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Abstract
AIM: To evaluate the possibility of reducing the volume 
of polyethylene glycol (PEG)-electrolyte solution using 
adjunctive mosapride citrate for colonoscopy prepara-
tion.

METHODS: This was a single-center, prospective, 
randomized, investigator-blinded, non-inferiority study 
involving 252 patients of both sexes, aged from 20 to 
80 years, scheduled for screening or diagnostic colo-
noscopy in our department. A total of 126 patients 
was randomized to receive 1.5 L PEG-electrolyte solu-
tion plus 15 mg of mosapride (1.5 L group), and 126 
received 2 L PEG-electrolyte solution plus 15 mg of 

mosapride (2 L group). Patients completed a question-
naire on the acceptability and tolerability of the bowel 
preparation process. The efficacy of bowel prepara-
tion was assessed using a 5-point scale based on the 
Aronchick scale. The primary end point was adequate 
bowel preparation rates (score of excellent/good/fair) 
vs  (poor/inadequate). Acceptability and tolerability, as 
well as disease detection, were secondary end points.

RESULTS: A total of 244 patients was included in the 
analysis. There were no significant differences between 
the 2 L and 1.5 L groups in age, sex, body mass index, 
number of previous colonoscopies, and the preparation 
method used previously. The adequate bowel prepara-
tion rates were 88.5% in the 2 L group and 82.8% in 
the 1.5 L group [95% lower confidence limit (LCL) for 
the difference = -14.5%, non-inferiority P  = 0.019] in 
the right colon. In the left colon, the adequate bowel 
preparation rates were 89.3% in the 2 L group and 
81.1% in the 1.5 L group (95% LCL  = -17.0%, non-
inferiority P  = 0.066). Compliance, defined as complete 
(100%) intake of the PEG solution, was significantly 
higher in the 1.5 L group than in the 2 L group (96.8% 
vs  85.7%, P  = 0.002). The proportion of abdominal 
distension (none/mild/moderate/severe) was signifi-
cantly lower in the 1.5 L group than in the 2 L group 
(36/65/22/3 vs  58/48/18/2, P  = 0.040). Within the 
subgroup who had undergone colonoscopy previously, 
a significantly higher number of patients in the 1.5 L 
group than in the 2 L group felt that the current prepa-
ration was easier than the previous one (54.1% vs  
28.0%, P  = 0.001). The disease detection rate was not 
significantly different between the two groups.

CONCLUSION: Although the 1.5 L group had better 
acceptability and tolerability, 15 mg of mosapride may 
be insufficient to compensate for a 0.5-L reduction of 
PEG solution.
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INTRODUCTION
Polyethylene glycol (PEG)-electrolyte solution is widely 
used worldwide for bowel cleansing. By consensus of  the 
American Society for Gastrointestinal Endoscopy, the 
American Society of  Colon and Rectal Surgeons, and the 
Society of  American Gastrointestinal and Endoscopic 
Surgeons, PEG-electrolyte solution is the gold standard 
for colonoscopic bowel preparation (Grade ⅠA), and 
aqueous sodium phosphate (NaP) is an alternative regi-
men to PEG-electrolyte solutions (Grade ⅠA)[1]. Several 
meta-analyses on the available bowel preparations have 
favored NaP, concluding that it was effective and better 
tolerated by patients than PEG-electrolyte solution[2-4]. 
However, the disadvantages of  NaP are its associated 
side effects. Significant changes in serum electrolyte lev­
els[5], even in patients without renal failure, have prompt
ed recommendations for serum electrolyte evaluation 
prior to the administration of  NaP[6,7]. 

On the other hand, osmotically balanced electrolyte 
lavage solutions offer safe and effective cleansing, but 
volume-related discomfort and adverse experiences have 
decreased the percentage of  patients completing the pre-
examination preparation[1,8,9]. This is mainly due to the 
large volumes of  fluid required for bowel preparation, 
the unpleasant taste, and an increase in the incidence of  
side effects[10]. Although 3-4 L of  this solution is used in 
Western countries, approximately 2 L of  this solution, 
along with a laxative, is usually considered adequate for 
bowel preparation in Japan. Despite the lower volume 
in Japan, the need to drink such large volumes of  liquid 
with an unpalatable taste has a negative impact on patient 
compliance[11]. Therefore, more effective bowel prepara-
tion regimens for colonoscopy are required to improve 
the acceptability and tolerability of  the procedure. 

Mosapride citrate (mosapride) is a selective 5-hy-
droxytryptamine 4 (5-HT4) receptor agonist. Mosapride 
enhances gastric emptying and motility by facilitating 
acetylcholine release from the enteric cholinergic neu-
rons, without blocking the dopaminergic D2 receptors[12]. 
It is known to be effective in gastroesophageal reflux 
disease[13], functional gastrointestinal disorders, such as 
functional dyspepsia[14], chronic gastritis with delayed 
gastric emptying, and diabetic gastroparesis[15]. Since 
5-HT4 receptors are also located in the human colon 
and rectum[16,17], mosapride is also expected to have a 

prokinetic effect on the colo-rectum. A few clinical stud-
ies have reported that mosapride in combination with 
PEG-electrolyte solution may enhance bowel cleansing 
and improve patient acceptability and tolerability[18,19]. 
Furthermore, we previously conducted a randomized, 
double-blind, placebo-controlled study with mosapride in 
addition to PEG-electrolyte solution and demonstrated 
that co-administration of  mosapride with PEG-electro-
lyte solution improved the quality of  bowel preparation 
for colonoscopy, especially in patients without severe 
constipation[20]. Among the subgroup that had undergone 
previous colonoscopy, a significantly higher number of  
mosapride-group patients than placebo-group patients 
felt that the current preparation was easier. However, 
mosapride could not improve symptoms such as nausea, 
abdominal distension, abdominal pain, and willingness 
to repeat the same regimen compared with placebo. In 
short, mosapride did not sufficiently improve patient ac-
ceptability and tolerability. Therefore, it appears that it is 
necessary to reduce the volume of  PEG-electrolyte solu-
tion to improve patient acceptability and tolerability.

The aim of  this study was to evaluate the reduction 
of  PEG-electrolyte solution volume when combined 
with mosapride citrate for colonoscopy preparation. 

MATERIALS AND METHODS
This was a prospective, randomized, investigator-blinded 
study, comparing 1.5 L PEG plus mosapride (1.5 L 
group), with 2 L PEG-electrolyte solution plus mosapride 
(2 L group) dosing for patients who underwent colonos-
copy. All patients provided written, informed consent 
prior to entering the study. The study was conducted at 
Aichi Cancer Center Hospital (ACCH), Nagoya, from 
January 2010 to June 2010, and was reviewed and ap-
proved by the ethics committee of  ACCH. This trial 
was registered in an international clinical trial registry 
(UMIN000001556).

Study population
All consecutive outpatients of  both sexes, aged 20 to 80 
years, who were scheduled for screening or diagnostic 
colonoscopy at ACCH were evaluated for inclusion in the 
study. Patients with the following clinical features were 
excluded: significant cardiac, renal, hepatic, or metabolic 
co-morbidities, ascites, severe constipation (< 2 bowel 
movements a week), known allergy to PEG-electrolyte 
solution, history of  gastric stapling or bypass procedure, 
or a history of  prior colonic or rectal surgery. Patients 
were excluded if  there was a suspected diagnosis of  intes-
tinal obstruction because of  advanced colorectal cancer.

Randomization and blinding
Patients were randomly allocated to receive one of  two 
different bowel preparation regimens using a computer-
generated random-number list. Patients were randomized 
in block sizes of  two, with serially numbered, sealed, 
opaque envelopes. Concealed allocation was accom-
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plished through non-research personnel who were not 
involved in this study. Patients were instructed not to 
discuss their bowel preparation with anyone other than 
the unblinded research assistant. With the exceptions 
of  the patient and the unblinded research assistant, all 
other individuals participating in this study, including the 
endoscopists and endoscopy nurses, were blinded to the 
allocated treatment group. Comparisons between the 1.5 
L group and the 2 L group were made in an investigator-
blind fashion. 

Bowel preparation methods
The day before colonoscopy, all patients were instructed 
to eat a pre-packaged, low residue diet (Enimaclin CS; 
Horii Pharmaceutical Ind., Ltd., Osaka, Japan) that con-
sisted of  a lunch, snack, and dinner, and asked to drink 
more than 2 liters of  clear liquid. On the day of  the colo-
noscopy, all participants reported to the endoscopy room 
at 9:00 am and received in-hospital bowel preparation. In-
hospital preparation was important to ensure uniformity 
and remove any confounding caused by poor patient 
adherence. More than 10 toilet facilities were made avail-
able in the endoscopy unit for patient comfort. Six mo-
sapride tablets (15 mg) (Gasmotin; Dainippon Sumitomo 
Pharma Co., Ltd. Osaka, Japan) were administered orally 
with water at half  past nine. After 30 min, both groups 
were instructed to drink 0.25 L of  PEG-electrolyte solu-
tion (Niflec; Ajinomoto Pharmaceuticals Co., Ltd. Tokyo, 
Japan) every 15 min (Figure 1). Colonoscopies were per-
formed from half  past thirteen, and the start times were 
recorded for each patient.

Evaluation of bowel preparation
The efficacy of  bowel preparation was assessed using 
the Aronchick scale[21]. Participating endoscopists were 

trained to use the Aronchick scale to achieve a good level 
of  agreement. Investigators performed calibration exer-
cises involving more than 20 colonoscopies prior to study 
commencement, based on their interpretation of  scale 
anchors, to ensure that their findings agreed. The final 
assessment of  bowel preparation was divided into two 
categories, adequate and failure. Bowel preparation rated 
as fair, good, or excellent, based on the Aronchick scale, 
was considered adequate; poor or inadequate ratings were 
considered failure. After colonoscopy, two observers, 
one who was the operator and the other who was a fel-
low in the procedure room, decided the score by mutual 
agreement. They scored the quality of  the preparation on 
the right side (proximal to splenic flexure) colon and on 
the left side (distal to splenic flexure) colon and rectum 
separately. If  the decision was discordant, a third expert 
reviewer graded and scored the recorded images later, 
and this evaluation was used in the final analysis. Twelve 
experienced colonoscopists carried out all colonoscopy 
procedures, each of  whom had performed more than 
1000 colonoscopies.

During or immediately following the colonoscopy, the 
investigator completed a physician questionnaire regard-
ing assessment of  bowel preparation, amount of  irriga-
tion fluid used, time needed to reach the cecum, and ease 
of  insertion to the cecum and difficulty in observing the 
lumen of  the colo-rectum because of  peristalsis.

Patient tolerance and other measurements
The nursing staff  recorded the time required to drink the 
indicated volume of  lavage solution. They also recorded 
the time and number of  bowel movements from the start 
of  ingestion to the appearance of  clear excretion. Until 
one hour after finishing the PEG-electrolyte solution plus 
mosapride, the nursing staff  checked patients’ excretions. 
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PEG 2 L group

Low-residue diet 

PEG 
(250 mL/15 min)

Colonoscopy

9:30      10:00                             12:00            13:30 

PEG 1.5 L group

Low-residue diet 

Colonoscopy

9:30      10:00                      11:30                   13:30 

Day before colonoscopy                                                 Day of colonoscopy

Mosapride 15 mg

Mosapride 15 mg

PEG 
(250 mL/15 min)

Figure 1  Steps in preparation for colonoscopy. PEG: Polyethylene glycol. 
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inferiority (using a one-sided significance level of  0.025 
and a target sample size of  250).

The primary efficacy analysis was based on an intent-
to-treat analysis and included patients who were random-
ized and received any treatment. In patients in this group, 
the preparation was classified as adequate or inadequate 
based on the colonoscopists’ score of  cleansing. Patients 
who did not undergo colonoscopy because of  prepara-
tion-related adverse events, or preparation failure, or in 
whom the right colon could not be reached because of  
bowel obstruction or technical reasons were excluded. 
The rates of  adequate preparation were compared be-
tween the groups by χ 2 test or Fisher’s exact test for cat-
egorical variables.

For the secondary end points, the Mann-Whitney U 
test was used to compare continuous variables. Categori-
cal variables were tested using the corrected χ 2 test or 
2-sided Fisher’s exact tests as appropriate. The criterion 
for significance was P < 0.05. 

All statistical analyses were performed using Statistical 
Analysis Software (SAS Ver. 9.2 for the PC, SAS Institute 
Inc., Cary, NC, United States).

RESULTS
Patients’ characteristics
A total of  252 patients was randomized into two groups 
(Figure 2). Although 252 patients were analyzed, colo-
noscope insertion to the right colon failed in 4 patients 
in each group (advanced stenosing cancer in two, and 
patient refusal in six because of  pain). These eight pa-
tients were excluded from the efficacy analysis. The 
baseline characteristics of  the patients are shown in Table 

If  there was a solid stool with muddy excretions or no 
excretion at that time, the patient was given an additional 
preparation, such as additional PEG-electrolyte solu-
tion or enemas. The patients who received an additional 
preparation were defined by the Aronchick scale as inad-
equate. The patient questionnaire consisted of  20 ques-
tions[20]. The adverse events were scored using a 4-point 
scale, where 1 = none, 2 = mild, 3 = moderate, and 4 = 
severe. The patients completed the questionnaire form 
before undergoing colonoscopy and submitted it to the 
nursing staff. 

End points
The primary end point was the difference in the rate 
of  adequate colon cleansing between the 1.5 L PEG-
electrolyte solution plus 15 mg of  mosapride (1.5 L 
group) and the 2 L PEG-electrolyte solution plus 15 mg 
of  mosapride (2 L group). Secondary end points included 
differences in patients’ acceptability and tolerance of  so-
lutions, time to first defecation, frequency of  defecation, 
complete time for colonic preparation, time needed to 
reach the cecum, amount of  irrigation fluid used, subjec-
tive difficulty in colonoscopy insertion to the cecum and 
in observing the lumen of  the colo-rectum because of  
peristalsis, and disease detection rates.

Statistical analysis
Based on a previous study[20], the adequate bowel prepara-
tion rate for the PEG-electrolyte solution plus mosapride 
was expected to be less than 80%. It was expected that 
about 80% of  the 1.5 L group would be judged adequate, 
and the non-inferiority margin was set at -15%. This 
study was designed to have 80% power to establish non-

Assessed for eligibility (n  = 258)

Excluded (n  = 6)
Reasons
   Exclusion criterion 3
   Withdrew consent 3Randomized (n  = 252)

PEG 2 L plus mosapride (n  = 126) PEG 1.5 L plus mosapride (n  = 126)

Non-completers (n  = 4)
Reasons
   Difficult to reach right 
side colon 4

Non-completers (n  = 4)
Reasons
   Difficult to reach right 
side colon 4

Efficacy analysis (n  = 122) Efficacy analysis (n  = 122)

Figure 2  Patient disposition flow chart. PEG: Polyethylene glycol. 
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1. There was no significant difference in age, sex, body 
mass index, number of  previous colonoscopies, and the 
preparation method used previously between the 2.0 L 
and 1.5 L groups. 

Bowel cleansing efficacy
The efficacy of  bowel preparation is shown in Table 2. 
The adequate bowel preparation rates were 88.5% in 
the 2 L group and 82.8% in the 1.5 L group (95% lower 
confidence limit, lower confidence limit (LCL), for the 
difference = -14.5%, non-inferiority P = 0.019) in the 
right side colon. In the left colon, the adequate bowel 
preparation rates were 89.3% in the 2 L group and 81.1% 
in the 1.5 L group (95% LCL  = -17.0%, non-inferiority 
P = 0.066). In the right side colon, there were significant 
differences in the proportion of  the overall colon-cleans-
ing score between the two groups (P = 0.006). Eleven 
patients (8.7%) required additional preparation in the 2 L 
group. On the other hand, 18 patients (14.3%) required 
additional preparation in the 1.5 L group. However, there 
was no significant difference in required additional prepa-
ration between the two groups. 

As shown in Table 3, there were no differences in 
frequency of  defecation, time needed to reach the ce-
cum, elapsed time from last fluid intake to colonoscopy, 
amount of  irrigation fluid used, and subjective difficulties 
in insertion to the cecum and in observing the lumen of  
the colo-rectum between the two groups.

Patient acceptability, tolerability, and safety
There was no significant difference in compliance as de-
fined by > 80% intake of  the prescribed PEG-electrolyte 
solution volume. However, complete (100%) intake of  
the PEG solution was significantly higher in the 1.5 L 
group than in the 2 L group (P = 0.002) (Table 3). The 
proportion of  abdominal distension was significantly less 
in the 1.5 L group than in the 2 L group (P = 0.040), but 
symptoms such as nausea, vomiting, abdominal pain, and 

circulatory reactions were similar in both groups. The 
proportion of  patients willing to repeat the same prepa-
ration regimen was significantly higher in the 1.5 L group 
(P = 0.034). Furthermore, among the subgroup of  pa-
tients who had undergone colonoscopy more than twice 
previously, a significantly higher number of  patients in 
the 1.5 L group than in the 2 L group felt that the current 
preparation was easier than in the past (P = 0.001). 

Disease detection rate
In this study, 11 colorectal cancers were detected in 11 
patients (4.4%), 4 (3.2%) in the 2 L group and 7 (5.6%) 
in the 1.5 L group (Table 4). A total of  177 polyps was 
detected in 74 patients (58.7%) in the 2 L group, and 187 
polyps were detected in 73 patients (57.9%) in the 1.5 L 
group. The proportions of  polyps by size and location 
were similar in the two groups. 

DISCUSSION
In this study, 1.5 L PEG-electrolyte solution plus mo-
sapride was found to be non-inferior to 2 L PEG-elec-
trolyte solution plus mosapride with respect to adequate 
bowel preparation rates only in the right colon, not in the 
entire colo-rectum. On the other hand, patient tolerabili-
ty, especially abdominal distension, and acceptability were 
superior in the 1.5 L group compared to the 2 L group.

This is the first study, to the best of  our knowledge, 
that has evaluated the effect of  mosapride when used in 
conjunction with reduced dose, 1.5 L PEG-electrolyte 
solution for colonoscopy preparation. We previously con-
ducted a randomized, double-blind, placebo-controlled 
study with mosapride in addition to PEG-electrolyte 
solution and demonstrated that co-administration of  
mosapride with PEG-electrolyte solution improved the 
quality of  bowel preparation for colonoscopy, especially 
in patients without severe constipation[20]. On the other 
hand, the beneficial effect of  mosapride on gastric emp-
tying[22] was expected to ameliorate nausea, vomiting, 
and fullness of  the abdomen during bowel preparation. 
Mishima et al[19] showed that administration of  mosapride 
prior to PEG-electrolyte solution significantly decreased 
the incidence of  uncomfortable abdominal symptoms. 
However, there were no significant differences in the 

Table 1  Baseline characteristics

Variable 2.0 L 1.5 L P  value

Patients (n) 126 126
Age (yr, mean ± SD) 65.3 ± 9.9 66.3 ± 9.6 NS
   < 60   30   25

NS   60 - < 70   51   44
   ≥ 70   45   53
Male   77   67

NS
Female   49   59
Indication (n)
   Screening   40   41
   Surveillance   67   63 NS
   Diagnostic   19   22
Body mass index (kg/m2) 22.5 + 3.2 22.3 + 2.7 NS
Previous colonoscopy
   None (first time)   44   41

NS
   ≥ 2   82   85
Previous preparation for colonoscopy (n)
   2L PEG   82   85 NS

PEG: Polyethylene glycol; NS: Not significant.

Table 2  Overall colon-cleansing efficacy  n  (%)

Variable Right side colon Left side colon and 
rectum

P value1

2.0 L 1.5 L 2.0 L 1.5 L Right Left

Patients (n) 122 122 122 122
Overall score (n)
   Excellent   36   22   48   37

0.006 NS
   Good   52   38   49   45
   Fair   20   41   12   17
   Poor     3     3     2     5
   Inadequate   11   18   11   18
No. adequate 108 (88.5) 101 (82.8) 109 (89.3) 99 (81.1) NS NS

1P value by χ 2 test. PEG: Polyethylene glycol; NS: Not significant. 

Tajika M et al . Reduction of lavege solution by mosapride



732 February 7, 2013|Volume 19|Issue 5|WJG|www.wjgnet.com

frequencies of  these symptoms between the mosapride 
group and the placebo group in the previous study[20]. 
Therefore, we think that there is a need to reduce the vol-
ume of  PEG-electrolyte solution to improve patients’ ac-
ceptability and tolerability. In the present study, it was as-
sumed that 2 L PEG-electrolyte solution plus mosapride 
was the standard regimen for bowel preparation based 
on the results of  the previous study. Thus, the study was 
designed to compare a 1.5 L PEG group with a 2 L PEG 
group.

In the present study, the patients’ acceptability and 
tolerability were superior in the 1.5 L group. The 0.5 L 
reduction of  PEG-electrolyte solution significantly im-
proved patients’ acceptability and tolerability; 100% in-
take of  PEG-electrolyte solution was significantly higher 

in the 1.5 L group than in the 2 L group. For Japanese 
patients with relatively smaller physiques than Western 
patients, 2 L PEG-electrolyte solution may be too much 
to drink. With respect to adverse events, abdominal dis-
tension was more common than nausea, vomiting, and 
abdominal pain. The proportion of  abdominal distension 
was significantly improved in the 1.5 L group compared 
with the 2 L group. This may be the reason why willing-
ness to repeat the same preparation regimen was signifi-
cantly higher in the 1.5 L group, and a significantly higher 
number of  patients in the 1.5 L group than in the 2 L 
group felt that the current preparation was easier.

Although 0.5-L volume reduction improved patient 
acceptability and tolerability, it would not make sense to 
decrease the volume of  solution if  the adequate bowel 

Table 3  Results of preparation, endoscopic findings and patient questionnaire  n  (%)

Variable 2.0 L 1.5 L P  value

Patients 126 126
Time to first defecation (min, mean ± SD) 55.7 ± 27.4 56.4 ± 27.8 NS
Frequency of defecation (times, median, quartile)      7 (4-15)      7 (4-15) NS
Time to preparation (min, mean ± SD) 157.3 ± 51.9 159.6 ± 57.1 NS
Elapsed time from last fluid intake to colonoscopy (min, mean ± SD) 169.4 ± 56.5 179.7 ± 61.1 NS
Cecal intubation rate 122 (96.8) 122 (96.8) NS
Insertion time (min, median, quartile)1 11.4 (3-76) 10.1 (3-47) NS
Feel of peristalsis   20 (16.4)    25 (20.5) NS
Amount of irrigation fluid
   None 38 41

NS
   < 50 mL 74 74
   50-100 mL   9   9
   > 100 mL   5   2
Compliance > 80% 121 (96.0) 125 (99.2) NS
100% intake 108 (85.7) 122 (96.8)   0.002
Any symptom
Nausea (none/mild/moderate/severe) 109/13/3/1 117/5/3/1 NS
Vomiting (none/mild/moderate/severe) 0/0/1/0 0/0/0/0 NS
Distension (none/mild/moderate/severe) 36/65/22/3 58/48/18/2 0.04
Abdominal pain (none/mild/moderate/severe) 98/26/2/0 107/18/1/0 NS
Circulatory reactions (none/mild/moderate/severe) 0 0 NS
Willingness to repeat
The same preparation regimen (much/fair/never) 78/19/29 97/12/17   0.034
How easy/difficult to take preparation compared to previous
(easy/no difference/difficult) 23/54/5 46/36/3   0.001

1Insertion time was calculated without including the patients whose cecal portion was not examined. NS: Not significant. 
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Table 4  Characteristics of the endoscopic diagnosis  n  (%)

Variable 2.0 L 1.5 L P  value (2.0 L vs  1.5 L)

Right side colon Left side colon Right side colon Left side colon Right Left

Patients 126 126
Cancer patients   3   1   5   21 NS NS
Polyp patients 74 (58.7) 73 (57.9)
Proportion of polyps
   < 5 mm 60 62 65 70

NS NS   5-10 mm 15 29 20 19
   > 10 mm   6   5   8   5
Total polyps per study arm 81 96 93 94 NS NS
Polyps per patient, mean ± SD 0.71 ± 1.19 0.79 ± 1.20 0.78 ± 1.19 0.78 ± 1.11 NS NS
Diverticulosis   30   37

1Advanced stenosing cancer. NS: Not significant. 
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preparation rates were worse, and it prolonged the time 
to preparation. In the present study, 1.5 L PEG was non-
inferior to 2 L PEG with respect to adequate bowel prep-
aration rates in the right colon, but the proportion for 
the overall colon-cleansing score was significantly higher 
in the 2 L PEG group than in the 1.5 L PEG group. Fur-
thermore, although there was no significant difference 
between the two groups, 18 patients required additional 
preparation in the 1.5 L group compared with 11 patients 
in the 2 L group. One of  the reasons why the times to 
preparation were similar in the two groups is that it took 
longer for the patients who required additional prepara-
tion in the 1.5 L group compared with the 2 L group. 
From these results, we cannot help but recognize that 
the dose of  15 mg may be insufficient to compensate 
for the 0.5-L reduction in PEG solution with respect to 
cleansing efficacy. In the present study, 15 mg of  mo-
sapride was given for colonoscopy preparation. The dose 
of  15 mg per day is the recommended usual dosage of  
mosapride citrate for adult patients with chronic gastritis. 
Since the effects of  mosapride are reported to be dose-
dependent[23], additional studies that address the optimal 
dosage are required to clarify the best bowel preparation 
method for colonoscopy.

Over the years, many researchers have investigated 
several different combinations and dosages of  proki-
netic agent or laxatives in search of  acceptable, tolerable, 
and efficacious low-volume bowel preparation that may 
lead to a better experience for the patient and a more 
thorough colonoscopic examination[24-26]. Cisapride has 
been used as a prokinetic agent along with lavage solu-
tion for bowel preparation and has been demonstrated 
to shorten the required time period for precolonoscopic 
bowel preparation and to decrease the lavage solution 
volume[27,28], although these results have been difficult to 
reproduce[29]. However, cisapride was withdrawn from the 
market because of  severe cardiac effects[30]. Other pro-
kinetic agents, including metoclopramide and tegaserod, 
have been co-administered with oral lavage solution in 
an attempt to improve the quality of  bowel preparation 
and patient tolerance to lavage solution through increas-
ing the amplitude of  gastric contraction and peristalsis of  
small intestine, and shortening transit time[31,32]. However, 
the effect of  these agents had not yet been clearly estab-
lished, and the results of  studies that have evaluated these 
agents have thus far been contradictory[33]. The effects 
of  prokinetic agents with the reported timings and doses 
may not be enough to compensate for the large volume 
of  PEG solution.

Stimulant laxatives such as bisacodyl and magnesium 
citrate have been used as adjuncts to low-volume PEG-
electrolyte solution, achieving results similar to those 
with full-volume PEG-electrolyte solution[8,34]. Recently, 
Cohen et al[35] compared a reduced-dose 2 L PEG for-
mulation plus ascorbic acid with 2 L PEG formulation 
plus bisacodyl. The authors found that the use of  PEG 
plus ascorbic acid resulted in better colon cleansing and 
higher adenoma detection rates than PEG plus bisacodyl. 
Moreover, Repici et al[36] compared a new iso-osmotic sul-

phate-free formulation (2 L formulation of  PEG-citrate-
simethicone) in combination with bisacodyl with 2 L for-
mulation PEG plus ascorbic acid. The authors reported 
that low-volume PEG-citrate-simethicone with bisacodyl 
provided better bowel cleansing and similar tolerability 
and acceptance compared with PEG plus ascorbic acid. 
Unfortunately, these low-volume formulations are cur-
rently not available in Japan. In the previous study[20], we 
selected mosapride from among several prokinetic agents 
because it is a highly selective agonist for 5-HT4 recep-
tors and does not affect other receptors, including dopa-
mine D2 receptors. However, the results of  this study did 
not demonstrate the efficacy of  mosapride in reducing la-
vage solution volume. A combination with some laxatives 
may improve the cleansing efficacy of  our low-volume 1.5 
L PEG formulation plus mosapride.

Few studies designed to assess the quality of  bowel 
preparation for colonoscopy have also examined the 
disease detection rates, including adenoma detection 
rates[37-39]. Previous studies demonstrated that a better 
bowel preparation led to a higher rate of  colon lesion 
detection, enhancing the ability to discern smaller le-
sions and thus improving the thoroughness of  colonos-
copy[37,38]. In the present study, there were no differences 
between the two groups in the polyp detection rate, the 
proportion of  the size of  polyps, total polyps per study 
arm, and polyps per patient. These findings may lead to 
the conclusion that the efficacy of  bowel preparation 
with 1.5 L PEG is non-inferior to 2 L PEG with respect 
to bowel cleansing. However, polyp detection rates are 
indeed affected by several variables, such as patients’ 
background, colonoscopy indication, and endoscopist 
technique, as well as endoscopy technology, that would 
introduce uncertainly into the results of  this study. Ad-
ditional studies are necessary to demonstrate the relation-
ship between bowel preparation and the adenoma detec-
tion rate.

There are several limitations to consider in interpret-
ing the present results. First, the study was conducted 
in a single hospital with a small number of  patients. 
Although we hypothesized that the non-inferiority mar-
gin was -15%, that margin might be inappropriate. The 
sample size may have been too small to elucidate the 
non-inferiority of  1.5 L PEG, which may explain why 
non-inferiority in only a limited part of  colon could be 
demonstrated. Second, for the evaluation of  bowel prep-
aration, the Aronchick scale was used. The merit of  the 
Aronchick scale is that in cases in which additional bowel 
preparation was needed, such cases could be defined as 
“inadequate” using the Aronchick scale. However, the 
Aronchick scale was designed to assess bowel preparation 
of  the entire colon. In the present study, it was scored 
separately on the right side colon and left side colon; a 
different scoring system, such as the Ottawa scale[40] and 
the Boston scale[41], that evaluates different colon seg-
ments individually and generates a summary score may 
have been more appropriate. Finally, biochemical param-
eters were not evaluated in the two groups. However, 
co-administration of  mosapride at a dose of  40 mg and 
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PEG-electrolyte solution is already approved in Japan for 
barium enema examination preparation[42], based on its 
excellent safety profile. 

In conclusion, co-administration of  mosapride with 
1.5 L PEG-electrolyte solution was non-inferior to mo-
sapride with 2.0 L PEG-electrolyte solution for adequate 
bowel preparation rates only in the right colon, although 
better acceptability and tolerability compared to the larger 
PEG-electrolyte solution volumes were found. A mo-
sapride dose of  15 mg may provide insufficient cleansing 
efficacy to compensate for a 0.5-L reduction in PEG-
electrolyte solution.  

COMMENTS
Background
Although polyethylene glycol (PEG) electrolyte solution has been used for colo-
noscopy preparation since 1980, the need to drink large volumes is a limiting 
factor that affects patient tolerance. Low-volume bowel preparation regimens 
for colonoscopy are reported to improve patients’ acceptance and compliance.
Research frontiers
Mosapride citrate (mosapride) is a selective 5-hydroxytryptamine 4 (5-HT4) re-
ceptor agonist. Mosapride enhances gastric emptying and motility by facilitating 
acetylcholine release from enteric cholinergic neurons, without blocking the do-
paminergic D2 receptors. Since 5-HT4 receptors are also located in the human 
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colo-rectum.
Innovations and breakthroughs
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PEG plus mosapride dosing for patients who underwent colonoscopy in terms 
of cleansing effectiveness, patient compliance, tolerability, and disease detec-
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The low-volume preparation (1.5 L PEG) represents a valid alternative to high-
volume preparations (2 L PEG) with regard to patient compliance and toler-
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