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Purpose: To investigate whether the prokinetic prucalopride increases the completion rate of colon capsule endoscopy (CCE).
Secondary outcomes included demographic distribution, polyp detection rate (PDR), distribution of Leighton–Rex grade, and adverse
events.
Patients and Methods: In a nested cohort within the CareForColon2015 trial, a subgroup of 406 individuals underwent CCE in
2021. The first half (control) received the standard bowel preparation and the second half (prucalopride) was supplemented with 2 mg
of prucalopride. Transit times and bowel preparations were analyzed and completion rates calculated as those having timely transit and
acceptable bowel cleanliness. Major adverse events were recorded continuously and minor adverse events were quantified from
questionnaires.
Results: The group demographics were homogenous. The prevalence ratio for complete CCE was 1.32 (CI 95% 1.15; 1.53) in the
prucalopride group compared to the control group. Completion rate was 74.9% in the prucalopride group and 56.7% in the control
group. The proportions of acceptable bowel preparation and complete transits were higher in the prucalopride group. The mean CCE
transit time was 2 hours and 8 minutes faster in the prucalopride group. The PDR was higher in the intervention group with 55.7%
compared to 36.0% in the control group for polyps greater than 9 mm, whereas the groups’ PDRs were similar for small and
diminutive polyps. In all, 589 polyps (mean 2.9) were found in the prucalopride group compared to 522 polyps (mean 2.6) in the
control group.
Conclusion: Prucalopride led to an increase in CCE completion rates. The proportions of complete transits and acceptable bowel
preparations were higher in the prucalopride group. The PDR was higher in the prucalopride group compared to the control group. No
major adverse events were identified. Nausea, diarrhea, headache and fatigue were more commonly reported in the prucalopride
group.
Keywords: Resolor, prokinetic, polyps, bowel preparation, Leighton–Rex, video capsule endoscopy

Introduction
The use of colon capsule endoscopy (CCE) to detect colorectal polyps has been reported in numerous studies.1–6 In
complete CCE investigations, polyp detection rates (PDR) for large polyps and complications appear to be equivalent or
better than those reported from conventional optical colonoscopy.1,7,8 One of the drawbacks in CCE is the high
proportion of incomplete examinations9 leading to patients needing additional investigations. Incomplete CCE investiga-
tions can be caused by inadequate bowel cleansing or a transit time exceeding the battery lifetime.

We have been evaluating CCE in the Danish National Colorectal Cancer screening program in an ongoing trial
(CareForColon2015) launched in 2020.10 The interim analysis from this trial was published in the summer of 2021,
revealing a CCE completion rate of 67.9%, which was lower than expected.7 This elicited an examination of how to
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improve the completion rate by adjusting the bowel preparation regimen.10 Adding prucalopride (Resolor®) to the
regimen prior to capsule ingestion seemed a logical adjustment. Prucalopride is a serotonin receptor antagonist that
accelerates colonic transit time by increasing peristaltic activity.11 This prokinetic has been reported to decrease transit
time in patients undergoing small bowel capsule endoscopy.12

The aim of this study was to determine whether the introduction of prucalopride significantly increases the comple-
tion rate of CCE compared to the standard bowel preparation without decreasing the PDR and increasing the number of
adverse events.

Materials and Methods
CareForColon2015 is an ongoing randomized controlled trial nested in the Danish Colorectal Cancer Screening Program.
The control group undergoes fecal immunochemical test (FIT) followed by colonoscopy if positive. The intervention
group is offered the choice of CCE or colonoscopy if the FIT is positive (For details, see protocol10). Prucalopride was
added to the bowel preparation regimen nine months after trial launch and we conducted this interim analysis after 203
individuals had undergone the new regimen. They were compared to the last 203 individuals undergoing CCE with the
standard bowel preparation. The standard bowel preparation is defined in Table 1. Individuals were invited for the trial in
a random order. The current study is a nested cohort within the CareForColon2015 trial.

Outcomes
The main outcome of the study was the completion rate of CCE. Secondary outcomes included conclusive investigation
rate, bowel preparation quality, transit time, PDR, adverse events and demographic distribution.

A CCE investigation was defined as complete when the hemorrhoidal plexus had been visualized by the capsule while
bowel preparation was rated fair or better on the Leighton–Rex scale13 for all colonic segments (cecum, right, transverse,
left and rectum).

Table 1 Bowel Preparation Regimens

Day Standard Bowel Preparation + Prucalopride

−3 2x Polyethylene glycol 13.8 g sachet

Normal diet

2 L water

−2 2x Polyethylene glycol 13.8 g sachet

Normal diet
2 L water

−1 1 L Polyethylene glycol incl. ascorbic acid + 1 L water
Clear liquid diet

0 Before capsule intake
1 L Polyethylene glycol incl. ascorbic acid +1 L water

Clear liquid diet

1 tablet 2 mg prucalopride 45–60 minutes prior to ingestionA

After capsule intake
Chewing gum

Signal 1: 330 mL sulfate-based solution + 2–3 large glasses of water
Signal 2: 330 mL sulfate-based solution + 2–3 large glasses of water

Signal 3: 330 mL sulfate-based solution + 2–3 large glasses of water

1 Caffeine tablet, 200 mg and a small fatty snack, eg cheese.
Signal 4: bisacodyl 10 mg, suppository

Notes: A, Only the prucalopride group received prucalopride, the rest of the bowel preparation was
identical between the groups.
Abbreviations: g, gram; L, Liter; mg, milligram; mL, milliliter.
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Conclusive investigation rate was defined as investigations that were complete or had positive findings resulting in
referral for colonoscopy, ie a) one polyp larger than nine mm or b) more than two polyps of any size. The proportions of
Leighton–Rex grades for each colonic segment was used to describe the quality of the bowel preparations. The transit
time was defined as the total time in minutes from capsule ingestion until excretion or visualization of hemorrhoidal
plexus, ie the transit time of the entire GI tract. The PDR was defined as the proportion of individuals with at least one
polyp. PDR was stratified as follows: 1) polyps of any size, 2) at least one polyp greater than 5 mm and 3) at least one
polyp greater than nine mm. Total number and mean number of polyps per individual was derived for each group.
Demographics included age and sex. Adverse events were described using self-reported data from the participants. An
electronic questionnaire distributed three days after CCE registered adverse events during bowel preparation, CCE and
the three days thereafter. Minor adverse events recorded from these questionnaires included bloating, abdominal pain,
minor or moderate rectal bleeding and free text to describe other adverse events. The nurses and doctors on call would
record major adverse events continuously.

Colon Capsule Endoscopy
The colon capsule endoscopies (PillCamTM COLON 2 capsules (Medtronic, Massachusetts, MA, US)) were delivered by
an external private contractor, who delivered the capsules in four locations in the Region of Southern Denmark. The
bowel cleansing regimen was initiated at home and on the day of CCE, a 2 mg prucalopride tablet was administered to
the patients by the nurses, thereby ensuring compliance. Following capsule ingestion, participants left the facility, but
stayed in contact with the nurses by phone for each CCE signal. The following day, participants returned the CCE
receiver. The videos were uploaded to a cloud-based platform from which experienced readers could access and analyze
the videos. At the time of reporting the videos, readers were unaware of the change in the study regimen. The readers
uploaded a report describing bowel cleanliness for each segment as well as pictures and timestamps of each polyp,
colonic landmarks and the hemorrhoidal plexus. This report was then reviewed by a doctor responsible for directing the
patient’s ongoing clinical journey. The CCE outcome data for this study was extracted from these reports.

Power
Power calculations were performed prior to the study launch. Based on a previous interim analysis we expected a 67.9%
completion rate in the control group. The expected completion rate of the prucalopride group had been set at 80%. With
a significance level of 0.05 and detection power of 0.8, an increase from 67.9% to 80.0% would require a minimum of
203 individuals in each group. The study sample was therefore determined to be 406 individuals.

Statistical Analysis
The control and prucalopride groups were compared for demographic characteristics, as well as CCE outcomes and
adverse events. A multivariate log binomial regression model was performed in order to determine the prevalence ratio of
complete CCE investigation in the prucalopride group compared to the control group adjusted for sex and age. Data
management and statistical analysis was conducted in SAS 9.4 (SAS, Cary, North Carolina).

Ethics
The randomized controlled trial was approved by the Southern Denmark Regional Health Research Ethics Committee
(ID S-20190100). Following the interim analysis from the trial, an additional approval from the Committee was obtained
in order to change the bowel preparation procedure (ID S-20190100, addition 78592). The current study was a nested
cohort within the randomized clinical trial conducted as an interim following the ethical approval of the change in bowel
preparation. All participants received oral and written information and signed informed consent forms prior to participa-
tion. All data is stored in accordance with both the General Data Protection Regulation and Danish law on data handling
and security. The trial was registered with ClinicalTrials.gov (NCT04049357) and approved by the Danish data
protection agency by registration in the Regional records of handling personal information in research (journal no. 19/
29,858) prior to patient enrollment. The study was conducted in accordance with the Declaration of Helsinki.
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Results
Between February 24 and July 27, 2021, 406 individuals underwent CCE. The first prucalopride tablet was administered
on May 10, 2021. Prior to this period, 478 individuals had undergone CCE in the clinical trial. The two groups expressed
similar demographic distributions. The female proportions were 48.8% in the control group and 47.3% in the prucalo-
pride group. Mean age was 62.3 years in both groups (Table 2).

CCE completion rates were higher in the prucalopride group with 74.9% complete investigations compared to 56.7%
in the control group. Bowel preparation quality was acceptable in 75.9% of the prucalopride group and better than the
57.1% reported in the control group. Conclusive investigation rates were also higher in the prucalopride group at 89.7%,
compared to 75.4% in the control group. The proportion of CCE with complete transit was higher at 95.1% in the
prucalopride group compared to 88.2% in the control group. Average CCE transit time was 2 hours and 8 minutes faster
in the prucalopride group, ie 5h 38min and 3h 30min. The PDR for polyps any size were similar in the control and
prucalopride groups (80.3% and 78.8%) and for polyps greater than 5 mm, (64.5% and 72.9%). The PDR for polyps
greater than nine mm was higher in the prucalopride group (36% and 55.7%) (Table 3). The total polyp count was higher
in the prucalopride group with 589 polyps compared to 522 in the control group. The mean polyp count per individual
was similar in both the prucalopride and control groups (2.6 and 2.9).

The bowel preparation grade followed a trend for all segments where the majority of investigations had a fair or good
preparation. For all five colonic segments, the proportion of unacceptable bowel preparation was higher in the control
group, especially in the cecum and the rectum (Table 4). The prevalence ratio for complete examination was 1.32 (CI
95% 1.15; 1.53) in the prucalopride group compared to the control group, while it did not differ based on age or gender
(Table 5).

Adverse Events
We recorded no major adverse events in either of the groups. Due to a technical error in the distribution of electronic
questionnaires, 31 participants in the control group did not receive a questionnaire. There were seven non-responders in
each group. Therefore, 165 individuals from the control group and 196 from the prucalopride group responded to the
electronic questionnaire. This gave a response rate of 95.9% in the control group and 96.6% in the prucalopride group.
There was no differences for adverse events in the predefined categories of bloating, abdominal pain and minor or
moderate rectal bleeding between the two groups. From the free text entries, more patients reported nausea, diarrhea,
headache and fatigue in the prucalopride group (Table 6).

In addition to the more commonly reported adverse events (Table 6), there were additional reports. In the control
group, one participant reported fluid retention, one reported a hemorrhoid, one worsening of a preexisting condition,
three felt anxious, one reported elevated heart rate and two felt a change in body temperature. In the prucalopride group,
one participant reported worsening of a preexisting condition, one felt anxious, two felt an affected body temperature and
three felt dizzy. Some participants in both groups also reported hunger or distaste for the sulfate-based solution.

Table 2 Group Comparison

Variable Standard Regimen (n=203) Standard Regimen + Prucalopride (n=203)

Sex

Female 99 (48.8%) 96 (47.3%)

Male 104 (51.2%) 107 (52.7%)

Age

Mean, years 62.3 62.3
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Discussion
In this study, we sought to investigate the effect of a single prucalopride tablet on CCE completion rate. The trial indicated
that adding a single 2 mg dose of prucalopride to the bowel cleansing regimen increased the completion rates by inducing an
increase in both capsule transit times and bowel cleanliness. The rate of conclusive investigations was 89.7%. The PDR was
higher in the prucalopride group, although only for polyps over 9 mm. The explanation why the PDR was limited remains
unknown, but the group demographics did not suggest any selection problems. The prucalopride group reported more minor
adverse events (nausea, diarrhea, headache and fatigue). Adequate bowel cleanliness is of uttermost importance because
cancer and polyp miss rates are increased with inadequate visualization of the colonic mucosa.14

Table 4 Leighton–Rex Bowel Preparation Grade Proportions per Colonic Segment

Bowel Preparation
Quality

Poor N (%) Fair N (%) Good N (%) Excellent
N (%)

Not Reported N (%)

Std.A Cecum 48 (23.7) 94 (46.3) 55 (27.1) 1 (0.5) 5 (2.5)

Std.+RB 29 (14.3) 107 (52.7) 61 (30.1) 3 (1.5) 3 (1.5)

Std. Right 37 (18.2) 89 (43.8) 72 (35.5) 2 (1.0) 3 (1.5)

Std.+R 27 (13.3) 102 (50.3) 69 (34.0) 3 (1.5) 2 (1.0)

Std. Transverse 29 (14.3) 102 (50.3) 64 (31.5) 2 (1.0) 6 (3.0)

Std.+R 17 (8.4) 112 (55.2) 66 (32.5) 3 (1.5) 5 (2.5)

Std. Left 24 (11.8) 96 (47.3) 75 (37.0) 1 (0.5) 7 (3.5)

Std.+R 17 (8.4) 84 (41.4) 93 (45.8) 3 (1.5) 6 (3.0)

Std. Rectum 38 (18.7) 82 (40.4) 57 (28.1) 1 (0.5) 25 (12.3)

Std.+R 25 (12.3) 109 (53.7) 59 (29.1) 1 (0.5) 9 (4.4)

Notes: A, standard bowel preparation regimen, for details see Table 1. B, standard bowel preparation regimen plus prucalopride, for details see Table 1.
Abbreviations: Std., standard; R, Resolor.

Table 3 Colon Capsule Endoscopy Outcomes

Variable Standard Regimen (n=203) Standard Regimen + Prucalopride (n=203)

Complete CCE 115 (56.7%) 152 (74.9%)

Conclusive CCE 153 (75.4%) 182 (89.7%)

Acceptable bowel preparation quality 116 (57.1%) 154 (75.9%)

Complete CCE transit 179 (88.2%) 193 (95.1%)

CCE average transit timeA 5h. 38 min. 3h. 30 min.

Polyp detection rate

Any size 163 (80.3%) 160 (78.8%)
>5 mm 131 (64.5%) 148 (72.9%)

>9 mm 73 (36.0%) 113 (55.7%)

Polyp count

Total 522 589

Mean, per individual 2.6 2.9

Notes: A, excluding incomplete CCE transits, standard n=179, standard plus prucalopride n=193.
Abbreviations: min, minutes; mm, millimeter.
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We observed improved rates of acceptable bowel preparation and complete capsule transit to 76% and 95%,
respectively, with the addition of prucalopride to the regimen. According to international guidelines for flexible
colonoscopy, rates of adequate cleanliness and complete examination should reach 90% as a minimum standard.15

The same standards should be applied to CCE. In a recent meta-analysis, most studies on CCE failed to comply with
recommendations with an overall adequate bowel cleanliness and completion rate of 77% and 80%, respectively.16

In a pilot study, Hookey et al assessed the efficacy of two CCE booster regimens. Their regimen included a 4 mg
prucalopride booster compared to a booster regimen with a sodium picosulfate + magnesium citrate. This intervention
failed to improve the quality of CCE.17 The study was small with mixed indications for colonic imaging and included
only 13 patients in the prucalopride booster group. Alsahafi et al reported a significantly shorter small bowel transit time
in hospitalized patients receiving prucalopride before small bowel capsule endoscopy.18 They did not report a significant
effect on completion rate.

There were no major adverse events reported in our trial. This is consistent with the findings of a recent meta-
analysis.19 The low risk of severe complications is one of the advantages of CCE compared to colonoscopy. There were
minor adverse events in the prucalopride group and future studies might consider a lower dose of prucalopride,
combination with an antiemetic, or use of a booster other than the sulfate-based solution.

This study has inherent weaknesses. As this was not a randomized trial, there was no concurrent control group but it
is unlikely that increased completion rates occurred by chance. The completion rate of the control group was low and the
reason for this is unknown. The participants completed the bowel preparation as well as booster regimen in their own
homes. No professional evaluation of the compliance could therefore be made, but for it to bias the improvement, the
compliance would need to differ between groups.

Table 6 Self-Reported Minor Adverse Events

Adverse Event Standard Regimen (n=165) Standard Regimen + Prucalopride (n=196)

Bloating 24 (14.5%) 32 (16.3%)

Abdominal pain 25 (15.2%) 29 (14.8%)

Rectal bleeding 6 (3.6%) 13 (6.6%)

Anal irritation/soreness 8 (4.8%) 5 (2.6%)

Nausea 9 (5.5%) 23 (11.7%)

Diarrhea 2 (1.2%) 11 (5.6%)

Headache 2 (1.2%) 11 (5.6%)

Fatigue 0 (0.0%) 10 (5.1%)

Table 5 Multivariate Log Binomial Regression Model Estimating the Prevalence Ratio for Complete Colon
Capsule Endoscopy

Variable Prevalence Ratio 95% Confidence Interval

Standard bowel preparation Reference

Standard bowel preparation + prucalopride 1.32 1.15; 1.53

Male sex Reference

Female sex 1.00 0.88; 1.14

Age (years), continuous 0.99 0.99; 1.00
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This is the first large sample trial to address the potential advantage of adding the prokinetic prucalopride to a bowel
preparation regimen for video colon capsule imaging. The sample size was based on a power calculation performed prior to
the study and we observed an even higher effect on completion rate than expected. Completion rates in the control group were
surprisingly low and below earlier reports of the regimen. Investigations are underway to explore underlying causes for this.

Conclusion
In this trial, the addition of 2 mg prucalopride increased the CCE completion rate. The proportion of individuals
with a complete CCE in patients who received prucalopride in the bowel preparation regimen were 1.32 fold that
of those receiving our standard bowel preparation. Completion rate of CCE was 74.9% in the prucalopride group
compared to 56.7% in the control group. Both proportion of complete transits within battery lifetime of the
capsule, and the proportion of acceptable bowel preparations were higher in the prucalopride group. The PDR
were equal to or higher in the prucalopride group compared with the control group. No major adverse events were
identified in either group. Nausea, diarrhea, headache and fatigue were more common in the prucalopride group.
Therefore, it seems evident that prucalopride can increase completion rates without affecting the quality of CCE,
although there does appear to be a slight increase in minor side effects. The results of this study recommends
future investigation to determine dose response and the interaction of prucalopride with other bowel cleansing and
booster regimens.

Data Sharing Statement
The data analysed in the current study will not be made publicly available, as it is an interim analysis of an ongoing
clinical trial (ClinicalTrials.gov NCT04049357) that have not yet finalized inclusion.
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protocol, analysis, or interpretation of the results.
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