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Abstract
AIM: To assess the additive effect of lubiprostone on 
the quality of colon preparation in diabetics given sin
gledosed polyethylene glycol electrolyte (PEG) for colo
noscopy. 

METHODS: This was an investigatorinitiated, single
center, singleblinded prospective trial comparing the 
efficacy of L + PEG to PEG alone on colon preparation 
quality in diabetics undergoing screening colonoscopy. 
The study was approved by our institution’s IRB. The 
PEG was given as a singledose to address patient
compliance concerns voiced by our IRB with split
dosing. All patients received only clear liquids the day 
prior to colonoscopy. Experimental group (Grp L) re
ceived PEG + 1 dose L 2 h prior to and 2 h after PEG 
completion. Control group (Grp C) received only PEG 

the evening prior to the colonoscopy. Patients were 
randomly assigned to one of the 2 groups. The endos
copist was blinded to which colon prep was given and 
all colonoscopies were complete. Upon colonoscopy 
completion, the endoscopist rated the colon prepqua
lity by a validated 5point Likert scale (1excellent to 
5inadequate). 

RESULTS: Sixty patients were enrolled in the study; 30 
Grp L and 30 Grp C. Overall, patients were excluded due 
to study noncompletion in 12 (41%) Grp L and 5 (17%) 
Grp C, P  = 0.04. Average colon preparation score Grp L 
= 2.47 and Grp C = 3.00, P = 0.09. Although this was 
not statistically significant, there was a trend towards 
improved colon prep in Grp L. Statistical significance 
may have been achieved if completion rates had been 
similar between both study groups.

CONCLUSION: Use of 2L capsules with PEG resulted in 
a trend towards improved colon prep over PEG alone in  
diabetic patients when given as a singledose regimen. 
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INTRODUCTION
Colonoscopy allows visualization of  the entire colon and 
is indicated to identify etiologies of  anemia, bleeding or 
inflammation in the gastrointestinal (GI) tract. Currently, 
colonoscopy is also the procedure of  choice for colon can
cer/polyp screening and surveillance[1]. Colon preparation 
cleansing quality determines the difficulty, speed and com
pleteness of  colonoscopy, especially in terms of  lesion 
detection[2]. The impact of  adequate colon preparation 
also has important cost implications as poor bowel cleans
ing results in shortened interval between colonoscopies, 
longer procedure times, decreased patient satisfaction and 
increased lesion miss rates[3]. The current types of  colon 
preparations available are either larger volume polyeth
ylene glycol electrolyte (PEG)-based or smaller volume 
sodium phosphate-based preparations. Despite the same 
efficacy between PEG vs sodium phosphatebased prepa
rations according to a metaanalysis of  randomized
controlled trials[4], sodium phosphatebased preps have 
been associated with fluid overload, electrolyte abnormali
ties (transient increase in serum sodium and phosphorus 
and decrease in calcium levels) and acute phosphate 
nephropathy in diabetic patients, even with normal renal 
function[58]. Thus, PEG-based colon cleansing solutions 
are the most commonly used colonoscopy preparations 
for diabetic patients. A large population-based study has 
shown diabetes to be an independent risk for colon cancer 
compared to the general population[9]. However, recent 
data has shown that diabetic’s bowel cleansing with PEG-
based prep is not as efficient as nondiabetic’s[10]. PEG 
(Nulytely) is an osmotically-balanced bowel cleansing 
regimen that may be safely administered to patients with 
electrolyte imbalances, advanced liver disease and those 
with poorly compensated congestive heart failure and re
nal failure[11]. A 4 liter volume of  PEG is taken orally in its 
entirety the evening before colonoscopy or as a splitdose 
(each 2 liters the night before and 5 h prior to colonos
copy). Lubiprostone (Amitiza, Sucampo Pharmaceuticals, 
Inc., Bethesda, MD; Takeda Pharmaceuticals America, 
Inc., Deerfield, IL) is a locally acting type-2 chloride 
channel activator which causes intestinal fluid secretion 
resulting in softened stool and increased intestinal transit 
without the loss of  either net intravascular fluid or elec
trolytes[12]. Lubiprostone is currently approved by the US 
Food and Drug Administration (FDA) at a 24 mcg dose 
taken twice daily orally for chronic idiopathic constipation 
in adults and an 8mcg dose taken twice daily orally for ir
ritable bowel syndrome with constipation in women ≥ 
18 years old[13].  Long term use of  lubiprostone causes no 
clinically significant changes in serum electrolyte levels[13]. 
Lubiprostone has been safely used in diabetic patients and 
is only contraindicated in patients with known or suspect
ed mechanical GI obstruction. In addition, lubiprostone 
should be avoided in pregnant patients and is a category C 
medication[13]. A prior trial with non-diabetics using a 24 
mcg lubiprostone capsule (L) given in a single dose with 
split-dose PEG showed improvement in prep quality[14]. 
The purpose of  our study was to assess whether the ad

dition of  lubiprostone to a single-dose of  4 liters of  PEG 
the evening before colonoscopy would affect the quality 
of  colon preparation in diabetics.

MATERIALS AND METHODS
This was an investigator-initiated, single-center, single-
blinded prospective trial comparing the efficacy of  L + 
PEG to PEG alone on colon preparation quality in adult-
onset diabetic mellitus (AODM) undergoing screening 
colonoscopy. This study was approved by our institution’s 
IRB prior to implementation.  

Participants
We prospectively offered enrollment to all adultonset dia
betic outpatients who were referred to the Gastroenterol
ogy clinic at the Medical College of  Georgia in Augusta, 
Georgia for a screening colonoscopy from July, 2008 to 
March, 2010. Patients were at least 50 years of  age with 
known AODM. The study participants were enrolled in 
the trial by one of  two Gastroenterology attending physi
cians or a Gastroenterology fellow. Women must have 
been post-menopausal or surgically sterile. Patients had to 
be able to read and write in English and give a valid, in
formed consent. Patients with the following characteristics 
were excluded from the study: suspected acute or chronic 
pseudo-obstruction, active GI hemorrhage, known in
flammatory bowel disease, chronic diarrhea, prior colonic 
resection, acute diverticulitis, known colonic mass, clinical 
evidence of  decompensated liver disease, renal disease or 
patients on dialysis, current or previous use of  lubipros
tone and allergy to lubiprostone.

Randomization
Subjects were assigned to the Control group (Grp C) or 
Experimental group (Grp L) on an odd/even basis. After 
research informed consent had been obtained, subjects 
were given a study ID numbered 1 through 60. Sub
jects with an odd number were assigned to Grp C while 
subjects with an even number were assigned to Grp L. 
Subjects were then given a randomization package by the 
hospital research pharmacist consisting of  the prepara
tion orders, supplies, instructions and the date of  their 
procedure by the investigator obtaining informed consent.  
The endoscopists were blinded to which preparation was 
given.

Colon-cleansing methods
All patients received 4 liters of  PEG preparation (Nu-
lytely, Braintree Laboratories, Inc., Braintree, MA; 420 
g polyethylene glycol 3350, 5.72 g sodium bicarbonate, 
11.2 g sodium chloride, 1.48 g potassium chloride and 
one optional 2.0 g flavor pack) given as a single-dose to 
address patient compliance concerns voiced by our IRB 
with split-dosing.  In addition, all patients received only a 
clear liquid diet the day prior to colonoscopy. Grp L re
ceived PEG plus 2 lubiprostone capsules, 1 capsule the 2 
h prior to PEG and 1 capsule 2 h after PEG completion. 
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Grp C received only PEG the evening prior to colonos
copy. The study’s sponsor prohibited a placebo-pill to be 
given in Grp C (a single-blinded trial). All patients were 
instructed to start drinking the PEG solution around 
6pm the evening before their colonoscopy and ingest 
about 8 oz every 10 min until completion of  4 liters.

Colonoscopy
All the colonoscopies were carried out in the endoscopy 
center at the Medical College of  Georgia. The colonos
copies were performed by two experienced endoscopists 
using the Olympus colonoscopes (Olympus Optical Co., 
Tokyo, Japan). A complete colonoscopy was defined as 
reaching the cecum which was determined by visualization 
and documentation of  the ileocecal valve and appendiceal 
orifice. Patients either received moderate conscious seda
tion by administering a combination of  fentanyl and mid
azolam intravenously or monitored anesthesia care with 
diprivan.

Primary outcome
The primary measured endpoint of  this study was the 
quality of  colon cleansing preparation as rated by a blind
ed endoscopist using a validated 5-point Likert scale[15]. 

Evaluation of colon cleansing
One of  two gastroenterology attending physicians grad
ed all the bowel preparations upon completion of  the 
colonoscopy and was blinded to what bowel cleansing 
prep the patient had taken. The colon prep quality was 
rated based on global colon assessment using a modified 

Ottawa bowel preparation scale with 1 being excellent 
and 5 considered inadequate (Table 1). 

Statistical analysis
The study was designed to determine whether L + PEG 
improved colon prep quality in AODM patients undergo
ing screening colonoscopy vs PEG alone. It was expected 
that at least 100 patients would complete the trial. A 
sample size of  100 patients would detect a 30% difference 
in the percentage of  patient with excellent (1) or good 
(2) prep quality with 89% power and a two tailed P value 
of  0.05. However, due to loss of  funding from the phar
maceutical company, the study was terminated early. The 
quality of  colonoscopy preparations was compared using 
chi-square statistics. Exact methods were used if  there 
were small or zero cell counts.

RESULTS
A total of  60 patients were enrolled and randomized in 
the clinical trial; 30 in Grp L and 30 in Grp C (Figure 1). 
Overall, 13 patients were excluded in Grp L and 6 patients 
in Grp C. In Grp L, 12 patients (41%) cancelled their 
procedure and 1 did not complete the prep. In Grp C, 5 
patients (17%) cancelled their procedure and 1 withdrew 
from the trial.  The no-show rate between Grp L and Grp 
C was statistically significant (P = 0.04). 

The quality of  the bowel preparation as evaluated by 
the endoscopist for each study group is shown in Figure 2. 
Overall, 8 out of  17 patients (47%) in Grp L had an excel
lent or good colon prep quality versus 6 out of  24 patients 
(25%) in Grp C (P = 0.14). The average colon preparation 
score in Grp L was 2.47 and 3.00 in Grp C (P = 0.09). 
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Table 1  Modified Ottawa bowel preparation scale

Score Definition

1-excellent Small volume of clear liquid or great than 95% of the colonic mucosal surface seen
2-good Large volume of clear liquid covering 5%-25% of the surface, but greater than 90% of surface seen
3-fair Some semisolid stool that could be suctioned or washed away, but great than 90% of surface seen
4-poor Semisolid stool that could not be suctioned or washed away but great than 90% of the surface seen
5-inadequate Solid stool obscuring mucosal detail and contour despite aggressive washing and suctioning; repeat preparation and colonoscopy needed

Bowel cleansing score ranging from excellent to inadequate and description of each score.

Total subjects enrolled 
n  = 60

L + PEG (Grp L) 
n  = 30

PEG alone (Grp 
C) n  = 30

Patients excluded: n  = 13 
12 cancelled colonoscopy 
1 did not complete prep

Patients who completed trial 
n  = 17

Patients who completed trial 
n  = 24

Patients excluded: n  = 6 
5 cancelled colonoscopy 
1 withdrew

Figure 1  Patient flow chart. Schematic diagram of patients throughout the 
trial. (see attached JPEG). Grp L: Experimental group; Grp C: Control group.
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Figure 2  Endoscopist’s evaluation of bowel cleansing. Comparison of 
bowel preparation quality among the 2 study groups using a modified ottawa 
score. Grp L: Experimental group; Grp C: Control group.



Unfortunately, in order to achieve a statistical significance 
of  ≤ 0.05 an anticipated effect (f2) of  0.37 would have 
had to have been achieved (f2 = 0.18 in this study). Al
though this trial did not show statistical significance, there 
was a trend towards improved colon prep quality in Grp L.  

There were no serious adverse events associated with 
this study. However, 1 patient in Grp L had a known his
tory of  paroxysmal atrial fibrillation and was in normal 
sinus rhythm during the time of  study enrollment but was 
in atrial fibrillation with controlled rate the morning of  
colonoscopy. All of  the colonoscopies were complete, ex
cept 1 in Grp C due to inadequate prep quality.

DISCUSSION
Colonoscopy remains the preferred method for colon 
cancer and polyp screening and a successful procedure 
requires adequate bowel preparation[16]. The ideal colon 
preparation should allow consistent and reliable visualiza
tion of  the colonic mucosal surface with a safety profile 
that is acceptable for all types of  patients. Unfortunately, 
no current bowel cleansing preparation meets these crite
ria[14].  

Our study is the first to evaluate the use of  lubipros
tone in combination with a more practical single-day PEG 
regimen on the effect of  bowel prep quality in diabetics 
undergoing screening colonoscopy. Use of  2 lubipros
tone 24 mcg capsules with a PEG single-dose regimen 
resulted in a trend towards improved colon preparation 
versus PEG alone in patients with AODM. Statistical sig
nificance may have been achieved if  completion rates had 
been similar between both study groups. It is also possible 
that even higher doses of  lubiprostone will be required to 
achieve better colon prepquality in diabetics when single
dose PEG is used. 

This study does have some limitations. Firstly, it was 
performed at a single-center and was only single-blinded. 
The study’s sponsor prohibited a placebo-pill to be given 
in Grp C. Secondly, previous studies have shown im
proved bowel cleansing with split-dose PEG[16] but, due to 
concerns voiced by our IRB regarding patient compliance 
with a split-dose PEG, we had to use single-dose PEG in 
our trial. Lastly, the original trial was powered for a sample 
size of  100 patients in order to achieve statistical signifi
cance; however this trial was terminated early due to loss 
of  funding from the pharmaceutical company. Thus, it is 
possible that a type Ⅱ error could have occurred because 
the study group was insufficiently powered. Statistical 
significance may have been achieved if  the trial had been 
fully completed. 

In conclusion, this study showed that there is a trend 
towards improved colon prep quality in diabetic patients 
undergoing screening colonoscopy who received a com
bination of  L + PEG versus PEG alone. Given that 2 
doses of  lubiprostone has an average retail cost under 
$9.00 US, combining lubiprostone to standard PEG may 
be a reasonable and costeffective option to achieve better 
bowel cleansing in difficult to prep adultonset diabetic 

patients[17]. In addition, with almost no adverse events 
reported, adding lubiprostone may be a viable option to 
achieve optimal bowel prep in diabetics especially if  split
dose PEG is used. A larger double-blinded trial will be 
required to further evaluate these findings. The medical 
community must continue to develop safe, effective and 
well tolerated methods for bowel cleansing in order to 
maximize the effect of  colon cancer/polyp screening.
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