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A Dual-Action, Low-Volume Bowel Cleanser
Administered the Day Before Colonoscopy: Results
From the SEE CLEAR II Study
Philip O. Katz, MD1, Douglas K. Rex, MD2, Michael Epstein, MD, FACG, AGAF3, Nav K. Grandhi, MD4, Stephen Vanner, MD, FRCPC5,
Lawrence C. Hookey, MD, FRCPC5, Vivian Alderfer, PhD6 and Raymond E. Joseph, MD7
OBJECTIVES:

Optimal bowel preparation is vital for the efficacy and safety of colonoscopy. The inconvenience,
discomfort, required consumption of large volumes of product, and potential adverse effects associated with some bowel preparations deter patients from colonoscopy and may provide inadequate
cleansing. A dual-action, non-phosphate, natural orange-flavored, low-volume preparation containing
sodium picosulfate and magnesium citrate (P/MC) is currently being reviewed for bowel cleansing.

METHODS:

This was a phase 3, randomized, multicenter, assessor-blinded, prespecified non-inferiority, head-tohead study to investigate the efficacy, safety, and tolerability of day-before administration of P/MC vs.
2L polyethylene glycol solution and two 5-mg bisacodyl tablets (2L PEG-3350 and bisacodyl tablets
(HalfLytely and Bisacodyl Tablets Bowel Prep Kit)) in adult patients preparing for colonoscopy (SEE
CLEAR II Study). The primary objective of the study was to demonstrate the non-inferiority of P/MC
to 2L PEG-3350 and bisacodyl tablets in overall colon cleansing using a modified Aronchick scale.
In addition, efficacy in the ascending, mid (transverse and descending), and recto-sigmoid segments
of colon was evaluated using a modified Ottawa scale. Patient acceptability and tolerability of the
bowel preparations were assessed via a standard questionnaire. Safety was assessed based on the
monitoring of adverse events (AEs) and meaningful findings on clinical evaluations including physical
examinations, vital sign measurements, and electrocardiograms (ECGs).

RESULTS:

A total of 603 patients were randomized to receive either P/MC (n = 300) or 2L PEG-3350 and
bisacodyl tablets (n = 303). Based on the Aronchick scale, successful overall cleansing was similar
in patients receiving P/MC (83.0%) and patients receiving 2L PEG-3350 and bisacodyl tablets
(79.7%). P/MC demonstrated non-inferiority to 2L PEG-3350 and bisacodyl tablets in overall cleansing of the colon, as measured by the Aronchick scale. Similarly, the efficacy of P/MC, as measured
by the Ottawa scale, was non-inferior to 2L PEG-3350 and bisacodyl tablets in cleansing the ascending, mid, and recto-sigmoid segments of the colon. Patient-reported acceptability and tolerability
for each item examined on the questionnaire was significantly greater for P/MC compared with 2L
PEG-3350 and bisacodyl tablets (P < 0.0001).Treatment-emergent AEs related to the bowel preparation reported by 1% of patients receiving P/MC or 2L PEG-3350 and bisacodyl tablets were nausea
(3.0% vs. 4.3%), vomiting (1.4% vs. 2.0%), and headache (2.7% vs. 1.7%). No clinically meaningful changes were noted in either treatment arm in data collected from physical examinations, vital
sign measurements, and ECGs.

CONCLUSIONS: When administered as a day-before dose, the bowel cleansing effects of P/MC were non-inferior

compared with 2L PEG-3350 and bisacodyl tablets using the clinician-rated Aronchick and Ottawa
scales. Treatment acceptability was significantly more favorable in patients receiving P/MC than in
patients receiving 2L PEG-3350 and bisacodyl tablets.
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INTRODUCTION
Surveillance research from the American Cancer Society has indicated that there were nearly 142,000 new cases of colorectal cancer and 50,000 deaths due to the disease during 2011 in the United
States alone (1). Screening for colorectal cancer may decrease the
incidence of colorectal cancer by 80% (2) and reduce the number
of deaths associated with the disease by ~50% (3). Nonetheless,
the use of colorectal screening continues to remain low despite
the increase in endoscopy screening during the past decade (4).
A recent national survey determined that ~63% of adults age
50 years and older underwent colorectal endoscopy for screening
purposes (5); however, this screening rate falls short of the American Cancer Society’s goal to achieve a 75% screening rate in adults
age 50 years and older by 2015 (6).
A bowel preparation that adequately cleanses the colon is essential in exposing abnormalities in the colonic mucosa (7). An ideal
preparation would empty the colon of all fecal material quickly
with no alteration to the colonic mucosa, no patient discomfort,
and no shift in fluids or electrolytes (8). Despite a large body of
published literature on bowel cleansers, in some studies, nearly
one in four preparations do not provide adequate cleansing for
colonoscopy (9–12).
Historically, colon cleansing has been routinely performed with
solutions containing polyethylene glycol (PEG) and until recently,
sodium phosphate (13). PEG-based preparations preserve the histological features of the colonic mucosa (14), and have been shown
to have an acceptable safety profile in patients with comorbidities,
including serum electrolyte imbalances, inflammatory bowel disease, hepatic dysfunction, renal failure, and congestive heart failure (13,15,16). PEG is typically administered as a 2- or 4-l solution
to achieve an adequate cathartic effect. This required consumption
of large volumes of product has been shown to reduce patient tolerability and compliance (17). Despite superior patient tolerability
and similar efficacy compared with PEG (18), the longstanding use
of sodium phosphate preparations has declined in recent years.
This is largely due to the number of serious adverse effects associated with these preparations. One rare but serious adverse effect
in particular, acute phosphate nephropathy, has resulted in a black
box warning in the label of all sodium phosphate laxatives (13).
Bowel cleansing preparations containing sodium picosulfate,
citric acid, and magnesium oxide have been used outside the
United States for nearly four decades with ~28 million exposures
worldwide (19), and the efficacy, safety, and tolerability of the
active ingredients have been well-demonstrated in clinical practice (20,21). A dual-action bowel cleansing preparation containing
sodium picosulfate and magnesium citrate (P/MC; Ferring Pharmaceuticals, Parsippany, NJ) was recently approved in the United
States (July 2012) for bowel preparation before colonoscopy (SEE
CLEAR I and II studies (Safety and Efficacy of a Dual-Action,
Low-Volume Preparation: An Evaluation of Colon Cleansing in
Day Before and Split-dose Regimens)). This combination of P/MC
acts as both stimulant and osmotic laxative to clear the colon and
rectum of fecal material. Magnesium citrate, which is formed during the dissolution of citric acid and magnesium oxide, draws
water into the lumen creating a softer stool and a “wash-out” effect,
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while sodium picosulfate directly stimulates peristalsis in the
colon (22).
This report summarizes the results from a phase 3, randomized,
multicenter, assessor-blinded, prespecified non-inferiority, headto-head study that investigated the efficacy, safety, and tolerability
of a day-before administration of P/MC vs. 2L polyethylene glycol
solution and two 5-mg bisacodyl tablets (2L PEG-3350 and bisacodyl tablets, HalfLytely and Bisacodyl Tablets (During the study
bisacodyl was administered as two 5-mg tablets, which is twice the
dose strength of the currently marketed product (i.e., one 5-mg
bisacodyl tablet). Two 5-mg bisacodyl tablets was the approved
dosage in the Bowel Prep Kit at the time of study initiation). Bowel
Prep Kit, Braintree Laboratories, Braintree, MA).

METHODS
Patients

Men and women aged 18–80 years with at least three spontaneous bowel movements per week for 1 month before a scheduled
elective colonoscopy were eligible for inclusion. Patients were
excluded from the study if they had acute surgical abdominal
conditions; active inflammatory bowel disease; or colon disease,
including toxic megacolon, toxic colitis, idiopathic pseudoobstruction, hypomotility syndrome, or ascites. Other exclusions
included patients with gastrointestinal disorders such as active
ulcers, gastric outlet obstruction, retention, gastroparesis, or ileus.
Patients with uncontrolled angina and/or myocardial infarction
within the last 3 months, congestive heart failure or uncontrolled
hypertension, or renal insufficiency (with elevated serum creatinine accompanied with electrolyte abnormalities) were also
excluded from the study. A history of colorectal surgery (excluding appendectomy, hemorrhoid surgery, or prior endoscopic
procedures) or upper gastrointestinal surgery (including gastric
resection, banding, or bypass) precluded patients from entering
the study. Patients were also excluded if any clinically significant
abnormalities in screening laboratory values were identified.
The following drugs were not permitted to be used in combination with the bowel preparations and must have been suspended
before administration: lithium, laxatives, constipating drugs,
antidiarrheals, and oral iron preparations.
Study design and treatment

This was a phase 3, randomized, multicenter, assessor-blinded,
active-control, non-inferiority study in adult patients preparing for colonoscopy (SEE CLEAR II). Patients were randomly
assigned to one of two fixed-dose treatment arms, P/MC or 2L
PEG-3350 and bisacodyl tablets, and self-administered the bowel
preparation the day before the colonoscopy. Randomization numbers were allocated sequentially to participants by an interactive
voice response system; study participants were assigned numbers
in the order in which they were enrolled. After colonoscopy was
completed, patients were monitored at 48-h, 7-day, and 4-week
follow-up visits.
Preparations were given at the direction of the unblinded
coordinator. On the day before the procedure, all patients were
VOLUME 108 | MARCH 2013 www.amjgastro.com

limited to a clear liquid diet. Patients receiving P/MC were
instructed to reconstitute the first of two preparation sachets in
5 ounces of water and drink the contents between 1,600 and 1,800
hours on the day before colonoscopy followed by five 8-ounce
glasses of clear liquids of the patient’s choice over the next several
hours, without forced-time drinking requirements. Approximately
6 h later, the second pouch was to be mixed in water and consumed
between 2200 and 0000 hours followed by three 8-ounce glasses of
clear liquids. Patients randomized to receive 2L PEG-3350 were
instructed to begin treatment by ingesting two 5-mg bisacodyl tablets in the afternoon on the day before colonoscopy. Then, after
the first bowel movement or 6 h after taking the bisacodyl tablets,
whichever occurred first, patients were instructed to drink the 2L
PEG-3350 solution at a rate of one 8-ounce glass every 10 min as
required by the product labeling. Patients recorded compliance
with treatment on a diary card that tracked if all of the bowel preparation was ingested within the specified time period and if the
correct number of glasses of clear liquids was consumed. Patients
were deemed compliant if dosing occurred within 30 min of the
time provided by the coordinator.
The first patient entered the study on 10 May 2010, with the
last patient completing the study on 18 October 2010. The study
was performed at 12 clinical sites in the United States. The study
received institutional review board approval at each site and was
conducted in accordance with the Declaration of Helsinki Principles, Good Clinical Practice, and applicable regulatory requirements. All participants provided written informed consent. The
study was registered at ClinicalTrials.gov under the identifier
NCT01073943.
Assessments

Bowel cleansing was scored by endoscopists who were blinded to
the preparation method. The primary efficacy variable was colon
cleansing based on a modified version of the Aronchick scale (23),
a validated assessment that describes the visual appearance of
the colon on a four-point graded scale. Cleanliness was reported
by describing the overall preparation of the colon as follows:
“excellent” (>90% of mucosa seen, mostly liquid stool, minimal
suctioning needed for adequate visualization), “good” (>90% of
mucosa seen, mostly liquid stool, significant suctioning needed
for adequate visualization), “fair” (>90% of mucosa seen, mixture
of liquid and semisolid stool, could be suctioned and/or washed),
or “inadequate” (< 90% of mucosa seen, mixture of semisolid and
solid stool that could not be suctioned or washed). Based on the
Aronchick scale, a patient was considered successfully cleansed
following administration of the bowel preparation if overall colon
cleansing was rated “excellent” or “good” on the four-point scale.
Efficacy was also assessed in the ascending, mid (transverse
and descending), and recto-sigmoid segments of the colon using
another validated instrument, the Ottawa scale (24). Cleanliness of the colon segments was reported by endoscopists who
assigned a score based on a five-point scale as follows: “excellent:
0” (mucosal detail clearly visible; if fluid is present, it is clear;
almost no stool residue), “good: 1” (some turbid fluid or stool
residue but mucosal detail still visible; washing and suctioning
© 2013 by the American College of Gastroenterology

not necessary), “fair: 2” (turbid fluid or stool residue obscuring
mucosal detail; however, mucosal detail becomes visible with
suctioning; washing not necessary), “poor: 3” (presence of stool
obscuring mucosal detail and contour; however, with suctioning
and washing, a reasonable view is obtained), or “inadequate: 4”
(solid stool obscuring mucosal detail and contour despite aggressive washing and suctioning). If the endoscopist was unable to
reach any of the colon segments due to poor quality of bowel preparation, that segment was automatically scored as “inadequate”.
Training was provided to the endoscopists to aid in the assessment
of each colon segment. For the Ottawa scale, a patient was considered successfully cleansed following administration of the bowel
preparation if the respective segment of the colon was scored
“excellent”, “good”, or “fair”. Overall fluid amount, as graded by
the endoscopist on a three-point scale (0, small; 1, medium; or 2,
large), was also reported. To further describe the cleansing effects
of the bowel preparation, the total Ottawa scale score was calculated. The total score was determined by adding the score for each
of the three colon segments along with the overall fluid assessment
score to arrive at a cumulative total cleanliness score ranging from
0 (best) to 14 (worst).
The acceptability and tolerability of the bowel preparation was
assessed via a standardized questionnaire administered to patients
on the day of the colonoscopy, before receiving any preliminary
sedation for the procedure. Patient responses to the questionnaire
consisted of either “yes” or “no” answers (four items) or ordinal
scale answers (“very easy”, “easy”, “tolerable”, “difficult”, or “very
difficult” (one item) and “excellent”, “good”, “fair”, “poor”, or “bad”
(two items)). The items read as follows: (i) “How easy or difficult
was it to consume the study drug?”, (ii) “Were you able to consume
the entire prep as instructed?”, (iii) “Please describe your overall
experience with the bowel preparation.”, (iv) “The taste of this
bowel preparation was . . .”, (v) “Would you ask your doctor for this
preparation again if you need another colonoscopy in the future?”,
(vi) “Would you refuse the same preparation again if it were to be
prescribed to you in the future?”, and (vii) “Have you had a colonoscopy before (within the past 3 years)?”.
Safety was assessed by the incidence of adverse events (AEs),
findings on physical examinations, orthostatic vital sign measurements, laboratory test results (hematology, coagulation,
blood chemistry, and urinalysis), and 12-lead electrocardiograms
(ECGs). AEs were collected throughout the study by a patient’s
positive response to questions about his or her health, spontaneous
reports, and clinically relevant changes and abnormalities observed
by the investigator. These AEs were coded using version 13.0 of
the Medical Dictionary for Regulatory Activities (MedDRA) and
summarized by MedDRA-preferred terms within the system organ
class, severity, and relationship to treatment. The severity and casual relationship of AEs to bowel preparation were assessed by the
investigator based on clinical judgment. AEs were recorded from
the time of the procedure until the patient completed the study.
A complete physical examination was conducted at screening and
a directed physical examination was performed at all subsequent
study visits. Orthostatic vital sign measurements were collected
at all study visits. As P/MC is considered a new chemical entity
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in the United States, laboratory tests and ECGs were performed;
these assessments occurred at all study visits with the exception of
the randomization visit. A patient’s complete medical history was
obtained at screening and concomitant medications were reported
at multiple study visits.
Statistical analysis

The sample size of the study was determined assuming an estimated rate of 85% for successful cleansing in the treatment arms,
a 9.0% non-inferiority margin, and a one-sided significance level
of 0.025 powered at 85%. Based on these assumptions, it was
determined that 287 patients were required for each treatment
arm. By definition, all randomized patients who received treatment were included in the safety population. Randomized patients
who received treatment and produced efficacy assessments via the
Aronchick scale and/or Ottawa scale were included in the intentto-treat (ITT) population. Patients who met the criteria for the
ITT population and did not have a protocol deviation during the
study were included in the per protocol population.
The categorical efficacy end points, the Aronchick and Ottawa
scales, were summarized by the percentage of patients successfully
cleansed for each outcome. Non-inferiority was demonstrated for
these end points if the one-sided 97.5% confidence interval for the
treatment difference (P/MC minus 2L PEG-3350 and bisacodyl
tablets) was greater than − 9.0%. The fluid assessment was compared between treatment arms using a Wilcoxon rank sum test.
Acceptability and tolerability of the bowel preparation, as assessed
by a standardized patient questionnaire, were compared between
treatment arms using a χ2 test for pooled responses. Unless otherwise noted, efficacy and acceptability/tolerability end points
were summarized using the ITT population. Descriptive statistics
were used to summarize demographics, AEs, and serious AEs
from the safety analysis population.

RESULTS
A total of 603 patients were screened and randomized to receive
P/MC (n = 300) or 2L PEG-3350 and bisacodyl tablets (n = 303).
Five patients were not treated and were excluded from all
analyses; of these, three patients randomized to the P/MC withdrew consent, one patient could not tolerate the bowel preparation, and one patient randomized to 2L PEG-3350 and bisacodyl
tablets withdrew consent. Accordingly, 296 patients receiving
P/MC and 302 patients receiving 2L PEG-3350 and bisacodyl
tablets were included in the safety analysis population. Two
patients in each treatment arm failed to have an efficacy assessment performed; therefore, the ITT population consisted of
294 patients receiving P/MC and 300 patients receiving 2L
PEG-3350 and bisacodyl tablets. Fifty-four patients had protocol
deviations during the study. Therefore, the per protocol population included 540 patients; of these, 260 patients and 280 patients
comprised the P/MC and 2L PEG-3350 and bisacodyl tablets
treatment arms, respectively. The majority of patients, 97.3%,
completed the study. The predominant reason for study discontinuation was withdrawal of consent (1.0%) followed by protocol
The American Journal of GASTROENTEROLOGY

violation (0.5%), other event (0.5%), AE (0.3%), and lost to
follow-up (0.3%).
Demographics and baseline characteristics were similar among
patients, and no significant difference was observed between
treatment arms (Table 1). The median age was 56.0 years (range
18–79 years), and the majority of patients were female (63.7%) and
white (90.6%).
One patient receiving P/MC (0.3%) and fourteen patients receiving 2L PEG-3350 and bisacodyl tablets (4.8%) were not able to
consume all of the bowel preparation. The majority of patients in
both treatment arms had a complete colonoscopy (i.e., cecal intubation), 98.6% for P/MC and 100% for 2L PEG-3350 and bisacodyl
tablets. The small percentage of incomplete colonoscopies in the
P/MC treatment arm resulted from three AEs and one incidence
of inadequate bowel preparation.
Efficacy

Using the Aronchick scale, overall colon cleansing in preparation for colonoscopy was similar in those patients who received
P/MC compared with those who received 2L PEG-3350 and
bisacodyl tablets (Tables 2 and 3). The lower bound of the onesided 97.5% confidence interval for treatment difference in overall colon cleansing between the bowel preparations was greater
than − 9.0%; therefore, the efficacy of P/MC was determined to be
non-inferior to 2L PEG-3350 and bisacodyl tablets (Figure 1).
Tables 2 and 3 highlight the proportion of patients who were
successfully cleansed for three segments of the colon as assessed
via the Ottawa scale. Similar to that observed with the Aronchick
scale, the lower bound of the one-sided 97.5% confidence interval for treatment difference between the bowel preparations was
greater than − 9.0%, demonstrating non-inferiority of P/MC to 2L
PEG-3350 and bisacodyl tablets in all segments of the colon using
the Ottawa scale (Figure 2).
Fluid quantity was comparable between patients in the treatment arms (P = 0.710). The majority of patients had a “small” or
“moderate” fluid quantity; 95.5% and 94.3% in patients receiving
P/MC and 2L PEG-3350 and bisacodyl tablets, respectively. The
total Ottawa scale score for patients in the P/MC treatment arm
was significantly lower than the score for patients in the 2L PEG3350 and bisacodyl tablets treatment arm (4.2 vs. 4.8, P = 0.0086).
Patient acceptability and tolerability

Overall, the distribution of patient rating of acceptability and
tolerability for P/MC was significantly superior to 2L PEG-3350
and bisacodyl tablets (P < 0.0001). Important differences between
the treatment arms are illustrated in Figure 3. Briefly, a greater
proportion of patients receiving P/MC rated the treatment regimen as “very easy” or “easy” to consume (87.4% vs. 37.2%) and as
having an “excellent” or “good” taste (73.7% vs. 27.8%) compared
with patients in the 2L PEG-3350 and bisacodyl tablets treatment
arm. Also, compared with patients receiving 2L PEG-3350 and
bisacodyl tablets, patients in the P/MC treatment arm rated the
overall treatment experience as “excellent” or “good” (89.3% vs.
67.8%) and would use the same regimen for a future colonoscopy
(93.2% vs. 59.4%).
VOLUME 108 | MARCH 2013 www.amjgastro.com
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Table 2. Efficacy of bowel cleansing in patients undergoing
colonoscopy (ITT population)

Parameter

P/MC, N=296

2L PEG-3350
and bisacodyl
tablets, N=302

Mean age, years (range)

56.8 (21–78)

56.2 (18–79)

18–64 years

236 (79.7)

247 (81.8)

≥ 65 years

60 (20.3)

55 (18.2)

Aronchick scale c

Age range, n (%)

Patients successfully
cleansed

Colon
segment

Overall

Sex, n (%)

2L PEG3350 and
bisacodyl
tablets,
n=300

Treatment
differencea

One-sided
97.5% CIb

244 (83.0)

239 (79.7)

3.3

− 2.9

P/MC, n=294

Male

104 (35.1)

113 (37.4)

Ottawa scale d

Female

192 (64.9)

189 (62.6)

Ascending

239 (81.3)

252 (84.0)

− 2.7

− 8.8

e

Mid

274 (93.2)

266 (88.7)

4.5

− 0.1

Rectosigmoid

271 (92.2)

267 (89.0)

3.2

− 1.5

Overall

232 (78.9)

234 (78.0)

0.9

− 5.7

Race, n (%)
White

274 (92.6)

268 (88.7)

22 (7.4)

32 (10.6)

American Indian/Alaska Native

0

1 (0.3)

Asian

0

1 (0.3)

Native Hawaiian/Other Pacific
Islander

0

0

Other

0

0

29.19
(17.53–45.46)a

29.54
(16.80–51.32)

Black/African American

Mean body mass index, kg/m
(range)

2

P/MC, sodium picosulfate and magnesium citrate; 2L PEG-3350, polyethylene
glycol solution.
a
n=295 patients as one patient was missing an assessment to calculate body
mass index at baseline.

Overall, a greater proportion of patients in the P/MC treatment
arm were able to consume the entire preparation as instructed
compared with patients receiving 2L PEG-3350 and bisacodyl tablets (99.7% vs. 92.3%). Compared with patients receiving P/MC,
a larger proportion of patients in the 2L PEG-3350 and bisacodyl
tablets treatment arm would refuse the preparation if another
colonoscopy was necessary in the future (4.8% vs. 14.4%). More
than three-quarters of patients receiving P/MC (84.3%) and 2L
PEG-3350 and bisacodyl tablets (85.9%) had not undergone a
colonoscopy within the past 3 years (P = 0.6442).
Safety

The overall incidence of treatment-emergent AEs (TEAEs) was
similar in patients receiving P/MC (73.6%). and 2L PEG-3350
and bisacodyl tablets (79.8%). Nausea, headache, and vomiting
were the most common TEAEs not associated with colonoscopy
findings. TEAEs considered possibly or probably related to the
bowel preparation reported by >1% of patients are displayed in
Table 4. The majority of TEAEs reported in patients receiving
P/MC (98.3%) and 2L PEG-3350 and bisacodyl tablets (98.0%)
were of mild or moderate intensity. All TEAEs considered to be
of severe intensity were unrelated or unlikely related to the bowel
preparations, with the exception of one event in the P/MC (headache) and 2L PEG-3350 and bisacodyl tablets treatment arms
(dizziness).
© 2013 by the American College of Gastroenterology

CI, confidence interval; ITT, intent to treat; P/MC, sodium picosulfate and
magnesium citrate; 2L PEG-3350, polyethylene glycol solution.
a
Treatment difference was calculated by subtracting the percentage of patients
successfully cleansed in the 2L PEG-3350 and bisacodyl tablets treatment
group from the percentage of patients successfully cleansed in the P/MC
treatment group.
b
Non-inferiority was demonstrated if the one-sided 97.5% CI for the treatment
difference was greater than –9.0%.
c
Patients were considered successfully cleansed following administration of
prescribed treatment regimen, if overall colon cleansing on the Aronchick scale
was rated “excellent” or “good”.
d
Patients were considered successfully cleansed following administration of
prescribed treatment regimen, if colon cleansing on the Ottawa Scale was rated
“excellent”, “good”, or “fair”.
e
Mid colon refers to the transverse and descending segments of the colon.

Less than 1% of patients in either treatment arm experienced
serious AEs during the study and none were considered related
to the bowel preparations. Adenocarcinoma was revealed in one
patient receiving P/MC; following colon resection, the patient
experienced an anastomotic complication and dehydration, and
recovered. Another patient receiving P/MC, with a history of
hypertension and hypercholesterolemia, experienced acute coronary syndrome post colonoscopy. The patient was hospitalized
for treatment and recovered with sequelae. Ileus was identified
in one patient who received 2L PEG-3350 and bisacodyl tablets.
Following study participation, a patient receiving P/MC was noted
to have adenocarcinoma with extensive necrosis that was considered unlikely related to the bowel preparation.
In this study, discontinuation relating to AEs was low. Vomiting, gastritis, and esophagitis led to discontinuation in one patient
receiving P/MC; only vomiting was deemed possibly related to the
bowel preparation. Vomiting, dizziness, migraine, and syncope
led to discontinuation in one patient receiving 2L PEG-3350 and
bisacodyl tablets; vomiting, dizziness, and migraine were possibly
related to the bowel preparation.
Overall, no clinically significant findings were noted during physical examinations or in orthostatic vital sign measurements following
The American Journal of GASTROENTEROLOGY
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Table 3. Efficacy of bowel cleansing in patients undergoing colonoscopy (PP population)
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Patients successfully cleansed
Colon segment

P/MC, n=260

2L PEG-3350 and bisacodyl tablets n=280

Treatment differencea

One-sided 97.5% CIb

216 (83.1)

222 (79.3)

3.8

− 2.8

Ascending

211 (81.2)

237 (84.6)

− 3.5

− 9.8

Mid

247 (95.0)

249 (88.9)

6.1

1.5

Recto-sigmoid

243 (93.5)

251 (89.6)

3.8

− 0.8

—

—

—

—

Aronchick scalec
Overall
Ottawa scaled

e

Overallf

CI, confidence interval; PP, per protocol; P/MC, sodium picosulfate and magnesium citrate; 2L PEG-3350, polyethylene glycol solution.
a
Treatment difference was calculated by subtracting the percentage of patients successfully cleansed in the 2L PEG-3350 and bisacodyl tablets treatment group from the
percentage of patients successfully cleansed in the P/MC treatment group.
b
Non-inferiority was demonstrated if the one-sided 97.5% CI for the treatment difference was greater than –9.0%.
c
Patients were considered successfully cleansed following administration of prescribed treatment regimen if overall colon cleansing on the Aronchick scale was rated
“excellent” or “good”.
d
Patients were considered successfully cleansed following administration of prescribed treatment regimen if colon cleansing on the Ottawa scale was rated “excellent”,
“good”, or “fair”.
e
Mid colon refers to the transverse and descending segments of the colon.
f
Treatment difference and one-sided 97.5% CI was not calculated overall for the PP population.

Favors
2L PEG-3350
and bisacodyl tablets

Favors
P/MC

Favors
2L PEG-3350
and bisacodyl tablets

n = 300

n =294

n=300

Favors
P/MC
n=294

Ascending
Mid
Recto-sigmoid

–15 –12

–9

–6

–3

0

3

6

9

12

15

–15 –12

–9

–6

–3

0

3

6

9

12

15

Responder difference (%)

Responder difference (%)

Figure 1. Sodium picosulfate and magnesium (P/MC) is non-inferior to 2L
PEG-3350 (polyethylene glycol solution) and bisacodyl tablets in overall
cleansing of the colon, as measured by the Aronchick scale (intent-to-treat
population). A patient was considered successfully cleansed following
administration of the preparation if colon cleansing was rated “excellent”
or “good” on a four-point scale. The lower bound of the one-sided 97.5%
confidence interval for the treatment difference between P/MC and 2L
PEG-3350 and bisacodyl tablets in overall colon cleansing met the a priori
criteria (> − 9.0%); thus, non-inferiority of P/MC was established.

Figure 2. Sodium picosulfate and magnesium citrate (P/MC) is non-inferior to 2L PEG-3350 (polyethylene glycol solution) and bisacodyl tablets in
cleansing the ascending, mid (transverse and descending), and recto-sigmoid segments of the colon, as measured by the Ottawa scale (intent-totreat population). A patient was considered successfully cleansed following
administration of the preparation if colon cleansing was rated “excellent”,
“good”, or “fair” on a five-point scale. The lower bound of the one-sided
97.5% confidence interval for the treatment difference between P/MC and
2L PEG-3350 and bisacodyl tablets in the ascending, mid, and rectosigmoid segments of the colon met the a priori criteria (> − 9.0%); thus,
non-inferiority of P/MC was established.

treatment with P/MC or 2L PEG-3350 and bisacodyl tablets. Data
collected from ECGs in patients receiving P/MC and 2L PEG-3350
and bisacodyl tablets indicated no significant effect on cardiac repolarization, as measured by QTcF. Mean changes from baseline to
scheduled visits in hematology, coagulation, blood chemistry, and
urinalysis values were generally small and similar between the treatment arms. On the day of the procedure, the incidence of increased
magnesium levels was higher in patients receiving P/MC compared
with patients in the 2L PEG-3350 and bisacodyl tablets treatment
arm (8.7% vs. 0.3%; mean concentration (range), 0.979 (0.75–
1.20) mmol/l vs. 0.850 (0.45–1.10) mmol/l). In addition, the P/MC
treatment arm tended to have a greater proportion of patients who
The American Journal of GASTROENTEROLOGY

developed abnormal urine pH compared with patients receiving 2L
PEG-3350 and bisacodyl tablets (29.4% vs. 5.9%; mean pH (range),
6.76 (5.5–8.5) vs. 6.18 (5.0–8.0)). The shifts in these parameters were
likely due to the magnesium component in the bowel preparation.
The changes in magnesium levels and urine pH levels were transient,
and values returned to normal thresholds by the end of the study.

DISCUSSION
The inability of patients to tolerate the bowel preparation, including ingestion of a large volume preparation, is of concern for
VOLUME 108 | MARCH 2013 www.amjgastro.com
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Figure 3. Higher proportion of patients rated, accepted, and tolerated sodium picosulfate and magnesium citrate (P/MC) than 2L PEG-3350 (polyethylene
glycol solution) and bisacodyl tablets (intent-to-treat population). Administered before any preliminary sedation for the colonoscopy, the questionnaire
summarized the patients’ reactions to the prescribed treatment regimen. Highlights from the questionnaire include (a) perspective on the consumption
of the preparation, (b) the overall experience with the preparation, (c) the taste of the preparation, and (d) preference on receiving the preparation again
in the future (*P < 0.0001; †P = 0.001).

endoscopists because inadequate preparation of the bowel is
known to influence the effectiveness of a colonoscopy. Poor
palatability and the inability to consume a large volume of purgative may deter patients from completing the bowel preparation
as instructed (25). An inadequately prepared bowel may increase
procedure time, complications, and patient expense (10,26) and
decrease the detection rate for lesions and adenomas (12). This is
of particular concern given that adenomatous polyps have been
suggested as the precursor for the majority of colon and rectal
cancers (27).
There also appears to be a direct relationship between the quality
of bowel preparation and the time interval between the last dose
of preparation and colonoscopy start time (11,28). Therefore, timing for administration of a bowel preparation before colonoscopy
is important. P/MC has demonstrated superiority to 2L PEG-3350
and bisacodyl tablets in colon cleansing when used in a split-dose
regimen (29). Taken together with the results from this study, P/MC
provides a flexible-dosing regimen, which may be advantageous for
optimizing colonoscopy scheduling in busy clinical practices.
© 2013 by the American College of Gastroenterology

When administered as in a day-before regimen, P/MC was noninferior to 2L PEG-3350 and bisacodyl tablets in overall cleansing and in cleansing the individual segments of the colon, as
assessed by the Aronchick and Ottawa scales. P/MC was rated as
a patient-friendly preparation with a pleasant taste and low volume of solution to consume, 10 ounces compared with 68 ounces
of 2L PEG-3350 solution required to be ingested at specific time
intervals. P/MC was a safe bowel preparation with an incidence of
related AEs that was similar to that found with 2L PEG-3350 and
bisacodyl tablets. Despite the transient, yet anticipated, shifts in the
concentration of magnesium and urine pH observed on the day of
colonoscopy in patients receiving P/MC, there were no clinically
significant trends in laboratory test results, physical examinations,
vital sign measurements, or ECGs. The results of this study, the
largest head-to-head comparison of bowel preparations to date,
support the efficacy, safety, and tolerability profile for the ingredients of P/MC (20,21).
The study was designed to be single-blinded due to the differences in the administration of bowel preparations. Although this
The American Journal of GASTROENTEROLOGY
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Table 4. TEAEs (>1%) possibly or probably related to treatment
by intensity
Patients, n (%)
P/MC, N=296

2L PEG-3350 and bisacodyl
tablets, N=302

33 (11.1)

29 (9.6)

Mild

8 (2.7)

12 (4.0)

Moderate

1 (0.3)

1 (0.3)

0

0

4 (1.4)

5 (1.7)

Moderate

0

1 (0.3)

Severe

0

0

7 (2.4)

5 (1.7)

0

0

1 (0.3)

0

Any possibly or probably
related TEAEs
Preferred term
Nausea

Severe
Vomiting
Mild

Headache
Mild
Moderate
Severe

P/MC, sodium picosulfate and magnesium citrate; TEAE, treatment-emergent
adverse event; 2L PEG-3350, polyethylene glycol solution.
Patients with multiple incidences of a given adverse event are counted only once
as having experienced that adverse event.

represents a potential source of bias, precautions were taken to
ensure the endoscopists remained blinded to the bowel preparation. Patients with renal insufficiency (elevated serum creatinine
and potassium values) and cardiovascular concerns (uncontrolled
angina and/or myocardial infarction, congestive heart failure, or
uncontrolled hypertension) were not eligible to participate; therefore, the results of this study should not be extrapolated to these
high-risk populations. Although the active ingredients of P/MC
have been investigated in children outside of the United States, further studies are warranted to examine the bowel cleansing effects
of P/MC in a pediatric population.
In summary, day-before dosing of P/MC demonstrated noninferior colon cleansing in preparation for colonoscopy and provided more favorable patient tolerability than 2L PEG-3350 and
bisacodyl tablets.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE

3A bowel preparation is essential for diagnostic and therapeutic evaluation of the colon.
3Colon cleansing with large-volume preparations are

often poorly tolerated by patients, which may result in
reduced efficacy and reluctance to undergo subsequent
colonoscopies as part of surveillance screening programs.

3The optimum bowel preparation should provide excellent

cleansing, have a good safety profile, and be well tolerated
by patients—although this has yet to be demonstrated in
currently available preparations.

WHAT IS NEW HERE

3A low-volume, dual-action bowel preparation containing

sodium picosulfate and magnesium citrate, administered
in a day-before dose, provides non-inferior colon cleansing and greater patient tolerability than 2L PEG-3350 and
bisacodyl tablets.
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