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Abstract
AIM: To evaluate the efficacy, tolerability, acceptability 
and feasibility of bisacodyl plus low volume polyeth-
yleneglycol-citrate-simeticone (2-L PEG-CS) taken the 
same day as compared with conventional split-dose 4-L 
PEG for late morning colonoscopy. 

METHODS: Randomised, observer-blind, parallel 
group, comparative trial carried out in 2 centres. Out 
patients of both sexes, aged between 18 and 85 years, 
undergoing colonoscopy for diagnostic investigation, 
colorectal cancer screening or follow-up were eligible. 
The PEG-CS group received 3 bisacodyl tablets (4 tab-
lets for patients with constipation) at bedtime and 2-L 
PEG-CS in the morning starting 5 h before colonoscopy. 
The control group received a conventional 4-L PEG for-
mulation given as split regimen; the morning dose was 
taken with the same schedule of the low volume prepa-
ration. The Ottawa Bowel Preparation Scale (OBPS) 
score was used as the main outcome measure.

RESULTS: A total of 164 subjects were enrolled and 
154 completed the study; 78 in the PEG-CS group and 
76 in the split 4-L PEG group. The two groups were 
comparable at baseline. The OBPS score in the PEG-CS 
group (3.09 ± 2.40) and in the PEG group (2.39 ± 2.55) 
were equivalent (difference +0.70; 95%CI: -0.09-1.48). 
This was confirmed by the rate of successful bowel 
cleansing in the PEG-CS group (89.7%) and in the PEG 
group (92.1%) (difference -2.4%; 95%CI: -11.40- 
6.70). PEG-CS was superior in terms of mucosa visibility 
compared to PEG (85.7% vs  72.4%, P  = 0.042). There 
were no significant differences in caecum intubation 
rate, time to reach the caecum and withdrawal time 
between the two groups. The adenoma detection rate 
was similar (PEG-CS 43.6% vs  PEG 44.7%). No serious 
adverse events occurred. No difference was found in 
tolerability of the bowel preparations. Compliance was 
equal in both groups: more than 90% of subjects drunk 
the whole solution. Willingness to repeat the same 
bowel preparations was about 90% for both regimes. 

CONCLUSION: Same-day PEG-CS is feasible, effective 
as split-dose 4-L PEG for late morning colonoscopy and 
does not interfere with work and daily activities the day 
before colonoscopy.

© 2013 Baishideng. All rights reserved.
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Core tip: The timing of bowel preparation is fundamen-
tal for high quality colonoscopy and also for patient 
satisfaction. Split-dose preparation improves the rate of 
adequate cleansing and patient compliance. This study 
shows that the same-day low volume polyethylenegly-
col-citrate-simeticone (PEG-CS) plus bisacodyl tablets 
is feasible, and as effective as split 4-L PEG. The low 
volume bowel preparation taken the same day of the 
exam may be an attractive option for late morning 
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colonoscopy as it reduces the overall time for bowel 
preparation with no loss of work time and impact on 
daily activities the day before the exam.
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INTRODUCTION
Optimal bowel preparation is an essential component of  
high quality colonoscopy. A clean colon free of  residual 
stool or brown liquid over the mucosa minimizes the risk 
of  missing a flat adenoma or other small lesions[1,2] . 

The ideal preparation for colonoscopy should effec-
tively and rapidly remove all residual content from the 
large bowel, without inducing macroscopic or histologic 
alterations of  the colonic mucosa. It should be safe with 
no risk for causing significant shifts in fluids or electro-
lytes, easy and pleasant to take in terms of  volume and 
taste and should minimally interfere with daily activities. 

To date, no bowel preparation meets all the require-
ments though important, advancements have been made 
with the low-volume[3-7] and split-dose bowel prepara-
tions. There is still a need to increase the overall ac-
ceptability of  bowel preparation for colonoscopy and 
reduce the burden and impact on productivity and daily 
living with the ultimate objective to improve the attitude 
toward colonoscopy within the colon cancer screening 
programs[8].

A new low volume isotonic sulphate-free formulation 
of  polyethyleneglycol-citrate-simeticone (PEG-CS) plus 
bisacodyl tablets has been designed to be as effective as 
high volume conventional PEG bowel preparation be-
fore colonoscopy and to improve patient satisfaction and 
compliance. Split-dose administration has been shown 
to provide better cleansing and reduce patient discom-
fort compared with a traditional administration on the 
day before[9-13]. Same-day low volume bowel preparation 
may provide a further option for people who desire no 
or minimum impact on their work and daily activities on 
the day before the endoscopic procedure.

The present study was intended to compare the 
same-day PEG-CS with the split-dose conventional 
4-L PEG for late morning colonoscopy. The primary 
endpoint was to compare the efficacy and the feasibility 
of  both regimens. The secondary endpoints included 
adverse events, tolerability, acceptability and compliance 
and colonoscopy quality indicators.

MATERIALS AND METHODS
This was a randomised, observer-blind and parallel 

group trial. Data were collected over an 11-mo period 
(from April 2011 to March 2012) at two Endoscopy 
Units. The trial was registered at Clinical Trials Gov site 
with number NCT01685853. The study was performed 
in accordance with the Declaration of  Helsinki. The 
protocol was carried out according to the general prin-
ciples of  Good Clinical Practices and was approved by 
the Local Ethical Committee.

Study population
Adult out-patients of  both sexes, aged between 18 and 
85 years, undergoing colonoscopy for diagnostic investi-
gation, colorectal cancer screening or follow-up were eli-
gible. Patients with known or suspected gastrointestinal 
obstruction or perforation, severe acute inflammatory 
bowel disease or toxic megacolon, ileus or gastric reten-
tion, ileostomy, hypersensitivity to any of  the ingredi-
ents, pregnancy and lactation and/or at a risk of  becom-
ing pregnant, were excluded. Patients unable to reach the 
Endoscopy Units in less than 1 h were not included in 
the study.

Enrolment 
Eligible patients were informed about the aims, pro-
cedures, benefits and possible risks of  the study prior 
to signing the informed consent form from day -30 to 
day -3. In the same visit a baseline evaluation, including 
medical history, physical examination and collection of  
demographic data, was performed by a study physician 
other than the study endoscopist (blinded for patient’s 
preparation). The same physician instructed the patients 
how to take the preparation in both oral and written 
forms and gave to the patient a diary to record the tim-
ing of  preparation intake, the number and the time of  
bowel movements, any adverse event, impact of  daily 
life and any additional comments. In the last three days 
before colonoscopy, patients had to follow a free fibre 
diet, i.e., without pasta, rice, bread, vegetables and fruits 
(fruit juices allowed). They could eat meats, fish, eggs 
and dairy products. The day before the examination, the 
subjects had to follow a clear liquid diet (e.g., tea, milk, 
coffee, fruit juices, soft drinks and soup).

Bowel preparation methods
Patients were assigned to receive one of  the two bowel 
preparations according to a computer generated block-
randomisation list. One group received PEG-CS (2-L Lo-
VOL®-esse) + bisacodyl tablets (Lovol-dyl®). The main 
active ingredient of  the new formulation is macrogol 
4000. The other important ingredients are citric acid, so-
dium citrate and simethicone. The product is available as 
sachets containing powder for oral solution. Each sachet 
must be dissolved in 500 mL of  water and taken every 30 
min. The dosing schedule in detail was as follows: (1) 3 
bisacodyl tablets (4 tablets for patients with an history of  
chronic or occasional constipation) at bedtime; and (2) 2-L 
PEG-CS in the morning of  colonoscopy – starting 5 h 
before colonoscopy. It was estimated that about 3 h were 
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needed for drinking the solution and for bowel move-
ments, up to an 1 h for the journey to hospital and 30 
min in the waiting room). The control group received a 
conventional PEG-ELS formulation (SELG®1000) given 
as split regimen: 2-L + 2-L with the morning dose taken 
with the same schedule of  the low volume preparation. 
The main active ingredients are macrogol 4000 and so-
dium sulphate. Each sachet of  powder must be dissolved 
in 1L of  water and taken as 250 mL every 15 min. The 
dosing schedule in detail was as follows: (1) 2-L at 6:00 
pm the evening before the exam; and (2) 2-L the morn-
ing of  colonoscopy, starting 5 h before colonoscopy. 

Day of colonoscopy 
Patients returned to the Endoscopy Unit for colonos-
copy and gave back the completed diary to the Physician 
who asked them about tolerability, adverse events, ac-
ceptance compliance and impact on daily activities. The 
colonoscopy was performed by experienced Endosco-
pists who perform more than 500 colonoscopy/year and 
have familiarity with the bowel preparation scoring scale 
used in this study [the validated Ottawa Bowel Prepara-
tion Scale, Ottawa Bowel Preparation Scale (OBPS)][14]. 
The endoscopists were unaware of  the bowel prepara-
tion taken by the patient and scored the colon cleansing 
according to the aforementioned scale. 

Colon cleansing efficacy measures
The cleanliness of  each section of  the colon, i.e., the 
right, the mid and the rectosigmoid colon was rated ac-
cording to the 5-point Ottawa scale. The overall colonic 
fluid was rated according to a 3-point scale. The total 
score (bowel cleansing total score; primary endpoint) 
may range from 0 (best) to 14 (worst). 

A total OBPS score < 7 was considered a successful 
bowel preparation.

In addition, we also measured the amount of  foam 
and bubbles in terms of  overall impact on mucosal vis-
ibility, as follows: (1) Excellent: clear imaging, no or min-
imal amount of  bubbles or foam, which can be easily re-
moved = 0; Fair: modest amount of  bubbles and foam, 
which can be cleared, with loss of  some time = 1; and (2) 
Insufficient: a great amount of  foam and bubbles, which 
reduce significantly the clear visualization of  the mucosa = 2.

Tolerability 
The occurrence, time of  onset and severity of  gastroin-
testinal (GI) symptoms, i.e., nausea, bloating, abdominal 
pain/cramps, anal irritation, during and after bowel 
preparation were collected by means of  a 3-point Likert 
scale (2 = severe distress, 1 = mild distress, 0 = no distress). 

Patient acceptability
Pre-determined questions were addressed to each pa-
tient with regard to: (1) difficulty to take the preparation 
within scheduled times; (2) urgency and incontinence 
episodes during the trip to the hospital; (3) sleep lost 
(yes/no); (4) ease of  taking the preparation (none, mild 
and severe distress); and (5) patient preference as com-

pared to previous bowel preparations [willingness to use 
the same product in the future (yes/no)].

Compliance
Compliance was scored on a 3-grade scale specifying the 
percentage of  drunk solution: (1) Optimal: intake of  the 
whole solution = 0; (2) Good: intake of  at least 75% of  
the solution = 1; and (3) Poor: intake of  < 75% of  the 
solution = 2.

Adverse events
Any adverse event reported by any subject or observed 
by the Physician, independently from its seriousness and 
its relation to the study formulations, were recorded in-
cluding time of  onset, nature, duration, severity and any 
action taken.

Colonoscopy quality indicators
Caecum intubation rate, time to reach the caecum (in-
tubation time), withdrawal time and adenoma detection 
rate were recorded.

Statistical analysis
Taking into account a drop-out rate of  15%, 164 pa-
tients (82 per treatment group) had to be enrolled and 
randomised to obtain 138 evaluable subjects. Such 
sample size was determined assuming a standard devia-
tion value for the bowel cleansing score equal to 3 points 
and using an equivalence margin of  1 point, so that 
the two-sides 95%CI of  the mean score difference was 
expected to lie between ± 1.5 points with 80% power. 
The data were summarized by treatment using classical 
descriptive statistics: mean, standard deviation, minimum 
and maximum values (for quantitative variables) and by 
frequencies and percentages (qualitative variables). The 
efficacy analysis was performed on both intention to 
treat (ITT) and per protocol (PP) populations (patients 
having drunk at least 75% of  the solution) by building 
the 95%CI for the difference of  the mean Ottawa bowel 
cleansing score in the two groups. Other analysis were 
performed on ITT populations.

Treatments were compared using z test for bowel 
cleansing score and other quantitative variables while us-
ing chi-square test for qualitative variables. All tests were 
considered two-tailed with significance level set to 5%.

RESULTS
One hundred and sixty-four subjects were enrolled and 
randomly assigned to the two groups: seven subjects 
were excluded before colonoscopy (5 for consent with-
drawal, 2 for adverse events before starting the treat-
ment). A total of  157 patients underwent colonoscopy 
(ITT), 78 randomized to PEG-CS and 79 to PEG (Figure 
1). The demographic data of  the two groups at baseline 
were comparable (Table 1). 

Efficacy 
The mean OBPS score was 3.09 ± 2.40 in the PEG-CS 
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group and 2.39 ± 2.55 in the PEG group. The differ-
ence between the mean OBPS score in the two groups 
was not statistically significant for both PP (+0.70; 
95%CI: -0.09-1.48) and ITT populations (+0.63; 95%CI: 
-0.18-1.43). As the confidence intervals are within the 
predefined interval range (-15%-15%), the two bowel 
preparations were equivalent for efficacy (Table 2). The 
rates of  successful bowel preparation (OBPS < 7) were 
similar between the two groups (89.7% vs 92.1%). The 
rate of  excellent visibility (no or minimal amount of  
bubbles or foam) was greater in the PEG-CS group 
(85.7%) as compared with 72.4% in the split PEG 4-L 
group (P value = 0.042) (Figure 2). There were no sig-
nificant differences in the caecum intubation rate, time 
to reach the caecum and withdrawal time between the 
two groups (Table 2).

A significant association between subjects aged > 60 
years and adenoma detection rate was found (P = 0.04).

Adverse events and tolerability 
No serious adverse event occurred and no subject dis-
continued bowel preparation for an adverse event or 
poor tolerability. No difference was found in terms of  
tolerability between bowel preparations. There was no 
significant difference in terms of  GI symptom associ-
ated with bowel preparation (Table 3). 

Compliance and acceptability 
Ninety percent of  subjects, in both groups of  treat-
ment, drunk the whole solution with no difference in 
compliance. The majority of  subjects in both groups 
had no distress during bowel preparation, was willing 
to repeat the future colonoscopy with the same bow-
el preparation and preferred the present preparation 

to the previous one with no significant difference 
between the two preparations. No patient had severe 
urgency or a need to stop for bowel movement or 
incontinence during the journey to the hospital. Only 
few subjects reported moderate to severe interference 
with sleeping, with no significant difference between 
the two groups (Table 3).

DISCUSSION
In this trial the combined regimen of  bisacodyl tablets 
given at bedtime the day before and 2-L of  the new 
isotonic sulphate-free PEG-CS taken in the morning 
5 h before the scheduled colonoscopy was compared 
with the split-dose 4-L PEG in which the morning 
dose was given with the same timing. We have shown 
that the same day schedule is feasible and as effective 
as the split-dose conventional PEG regimen for late 
morning colonoscopy.

As a matter of  fact, the means of  Ottawa Bowel 
Cleansing Score of  the two treatment groups were sta-
tistically equivalent. This finding was confirmed by the 
rates of  patients with successful bowel, preparation, 
which were similar between the two preparations. Sim-
ilarly, the adenoma detection rate and caecum intuba-
tion rate, two indicators of  the quality of  colonoscopy, 
were comparable between PEG-CS and PEG. It is im-
portant to note that PEG-CS was superior than PEG 
in terms of  mucosal visibility. This is explained by the 
anti-foam action of  simethicone[15-18] which is contained 
only in PEG-CS.

  Variable PEG-CS + Bis (n  = 78) PEG (n  = 79)

  Male  30 (38.5)  27 (34.2)
  Age (yr)     61.8 ± 10.8     60.9 ± 12.0
  Height (cm) 166.2 ± 9.1 165.0 ± 8.1
  Weight (kg)     68.4 ± 14.5     68.6 ± 13.4
  BMI (kg/m2)   24.6 ± 3.8    25.1 ± 4.1

Table 1  Patients characteristics

Data are expressed as absolute numbers (percentage) or mean ± SD. PEG-
CS + Bis: Polyethyleneglycol-citrate-simeticone+ bisacodyl; PEG: Polyeth-
yleneglycol; BMI: Body mass index. 

PEG-CS + Bis (n = 78) PEG (n = 76)1

  Overall OBPS score         3.09 ± 2.40        2.39 ± 2.55
  Caecal intubation rate  76 (97.4) 75 (98.7)
  Time (min) to reach the caecum     10.90 ± 6.1      9.80 ± 3.6
  Adenoma detection  34 (43.6)  34 (44.7)

Table 2  Efficacy results 

Data are expressed as absolute numbers (percentage) or mean ± SD. 1Three 
patients did not complete the study (see Figure 1). PEG-CS + Bis: Polyeth-
yleneglycol-citrate-simeticone+ bisacodyl; PEG: Polyethyleneglycol.
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Figure 1  Study population flow chart. PEG-CS: Polyethyleneglycol-citrate-simeti-
cone; PEG: Polyethyleneglycol; ITT: Intention to treat; PP: Per protocol. 
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The clinical rationale of  same-day bowel preparation 
is the same as that of  split-dosing, i.e., to shorten the 
interval between the completion of  bowel preparation 
and colonoscopy[19]. It has been demonstrated that the 
quality of  bowel preparation improves when the interval 
between the last dose of  bowel preparation and colo-
noscopy does not exceed 8 h[20-22]. After that period a 
viscous bile-stained mucous enters the colon and distrib-
utes over the colonic mucosa of  the right colon with the 
potential to cover small or flat lesions containing high 
dysplasia. These lesions are considered a great challenge 
for the endoscopist having a high potential to remain 
missed at colonoscopy[23,24]. The morning dose of  the 
same day as well as split dose clears away this material 
and may increase the performance rate of  colonoscopy 
in terms of  detection of  small adenomas. 

Our study shows that same-day bowel preparation 
with a low-volume PEG-CS plus bisacodyl tablets is 
feasible and well accepted by subjects who are referred 
for colonoscopy. No subject had to stop the journey to 
hospital for urgency or arrived late in the hospital.

There was no significant difference for sleep interfer-
ence between the two preparations. No patient in the 
PEG-CS group (and in the PEG group) complained noc-
turnal awakenings for bowel movements or pain/cramps. 
This suggests that sleep difficulty is more likely to be at-
tributed to the anxiety for the day-after procedure. Bowel 
movements induced by bisacodyl taken at bedtime oc-
curred after the wake-up.

We were unable to find differences for tolerability 
and acceptability between the two bowel preparations 
even if  the new PEG-CS solution was considered in 
a panel of  subjects more palatable than conventional 
PEG, which contains sodium sulphate. The subjects in 
our study were thoroughly instructed how to use the 

bowel preparation and its importance for a quality colo-
noscopy. This increased the motivation of  the patients in 
the study and contributed to the high compliance rates 
in both groups. In routine clinical practice the motiva-
tion and compliance to the high volume PEG solution 
appear to be lower. 

In addition to a 2-d low-fibre diet, the patients fol-
lowed a clear fluid diet all the day before and this may 
have increased the rates of  successful bowel cleansing. 
As the clear fluid diet is not well accepted, it would be 
interesting to evaluate whether same results can be ob-
tained with a low-fibre diet extended to the day before, 
which is better accepted.

We were unable to show substantial advantages in 
terms of  tolerability and acceptability for this new low 
volume bowel preparation which requires to drink only 
2-L of  bowel preparation solution: this was probably due 
to the low sensitivity of  our measuring tools. We have 
shown that both PEG-CS and PEG bowel preparation 
can be used to substantially shorten the runway time, 
that is the time between the end of  bowel preparation 
and colonoscopy.  

A limit of  this study was to evaluate only bowel 
preparation for late morning colonoscopy, i.e., the period 
from 10:00-10:30 am and 1:00-1:30 pm. Therefore our 
results cannot be extrapolated to early morning colo-
noscopy. Another limit is that we did not randomize 
patients according to factors such as age, indication to 
colonoscopy, bowel habits or comorbidities (for instance 
diabetes) which may influence bowel cleansing. However 
the two groups were relatively comparable in terms of  
indications for colonoscopy and comorbidities. Patients 
with constipation received an additional tablet of  bi-
sacodyl. No differences were found in terms of  colon 
cleansing between patients with constipation and those 
with normal habits. The most common co-morbidity 
was hypertension (controlled by drug therapy) followed 
by diabetes, both well balanced between the two groups. 
No patients had heart failure or renal failure or other 
conditions which predispose to electrolyte imbalance. 
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PEG-CS + Bis 
(n  = 78)

PEG 
(n = 79)

  GI tolerability
     Nausea (no or mild) 73 (93.6) 72 (91.1)
     Bloating (no or mild) 77 (98.7) 78 (98.7)
     Abdominal pain/cramps (no or mild) 73 (93.6) 77 (97.5)
     Anal irritation (no or mild) 75 (96.1) 77 (97.5)
  Adverse events
     Vomiting 6 (7.7) 2 (2.5)
     Sweating 2 (2.6) 0 (0.0)
     Headache 3 (3.8) 3 (3.8)
     Shivering 2 (2.6) 1 (1.3)
     Pre-syncope 2 (2.6) 0 (0.0)
  Acceptability
     Easy of intake (no distress) 51 (65.4) 48 (60.8)
     Willingness to repeat the same regimen 67 (85.9) 71 (89.9)
     Preference to current regimen1 23 (82.1) 26 (68.4)
     Urgency during the journey (no or mild)   78 (100.0)   79 (100.0)
     Interference with sleeping (no or mild)  71 (91.0) 76 (96.2)

Table 3  Tolerability and acceptability  n (%)

1Excluding patients with first colonoscopy, missing data or unable to re-
member the first preparation. PEG-CS + Bis: Polyethyleneglycol-citrate-
simeticone+ bisacodyl; PEG: Polyethyleneglycol; GI: Gastrointestinal.

100

90

80

70

60

50

40

30

20

10

0

%
 of

 pa
tie

nts

Excellent Fair Insufficient

PEG-CS

PEG

Figure 2  Mucosa visibility. PEG-CS: Polyethyleneglycol-citrate-simeticone; 
PEG: Polyethyleneglycol.
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The age (cut-off  60 years) showed a significant associa-
tion with adenoma detection rate; however this finding 
was largely expected because patients older than 60 years 
have a higher prevalence of  adenomas.

The most important advantage of  the PEG-CS prep-
aration in comparison to the PEG regimen is the lack of  
any impact on work activity and quality of  life the day 
before. This is important for the clinical practice as to-
day healthy subjects have a full working and free time life 
and are reluctant to lose their time. A faster and easier 
bowel preparation method such as PEG-CS plus bisaco-
dyl may increase the adherence to the colonoscopy.

In this study we maintained our current practice 
method, i.e., 48-h low fibre diet, which is usually well ac-
cepted followed by 24-h clear fluid diet which is bother-
some for most patients. Considering the high rates of  
successful bowel cleansing in our study, it is time to re-
consider the value of  this practice which was introduced 
long time ago. It is likely that with the improved bowel 
cleansing regimens which are performed more closely to 
colonoscopy, a more patient-friendly diet can be adopt-
ed. Only the low fibre diet for one day may be sufficient 
to achieve satisfactory bowel preparation[25].

 In our study bisacodyl was taken at bedtime and the 
PEG-CS preparation 5 h before the scheduled colon-
oscopy. Some patients started to take the morning dose 
as early as 5:00-5:30 am without great inconvenience. 
Most patients started drinking at 7:00 am to be ready 
for colonoscopy at 12:00 am In all patients colonoscopy 
was performed no later than 3-4 h after finishing bowel 
preparation. Most colonoscopies were scheduled be-
tween 1:00 and 2:00 in patients who started taking PEG-
CS at 7:00 am and finishing at 9:00 am. 

We are aware that the same day dosing of  low-vol-
ume PEG (as well as split-dosing) cannot be proposed 
for early morning colonoscopy (e.g., before 10:00 am).

Our study has also implications for the organisation 
of  Endoscopic Unit. Patients having a long journey to 
reach the hospital should be scheduled late in the morn-
ing or in the afternoon to exploit the advantage of  the 
split or same day bowel preparation. This approach 
could be proposed for late morning and afternoon colo-
noscopies, especially within colorectal cancer screening 
programs, with the aim to increase the compliance to 
colonoscopy.

A relevant aspect of  this study is that the proposed 
low-volume bowel cleansing regimen had a good ac-
ceptability by the patients. The low rate of  mild adverse 
events, the high proportion of  patients who drank the 
whole solution and the willingness to repeat the same 
modality of  bowel preparation, suggest that the same 
day regimen can be proposed as an attractive alternative 
to the split high volume PEG. In this context the co-
operation of  the patient which is influenced positively 
by the extent and quality of  oral and written instructions 
provided by health professionals and the patient prefer-
ence for the type of  bowel preparation remain important.

However future larger multicenter studies encom-

passing the evaluation of  the patient characteristics are 
warranted to confirm our results and to establish if  
compliance to colonoscopy could be really increased.
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