patients were

stratified into slow or normal transit groups on the

basis of a whole-gut transit study. They were then

randomized to receive double-blind treatment with oral

prucalopride, 1 mg, or placebo. Prior to treatment and

at the end of the treatment period, the following were

assessed: whole-gut transit, orocaecal transit time,

rectal sensitivity, serological analysis and quality of life

and psychological questionnaires. Placebo and prucal-

opride were presented identically as brown capsules to

be taken as a single morning dose. As rescue medica-

tion, patients were allowed up to 15 mg of bisacodyl if

no stools had been passed for three consecutive days,

and this dose could be increased by a further 15 mg

after consultation with the investigator.

Sample size calculation

Using data from previous studies, a median shift of gut

transit of + 9 h (equivalent to + 7 markers) on placebo

and )14 h (equivalent to )12 markers) on prucalo-

pride was expected; this represents a difference of 19

markers (equivalent to 23 h) between the two groups.

The standard deviation was 32 h. Based on these

figures, to obtain a statistical difference at the level of

5% significance (two-tailed) with 80% power, and

assuming a normal distribution with equal variances,

it was calculated that 33 subjects would be required in

each treatment group. Assuming a dropout rate of 20%,

40 subjects per treatment arm had to be recruited.

Within each transit stratum, there would be 20 patients

randomized to each treatment arm.
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Symptoms and bowel function

At baseline, prior to the start of treatment and after 2

and 4 weeks of treatment, patients were asked to rate

the following: most troublesome gut symptom on a six-

point Likert scale (absent, very mild, mild, moderate,

severe, could not be worse); overall severity of their

constipation using a 100-mm visual analogue scale (0,

absent; 100, could not be worse). Patients completed a

100-mm visual analogue scale after 2 and 4 weeks of

treatment to assess their perceived efficacy of the

treatment received (0, no response; 100, could not be

more effective). At the end of the double-blind treat-

ment, the investigator made a global assessment of

treatment efficacy on a five-point Likert scale (very bad,

bad, moderate, good, very good).

The bowel function diary recorded medication intake,

frequency of defecatory urge and, for each bowel

movement, the date and time, consistency (watery,

)2; soft, )1; normal, 0; hard, 1; lumpy, 2), degree of

straining (none, 0; little, 1; much, 2; lot, 3; could not be

worse, 4) and sensation of incomplete evacuation. Diary

data of the occurrence of adverse events were recorded.

Full serology, electrocardiograph and vital signs were

monitored at the start of the study and at the end of

double-blind treatment for safety monitoring.

Whole-gut transit

A radio-opaque marker study was performed at the end

of the run-in period and at the end of the double-blind

treatment period.10 Five sets of 20 radiologically distinct

markers (P & A Mauch, Switzerland) were taken at 24-h

intervals and an abdominal X-ray was recorded 120 h

after the ingestion of the first set.

Stratification into slow or normal transit. Retention of

more than the normal range for any one of the first

three sets of markers reflects slow whole-gut transit.10

This criterion was used to stratify patients prior to

randomization.

Assessment of the effect of treatment. The final two sets of

markers were used to assess the change in whole-gut

transit in those with normal transit constipation,

because in these patients most of the first three sets of

markers would have passed through the gut by the time

of the X-ray.21 The assessment of the change in transit

in those with slow transit was performed by studying

the first three sets of markers only, because the last two

sets were likely to still be present in the gut at the time

of X-ray in these patients. The assessment of transit was

performed blind to the treatment. Subjects were not

permitted to use laxatives, suppositories or enemas

during the 5-day period of the transit studies.

Orocaecal transit

This was calculated using the method of O’Brien et al.25

Briefly, 20 g of lactulose was mixed with 400 g of heated

cream of chicken soup (Heinz) and hydrogen in the

exhaled breath was measured. Samples were obtained

every 10 min and analysed immediately (EC60 Gastro-

lyser, Bedfont Instruments, Kent, UK). Orocaecal transit

was taken as the time of the first reading of three

consecutive samples that showed a breath hydrogen

concentration of at least double the baseline.

Rectal sensitivity

The assessment of rectal sensation was performed by

both mucosal sensitivity to electric current and disten-

sion. The former was assessed using a 1-cm bipolar ring

electrode (21L10, Dantec, UK), mounted on a 14G Foley

catheter and inserted 10 cm above the anal verge; it

was connected to a constant current stimulator (Neu-

romatic2000M⁄C, Dantec, UK) with application of a

gradually increasing current (mA) at 10 Hz for 500-ms

pulses. The latter was assessed by ramp distension of a

compliant balloon to obtain volumes for threshold

sensation and urgency sensation and the maximum

tolerable volume.26

Quality of life and psychological status

Patients completed three questionnaires at the end of

the run-in and double-blind treatment periods. These

consisted of: (i) two quality of life questionnaires: one

generic (Short Form Health Status Survey, SF-3627) and

one condition-specific (Chronic Idiopathic Constipation

Questionnaire, comprising four domains — symptom

burden, daily life functioning, feelings and treatment

satisfaction — with a total score of between 0 and 205;

data on file, Janssen Research Foundation); and (ii) the

Hospital Anxiety and Depression Scale.28 Patients

completed the questionnaires at the beginning of the

visits, in a quiet room, having been given an assurance

of confidentiality and anonymity.
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Compliance

All subjects had a plasma drug trough level measured

on the final day of the double-blind treatment period.

Compliance was also determined by counting the

returned unused blister packs of medication.

Statistical analysis

Treatment group comparability was analysed using

descriptive statistics, which were also calculated per

stratum. The chi-squared test was used to compare

treatment groups for nominal parameters, and the

Mann–Whitney U-test was used for ordinal and con-

tinuous parameters. Data which were assessed to be

normally distributed were analysed by t-test. All

statistical analysis was interpreted at the 5% level

(two-tailed). Efficacy parameters were compared by

analysis of covariance (ANCOVA). Comparisons of treat-

ments were carried out using ancova with the baseline

number of markers as the only covariate. Comparisons

were performed on baseline, end of double-blind treat-

ment (diary) and end-point (last measurement on

treatment) data.

RESULTS

Patients

The disposition of the patients is shown in Figure 1.

Eighty-seven consecutive patients were screened, of

whom 10 were not enrolled due to lack of consent

(n ¼ 7), absence of symptoms of constipation on run-in

diary (n ¼ 2) or co-existent faecal incontinence (n ¼ 1).

Three of the remaining 77 patients had no efficacy data

due to being lost to follow-up or due to withdrawal with

adverse events. The 74 remaining patients (placebo, 37;

prucalopride, 37) were randomized. Nineteen per cent

had two or fewer bowel actions per week and the rest

needed to strain excessively.

There were no significant differences between the

placebo- and prucalopride-treated groups, except that

significantly (P ¼ 0.040) more placebo-treated patients

reported using laxatives in the previous 6 months. There

were no significant demographic differences between

normal and slow transit patients when compared within

prucalopride- and placebo-treated groups.

Efficacy assessment

Symptoms. Prucalopride, not placebo, treatment pro-

duced a significant reduction in the patients’ subjective

assessment of constipation severity compared to base-

line (visual analogue scale reduction: )27 vs. )3,

respectively; P < 0.001). Patients reported a significant

beneficial effect with prucalopride compared with

placebo (mean visual analogue scale scores of 65 vs.

21, respectively; P < 0.001).

At baseline, there were no intergroup differences in the

patients’ assessment of the severity of their main gut

symptom. However, by week 2, this had improved

significantly (P ¼ 0.002) in the prucalopride-treated

patients, and this difference was more significant

(P < 0.001) after 4 weeks of treatment.

Figure 1. Trial profile. PLA, placebo-treated patients; PRU, prucalopride-treated patients.
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Bowel function (diary data). The time to first bowel

movement after the first intake of drug was significantly

(P < 0.001) shorter for prucalopride than placebo

(Table 1). The marked hastening of time to the first

bowel movement was apparent across the spectrum of

all patients, as demonstrated by the decrease in time for

the 25th, 50th and 75th quartiles. Prucalopride

significantly (P < 0.001) increased the average weekly

frequency of spontaneous bowel movements (Table 1).

There was also a significant (P < 0.001) increase in the

urge to defecate.

During the run-in period, the average consistency of

spontaneous bowel movements was 0.7 () 1, soft; 0,

normal; 1, hard) in both groups. This decreased

significantly over the 4-week treatment period with

prucalopride compared with placebo () 0.6 vs. )0.1,

respectively; P < 0.001). No other diary parameter

showed any statistically significant difference between

prucalopride and placebo.

Whole-gut transit (Table 2): analysis using all ingested

markers (total 100) — within-group analysis. Prucalo-

pride significantly reduced the average number of

retained markers in all patients (62 vs. 51, pre- vs. on

treatment; P ¼ 0.004). This was not seen on placebo

(64 vs. 62; P ¼ 0.76). Prucalopride (but not placebo)

also reduced the median number of retained markers in

slow transit patients (n ¼ 22) from 45 to 31 (P ¼ 0.07),

but did not alter transit in patients with normal transit

(n ¼ 15) (26 vs. 25, P ¼ 0.86).

Whole-gut transit (Table 2): analysis using all ingested

markers (total 100) — between-group analysis. When

analysing the data from all five sets of markers with

both transit groups combined, prucalopride significantly

reduced the absolute number of retained markers after

4 weeks of treatment compared with placebo (51 vs. 62,

respectively; P ¼ 0.018). Prucalopride, not placebo,

significantly reduced the number of retained markers

after 4 weeks of treatment when compared with

baseline (11 vs. 1, respectively; P ¼ 0.033).

Whole-gut transit (Table 2): analysis using first three sets

of markers (total 60) in slow transit and last two sets of

markers (total 40) in normal transit. In patients with

slow transit, there was a trend for prucalopride to

reduce the absolute number of retained markers after

4 weeks of treatment compared with placebo (31 vs. 42,

respectively; P ¼ 0.069). In patients with normal

transit, no effect of prucalopride could be observed in

the absolute number of retained markers after 4 weeks

of treatment compared with placebo (25 vs. 30,

respectively; P ¼ 0.66).

Prucalopride treatment resulted in 22% (8⁄37) of

patients changing from slow to normal transit com-

pared with only 5% (2⁄37) in the placebo group

(P ¼ 0.10). Of the 74 patients, eight used laxatives

during the transit study (placebo, n ¼ 5; prucalopride,

n ¼ 3), leaving 66 who strictly followed the protocol. In

this population, 21% (7⁄34) of prucalopride-treated and

3% (1⁄32) of placebo-treated patients changed from slow

to normal transit (P ¼ 0.04).

Orocaecal transit. This was significantly accelerated by

prucalopride, not placebo. The mean prucalopride-

associated reduction in orocaecal transit was from 76

to 54 min compared with 71 to 72 min with placebo

(P ¼ 0.004). Changes were significant both in compar-

ison with placebo and baseline (P < 0.001).

Rectal sensitivity. Prucalopride significantly (P £
0.001) altered the rectal sensitivity to electrical stimu-

lation, the sensation of urgency and the maximum

tolerated volume to distension compared with placebo

(Table 3), for the groups as a whole. This effect was

observed in patients with both slow and normal transit.

Investigator assessment. At the end of the 4 weeks of

treatment, the therapeutic effect was rated as �very

good�, �good� or �moderate� in 81% (29⁄36) of prucalo-

pride-treated patients compared to 31% (11⁄36) of

placebo-treated patients (P < 0.001). Nine prucalo-

pride-treated patients were rated as having had a �very

good� response compared to one placebo-treated patient.

Table 1. Effects of treatment on bowel function (± s.d., where

appropriate) based on diary data

Intention-to-treat

Placebo

(n ¼ 36)�
Prucalopride

(n ¼ 37) P value

Average weekly frequency of spontaneous bowel movements*

Baseline 5.7 ± 4.4 5.9 ± 5.8 N.S.

End of treatment 5.0 ± 3.6 7.6 ± 5.7 0.019

Change ) 0.7 ± 2.6 1.8 ± 2.7 < 0.001

Time to first spontaneous bowel movement (h.min)�
25th quartile 6.30 1.20

50th quartile 24.20 3.50

75th quartile 69.00 23.55 < 0.001

N.S., not significant.

* Spontaneous, not induced by laxative within the previous 24 h.
� Data not available for one prucalopride-treated patient as time of

ingestion of first dose of drug was not recorded by patient.
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Quality of life and psychological status. Neither of the

treatment groups differed significantly at baseline for

any of the subscales of the SF-36. Following treatment,

there was a statistically significant (P ¼ 0.019) differ-

ence in favour of prucalopride compared with placebo in

the domain of �body pain�. In the Chronic Idiopathic

Constipation Questionnaire, significant (P < 0.05) in-

tergroup differences in favour of prucalopride were

Intention-to-treat

Placebo Prucalopride P value

Analysis of all 5 sets of markers

All patients (n ¼ placebo; prucalopride)

Baseline (n ¼ 37; 37) 63.8 ± 30.9 61.9 ± 30.8 N.S.

Week 4 (n ¼ 36; 36) 61.8 ± 30.2 51.2 ± 29.6 0.018

Change vs. baseline ) 1.1 ± 21.3 ) 11.2 ± 21.8* 0.033

Slow transit (n ¼ placebo; prucalopride)

Baseline (n ¼ 21; 22) 87.7 ± 13.5 83.4 ± 16.8 N.S.

Week 4 (n ¼ 20; 22) 80.3 ± 20.5 66.1 ± 26.9 0.065

Change vs. baseline ) 6.9 ± 20.1 17.3 ± 23.7* N.S.

Normal transit (n ¼ placebo; prucalopride)

Baseline (n ¼ 16; 15) 32.6 ± 14.8 30.4 ± 14.9 N.S.

Week 4 (n ¼ 16; 14) 38.8 ± 24.1 27.8 ± 14.8 N.S.

Change vs. baseline 6.2 ± 21.1 ) 1.6 ± 14.6 N.S.

Analysis of selected sets of markers�

Slow transit (n ¼ placebo; prucalopride)

Baseline (n ¼ 21; 22) 47.9 ± 13.2 44.8 ± 15.3 N.S.

Week 4 (n ¼ 20; 22) 41.7 ± 17.3 30.5 ± 21.1 0.069

Change vs. baseline ) 5.7 ± 15.9 ) 14.3 ± 20.5* N.S.

Normal transit (n ¼ placebo; prucalopride)

Baseline (n ¼ 16; 15) 28.1 ± 10.5 26.1 ± 10.6 N.S.

Week 4 (n ¼ 16; 14) 29.6 ± 10.8 24.5 ± 11.0 N.S.

Change vs. baseline 1.4 ± 12.9 ) 0.57 ± 11.8 N.S.

N.S., not significant.
*Significant change from baseline (P < 0.05).

�Sets 1, 2 and 3 for slow transit and sets 4 and 5 for normal transit.

Table 2. Effects of treatment on whole-gut

transit. Numbers show the mean of the

absolute number of retained markers at

baseline and at the end of treatment

(week 4) and the mean change between

the end of treatment and baseline (± s.d.,

where appropriate)

Table 3. Changes in rectal sensitivity to distension and electrical stimulation vs. baseline (baseline and post-treatment values in

parentheses) in an intention-to-treat analysis for all patients in placebo- and prucalopride-treated groups. Results presented as

mean ± s.d.

Intention-to-treat

Placebo (n ¼ 36) Prucalopride (n ¼ 37) P value

Mean change in anal electrosensory threshold (mA) + 0.1 ± 0.7 (7.2 fi 7.3) ) 0.3 ± 1.0 (8.6 fi 8.3) N.S.

Mean change in rectal electrosensory threshold (mA) + 0.7 ± 2.5 (19.6 fi 20.2) ) 1.3 ± 2.8 (20.4 fi 19.1) 0.001

Mean change in rectal initial sensation volume —

distension (mL)

+ 1.9 ± 13.5 (48 fi 50) ) 1.8 ± 14.5 (55 fi 54) N.S.

Mean change in rectal urge sensation volume —

distension (mL)

+ 2.8 ± 15.3 (105 fi 108) ) 7.9 ± 19.0 (111 fi 104) 0.010

Mean change in rectal maximum tolerated volume —

distension (mL)

+ 6.3 ± 23.5 (200 fi 208) ) 15.9 ± 30.1 (191 fi 177) < 0.001

N.S., not significant.
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found for satisfaction with bowel frequency, activities of

daily life and satisfaction with treatment. The overall

Chronic Idiopathic Constipation Questionnaire score

improved by 27 points (9%) with prucalopride and by 8

points (3%) with placebo (P < 0.001).

Analysis of the Hospital Anxiety and Depression Scale

revealed no significant intergroup differences in changes

from baseline for either anxiety or depression subtotals

or the total score. At baseline, the patients did not fulfil

scores for clinical anxiety or depression. The mean

baseline anxiety scores for the prucalopride- and

placebo-treated groups were 9.5 ± 0.7 and 9.1 ± 0.7,

respectively, and 6.0 ± 0.6 and 6.0 ± 0.7 for depres-

sion scores, respectively. There were within-group

changes in favour of prucalopride in the depression

subtotal (P ¼ 0.02) and in the total Hospital Anxiety

and Depression Scale score (P ¼ 0.02).

Compliance

Compliance with trial medication was excellent and

comparable in both groups (mean weekly capsule

intake 6.6 vs. 6.9 for prucalopride and placebo,

respectively). This was confirmed in all patients

for whom serology was available. Mean plasma

trough levels of prucalopride were 2.12 ng⁄mL (s.d.,

1.12 ng⁄mL).

Safety

Overall, 77% of prucalopride- and 66% of placebo-

treated patients reported one or more adverse events.

The most frequently reported were gastrointestinal. In

particular, diarrhoea (10%) and flatulence (21%) were

more common with prucalopride than placebo, whilst

abdominal pain and nausea occurred with similar

frequency in both groups. The most common non-

gastrointestinal adverse event was headache, which

was reported with similar frequency in both prucalo-

pride- (49%) and placebo-treated (42%) groups. Severe

adverse events were reported in similar proportions of

patients (36% vs. 34% for prucalopride and placebo,

respectively). Three prucalopride-treated patients with-

drew from treatment because of adverse events: one due

to back pain and nausea, one due to abdominal pain

and diarrhoea, and one due to diarrhoea and vomiting.

All three recovered fully within 2 days of cessation of

treatment. No clinically relevant differences in vital

signs, electrocardiographic parameters or laboratory

values were observed between the groups at the end of

4 weeks of treatment.

DISCUSSION

The results of this double-blind, placebo-controlled

study demonstrate the safety and efficacy of prucalo-

pride for the treatment of patients with chronic

functional constipation. Four weeks of treatment with

prucalopride, 1 mg, hastens colonic transit in patients

in whom it is slow and improves symptoms in all

patients.

We have previously published the first description of

prucalopride, a substituted benzamide, as having

enterokinetic properties in healthy volunteers.21 There

were marked effects on stool frequency and consis-

tency, accompanied by the acceleration of both upper

gut and colonic transit. The present study extends

these observations to patients with chronic functional

constipation.

In this single centre trial of consecutive patients, we

studied only females because women account for three-

quarters of patients who consult with constipa-

tion.1, 11, 29 A 4-week treatment period was chosen to

take account of any cyclical symptom or transit

changes.30, 31 A 1-mg dose was chosen because the

previous healthy volunteer study showed no difference

in the effects of 1 mg and 2 mg,21 and the higher dose

was associated with a greater risk of adverse events.32

Because prucalopride has a half-life of around 24 h,33

once-daily dosing was employed in this study.

To ensure that the trial closely paralleled normal

clinical practice, only newly referred patients were

enrolled, and the study was analysed by intention-to-

treat. Of the 87 screened patients, only two were found

on collection of screening diary data not to have

symptoms consistent with constipation. This suggests

that, in contrast to other observations,34, 35 patients’

self-reported symptoms at presentation are sufficient to

diagnose constipation, and the maintenance of a formal

diary is of additional value in only a minority of

patients.

Prucalopride increased the frequency of spontaneous

bowel movements from a mean of six to eight per

week. There was an associated increased frequency of

urge to defecate and a trend towards a reduced need

to strain and improved stool consistency. Prucalo-

pride resulted in a stool within 4 h in half of all

patients.
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In addition to the objective improvement in symptoms,

patients rated prucalopride treatment as significantly

more effective than placebo. Prucalopride-treated

patients reported a greater subjective improvement in

symptoms compared with placebo-treated patients. This

improvement was evident within 2 weeks of starting

treatment and was sustained with continued treatment.

Additionally, the overall clinical impression of the

investigator was that 4 weeks of treatment with

prucalopride was favourable in over 80% of patients

compared with 31% in the placebo group.

A simple count of the total number of retained markers

in all patients (unstratified by transit) showed that

prucalopride, but not placebo, significantly reduced the

number of markers by 11, equivalent to an acceleration

of transit by 13 h. The change in the mean number of

retained markers with placebo was one, demonstrating

the robust reproducibility of this technique for assessing

whole-gut transit, and the minimal effect of placebo in

functional constipation.

Optimal sensitivity, according to whether the patient

had normal or slow transit, was obtained by analysing

only the numbers of markers in the relevant time frame

— that is, in the 48 h prior to X-ray in those with normal

transit and 120–72 h prior to X-ray in those with slow

transit. This analysis showed that the improvement in

whole-gut transit was seen only in those with slow

transit and not normal transit constipation. In these

patients, there was a reduction in marker count of 14

(approximately equivalent to 17 h). Although normal

transit patients demonstrated a statistically significant

difference in the mean number of retained markers, this

had no clinical significance as it arose from a slight

increase in the number of retained markers in the

placebo group. Overall, 35% of slow transit patients

treated with prucalopride normalized transit.

Prucalopride resulted in significant and consistent

acceleration of orocaecal transit. A 29% acceleration

of transit was seen with prucalopride. This technique

does not allow the distinction to be made between

hastened gastric and small intestinal transit.

In patients with constipation, prucalopride significantly

and consistently heightened rectal sensitivity, both to

distension and electrical stimulation. It is recognized

that some patients with constipation may have an

intrinsic sensory neuropathy26, 36 and that slow transit

is associated with the most profound sensory impair-

ment.37 It is possible that one of the beneficial mecha-

nisms of the action of prucalopride in chronic functional

constipation is an alteration of visceral sensation. Of

relevance, this study demonstrated a trend towards an

improved bodily pain score of the SF-36 and a reduction

of abdominal bloating in prucalopride-treated patients.

The ability of these drugs to modify visceral pain

therefore deserves further investigation.

There is a well-recognized association between emo-

tional and social factors and gut function.38, 39 In

particular, patients with constipation tend to have

higher scores on scales of somatization, interpersonal

sensitivity, anxiety and depression.4, 5, 7 Using a general

health questionnaire, the SF-36, and a rating scale

specific for anxiety and depression in this study, we have

shown that a drug-induced improvement in symptoms is

associated with significant improvements in feelings of

bodily pain in patients with constipation. There were

additional trends towards improvement in the SF-36

domains of mental health and social functioning.

Whether these changes in psychological and social

functioning are primary or secondary to improvements

in physical health cannot be ascertained from this study.

In the current study, prucalopride was well tolerated.

Most adverse events were mild to moderate in severity

and there were no clinically relevant effects on electro-

cardiographic, cardiovascular or laboratory parameters.

The adverse event profile of prucalopride comprised

primarily gastrointestinal symptoms, reflecting the

colonic effects expected from a drug with enterokinetic

properties. Headache was reported in approximately

one-half of the study patients, with similar frequencies

in the placebo and prucalopride groups. Eight per cent

of prucalopride-treated patients withdrew from treat-

ment due to adverse events, and all recovered fully

within 2 days of stopping medication.

In conclusion, prucalopride enhances visceral sensitiv-

ity and significantly improves stool frequency and

consistency and the need to strain in patients with

slow and normal transit constipation. It hastens upper

gut transit in all patients, of potential benefit in this

panenteric disorder, and hastens colonic transit only in

those in whom it is slow. Prucalopride is well tolerated

and represents a new class of agent in the treatment of

constipation.
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