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Abstract
Background: Colon preparation is a fundamental step for performing a successful colonoscopy. We aimed to
evaluate the effectiveness of administering lubiprostone (LB) added to a single dose of oral polyethylene glycol
(PEG) solution in achieving satisfactory colon cleanliness and decreasing the side effects.
Results: One-hundred percent of the control group patients reported that the experienced taste was worse than
expected, while in the intervention group half of the patients (50%) said that the taste was natural and 48%
experienced taste worse than expected (p<0.0001). Regarding Boston bowel preparation scale (BBPS), there was a
significant difference in the overall Boston scale (p=0.02) with more efficacy in the intervention group as 66% of
patients in the intervention group had good bowel preparation (5–7) and 24% excellent preparation (8–9). On the
other hand, the overall Boston scale in the control group showed that 54% of patients were between 5 and 7, and
only 16% of patients had overall Boston scale 8–9. In terms of the side effects of the preparation in both arms, the
majority of cases in the intervention arm did not complain of any side effects (78%), while the majority of the
complaints were vomiting in 16% of the intervention cases.
Conclusion: The current evidence suggested that adding LB to the colon preparation significantly improved the
tolerability and efficacy.
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Background
Colon preparation before the colonoscopy is of crucial
importance and is a major factor in the success of the
procedure as it helps to ensure ideal polyp detection
rates [1]. In the case of poor preparation, medical costs,
missed lesions, and procedure times are increased, leading
to decreased patient’s satisfaction [2]. Before the colonoscopy, dietary restrictions and bowel lavage using a preparation of sodium picosulfate plus magnesium oxide or
polyethylene glycol (PEG) are very critical. Osmotically
balanced PEG was introduced in 1980, and nowadays, it is
the most commonly used bowel preparations [3].
Many patients reported some complaints as the bad
taste and the large volumes required [4, 5]. Moreover, in
some cases, nausea, cramping, and vomiting were
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reported. All of these side effects directly influence the
adherence of the patients [6]. It was reported that the
compliance rates for colonoscopy screening were only
34% [7]. In order to decrease the side effects of PEG
preparation and improve its efficacy, many investigators
proposed the administration of lubiprostone (LB) prior
to the usage of PEG solution [8, 9].
LB is an approved medication for chronic idiopathic
constipation that activates the chloride type 2 channels
of the apical epithelial membrane in a selective manner
to enhance chloride efflux in the intestinal lumen, thus
maintaining its absorptive capacity [10]. The resulting
fluid softens stool and increases intestinal transit [11].
Most patients rapidly metabolize and tolerate LB very
well, as it acts locally inside the intestinal tract, and has
very low systemic bioavailability [12]. In this study, we
aimed to evaluate the effectiveness of administering LB
in addition to a single dose of oral PEG solution in
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achieving satisfactory colon cleanliness and decreasing
the side effects.

Methods
Study design

A parallel group randomized control study was conducted throughout a period of 6 months (May–November 2019), recruiting a total of 100 patients who were
referred to the gastrointestinal endoscopy and liver unit
Kasr El Aini (GIELUKA) for colonoscopic examination.
By means of block randomization, patients were assigned
into either of the two study groups. The first group
(control group, n=50) received the standard bowel preparation, two doses of PEG (120 mg of polyethylene glycol 3350 powder plus ascorbic acid), each dose added to
1L of water [13], while the second group (intervention
group, n=50) recieved lubiprostone-based preparation,
lubiprostone (LB) (24 μg) tablets twice daily for 2 days,
then only a single dose PEG 12 h before the colonoscopy. Both groups received only clear fluids for 24 h
prior to colonoscopy. A written informed consent was
obtained from all patients included.
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segments, the overall score is obtained, resulting in a
score between 0 and 9. A score below 4 is considered a
bad preparation, resulting in a repeat procedure recommendation. The score of 5–7 is considered to be good
preparation, whereas the score of 8–9 is considered to
be excellent.
Statistical analysis

With a sample size of at least 78 (39/group), we had a
power of 90% to assess whether the mean Boston scale
was significantly higher in the lubiprostone group (~7.25
(1)) compared to its mean value in the control group of
~6.5 (1), using a two-sample means test and a significance level of 0.05. Descriptive analysis was performed
using STATA 15 and was described as mean and standard deviation (SD). Categorical variables were defined as
frequency and percentage. The difference between the
two groups was made using the chi-square test for categorial variables and the Student t-test for quantitative
variables. p-values of less than 0.05 were considered to
be significant.
Ethics and consent to participate

Inclusion and exclusion criteria

Adult patients (18–65 years) of both genders, with average bodyweight, were included. Patients with chronic
diarrhea, known or suspected ileus, gastrointestinal obstruction, gastric retention (gastro-paresis), rectal impaction, toxic colitis, toxic megacolon, uncontrolled
inflammatory bowel disease presenting in severe activity,
or bowel perforation were excluded. Moreover, we excluded pregnant or breastfeeding females, patients with
previous significant gastrointestinal surgery, patients
with uncontrolled pre-existing electrolyte abnormalities,
patients with a severe renal impairment, and patients
who require emergency colonoscopy without bowel
preparation.
Data collection

Demographic data were obtained from all included patients, followed by complete colonoscopic examination
with intravenous propofol sedation. The degree of bowel
preparation was evaluated according to Boston bowel
preparation scale (BBPS). Moreover, patients’ feedback
regarding tolerability and accessibility was also assessed
using
the
5-point
Treatment
Acceptability
Questionnaire.
BBPS

The main objective of this scale was to evaluate specific
issues that are influencing bowel preparation quality, as
described by Kastenberg et al. [1]. According to the
quality of the preparation, each colonic segment is
graded from 0 to 3. By adding the score for all three

Being conformed to the ethical guidelines of the 1975
Declaration of Helsinki and its later amendments revised
in Seoul, Korea, October 2008 as reflected in previous
approval by the institution’s human research committee,
the study protocol was approved by the research ethical
committee of the endemic medicine department and the
institutional review board of the faculty of medicine,
Cairo University. All patients had signed a written informed consent before the start of any procedure related
to the study. The personal data were concealed and replaced by numbers for patient’s confidentiality.

Results
Table 1 shows the demographic data of the included patients. In the intervention group, 42 (84%) of included
patients were aged 18–30, compared to 14 (28%) in the
control group (p<0.0001). Both genders were
Table 1 Demographic characteristics of the included patients
Control (n=50)

Intervention (n=50)

p-value

18–30

14 (28%)

42 (84%)

< 0.0001

30–40

11 (22%)

6 (12%)

40–50

14 (28%)

2 (4%)

50–60

8 (16%)

0

> 60

3 (6%)

0

Age

Gender
Male/female
First colonoscopy

36/14

32/18

0.40

32 (64%)

41 (82%)

0.02
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represented in both groups (p=0.40). This was the first
colonoscopy experience for the majority of the included
patients (82% of the intervention and 64% of the control
groups). Regarding comorbidities, 72% of the patients
did not report any comorbidities; however, 18% of patients were hypertensive, and only 4% were diabetic.
The main concerns before colonoscopy in the intervention group were purgatives (72% vs. 20%, p<0.0001),
sedation (38% vs. 70%, p=0.001), and colonoscopy (80%
vs. 66%, p=0.10), compared to the control group. Interestingly, 100% of the control group reported that the experienced taste was worse than expected, while in the
intervention group, half of the patients (50%) said that
the taste was natural and 48% experienced a taste worse
than expected (p<0.0001). When the patients were asked
about the amount of liquid they can consume, their answers were comparable in both groups (p=0.70). The
large liquid volume and bad taste are the main parameters that discouraged patients in the control group. In
the intervention group, the patients reported bad taste
and diarrhea as the main parameters that discouraged

them. When we asked the patients about how easy it
was to consume the study preparation, we found a significant difference between both groups (p<0.0001); 80%
of the control group reported difficult or very difficult,
while only 12% in the intervention group chose difficult
and 66% tolerable. Therefore, all patients (100%) in the
control group would have used a different purgative if
they had the choice, compared to 26% in the intervention group (p<0.0001), (Table 2).
Regarding the side effects of the preparation in both
arms, the majority of cases in the intervention group did
not complain of any side effects (78%), while the majority of the complaints were vomiting in 16% of the cases.
Only 22% reported no side effects from the preparation
in the control group, but 34% complained of abdominal
pain and vomiting (Table 3).
With respect to BBPS, there was a significant difference in the overall Boston scale (0.02) with more efficacy
in the intervention group as 66% of patients had good
bowel preparation (5–7) and 24% excellent preparation
(8–9). On the other hand, the overall Boston scale in the

Table 2 Patient satisfaction
Parameters
What concerns you most before colonoscopy

I experienced the taste as

Maximum volume of liquid you would be able to consume

What would discourage you most

How easy or difficult was it to consume the study drugs

If I had the choice, I would for next colonoscopy

The overall experience of the preparation

Purgative

Control (n=50)

Intervention (n=50)

p-value

10

36

< 0.0001

Sedation

35

19

0.001

Colonoscopy

33

40

0.1
< 0.0001

Neutral

0

25

Worse than expected

50

24

Better than expected

0

1

0.5 L

9

6

1L

27

27

2L

14

16

3L

0

1

Maximum volume (L) median (IQR)

1 (1–2)

1 (1–2)

0.3

Bad taste

47

48

0.6

Bad smell

0

2

0.1

0.7

Too large liquid volume

31

8

< 0.0001

Diarrhea

7

19

0.006
< 0.0001

Very difficult

11

0

Difficult

29

6

Tolerable

9

33

Easy

1

11

Use a different purgative

50

13

Use this purgative

0

36

Poor

26

12

Bad

12

0

Fair

11

15

Good

1

23

< 0.0001

< 0.0001
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Table 3 Side effects
Control (n=50)

Intervention (n=50)

p

39 (78%)

11 (22%)

< 0.0001

No

11 (22%)

39 (78%)

< 0.0001

Abdominal pain

11 (22%)

1 (2%)

Vomiting

9 (18%)

8 (16%)

Abdominal pain and vomiting

17 (34%)

1 (2%)

Abdominal pain and headache

1 (2%)

0

Abdominal pain, vomiting and headache

0

1 (2%)

Experiencing side effects
Side effects

control group showed that 54% of patients were between
5 and 7, and only 16% of patients had overall Boston
scale 8–9 (Table 4).

Discussion
Diagnostic accuracy and therapeutic safety in colonoscopy are significantly impacted by the quality of bowel
preparation [14–17]. In this prospective comparative
study, we addressed the quality of PEG preparation and
patient satisfaction in both groups. Our findings demonstrated that adding LB to the preparation significantly
improved the tolerability of the preparation. Additionally, it was associated with a lower incidence of adverse
events, except for some cases of vomiting. In terms of efficacy, and according to the BBPS, the overall good and
excellent outcomes of the intervention group were much
higher than the standard group (p=0.02). These findings
indicate that the addition of LB produced a better colon
cleansing, especially in the right colon. In addition, the
Table 4 BBPS
Control (n=50)

Intervention (n=50)

p
0.1

Ascending colon score
1

25

16

2

24

32

3

1

2

Transverse colon score
1

15

6

2

29

29

3

6

15

0.02

Descending colon score
1

8

0

2

30

24

3

12

26

<0.0001

Overall Boston scale
<4

15

4

5–7

27

33

8–9

8

12

0.02

reduced need to repeat procedures in the LB group
showed the significant impact of LB in the bowel preparation regimens.
Previous studies reported a success rate of PEG-based
preparations of 56 to 76% for bowel cleansing. In our
study, bowel preparation with the addition of LB has
been effective in up to 90% of participants [18]. The
rapid and enhanced colonic passage time with LB, together with the enhanced duration of bowel movement,
may have contributed to the efficacy [19]. At present,
the greatest obstacle for patient tolerance and adherence
is the large volume of PEG-based preparation and the
associated distension, fever, nausea, and vomiting. Small
volume PEG preparations provide an effective alternative
to regular volume preparations to decrease bowel preparation pain and inconvenience [8].
Banerjee and colleagues evaluated the adequacy and
efficacy of LB and PEG as a colonoscopy preparation.
They found that excellent preparation was observed in
66.5% in the LB group and 38% in the standard group
(p<0.01), according to the BBPS scale [8]. Stengel and
Jones assessed the tolerability, safety, and efficacy of LB
prior to a single dose of PEG preparation without dietary
restriction. They found that the addition of LB enhanced
the colon cleansing in the whole colon. They showed
that the total procedure time and abdominal bloating
were significantly decreased in the LB group compared
to the second group. However, they could not find any
significant reduction in nausea in both groups [9].
Split dosing to improve patient tolerance has been recommended [20, 21]. However, Ell et al. have demonstrated in the meta-analysis that more than 70% of the
patients had only a single intake of dosing [22]. Therefore, the timing of the intake can be decided based on
the convenience of the patient. Our findings appear
similar. Furthermore, our study is noteworthy because
we included all patients referred for colonoscopy and
not only colorectal cancer screens. There have been no
dietary restrictions.
This is the first study in Egypt to show that even lower
doses of PEG will contribute to sufficient bowel cleaning
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by incorporating LB. The usage of a more practical
single-day PEG regimen will certainly boost patient adherence in future with the CRC screening guidelines. In
fact, a preparation for a better colonoscopy was recently
recommended on that same day.
The present study has some limitations, as it is a
single-center study where only outpatients were recruited. Compliance and the outcomes could be enhanced by fairly mobile patients with a clear clarification
of the planning procedures prior to the treatment.
Moreover, the lesion abnormality rate was not assessed.
It was not possible for us to speculate on the relationship between enhanced bowel preparation and an improved adenoma detection rate. In earlier studies,
however, improved BBPS scores were associated with increased polyp detection rate.
The incidence and mortality of colorectal cancer decreased by diagnostic colonoscopies with exclusion samples of adenomatous polyps. However, patient
compliance and tolerability have been significantly impacted by the obstacles of a large volume bowel preparation and the pre-procedure dietary restrictions. Our
study demonstrated that LB pre-treatment 2 days before
colonoscopy would enhance bowel cleansing with a substantially reduced rate of repeat procedures. Even lower
doses of PEG could be used without any effect on the
overall preparation quality.

Conclusion
The current study shows a strong evidence that using
lubiprostone is effective for sufficient bowel cleansing
prior to colonoscopy, in comparison to the standard of
care PEG preparation. Lubiprostone usage allowed reducing the volume of PEG solution needed during colon
preparation which resulted in better patient satisfaction
and tolerability of the preparation, while maintaining
equivalent colon cleanliness results. Applying the same
preparation strategy to a larger number of patients
would allow better evaluation of the adenoma detection
rate.
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