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Abstract

AIM: To compare the efficacy and palatability of 4
L polyethylene glycol electrolyte (PEG) plus sugar-
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free menthol candy (PEG + M) vs reduced-volume 2 L
ascorbic acid-supplemented PEG (AscPEG).

METHODS: In a randomized controlled trial setting,
ambulatory patients scheduled for elective colonoscopy
were prospectively enrolled. Patients were randomized
to receive either PEG + M or AscPEG, both split-
dosed with minimal dietary restriction. Palatability was
assessed on a linear scale of 1 to 5 (1 = disgusting;
5 = tasty). Quality of preparation was scored by
assignment-blinded endoscopists using the modified
Aronchick and Ottawa scales. The main outcomes
were the palatability and efficacy of the preparation.
Secondary outcomes included patient willingness to
retake the same preparation again in the future and
completion of the prescribed preparation.

RESULTS: Overall, 200 patients were enrolled (100
patients per arm). PEG + M was more palatable than
AScPEG (76% vs 62%, P = 0.03). Completing the
preparation was not different between study groups
(91% PEG + M vs 86% AscPEG, P = 0.38) but more
patients were willing to retake PEG + M (54% vs 40%
respectively, P = 0.047). There was no significant
difference between PEG + M vs AscPEG in adequate
cleansing on both the modified Aronchick (82% vs
77%, P = 0.31) and the Ottawa scale (85% vs 74%,
P = 0.054). However, PEG + M was superior in the
left colon on the Ottawa subsegmental score (score
0-2: 94% for PEG + M vs 81% for AscPEG, P = 0.005)
and received significantly more excellent ratings than
AscPEG on the modified Aronchick scale (61% vs 43%,
P = 0.009). Both preparations performed less well in
afternoon vs morning examinations (inadequate: 29%
vs 15.2%, P = 0.02).

CONCLUSION: 4 L PEG plus menthol has better

palatability and acceptability than 2 L ascorbic acid-
PEG and is associated with a higher rate of excellent
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preparations; Clinicaltrial.gov identifier: NCT01788709.
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Core tip: Colon preparations are generally poorly tolerated.
As a result, suboptimal bowel preparation can occur in as
many as 25%-40% of cases. Volume and palatability of
the purgative are important determinants of tolerability
and adherence and, consequently of efficacy. In this
randomized controlled trial, we investigate the efficacy
and palatability of two colonic preparations (4 L PEG +
menthol candy vs 2 L ascorbic acid supplemented -PEG)
given as split-dose and with minimal dietary restrictions.
Both preparations were similarly effective at achieving
adequate colon preparation but 4 L PEG + M had
superior palatability and tolerability and was associated
with more excellent ratings.

Sharara Al, Harb AH, Sarkis FS, Chalhoub JM, Badreddine R,
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INTRODUCTION

Colorectal cancer continues to be one of the leading
causes of death worldwide™, A combination of early
detection and removal of precursor lesions has
proven beneficial in decreasing its incidence and
mortality'®?!. However and despite the advent of
several screening modalities'”!, optical colonoscopy
remains the preferred procedure due to its superior
diagnostic sensitivity™, unique capability that allows
sampling and removal of luminal pathology™, and
cost-effectiveness!'®’, These performance chara-
cteristics are, however, highly dependent on the
quality of colon preparation™™*%, Suboptimal prepa-
rations are associated with a higher adenoma miss
rate, prolonged procedure time, incomplete exa-
minations™"!, and increased cost due to need for an
earlier repeat examination*?.,

Polyethylene glycol electrolyte (PEG) solution is
the most commonly used purgative for colon clean-
sing due to its superior safety profile™* and high
efficacy!™, In a recent meta-analysis, 4 L split-
dose PEG was found to be superior to other bowel
preparation comparators suggesting it should be
the standard against which new bowel preparations
should be compared™®. However, the unpalatable
taste and large volume required for proper cleansing
are the most commonly reported reasons to avoid
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colonoscopy!'?. The preparation is poorly tolerated
by patients resulting in incomplete adherence and
consequently low-quality preparations™®. An important
development was the concept of dose splitting, where
as much as half of the preparation is consumed on
the day of the examination, leading to improved
efficacy™” and tolerability!*®. Further refinements!***",
adjuvants'®*?, and modifications'”>* of PEG solutions
followed. The addition of high-dose ascorbic acid to
PEG (AscPEG) improved taste and helped reduce
the volume of the preparation to 2 L, making it one
of the most commonly prescribed purgatives in the
United States. Another simple refinement involves the
addition of menthol candy to 4 L split PEG resulting
in significant benefit in terms of patient tolerability,
acceptability and compliance, and leading to a higher
rate of excellent preparations®®., In this study, we
aim to directly compare two tested modifications of
the split-dose PEG preparation, namely 4 L PEG with
menthol candy (PEG + M) vs 2 L AscPEG.

MATERIALS AND METHODS

Patients

The study was conducted at the American University
of Beirut Medical Center between February and
December 2013. Patients seen in the outpatient clinics
requiring elective colonoscopies were approached
about the study by their respective endoscopist.
Exclusion criteria included age less than 18, pregnant
or lactating women, prior intestinal resection or
bariatric surgery, chronic renal disease (creatinine
clearance < 60 mL/min), severe congestive heart
failure (New York Heart Association class 1 or IV),
dehydration, history of severe constipation (< 1 bowel
movement every 3 d), chronic laxative abuse, and
history of inflammatory bowel disease. Patients with
phenylketonuria, known significant gastroparesis,
known or suspected bowel obstruction were also
excluded. Due to potential for priming by a previous
colonoscopy experience in the past 5 years that
might alter anticipation and response, patients who
had a colonoscopy within the last 5 years were also
excluded.

After informed consent was obtained, patients
were referred to the study coordinator where they
received one of the two regimens based on a pre-
viously computer-generated 1:1 randomization list.
Detailed written instructions and verbal explanations
were provided to all patients. On the day of the colo-
noscopy, patients were interviewed by an independent
investigator prior to the procedure. Colonoscopies
were performed by one of five endoscopists blinded
to the preparation. All exams were performed under
conscious sedation in the endoscopy unit between 9:00
am and 4:00 pm. The study protocol was approved
by the Institutional Review Board of the American
University of Beirut on December 2012, and the
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study was registered with Clinicaltrial.gov identifier:
NCT01788709.

Preparation instructions
Detailed written instructions and verbal explanations
were provided to all patients at the time of colo-
noscopy scheduling, emphasizing the importance
of complete intake of the solution to ensure a more
effective procedure. On the day preceding the colo-
noscopy, patients were allowed to consume an un-
restricted breakfast and lunch till 3 pm, followed by a
full-fluid dinner (e.g., milk, water, soda, clear broth,
tea, or yoghurt) until 7 pm. Only clear fluids were
allowed after 7 pm (e.g., water, clear soda, tea).
Patients in the first arm received 4 L PEG (Fortrans®,
Ibsen, Paris, France) divided into 2 L consumed from
7-9 pm on the day preceding the colonoscopy, and 2
L on the day of the colonoscopy, taken no earlier than
4 h before the scheduled appointment, and completed
a minimum of 90 min before the procedure. Patients
in this arm were provided with sugar-free, colorless,
menthol candy (Halls®, Cadbury Adams, NJ, United
States) and instructed to suck on a candy while
drinking the PEG solution (PEG + M). Patients in the
second arm received 2 L reduced-volume ascorbic
acid-supplemented PEG-electrolyte solution (AscPEG)
(MoviPrep®, Norgine, Harefield, United Kingdom)
mixed according the manufacturer’s instructions plus
1L of clear fluids of the patient’s choice and dose-split
over 2 d. The first liter of AscPEG was consumed at
7 pm the day before colonoscopy with a minimum of
500 mL of clear fluids, and another 1 L of AscPEG plus
a minimum of 500 mL of clear fluids on the day of the
colonoscopy, to be completed no more than 4 h before
the procedure and at least 90 min before the procedure.

Data collection

Immediately before colonoscopy, patients were in-
terviewed by an independent investigator. Patients
were asked to report their perception of the solution’s
palatability by checking a linear scale on a boxed
diagram from 1 to 5 (disgusting, moderately poor
taste, slightly poor taste, acceptable, and tasty)
and express the degree of willingness to take the
preparation again in the future. An assessment of
compliance and adherence was also performed with
the volume remaining of the solution recorded. The
quality of bowel cleansing was graded immediately
following colonoscopy by the performing endosco-
pist who was blinded to the preparation assigned.
Endoscopists were asked to provide a score for each
patient using the modified Aronchick scale and Otta-
wa scale.

Study design and endpoints

The primary end points of the study were the qua-
lity of the preparation and the palatability of the
administered solution. Secondary endpoints included
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willingness to retake the same preparation again in
the future, and completion of the preparation. The
solutions were considered palatable if they received
4 or 5 on the 5-point palatability scale (acceptable or
tasty) and unpalatable for a score of 1-3 (disgusting,
moderately poor taste, or slightly poor taste).
Patients with an Aronchick score of excellent or good
were considered to have an adequate preparation,
whereas those with poor, inadequate, and fair were
considered to have an inadequate preparation. On the
Ottawa scale, segmental scores were collected and an
overall score was calculated. A total score of > 8 was
considered to indicate an inadequate preparation and
a score of < 7 was deemed adequate. Preparations
with a total score of < 4 were considered excellent,
provided that no individual colonic segment received
a score higher than 1. Patients were considered to
have completed the preparation if they consumed =
90% of the preparation volume.

Sample size calculation was based on publish-
ed data showing 90% adequate preparation with
menthol-enhanced PEG (PEG + M)®® and 65%-85%
(average: 75%) for reduced volume AscPEG!**"?,
Using a of 0.05 and a power of 0.80, the sample size
required to show significance was calculated to be
97 patients per arm. Hence, it was decided to recruit
100 patients per arm taking into account possible
withdrawals. SPSS version 20.0 (SPSS Inc., Chicago,
Illinois, United States) was used for data entry and
analysis. The proportions in 2 x 2 contingency ta-
bles were compared by the »° test. A P value of less
than 0.05 was considered significant. The prima-
ry investigator and co-authors had access to the
study data and had reviewed and approved the final
manuscript.

RESULTS

Two hundred patients successfully completed the
study with 100 patients enrolled in each arm.
Nine patients cancelled appointments for reasons
unrelated to the quality or taste of the preparation
and were replaced by a similar number of patients.
Additionally, 4 patients took a different preparation
or unauthorized adjuvants, 3 patients were found to
have IBD at the time of colonoscopy, 1 patient forgot
to use the menthol candy, 1 patient was found to
have a history of laxative abuse, and 1 patient could
not be scoped beyond the left colon. All of these
cases were excluded. Two patients both belonging
to the AscPEG arm had cancelled procedure due to
bad preparation quality. These patients were included
in the study and received the worst scoring on both
scales. The mean age of enrolled patients was 54.5 +
13.7 years (range: 21-85) with 52% males. Patients’
characteristics and indications for colonoscopy were
not different between the two groups (Table 1).
There was no difference between the two pre-
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Table 1 Patient characteristics

PEG + M AscPEG P value
Age (mean * SD, yr) 55+13.8 54+13.7 0.88
Male subjects 54% 50% 0.74
BMI (mean + SD, kg/m’) 27 +47 27+4.9 0.54
Indication
Screening 46% 43% 0.70
Hematochezia 13% 13% 0.95
Abdominal pain 14% 12% 0.75
Change in bowel habits 10% 6% 041
Surveillance 7% 9% 0.53
Positive FOBT 4% 5% 0.74
Weight loss 2% 1% 0.27
Anemia 2% 5% 0.31
Diverticular disease 0% 2% 0.20
Others 2% 4% 0.28

PEG + M: PEG electrolyte solution + menthol; AscPEG: Ascorbic acid PEG
electrolyte solution.

Table 2 Percentage adequate preparation by colonic segment

using the Ottawa scale

PEG + M AscPEG P value
Right 84% 79% 0.340
Mid 95% 89% 0.110
Left 94% 81% 0.005"
Opverall 85% 74% 0.054

'Significant P-value. PEG + M: PEG electrolyte solution + menthol;
AscPEG: Ascorbic acid PEG electrolyte solution.

parations in the rate of adequate preparations on
the Aronchick scale (82% for PEG + M vs 77% for
AscPEG, P = 0.31) (Figure 1). On the same scale, a
significantly higher number of patients receiving PEG
+ M were found to have an excellent preparation
(61% vs 43% AscPEG, P = 0.009). The mean score
on the Ottawa scale was better for PEG + M vs
AscPEG (5.1 £ 2.4 vs 5.8 £ 3.0, P = 0.09) as was
the rate of adequate preparations (overall score <
7: 85% vs 74%, P = 0.054) but these were not
statistically significant (Figure 2). Table 2 shows the
Ottawa scores according to colonic segment. Using a
segmental score of 0-2 as indication of an adequate
cleansing'®’ there was no significant difference be-
tween preparations in the right and mid-colon. How-
ever, PEG + M was superior in the left colon (94% for
PEG + M vs 81% for AscPEG, P = 0.005).

PEG + M was significantly more palatable than
ASCPEG (76% vs 62%, P = 0.03) (Figure 3). Similarly,
a significantly higher number of patients were willing
to retake PEG + M again in the future compared to
AscPEG (54% vs 40%, P = 0.047). Patients in the
PEG + M arm had a lower rate of non-compliance
with the prescribed volume compared to AscPEG, but
this difference was not significant (9% vs 14%, P =
0.38).

There was no difference in the number of patients
undergoing colonoscopy in the afternoon between
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Figure 1 Quality of bowel preparation on the modified Aronchick scale.
P-value for the difference between AscPEG and PEG + M Aronchick scores is
0.31; P-value for the difference between excellent results with PEG + M and
AscPEG is 0.009. PEG + M: PEG electrolyte solution + menthol; AscPEG:
Ascorbic acid PEG electrolyte solution.
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Figure 2 Overall preparation score according to the Ottawa score (a lower
score indicates a better preparation). P-value for the difference between
AscPEG and PEG + M Ottawa scores is 0.054. PEG + M: PEG electrolyte
solution + menthol; AscPEG: Ascorbic acid PEG electrolyte solution.

study groups (40% PEG + M vs 35% AscPEG, P =
NS). However, PM colonoscopies had a higher rate
of inadequate preparation compared to AM colo-
noscopies (29% vs 15.2%, P = 0.02) with no signi-
ficant difference between study groups. On univariate
analysis, BMI, age, and gender were not associated
with inadequate preparations.

DISCUSSION

The ideal bowel preparation should be simple to
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Figure 3 Palatability of the colon preparation (score < 3: Unpalatable;
4 or 5: Palatable). P-value for the difference in palatability between AscPEG
and PEG + M is 0.03. PEG + M: PEG electrolyte solution + menthol; AscPEG:
Ascorbic acid PEG electrolyte solution.

administer, palatable, well tolerated, safe and effec-
tive. Despite the unquestionable need for adequate
colon cleansing, suboptimal bowel preparation
occurs with surprising frequency in as many as 25%
to 40% of cases'*?). Inadequate bowel preparation
is associated with canceled procedures, prolonged
procedure time, incomplete examination, increased
cost, and missed pathology. Split-dose 4 L PEG is
superior to other comparator preparations and is
considered the gold standard against which other
regimens should be compared™%. Although highly
effective even with minimal dietary restriction, split-
dose 4 L PEG is limited by the high volume and
unpleasant taste leading to poor acceptability by
patients. To circumvent the volume and taste issue,
a new formulation of PEG including ascorbic acid
was developed (AscPEG). The added megadose of
ascorbic acid is not completely absorbed, exerting
an osmotic effect in the colon thereby reducing the
necessary effective volume of cleansing solution
to 2 L. When compared to split-dose 4 L PEG in a
“quasi-randomized” study, AscPEG was similar in
achieving adequate bowel preparation®®. However,
more excellent preparations were reported in the 4
L PEG arm (79% vs 52% for AscPEG, P < 0.001).
No significant difference was found between the
two preparations in terms of taste, tolerability or
acceptability.

Another successful way to circumvent the afo-
rementioned limitation of the split-dose 4 L PEG
standard was the simple use of menthol candy (PEG
+ M) as an adjunct resulting in enhanced palatability,
acceptability as well as a higher number of excellent
preparations®®, The results of this study confirm
that this simple addition not only results in a high
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rate of adequate preparations, but also in improved
palatability and acceptability (including willingness to
retake in the future) over AscPEG so far considered a
more patient-friendly preparation in terms of volume
and taste.

The importance of this study is in showing that
split-dose PEG + M is arguably the new and improved
gold standard for combining efficacy (providing more
excellent preparations), palatability, tolerability, and
acceptability. Our study did not show a significant
difference between the two preparations on the
Ottawa scale perhaps due a type I error and/or
to inherent limitations of the Ottawa scale. Current
bowel preparation scales have significant limitations
in distinguishing effective preparations and, with the
exception of the relatively simple yet highly subjective
modified Aronchick scale, in providing a validated
and clinically relevant separation between distinct
stages of the full spectrum of bowel cleanliness. For
example, the Ottawa scale is overly sensitive to the
presence of residual liquid in the colon (even when
that liquid is clear) leading to a final score that may
not necessarily reflect visualization of the mucosa®!
and which is not readily convertible into the relevant
subjective ratings generally used by endoscopists.
In our study this limitation of the Ottawa scale was
evident when we tried defining broad categories
(adequate vs inadequate or excellent vs less than
excellent) based on numerical clustering. In practice,
clinicians are not interested in such complex scoring
systems and prefer to rely instead on a simple
subjective dichotomous scoring system: adequate
vs inadequate. The limitations of the various bowel
preparations scales and the non-inferiority design
of most studies of bowel preparation are equally
important considerations as small, yet important
differences, may go unnoticed in clinical trials.

A recent editorial by Rex ushered in an era of
increased expectations for the efficacy of bowel
preparations noting that “efficacy and tolerability are
related, and together constitute the main ingredients
of effectiveness™®®. The performance characteristics
of colonoscopy are highly dependent on the quality
of the preparation. A recent study showed that a
fair bowel preparation is associated with 18-fold
increase in the odds of receiving a post-colonoscopy
surveillance recommendation that is inconsistent with
current guidelines™. Narrowing the gap by shifting
to safe, palatable, tolerable, and highly effective
preparations is therefore a necessity that appears
increasingly achievable.

Our study has few limitations. The study was
conducted at a single center limiting the genera-
lizability of the results and the sample size may have
underestimated some true differences between the
two interventions. Patients receiving PEG + M were
provided with free packets of sugar-free menthol
candy and it is unclear if, outside of clinical trials,
patients will realize the value of this simple addition,
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purchase the menthol candy (retail price of about
$2 for a packet of 25 candies), and follow the simple
instructions for use. An accurate estimate of patient
compliance to dietary changes was not recorded but
is likely a minimal factor given the largely unrestricted
diet. Lastly, we did not examine intra or interobserver
variability, however, a scoring bias is unlikely given
the random study design and the blinding of the
endoscopists.

In summary, this study confirms that both split-
dose preparations are effective at achieving adequate
colon cleansing with minimal dietary restrictions.
Menthol-enhanced split-dose 4 L PEG (PEG + M)
was superior to split-dose 2 L AscPEG in terms of
palatability, acceptability, and excellence in quality.
The simple addition of menthol candy is an easy and
safe strategy and leads to improved effectiveness
of split-dose 4L PEG and to a favorable quality
improvement that should further enhance the power
of colonoscopy.
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