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Abstract: For afternoon colonoscopy, same-day administration of

sodium picosulfate, magnesium oxide, and citric acid (PM/Ca) is

recommended. However, few studies have evaluated the bowel-cleans-

ing efficacy and safety of this regimen. The aim of this study was to

compare the bowel-cleansing efficacy, side effects, and patient’s toler-

ability of a same-day split administration of PM/Ca with polyethylene

glycol (PEG) for afternoon colonoscopy.

Patients were randomly assigned to a PM/Ca group or a PEG group.

The PM/Ca group consumed 1 sachet of PM/Ca at 06:00 and 1 sachet of

PM/Ca 4 hours before the colonoscopy. They also took 2 tablets of

bisacodyl before sleep on the night before. The PEG group consumed

2 L of PEG at 06:00 and 2 L of PEG 4 hours before the colonoscopy. All

subjects were instructed to finish the bowel cleanser or fluid at least

2 hours before colonoscopy. All colonoscopic examinations were per-

formed in the afternoon on the same day. The bowel-cleansing efficacy

was scored using 2 scales: the Ottawa Bowel Preparation Scale (OBPS)

and the Aronchick scale. Ease of using the bowel cleanser was rated

from 1 (very easy) to 5 (very difficult).

Two hundred nine patients underwent colonoscopy. The bowel-

cleansing scores by OBPS did not differ between groups (5.0 vs 4.9,

P¼ 0.63). Ease of using the bowel cleanser was superior in the PM/Ca

group (P< 0.01).

The cleansing efficacy of PM/Ca administered on the day of

colonoscopy is comparable to that of PEG. Patients prefer PM/Ca.

(Medicine 94(13):e628)

Abbreviations: BUN = blood urea nitrogen, OBPS = Ottawa
rk, MD, PhD, In Se hD,
hoi, MD, PhD
INTRODUCTION

P roper bowel cleansing is essential for the precise detection
of colon polyps and colorectal cancer.1,2 A solution of

sodium picosulfate, magnesium oxide, and citric acid (PM/
Ca) is a low-volume bowel cleanser comprising a stimulant
component and an osmotic component.3 Several studies have
demonstrated the excellent cleansing efficacy of PM/Ca.4–7

PM/Ca also appears to be better tolerated than polyethylene
glycol (PEG).5,6,8 However, 1 report has shown that electrolyte
imbalance must be considered when administering PM/Ca.9

PEG is an osmotic laxative used widely as a bowel cleanser.
Several studies have shown that PEG is effective in bowel
cleansing, and the safety of PEG has been proven in patients
with comorbidities such as renal failure, liver disease, and
congestive heart failure.1 However, ingestion of a large volume
of fluid before colonoscopy may reduce tolerability and patient
compliance.10

Studies have shown that, for afternoon colonoscopy,
administration of a bowel cleanser on the same day of the
colonoscopy is effective.11–13 One study reported that the
administration of PEG on the same day of the colonoscopy
was more effective than PEG given on the day before.12 Another
study reported that the bowel-cleansing efficacy was similar for
PEG given on the same day of the examination compared with
split-dose PEG.11 The other study reported superior bowel-
cleansing efficacy of PM/Ca administered on the day of the
afternoon colonoscopy compared with split-dose PM/Ca.13

These previous studies have compared only the same
bowel cleanser given in different regimens and did not evaluate
safety.11–13 No study has evaluated the cleansing efficacy of
2 different bowel cleansers administered on the same day of the
afternoon colonoscopy. The European Society of Gastrointes-
tinal Endoscopy recommends a same-day regimen of 4 L of
PEG as the standard bowel cleanser and same-day PM/Ca as an
alternative regimen for afternoon colonoscopy.14 The aim of
this study was to compare the bowel-cleansing efficacy, side
effects, and patient tolerability of the same-day administration
of PM/Ca with that of PEG for afternoon colonoscopy.

MATERIALS AND METHODS

Study Population
Enrolment of study subjects was done between May 2013

and September 2013. Individuals who received a colonoscopic

s reasons were included in this study.

l of the following criteria were included:
atient; afternoon colonoscopy; ingestion
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of the bowel cleanser on the same day of the colonoscopy; and
consent to participate in the study. Individuals who met any of
the following criteria were excluded at screening: age <18 or
>65 years; systolic blood pressure <90 mm Hg or diastolic
blood pressure <60 mm Hg; ileus or bowel obstruction; active
colitis or inflammatory bowel disease; chronic kidney disease
(creatinine clearance <30 mL/min); heart failure (New York
Heart Association class III or IV); previous history of bowel
surgery; nursing or pregnant; constipation (defecation <3 times
per week); unstable angina or myocardial infarction within
6 months; advanced liver cirrhosis (Child–Pugh class B or
C); and inpatient.

Study Design and Procedure
This study was a phase 3, randomized, single-center,

assessor-blinded noninferiority study conducted in Seoul St.
Mary’s Hospital, a university-affiliated tertiary care center in
South Korea. After agreeing to participate in the study, the study
subjects were randomly assigned to 2 groups: PM/Ca group and
PEG group. Randomization was done by a computer-generated
randomization list on 1:1 manner. Participants were assigned by
sequentially generated randomization list. Coordinator assigned
the participants and instructed the bowel-cleansing regimen.
Baseline characteristics were checked on the day of the enrol-
ment. Written informed consent was given by all study subjects
after randomization.

The study subjects assigned to the PEG group were
instructed to take 2 L of PEG at 06:00 on the day of the
colonoscopy, and 2 L of PEG was administered 4 hours before
the colonoscopy. The study subjects assigned to the PM/Ca
group were instructed to take 1 sachet of PM/Ca mixed with
150 mL of water at 06:00 on the day of the colonoscopy. One
sachet of PM/Ca mixed with 150 mL of water was administered
4 hours before the colonoscopy. The subjects in the PM/Ca
group were encouraged to drink up to 4 L of water or clear fluid
(sports drink or honey water). Before sleep on the night before
the colonoscopy, the PM/Ca group subjects took 2 tablets of
5 mg bisacodyl. All study subjects were instructed to finish the
bowel cleanser or fluid at least 2 hours before the colonoscopy.

Before the colonoscopy, all study subjects completed a
questionnaire asking about side effects and tolerability of the
regimen. The questions focused on the following: ease of taking
the bowel cleanser; willingness to use it again; whether the full
dose of the bowel cleanser was ingested; the amount of water
and bowel cleanser ingested; any side effects during the inges-
tion of the bowel cleanser; and the start and finish times of
taking the bowel cleanser. The study protocol was approved by
the Institutional Review Board of Seoul St. Mary’s Hospital.

Bowel-Cleansing Efficacy
Bowel cleansing was rated by the Aronchick scale and the

Ottawa Bowel Preparation Scale (OBPS). The Aronchick scale
was graded as follows: excellent (>90% of the mucosa seen,
mostly liquid stool, minimal suctioning needed for adequate
visualization); good (>90% of the mucosa seen, mostly liquid
stool, significant suctioning needed for adequate visualization);
fair (>90% of the mucosa seen, mixture of liquid and semisolid
stool, could be suctioned and/or washed); poor (<90% of mucosa
seen, mixture of semisolid and solid stool, which could not be
suctioned or washed); and very poor (repeat preparation

Gweon et al
needed).15

The OBPS was rated by the combination of the total fluid
amount and sum of the segmental score.5 Total fluid amount was
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graded on a 3-point scale: 0, minimal; 1, moderate; or 2, large.
The colon was divided into 3 segments: right colon, cecum, and
ascending colon; midcolon, transverse and descending colon; and
(3) left colon, sigmoid colon, and rectum. The score for each
colon segment was graded on a 5-point scale as follows: excellent,
0 (perfect preparation; if fluid is present, it is clear and of a
minimal amount); good, 1 (mild staining of some turbid fluid or
stool but the mucosa is visible without washing and suctioning);
fair, 2 (suctioning, but not washing, is needed to see the mucosa);
poor, 3 (suctioning and washing are needed); and inadequate,
4 (unable to see the mucosa). The OBPS score ranged from 0 to
14 (fluid score, 0–2; and segment score, 0–12).

Primary endpoint was a total OBPS score. To minimize
shortcoming of the OBPS score, success rate assessed by OBPS
and Aronchick scale was compared between the 2 groups.
Successful cleansing was defined as follows: Aronchick scale:
excellent, good, or fair; and OBPS score: fluid score<2 and each
segment �2. Colonoscopy and scoring of bowel-cleansing effi-
cacy were performed by 3 experienced endoscopists, each with
>6 years of experience. The endoscopists were blinded to the
bowel cleanser. Before the start of this study, the 3 endoscopists
underwent training to use the OBPS and Aronchick scale.

Secondary Outcomes: Safety, Tolerability, and
Polyp and Adenoma Detection Rate

Safety was assessed according to vital signs, laboratory test
results, and questionnaire findings. Vital signs were checked on
the day of enrolment and after the bowel preparation. Serum
hemoglobin concentration, hematocrit, white blood cell (WBC)
count, and concentrations of sodium, potassium, chloride,
calcium, phosphorus, magnesium, creatinine, and blood urea
nitrogen (BUN) were checked after the bowel preparation. The
study subjects were asked to choose ‘‘yes’’ or ‘‘no’’ to record
whether they had experienced nausea, vomiting, abdominal
pain, dizziness, tingling sensation, bloating, or any other symp-
tom during or after the ingestion of the bowel cleanser.

In the questionnaire, the tolerability of the bowel cleanser
was assessed according to the ease of use of the bowel cleanser,
willingness to use it again, whether the full dose of the bowel
cleanser had been ingested, and the amount of ingested water
and bowel cleanser. The ease of use of the bowel cleanser was
rated by a 5-point scale: excellent, 1; good, 2; fair, 3; poor, 4;
and very poor, 5. The polyp detection rate and adenoma
detection rate were investigated by colonoscopy and histology.

Statistical Analysis
The sample size was calculated using the total OBPS score.

Assuming the mean OBPS score 5.0 and the standard deviation
2.0 in the PEG group, the significant difference between the 2
groups were hypothesized at 0.6 point. With 80% power and a 2-
sided a of 0.05, the sample size in each group was calculated to
be 103. Predicting a 10% drop rate, the sample size in each
group was 115. All statistical analyses were conducted using
SAS 9.0 software (SAS Institute, Cary, NC). The demographic
characteristics, bowel-cleansing efficacy, vital signs, laboratory
findings, side effects, and tolerability were compared between
the 2 groups. For this analysis, we used Student t test for
continuous variables and the x2 test or Fisher exact test for
categorical variables. In the analysis of OBPS score, the overall
scores and scores for each segment were compared using
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Student t test. The success rate for bowel cleansing (%) for
the 2 groups was calculated as follows: number of individuals
with successful cleansing/number of individuals included in the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



study� 100. The success rate was calculated using the Aronch-
ick scale and OBPS. The success rate was compared between
the 2 groups using the x2 test. A P value <0.05 was considered
significant.

RESULTS

Enrolment of the Study Subjects
Among the 230 patients who were enrolled initially, 21 were

excluded for the following reasons: individuals who started to
ingest the bowel cleanser on the day before the colonoscopy, 13;
individuals who changed the colonoscopy time to the morning, 3;
and individuals who cancelled colonoscopy, 5. Two hundred nine
subjects were included in this study: 105 in the PEG group and
104 in the PM/Ca group (Figure 1). One study subject in the PM/
Ca group did not receive the colonoscopy because of vomiting
during the ingestion of PM/Ca and 103 subjects from the PM/CA
group were included in the analysis of the bowel-cleansing
efficacy and laboratory test results.

Baseline Characteristics of the Study Subjects
The baseline characteristics of the 2 groups are shown in

Table 1. Sex, age, and body mass index did not differ between
the 2 groups. The indications for colonoscopy differed signifi-
cantly between the 2 groups (P¼ 0.04).

Bowel-Cleansing Efficacy
The data for bowel-cleansing efficacy of the 2 groups are

shown in Table 2. The total OBPS scores did not differ between
the 2 groups (PM/Ca, 5.0� 1.7 vs PEG, 4.9� 1.7, P¼ 0.63).
The total fluid score and regional scores did not differ between
the 2 groups. The success rates assessed by the OBPS and
Aronchick scale did not differ between the PM/Ca and PEG
groups (OBPS, 83.5% vs 84.8%, respectively, P¼ 0.80;
Aronchick scale, 95.1% vs 96.2%, respectively, P¼ 0.75).
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Safety
The results of the laboratory tests are shown in Table 3.

The hemoglobin concentration, hematocrit, WBC count, and

FIGURE 1. Enrolment of the study subjects.
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concentrations of creatinine, potassium, calcium, and phosphorus
did not differ between the 2 groups. However, the mean BUN was
higher in the PEG group than in the PM/Ca group (12.6� 3.9 vs
10.4� 3.4 mg/dL, P< 0.01). Concentration of sodium and
chloride was significantly lower in the PM/Ca group than in
the PEG group (Na, 137.1� 3.9 vs 142.1� 2.2 mEq/L, respec-
tively, P< 0.01; Cl, 100.0� 3.6 vs 103.5� 2.7, respectively,
P< 0.01). Magnesium concentration was higher in the PM/Ca
group (P< 0.01). All values were within the normal range.

After bowel preparation, systolic blood pressure decreased
significantly in the PEG group compared with the PM/Ca group
(P¼ 0.04). There were no significant changes from before to
after the bowel preparation in diastolic pressure and heart rate in
either group. Hemodynamic instability (systolic pressure
<90 mm Hg or diastolic pressure <60 mm Hg) was not
observed in any study subject.

The side effects assessed by questionnaire are shown in
Table 4. The number of subjects without adverse symptom was
49 (47.1%) in the PM/Ca group and 45 (42.9%) in the PEG
group (P¼ 0.54). More study subjects complained of abdominal
pain in the PM/Ca group than in the PEG group (18.3% vs 4.8%,
respectively, P< 0.01). The number of subjects who reported
developing nausea, vomiting, dizziness, tingling sensation,
bloating, or other symptoms did not differ between the 2 groups.

Tolerability
The tolerability of the regimen as reported by study

subjects is shown in Table 4. The mean ease of use score
was 2.3� 0.9 in the PM/Ca group, which was superior to the
score of 3.2� 1.0 in the PEG group (P< 0.01). The number of
subjects who could not ingest the full dose was nonsignificantly
higher in the PEG group. The study subjects who responded that
they would use the same bowel cleanser again were higher in the
PM/Ca group (92.3% vs 59.0%, P< 0.01).

Polyp Detection Rate and Adenoma Detection
Rate

The polyp detection rate and adenoma detection rate did
not differ between the PM/Ca group and the PEG group: polyp
detection rate, 49.5% versus 42.9%, respectively (P¼ 0.34) and
adenoma detection rate, 39.8% versus 28.6%, respectively
(P¼ 0.09).

DISCUSSION
In the present study, we compared the bowel-cleansing

efficacy of PM/Ca with that of PEG when bowel cleanser was
administered on the same day of an afternoon colonoscopy. PM/
Ca had similar bowel-cleansing efficacy and superior toler-
ability compared with PEG.

To obtain proper bowel-cleansing efficacy, the timing of
the administration of the bowel cleanser is important.1,16 Split-
dose PEG was reported to have superior bowel-cleansing
efficacy than full-dose PEG given on the day before the
examination.17,18 In 1 study, the probability of inadequate
bowel preparation was higher when PEG was administered
1 day before the colonoscopy when the colonoscopy was
performed in the afternoon compared with the morning.19 In
that study, the interval between the bowel preparation and
colonoscopy was longer in the study subjects who received
afternoon colonoscopy compared with those who received

Bowel Cleanser for Afternoon Colonoscopy
morning colonoscopy. Hence, a longer interval between the
bowel preparation and the start time of colonoscopy might be a
risk factor for poor bowel preparation.16
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TABLE 1. Baseline Characteristics

Characteristics PM/Ca (n¼ 104) PEG (n¼ 105) P Value

Male, n (%) 46 (44.2) 51 (48.6) 0.53
Age 47.7 (�11.3) 50.6 (�10.7) 0.06
BMI, kg/m2 23.3 (�3.3) 23.6 (�3.2) 0.55
Indication for colonoscopy 0.04

Screening, n (%) 29 (27.9) 37 (35.2)
Polypectomy, n (%) 30 (28.8) 13 (12.4)
Abdominal pain, n (%) 27 (26.0) 31 (29.5)
Diarrhea, n (%) 7 (6.7) 13 (12.4)
Bleeding, n (%) 6 (5.8) 9 (8.6)

ium
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Two studies compared administration of PEG 1 day before
colonoscopy with PM/Ca given 1 day before the procedure and
with a split-dose PM/Ca regimen.5,6 When the bowel cleanser
was administered 1 day before colonoscopy, the bowel-cleans-
ing efficacy did not differ between the PM/Ca and PEG groups.5

However, the other study found that the split-dose PM/Ca
regimen produced better bowel-cleansing efficacy than did
PEG administered 1 day before the colonoscopy.6 Even though
the same bowel-cleansing agents were used in these 2 studies,
the bowel-cleansing efficacy differed between dosing proto-
cols.5,6 Therefore, in our study, to compare the 2 bowel cleans-
ers without the possible confounding effect of different
administration times, the study subjects ingested the bowel
cleansers at the same time.

Patients who ingest the bowel cleanser in the morning and
receive the colonoscopy in the afternoon on the same day
have a shorter time for bowel evacuation compared with the
split-dose regimen or previous-day administration. Rapid eva-
cuation may increase the risk of electrolyte imbalance or
hemodynamic instability. A few previous studies have
shown that administration of the bowel cleanser on the same
day of the afternoon colonoscopy improves bowel-cleansing
efficacy.11,12,20 However, laboratory tests were not performed
in these studies to prove the safety of such regimens. In
our study, we checked the electrolyte concentrations and
other laboratory test results after bowel preparation and found
no significant electrolyte imbalance in the study subjects.

Other, n (%) 5 (4.8)

BMI ¼ body mass index, PEG ¼ polyethylene glycol, PM/Ca ¼ sod
After bowel preparation, the decrease in systolic blood pres-
sure was greater in the PEG group compared with the PM/Ca
group, but hemodynamic instability was not observed in any

TABLE 2. Bowel Cleansing Efficacy in Study Subjects Undergoing

Characteristics PM/Ca (n¼ 103)

OPBS score (0–14) 5.0 (�1.7)
Fluid (0–2) 1.1 (�0.3)
Rt. colon (0–3) 1.6 (�0.7)
Midcolon (0–3) 1.2 (�0.7)
Rectosigmoid (0–3) 1.2 (�0.8)

Success rate
OBPS, n (%) 86 (83.5)
Aronchick scale, n (%) 98 (95.1)

PEG ¼ polyethylene glycol, PM/Ca ¼ sodium picosulfate, magnesium o
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subjects. In our study, a higher percentage of study subjects
complained of abdominal pain in the PM/Ca group (PM/Ca
18.3% vs PEG 4.8%, P< 0.01). The higher prevalence of
abdominal pain in the PM/Ca group might reflect the effect
of bisacodyl, which was administered only in this group. One
study subject who cancelled the colonoscopy because of
vomiting during the ingestion of PM/Ca changed to PEG as
the bowel cleanser, but this person also vomited during inges-
tion of PEG. This suggests that vomiting was specific to
this subject and did not reflect issues relating to the safety
of PM/Ca.

Previous studies have shown that PM/Ca is well tolerated
than PEG.5–8 Our findings are consistent with these earlier
findings. Ease of use of the bowel cleanser was superior in the
PM/Ca group (PM/Ca 2.3� 0.9 vs PEG 3.2� 1.0, P< 0.01),
and the percentage of subjects willing to use the same bowel
cleanser again was higher in the PM/Ca group (PM/Ca 92.3% vs
PEG 59.0%, P< 0.01). Thus, the tolerability of PM/Ca was
superior to that of PEG.

This study has some limitations to be addressed. First, it is
a single-center trial. Although we included a large number of
study subjects, more prospective studies are needed. Second,
indication for colonoscopy differed between the 2 groups.
However, we excluded the study subjects who had medical
conditions such as constipation, liver cirrhosis, renal failure, and
history of bowel surgery that were associated with inadequate
bowel preparation.21 All study subjects were ambulatory and

2 (1.9)

picosulfate, magnesium oxide, and citric acid.
healthy without significant comorbidities. We believe that the
difference did not affect the bowel-cleansing efficacy and
tolerability. Third, blood tests were done only after the bowel

Colonoscopy

PEG (n¼ 105) P Value

4.9 (�1.7) 0.63
1.1 (�0.3) 0.61
1.6 (�0.8) 0.50
1.2 (�0.7) 0.97
1.1 (�0.7) 0.84

89 (84.8) 0.80
101 (96.2) 0.75

xide, and citric acid, OBPS ¼ Ottawa Bowel Preparation Scale.
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TABLE 3. Changes in Vital Signs and Postbowel Preparation
Laboratory Tests

Characteristics
PM/Ca

(n¼ 103)
PEG

(n¼ 105)
P

Value

Hemoglobin, g/dL 14.1 (�1.6) 14.0 (�1.2) 0.83
Hematocrit, % 41.1 (�4.0) 41.1 (�4.1) 0.96
WBC, cell/mm3 6299.9 (�1695.6) 6418.6 (�2081.2) 0.65
BUN, mg/dL 10.4 (�3.4) 12.6 (�3.9) <0.01
Creatinine, mg/dL 0.8 (�0.2) 0.8 (�0.2) 0.29
Na, mEq/L 137.1 (�3.9) 142.1 (�2.2) <0.01
K, mEq/L 4.1 (�0.3) 4.1 (�0.5) 0.55
Cl, mEq/L 100.0 (�3.6) 103.5 (�2.7) <0.01
Ca, mg/dL 9.2 (�0.4) 9.1 (�0.3) 0.32
P, mg/dL 3.4 (�0.4) 3.4 (�0.5) 0.70
Mg, mg/dL 2.3 (�0.2) 2.1 (�0.1) <0.01
Systolic pressure,

D

1.1 (�12.2) 4.7 (�12.9) 0.04

Diastolic pressure,
D

�1.8 (�10.5) 0.8 (�11.0) 0.81

Heart rate, D 2.4 (�13.4) 0 (�12.4) 0.91

D ¼ change in vital signs between prebowel and postbowel prep-
aration, BUN ¼ blood urea nitrogen, PEG ¼ polyethylene glycol, PM/

Medicine � Volume 94, Number 13, April 2015
preparation. An added blood test before the preparation would
allow to investigate the change of the results.

In conclusion, the administration of PM/Ca on the morning

Ca ¼ sodium picosulfate, magnesium oxide, and citric acid, WBC ¼
white blood cell.
of an afternoon colonoscopy was safe and showed similar
bowel-cleansing efficacy and was well tolerated compared with
PEG.

TABLE 4. Adverse Symptoms and Tolerability of the Study
Subjects

Characteristics
PM/Ca

(n¼ 104)
PEG

(n¼ 105)
P

Value

Adverse symptoms
None, n (%) 49 (47.1) 45 (42.9) 0.54
Nausea, n (%) 25 (24.0) 35 (33.3) 0.14
Vomiting, n (%) 16 (15.4) 22 (21.0) 0.30
Abdominal pain, n (%) 19 (18.3) 5 (4.8) < 0.01
Dizziness, n (%) 22 (21.2) 12 (11.4) 0.06
Tingling sensation,

n (%)
7 (6.7) 6 (5.7) 0.76

Bloating, n (%) 18 (17.3) 15 (14.3) 0.55
Other, n (%) 2 (1.9) 9 (8.6) 0.06

Tolerability
Ease of the bowel

cleanser (1–5)
2.3 (�0.9) 3.2 (�1.0) <0.01

Incomplete ingestion of
bowel cleanser, n (%)

2 (1.9) 9 (8.6) 0.06

Willingness to use the
same bowel cleanser
again, n (%)

96 (92.3) 62 (59.0) <0.01

PEG ¼ polyethylene glycol, PM/Ca ¼ sodium picosulfate, magnes-
ium oxide, and citric acid.
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