ORIGINAL ARTICLE
pISSN 1598-9100 • eISSN 2288-1956
https://doi.org/10.5217/ir.2018.00156
Intest Res 2019;17(3):413-418

Clinical comparison of low-volume agents (oral sulfate
solution and sodium picosulfate with magnesium citrate)
for bowel preparation: the EASE study
Jeeyeon Kim1, Hyun Gun Kim1, Kyeong Ok Kim2, Hyung Wook Kim3, Jongha Park4, Jeong-Sik Byeon5,
Sung-Wook Hwang5, Hyun Deok Shin6, Jeong Eun Shin6, Hyo-Joon Yang7, Hyun Seok Lee8, Yunho Jung9,
Young-Seok Cho10, Young Eun Joo11, Dae-Seong Myung11, Kyu Chan Huh12, Eu Mi Ahn13
1

Department of Internal Medicine, Soonchunhyang University College of Medicine, Seoul; 2Department of Internal Medicine, Yeungnam University
College of Medicine, Daegu; 3Department of Internal Medicine, Pusan National University College of Medicine, Busan; 4Department of Internal
Medicine, Inje University College of Medicine, Busan; 5Department of Gastroenterology, University of Ulsan College of Medicine, Seoul;
6
Department of Internal Medicine, Dankook University College of Medicine, Cheonan; 7Department of Internal Medicine, Sungkyunkwan
University School of Medicine, Seoul; 8Department of Internal Medicine, School of Medicine, Kyungpook National University, Daegu; 9Department
of Internal Medicine, Soonchunhyang University College of Medicine, Cheonan; 10Department of Internal Medicine, College of Medicine, The
Catholic University of Korea, Seoul; 11Department of Internal Medicine, Chonnam National University Medical School, Gwangju; 12Department
of Internal Medicine, Konyang University College of Medicine, Daejeon; 13Digestive Disease Center, Soonchunhyang University Hospital, Seoul, Korea

Background/Aims: This study compared the efficacy, compliance, and safety of bowel preparation between sodium picosulfate with magnesium citrate (SPMC) and oral sulfate solution (OSS). Methods: A prospective randomized multicenter study
was performed. Split preparation methods were performed in both groups; the SPMC group, 2 sachets on the day before, and
1 sachet on the day of the procedure, the OSS group, half of the OSS with 1 L of water on both the day before and the day of
the procedure. The adenoma detection rate (ADR), adequacy of bowel preparation using the Boston Bowel Preparation Scale
(BBPS) score, patient satisfaction on a visual analog scale (VAS), and safety were compared between the 2 groups. Results: This
study analyzed 229 patients (121 in the SPMC group and 108 in the OSS group). ADR showed no differences between 2 groups
(51.7% vs. 41.7%, P > 0.05). The mean total BBPS score (7.95 vs. 8.11, P > 0.05) and adequate bowel preparation rate (94.9% vs.
96.3%, P > 0.05) were similar between the 2 groups. The mean VAS score for taste (7.62 vs. 6.87, P=0.006) was significantly higher
in the SPMC group than in the OSS group. There were no significant differences in any other safety variables between the 2
groups except nausea symptom (36.1% vs. 20.3%, P=0.008). Conclusions: Bowel preparation for colonoscopy using low volume
OSS and SPMC yielded similar ADRs and levels of efficacy. SPMC had higher levels of satisfaction for taste and feeling than did
OSS. (Intest Res 2019;17:413-418)
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INTRODUCTION
Colonoscopy is the most sensitive diagnostic tool for colon
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cancer.1 However, a recent meta-analysis reported that more
than 20% of polyps are overlooked during colonoscopy.2 The
factors that influence the polyp miss rate are colonoscopy quality management, including the clinician’s ability to perform
cecum insertion; colonoscope withdrawal time; and the adequacy of bowel preparation.3 The degree of patient compliance with the bowel cleansing regimen and the efficacy of the
bowel cleansing agent may impact the adequacy of bowel
preparation. Therefore, both the laxative used and the cooper-
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ation of the patient are important.
The most commonly used laxative is polyethylene glycol
(PEG) solution, which does not cause dehydration or electrolyte imbalance, and has a good cleansing effect. However, the
poor taste of PEG solutions hampers consumption of the large
volume typically required for bowel preparation.4 To overcome
this issue, oral sulfate solution (OSS), sodium picosulfate with
magnesium citrate (SPMC), and PEG with ascorbic acid (PEG
plus Asc)5 have been developed and are now commercially
available.
SPMC does not contain phosphoric acid, which can cause
renal dysfunction. Unlike PEG, which must be taken with at
least 2 L of water, 2 sachets of SPMC (PicoLite®) are taken with
150 mL of water, followed by 250 mL of water per hour until
diarrhea stops. Therefore, a relatively small dose of SPMC is
thought to be effective.6,7
OSS was developed to overcome the nephrotoxicity and
electrolytic imbalance caused by sodium phosphate preparations, and has been proven to be safe and not absorbed by the
body.8 According to studies in Western countries, the success
rate of bowel preparation using OSS is similar or higher than
that of PEG,9 and OSS showed a higher ADR and superior safety compared to SPMC.10
Direct comparison studies of low-dose laxatives are scarce,11
and direct comparison studies of SPMC and OSS are even more
so. Therefore, in this study, we directly compared the adequacy and safety of bowel preparation for colonoscopy between
OSS and SPMC.

METHODS
1. Study Design and Methods
A prospective, randomized, single-blinded study, multicenter
(11 centers nationwide) trial was performed. The institutional
review board of each center approved the study, which was
registered at the open registry of the Clinical Research Information Service (http://cris.nih.go.kr) under the identifier KCT00
03148. After informed consent, the patients were randomly
assigned to the OSS or SPMC group using randomization software.
The inclusion criteria were outpatients undergoing their first
colonoscopy or an at-least 5 year interval since the last colonoscopy, age of 50 to 75 years, and provision of written informed
consent. Patients aged less than 50 or more than 75 years of
age, and those with bowel obstruction, severe constipation
(fewer than 3 bowel movements per week, or regular or inter-
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mittent laxative use), previous bowel surgery, cirrhosis, ascites,
chronic kidney disease (serum creatinine level > 3 mg/dL for
> 6 months), heart failure, heart disease (ischemic heart disease or coronary artery disease within the last 6 months), or
pregnancy were excluded from the study. Patients who refused
to sign the consent form were also excluded.
2. Preparation Instructions
Patients were given detailed verbal and written bowel preparation instructions before colonoscopy. From 3 days pre-procedure, intake of food containing seeds, fruits, mushrooms,
seaweeds, etc., which could interfere with the endoscopy, was
restricted. Patients undergoing colonoscopy in the morning
consumed a liquid diet on the day before the procedure, and
had dinner before 6 PM.
The patients in the OSS (Suclear®; Pharmbio Korea Inc., Seoul,
Korea) group were instructed to start the preparation at 7 PM
and to use a split-dose method, in which 177 mL of OSS was
mixed with 323 mL water, followed 1 hour later by 1 L of water
was taken at 7 PM the day before the colonoscopy and another
of the same preparation was performed done 3 to 6 hours before the colonoscopy. We used a pre-mixed oral solution of
SPMC (Picosolution®; Pharmbio Korea Inc.), which promotes
patient compliance by obviating the need to mix the powder
with water prior to taking it. The patients in the SPMC group
were instructed to drink 3 bottles of SPMC; drink each 1 bottle
of SPMC (170 mL) at 6 and 8 PM, and each followed 1 hour later by 1 L of water taken on the day before the procedure. For
morning endoscopies, the patients took another bottle of SPMC
with 1 L of water 3 to 6 hours before the colonoscopy.
3. Assessments
1) Efficacy and Safety

The colonoscopy procedures and assessments of bowel preparation were performed at the participating centers. Efficacy
was evaluated by assessing the quality of colonoscopy and
bowel cleansing. Colonoscopy quality was assessed by comparing the adenoma detection rate (ADR) between the 2 groups.
The colonoscope withdrawal time was recorded and the adequacy of bowel preparation in the right, transverse, and left colon was assessed using the Boston Bowel Preparation Scale
(BBPS), a validated tool for the evaluation of bowel integrity.12
Adequate bowel preparation was defined as a score of ≥2 points
in all areas, and excellent bowel preparation as a score of 7 to
9 points in all areas.
Compliance with the laxative regimen was assessed by de-
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termining the proportion of patients who did not take the laxative as directed, measured on a visual analog scale (VAS) from
0 (very bad) to 10 (very good). Patient satisfaction was also assessed by VAS scores, for feeling, taste, and dose of the laxative,
and by recording any symptoms experienced after taking it.
Safety was assessed based on the incidence of adverse events
reported as yes or no in the questionnaire immediately before
the colonoscopy. A questionnaire was administered to assess
nausea, vomiting, abdominal pain, abdominal distension, dry
mouth, dizziness, headache, or paresthesia during consumption of the laxatives.
We also evaluated the electrolyte levels and neurological
parameters of the patients using blood samples obtained immediately prior to colonoscopy. Changes in the colonic mucosa and the presence of aphthous ulcer were also recorded.
2) Statistical Analysis

We hypothesized that 90% of the patients in the OSS and SP
MC groups would show adequate bowel preparation. The null
hypothesis was rejected if the rate of adequate bowel preparation in the SPMC and OSS groups differed by > 10%. Assuming a dropout rate of 10% and based on a statistical power of
0.2, 124 patients were required per group, for a total of 248 patients.
We performed per protocol analyses using SPSS software
version 20.0 (IBM Corp., Armonk, NY, USA). Numerical variables were compared by t-test and categorical variables by chisquare test. P-values < 0.05 were considered indicative of statistical significance.

RESULTS
1. Patients
A total of 251 patients was enrolled in the study, of whom 22
were excluded due to withdrawing consent (n = 4) or protocol
violation (n = 18). Thus, the ITT population consisted of 108
patients of the OSS group and 121 patients of the SPMC group
(Fig. 1). Of these 229 patients, three patients in the SPMC group
were withdrawn from the study due to a change in schedule
or cancellation, 226 patients (108 in the OSS group and 118 in
the SPMC group) completed the entire preparation process
and were analyzed as the PP population, ultimately. There were
no significant differences in mean height, weight, or body mass
index between the 2 groups (Table 1).
2. Efficacy
The ADR (41.7% vs. 51.7%, P = 0.131) and colonoscope withdrawal time (10.43 minutes vs. 10.24 minutes, P = 0.774) were
not different between the 2 groups by PP analysis (Table 2).
The total BBPS score was 8.11 points in the OSS group and
7.95 points in the SPMC group (P = 0.343). The adequate bowel preparation rate was 96.3% in the OSS group and 94.9% in
the SPMC group (P = 0.614). The excellent bowel preparation
rate was 82.4% in the OSS group and 81.4% in the SPMC group.
The OSS group had a significantly higher BBPS score for the
transverse colon compared to the SPMC group (2.79 vs. 2.66,
respectively; P = 0.046). The BBPS scores for the ascending and
descending colon were not different between the 2 groups.

251 Enrollment

229 Randomization

108 OSS

Allocation

108 ITT patient

108 PP analysis

22 Exclusion
4 Withdrew consent
18 IRB violation

121 SPMC

121 ITT patient

Analysis

3 Exclusion
3 Withdrew consent

118 PP analysis

Fig. 1. Characteristics of the study participants. IRB, institutional review board; OSS, oral sulfate solution; ITT, intention-to-treat; PP, per
protocol; SPMC, sodium picosulfate with magnesium citrate.
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Table 1. Demographic Characteristics of the Intention-to-Treat
Population
Characteristic
Sex (male/female)

OSS (n=108)

SPMC (n=121)

46 (42.6)/62 (57.4) 48 (39.7)/73 (60.3)

Age (yr)

60.9

59.8

P -value

7.62

0.006

Feeling

7.09

7.63

0.035

0.247

Volume

7.31

7.57

0.363

0.960

Weight (kg)

61.98

62.03

0.967

BMI (kg/m2)

23.68

23.73

0.889

Values are presented as number (%) or mean.
OSS, oral sulfate solution; SPMC, sodium picosulfate with magnesium
citrate.

Table 2. Bowel Cleansing Efficacy in the OSS and SPMC Groups
P -value

45 (41.7)

61 (51.7)

0.131

10.43±5.13

10.24±4.63

0.774

BBPS (right colon)

2.60±0.58

2.58±0.58

0.740

BBPS (transverse colon)

2.79±0.43

2.66±0.51

0.046

BBPS (left colon)

2.72±0.45

2.72±0.47

0.976

BBPS (total)

8.11±1.19

7.95±1.36

0.343

Adequate bowel preparation

104 (96.3)

112 (94.9)

0.614

Excellent bowel preparation

89 (82.4)

96 (81.4)

0.838

Withdrawal time (min)
Bowel preparation

Values are presented as number (%) or mean±SD.
OSS, oral sulfate solution; SPMC, sodium picosulfate with magnesium
citrate; BBPS, Boston Bowel Preparation Scale.

3. Patient Satisfaction
In the OSS and SPMC groups, 91.7% and 92.4% of the patients,
respectively, indicated that they were willing to undergo a repeat colonoscopy using the same laxative (P = 0.845).
We assessed the patients’ level of satisfaction with the laxatives based on their VAS scores for feeling, taste, and dose. The
feeling VAS score was 7.63 in the SPMC group and 7.09 in the
OSS group (P = 0.035). The taste VAS score was 7.62 in the SP
MC group and 6.87 in the OSS group (P = 0.006). There were
no differences between the 2 groups in the VAS score for laxative dose by PP analysis (Table 3).
4. Safety
The most common complaints after taking the laxatives were
abdominal bloating, nausea, abdominal pain, and oral symptoms. Thirty-eight patients (35.2%) in the OSS group and 34
(28.8%) in the SPMC group complained of abdominal bloat-
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P -value

6.87

1.61

Adenoma detection rate

SPMC (n=118)

Taste

1.61

SPMC
(n=118)

OSS (n=108)

0.654

Height (m)

OSS
(n=108)

Table 3. Patient Satisfaction in the OSS and SPMC Groups

Values are presented as mean of visual analog scale score.
OSS, oral sulfate solution; SPMC, sodium picosulfate with magnesium
citrate.

Table 4. Adverse Events in the OSS and SPMC Groups
Adverse event
Nausea

OSS (n=108) SPMC (n=118)

P -value

39 (36.1)

24 (20.3)

0.008

9 (8.3)

4 (3.4)

0.178

Abdominal pain

18 (16.7)

12 (10.2)

0.150

Abdominal distention

38 (35.2)

34 (28.8)

0.304

Dry mouth

14 (13.0)

13 (11.0)

0.652

9 (8.3)

11 (9.3)

0.794

Sensory disorder

2 (1.9)

4 (3.4)

0.473

Numbness

0

1 (0.8)

0.338

Mucosal change

0

1 (0.8)

0.338

Convulsion

0

0

General weakness

5 (4.6)

5 (4.2)

Mental change

0

0

Vomiting

Dizziness

0.886
-

Values are presented as number (%).
OSS, oral sulfate solution; SPMC, sodium picosulfate with magnesium
citrate.

ing (P > 0.05). Thirty-nine patients (36.1%) in the OSS group
and 24 (20.3%) in the SPMC group reported experiencing nausea (P = 0.008).
Other complaints were abdominal pain (16.7% vs. 10.2% for
the OSS vs. SPMC groups), vomiting (8.3% vs. 3.4%), dry mouth
(13.0% vs. 11.0%), dizziness (8.3% vs. 9.3%), sensory disorder
(1.9% vs. 3.4%), generalized weakness (4.6% vs. 4.2%), and numbness (0% vs. 0.8%) (Table 4).
A change in the mucosa or aphthous ulceration after colonoscopy was reported by only 1 patient, who was in the SPMC
group. There were no significant differences in the values of the
other laboratory parameters between the 2 groups (Table 5).

DISCUSSION
Lower-dose laxatives are widely used for colonoscopy. Bowel
preparation using OSS is adequate and safe. However, the
cleansing effect of the SPMC method remains unclear. To im-
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Table 5. Laboratory Results of the OSS and the SPMC Groups

Sodium (Na)

OSS
(n=108)

SPMC
(n=118)

P -value

140.73

141.34

Hyponatremia

1 (0.9)

5 (4.2)

0.203

Hypernatremia

1 (0.9)

2 (1.7)

0.254

4.18

4.04

0.008
0.957

Potassium (K)
Hyperkalemia

1 (0.9)

1 (0.8)

102.55

101.44

Hyperchloridemia

3 (2.8)

3 (2.5)

0.006

Hypochloridemia

1 (0.9)

0

0.585

Chloride (Cl)

Magnesium (Mg)
Hypermagnesemia
Phosphate (P)

2.25

2.32

0.089

5 (4.6)

8 (6.8)

0.473

3.52

3.54

Hypophosphatemia

1 (0.9)

0

0.845

Hyperphosphatemia

2 (1.9)

2 (1.7)

0.579

9.19

9.15

0.479

11 (10.2)

10 (8.5)

0.677

BUN

13.31

11.60

0.023

Cr

0.83

0.79

0.158

eGFR

86.53

89.06

0.274

Calcium (Ca)
Hypocalcemia

Values are presented as mean or number (%).
OSS, oral sulfate solution; SPMC, sodium picosulfate with magnesium
citrate; Cr, creatinine; eGFR, estimated glomerular filtration rate.

prove the cleansing effect of SPMC, some researchers have
proposed a split method involving 2 sachets taken the evening
before the day of the colonoscopy and 4 to 5 hours before the
colonoscopy combined with a laxative.13,14 SPMC showed a
variable cleansing efficacy according to dosage (2 sachets vs. 3
sachets) or split-dose method (same-day split dose vs. 2-day
split dose). In a recent study of OSS versus 2 sachets of SPMC,
the rates of excellent or good bowel preparation were 94.7%
and 85.7%, respectively, according to the American Society for
Gastrointestinal Endoscopy colon cleansing score (P = 0.006).10
A recent Korean study compared the efficacy of PEG plus
ascorbic acid with a split-dose regimen comprising 3 sachets
of SPMC.7 As results, 3 sachets of SPMC produced a high level
of satisfaction in preparation quality and ADR.
Few studies have directly compared the low-dose laxatives
OSS and SPMC The present study compared OSS and 3 sachets
of SPMC based on the excellent result of previous study.7 In
this study, the ADR was satisfactory and was not different between the 2 groups (P > 0.05). In addition, the bowel preparation quality of the 2 groups was similar, although BBPS of the
transverse colon was higher in the OSS group than the SPMC
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group. The adequate bowel preparation rate all excellent in
both groups; 96.3% in the OSS group and 94.9% in the SPMC
group (P > 0.05). The excellent bowel preparation rate (BBPS
score, 7–9 points) was 82.4% in the OSS group and 81.4% in the
SPMC group (P > 0.05). Therefore, OSS and 3 sachets of SPMC
were similarly effective for bowel preparation pre colonoscopy.
The feeling VAS score after taking the laxatives, as well as the
taste VAS score, were significantly higher in the SPMC group
than in the OSS group. There were no significant differences
between the 2 groups in the VAS score for laxative dose. The
overall satisfaction rate was higher in the SPMC group than in
the OSS group. Among the patients in the OSS and SPMC
groups, 91.7% and 92.4%, respectively, were willing to undergo
a repeat colonoscopy using the same laxative.
Both groups had similar overall rates of adverse events related to bowel preparation. However, the overall rate of side effects
was higher in the OSS group; in particular, only the frequency of
nausea differed significantly between the 2 groups. Moreover,
there were no significant differences between the 2 groups in
the levels of electrolytes and blood urea nitrogen/creatinine.
A limitation of this study was the safety concern regarding
consumption of low-volume purgatives. Nevertheless, we have
limited evidence on low-volume purgatives for patients with
comorbidities, so we excluded chronic patients with cardiovascular disease or renal insufficiency. Our results may not be
generalizable or applicable to these high-risk patients. Another limitation is that the current study had single blinded due to
differences in the administration of the bowel preparations,
which may be a source of bias, although precautions were taken to ensure that the endoscopists remained blinded to the
bowel preparation method.
In conclusion, 2 low-volume purgatives, OSS and SPMC, were
satisfactory in terms of the ADR or the quality of bowel cleansing for colonoscopy. Although SPMC showed superior satisfaction regarding taste and feeling, both agents resulted in more
qualified colonoscopies with improved compliance.
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