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Purpose: Bowel preparation with sodium phosphate was recently prohibited by the U.S. Food and Drug Administration. 
Polyethylene glycol (PEG) is safe and effective; however, it is difficult to drink. To identify an easy bowel preparation method 
for colonoscopy, we evaluated three different bowel preparation regimens regarding their efficacy and patient satisfaction.
Methods: In this randomized, comparative study, 892 patients who visited a secondary referral hospital for a colonoscopy 
between November 2012 and February 2013 were enrolled. Three regimens were evaluated: three packets of sodium pico-
sulfate/magnesium citrate (PICO, group A), two packets of PICO with 1 L of PEG (PICO + PEG 1 L, group B), and two pack-
ets of PICO with 2 L of PEG (PICO + PEG 2 L, group C). A questionnaire survey regarding the patients’ preference for the 
bowel preparation regimen and satisfaction was conducted before the colonoscopies. The quality of bowel cleansing was 
scored by the colonoscopists who used the Aronchick scoring scale and the Ottawa scale.
Results: The patients’ satisfaction rate regarding the regimens were 72% in group A, 64% in group B, and 45.9% in group 
C. Nausea and abdominal bloating caused by the regimens were more frequent in group C than in group A or group B (P < 
0.01). Group C showed the lowest preference rate compared to the other groups (P < 0.01). Group C showed better right 
colon cleansing efficacy than group A or group B.
Conclusion: Group A exhibited a better result than group B or group C in patient satisfaction and preference. In the 
cleansing quality, no difference was noted between  groups A and C. 
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INTRODUCTION

Adequate bowel preparation is essential for an accurate colono-
scopic examination. Polyethylene glycol (PEG) and sodium phos-
phate (NaP) have been commonly used for bowel preparation be-
fore colonoscopy or colorectal surgery [1]. Recently, the U.S. Food  
and Drug Administration (FDA) prohibited the use of NaP for 

bowel preparation because of renal failure.
Picolight (PICO) has an acceptable taste and patient tolerance 

because of the small volume required, and its bowel preparation 
efficacy is comparable to that of the PEG solution [2]. The pri-
mary elements of PICO are sodium picosulfate, magnesium ox-
ide, and citric acid. These elements have a combined effect that 
stimulates peristalsis and induces a shift of water into the lumen 
[2]. In solution, magnesium oxide and citric acid combine to form 
magnesium citrate, which acts as an osmotic laxative, whereas so-
dium picosulfate acts as a stimulant laxative. PICO is used in rela-
tively small volumes (each packet is mixed with 150 mL of water) 
and has a more pleasant taste than PEG [1].

In previous studies on PICO, PEG, and NaP, PICO, and PEG 
showed similar results in bowel cleansing; however, PICO was bet-
ter than PEG and comparable to NaP in terms of adverse events. 
Pico has been used for two decades in the European Union, the 
United Kingdom and Canada [2-4]. However, few clinical studies 
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have been published in Korea, and no studies have reported on a 
combined regimen of PICO with PEG. We compared three differ-
ent regimens to discover an easy and effective bowel preparation 
method for colonoscopy. PICO in three packets (group A), PICO 
in two packets with 1 L of PEG (group B) and PICO in two pack-
ets with 2 L of PEG (group C) were evaluated according to their 
cleansing efficacy, patient satisfaction, and patient preference. 

METHODS

Patients
From November 2012 to February 2013, 892 healthy, volunteer 
patients, aged from 20 to 70 years, were enrolled in this study in 
our hospital’s coloproctology center. We obtained informed con-
sent for the bowel preparation method before colonoscopy. Each 
patient was randomly assigned into one of the three groups ac-
cording to the scheduled colonoscopy time. Each patient and colo-
noscopist was blind to which bowel preparation drugs were used. 
The patients with the following characteristics were excluded from 
the study: an inability to give informed consent, heart failure, renal 
dysfunction, liver disease, metabolic disease, previous colorectal 
surgery, and previous hypersensitivity to bowel preparation.

Bowel preparation method
Each colonoscopy was scheduled at 9 AM, and all the patients had a 
meal at 6 PM the day before the colonoscopy. PICO (10 mg of so-
dium picosulfate, 3.5 g of magnesium oxide, and 12 g of citric acid; 
Picolight, Pharmbio, Seoul, Korea) and 4 L of PEG (236 g of PEG, 
22.97 g of potassium chloride, 5.86 g of sodium chloride, 6.74 g of 
sodium bicarbonate, and 22.74 g of anhydrous sodium sulfate; Dre-
ampharma, Seoul, Korea) were used alone or in combination for this 
study. The following three regimens for bowel preparation were 
compared: 3 packets of PICO (group A), 2 packets of PICO with 1 L 
of PEG (group B), and 2 packets of PICO with 2 L of PEG (group C).

At 8 PM on the day before the colonoscopy, the patients in group 
A were given the first  packet of PICO mixed with 150 mL of wa-
ter, followed by 1 L of water. On the examination day, they were 
given a second PICO packet at 5 AM and a third PICO packet at 6 
AM in the same manner. All three groups took 2 PICO packets in 
the same manner on the day of colonoscopy. The patients in group 
B were given 1 L of PEG, and the patients in group C were given 2 
L of PEG at 8 PM before the day of colonoscopy, followed by 2 
PICO packets on the day of colonoscopy.

Questionnaire
All the patients completed a questionnaire regarding sex, height 
and weight before the colonoscopy. We verified the understand-
ing of all the patients regarding the bowel preparation method 
and the restricted-diet instructions. To evaluate the satisfaction 
and the preference of the patients, we used a “yes/no” question-
naire on whether the entire quantity of the regimen had been in-
gested. The taste of the product, the discomfort because of the 

preparation, and the residual portion of bowel preparation regi-
men were described.

Before the examination, the patients were asked about their sat-
isfaction with the bowel preparation regimens and were asked to 
describe their past experience with colonoscopy. The patients 
were questioned regarding whether they wanted to receive the 
same bowel preparation protocol on their next examination. 

The patients completed a questionnaire regarding the symptoms 
associated with the use of the bowel preparation regimen. They 
graded nausea, abdominal bloating, abdominal pain and sleep 
disturbance on a scale from 0 to 5, with 0 being no symptoms and 
5 indicating severe symptoms. We defined ‘severe’ or ‘very severe’ 
as a side effect. The colonoscopists scored the questionnaire re-
garding the overall degree of colon cleansing and the state of each 
segment of the colon after the examination.

Colonoscopy
Eight physicians who had performed over five hundred colonos-
copies performed the procedure with the EC-3890Fi system 
(HOYA Co., Tokyo, Japan). For a colonoscopy with sedation, 
midazolam (0.05 mg/kg) and 3 mg of propofol were injected in-
travenously, and apulse oximetry machine was attached to moni-
tor the vital signs of the patient. We recorded thececal insertion 
time. The success of the procedure was determined by whether 
the colonoscope reached the cecum.

The Aronchick scoring scale and the Ottawa scale were used to 
evaluate the bowel’s preparation state. Based on the Aronchick 
scale, the bowel preparation state was monitored as follows: “ex-
cellent” (>95% of the mucosa was observed, the stool was mostly 
liquid, and minimal suctioning was needed for adequate visual-
ization), “good” (>90% of the mucosa wasobserved, the stool was 
mostly liquid, and significant suctioning was needed for adequate     
visualization), “inadequate” (<90% of the mucosa was observed, 
and the stool was a solid or semisolid mixture that could not be 
suctioned or washed). 

The efficacy was assessed in the right colon, midcolon, and recto-
sigmoid segments of the colon by using the Ottawa scale. The 
bowel preparation state of the colon segments was reported by the 
colonoscopists who assigned a score based on a scale as follows: 
excellent, 0; good, 1; fair, 2; poor, 3; or inadequate, 4. The colonos-
copists rated the overall fluid amount on a 3-point scale (0, mild; 
1, moderate; 2, severe). This remnant fluid assessment score was 
added to the scores obtained for each colon segment to derive a 
cumulative Ottawa scale score [5]. Before this study, the partici-
pating colonoscopists together had evaluated the bowel prepara-
tion states of thirty patients so as to reduce the differences be-
tween the colonoscopists and to increase the accuracy of the Ot-
tawa measurement. 

Statistical analysis
The patients’ satisfaction, compliance, and bowel preparation 
state were assessed by using a chi-squared test, and the mean 
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value and the standard deviation (SD) data were presented by us-
ing a one-way analysis of variance test. The statistical analysis was 
performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, 
NY, USA). A calculated P < 0.05 was considered indicative of sta-
tistical significance (two-sided probability) and was provided as 
the mean ± SD. 

RESULTS

Patient characteristics
A total of 892 patients participated in the study and were divided 
into the following three groups: 282 patients were in group A, 303 
patients were in group B, and 307 patients were in group C. The 
average age in the three groups was 52 years (20–70 years). The av-
erage age was 51.7 ± 9.6 years in group A, 52.6 ± 9.7 years in group 
B, and 52.7 ± 9.0 years in group C. There was no significant differ-
ence in age, sex, height, weight, body mass index, and experience 
of colonoscopy in all the groups. The history of laxative use for 
constipation was not different among the three groups (Table 1).

Pretreated colorectal and colonoscopy results 
The dietary restriction before colonoscopy of the three groups 
was not significantly different. The rate of the answer, “well un-
derstood”, regarding the bowel preparation drug before colonos-
copy was 95.7% (group A), 95.7% (group B), and 94.5% (group 
C), showing no significant difference among the three groups. 
The completion rate of the bowel preparation was 95% in group 
A, 96% in group B, and 92% in group C. There was no significant        
difference among the three groups. The success of the colonos-
copy and the cecal insertion time were not different significantly 
among the groups (Table 2). 

Satisfaction and preference 
We classified the patient satisfaction when the patients answered 

‘very good’ or ‘good’ for the assessment of the bowel preparation 
protocol. The satisfaction rate of the bowel preparation protocol 
was 72.0% (203 patients) in group A, 64.0% (196 patients) in group 
B, and 45.9% (141 patients) in group C. Groups A and B were sta-
tistically higher than group C in satisfaction (Table 3). Two hun-
dred seven patients (73.4%) in group A, 147 patients (48.7%) in 
group B, and 93 patients (30.3%) in group C answered that there 
was no difficulty in drinking the bowel preparation regimens in 
the taste evaluation. Compared with the 3 packets of PICO, the 
PEG groups (groups B and C) showed a significant difference, 
which indicated difficulty in drinking the prescribed preparation 
(P < 0.01) (Table 3).

The patients were asked about their willingness to select the same 
colon preparation regimen for a colonoscopy in the future. Of the 
answers, 89% (251 patients) in group A were positive, 79.1% (239 
patients) in group B were positive, and 72.3% (222 patients) in 
group C were positive. Group C indicated the lowest preference 
compared to the other groups (P < 0.01) (Table 3). Side effects, 
such as nausea and abdominal bloating, were noted by patients in 
group C more frequently than they were by patients in groups A 
and B (P < 0.01) (Table 4). No differences were noted in lack of 
sleep and abdominal pain among the three groups (Table 4).

Table 1. Patients’ characteristics

Characteristic
Group A 

(n = 282 )
Group B 

(n = 303 )
Group C 

(n = 307 )
P-value

Male sex 154 (54.6) 157 (51.8) 173 (56.4) NS

Age (yr) 51.7 ± 9.6 52.6 ± 9.7 52.7 ± 9.0 NS

Height (cm) 166.0 ± 7.2 165.1 ± 9.4 165.0 ± 7.9 NS

Body weight (kg) 63.9 ± 9.5 63.1 ± 11.8 63.5 ± 9.7 NS

Body mass index  
   (kg/m2)

25.4 ± 7.5 25.0 ± 11.8 24.75 ± 6.9 NS

Pcol 129 (45.7) 133 (43.9) 150 (48.9) NS

Lax 6 (2.1) 8 (2.6) 8 (2.6) NS

Values are presented as number (%) or mean ± standard deviation. 
Group A, 3 packets of sodium picosulfate/magnesium citrate; group B, 2 packets of 
sodium picosulfate/magnesium citrate + 1 L of polyethylene glycol; group C, 2 
packets of sodium picosulfate/magnesium citrate + 2 L of polyethylene glycol; Pcol, 
history of previous colonoscopy; Lax, history of laxative drug; NS, no specific.

Table 2. Bowel preparation and procedure results 

Variable
Group A 

(n = 282)
Group B 

(n = 303)
Group C 

(n = 307)
P-value

Diet 270 (95.7) 291 (96.0) 292 (95.1) NS

Understanding 270 (95.7) 290 (95.7) 290 (94.5) NS

Fulfillment of procedure  
   (well performed)

266 (94.3) 290 (95.7) 282 (91.9) NS

Success rate 273 (96.8) 287 (94.7) 300 (97.7) NS

Insertion time 3.9 ± 1.9 3.7 ± 1.8 3.9 ± 2.2 NS

Values are presented as number (%) or mean ± standard deviation. 
Group A, 3 packets of sodium picosulfate/magnesium citrate; group B, 2 packets of 
sodium picosulfate/magnesium citrate + 1 L of polyethylene glycol; group C, 2 
packets of sodium picosulfate/magnesium citrate + 2 L of polyethylene glycol; NS,  
no specific.

Table 3. Satisfaction with and preference for the preparation method 

Variable
Group A 

(n = 282)
Group B 

(n = 303)
Group C 

(n = 307)
P-value

Satisfaction 203 (72.0)* 196 (64.7)* 141 (45.9) <0.01

Taste 207 (73.4)* 147 (48.5) 93 (30.7) <0.01

Preference for 
   preparation method

251 (89.0)* 239 (78.9)* 222 (72.3) <0.01

Values are presented as number (%). 
Group A, 3 packets of sodium picosulfate/magnesium citrate; group B, 2 packets 
of sodium picosulfate/magnesium citrate + 1 L of polyethylene glycol; group C, 2 
packets of sodium picosulfate/magnesium citrate + 2 L of polyethylene glycol.
*Statistical significance compare with group C.
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Bowel cleansing efficacy
Each group included one patient who could not complete the to-
tal bowel preparation process because of the taste. As to the num-
ber of bowel preparations rated as ‘excellent’ and ‘good,’ the num-
bers in groups A and C were significantly higher than the number 
in group B (P < 0.01) (Table 5). In the bowel preparation using the 
Ottawa scale assessment, group C showed better cleansing in the 
right colon than groups A and B. In the transverse colon segment, 
rectum, and sigmoid colon, group C showed better cleansing than 
did group B (P < 0.05). No difference was between groups A and 
C (Table 6). The amount of colon residual fluid in the group C 
patients was less than it was in the group B patients (P < 0.01) 
(Table 6). On the Ottawa scale, group C showed better results 
than group B (P < 0.01). No significant difference was noted be-
tween groups A and C.

DISCUSSION

Colonoscopy is essential for the accurate diagnosis and treatment 
of colorectal lesions. For efficient colonoscopy, adequate bowel 
preparation is crucial, and less residual liquid and solid stool in 
the mucosa is important [6, 7]. Research on various bowel prepa-
ration regimens has been conducted. PEG, a 4-L dosage, is the 
most efficient and safe regimen. PEG is an isotonic electrolyte so-
lution that was introduced in the 1980s by Davis. Patients do not 

need a restricted meal before a colonoscopy, and it is taken for a 
short time; thus, compared to the other colon preparation drugs, 
PEG is economical, convenient, and relatively safe for patients, in-
cluding those with circulatory and kidney disease. Patients should 
take a large amount of the 4-L PEG solution within 3–4 hours, 
and the taste is unpleasant. NaP might cause intravascular high 
osmotic pressure, resulting in the loss of body water, transient hy-
perphosphatemia and hypocalcemia [8], as well as seizures and 
decreased consciousness accompanied by complications such as 
hyponatremia [9]. In November 2009, the FDA prohibited the use 
of NaP as a colon preparation drug. 

Combinations of various bowel preparation solutions have been 
attempted because of the disadvantages of PEG and the prohibi-
tion of NaP usage. Recently, PICO has been used for colonoscopy 
or barium-enema cleansing for adults and children because it has 
a low volume and a better taste than PEG while having a similar 
efficacy in colon cleansing [2]. PICO is dispensed in powder form 
(0.01 g of sodium picosulfate, 3.5 g of magnesium oxide, and 12.0 
g of citric acid per packet), with the magnesium oxide and citric 
acid components forming magnesium citrate when the powder is 
dissolved in water. Sodium picosulfate/magnesium citrate acts lo-
cally in the colon as a stimulant laxative by increasing the fre-
quency and the force of peristalsis and promoting electrolyte and 
water retention in the colon (the sodium picosulfate component) 
and as an osmotic laxative by retaining fluids in the colon (the 
magnesium citrate component) to clear the colon and the rectum 
of their fecal contents. Two packets of sodium picosulfate/magne-
sium citrate and 236 g of PEG orally show similar bowel prepara-
tion efficacies in adult patients [2]. Previous studies on PICO [4, 
10] have used two packets in split doses; a 3-packet dose of PICO 
has not been studied sufficiently [11, 12].

Because of the difficulty drinking 4 L of PEG, 5%–15% of pa-
tients are reported as having failed in bowel preparation [13]. In 
the aspect of taste, group A patients were more positive answer 

Table 4. Patients’ tolerance responses

Variable
Group A 

(n = 282)
Group B 

(n = 303)
Group C 

(n = 307)
P-value

Nausea 65 (23.0) 104 (34.3) 117 (38.1) <0.01

Fullness 94 (33.3) 99 (32.7) 178 (58.7) <0.01

Sleeplessness 89 (31.6) 73 (24.1) 83 (27.0) NS

Abdominal cramp 27 (9.6) 27 (8.9) 42 (13.7) NS

Values are presented as number (%). 
Group A, 3 packets of sodium picosulfate/magnesium citrate; group B, 2 packets 
of sodium picosulfate/magnesium citrate+1 L of polyethylene glycol; group C, 2 
packets of sodium picosulfate/magnesium citrate+2 L of polyethylene glycol; NS, 
no specific.

Table 5. Quality of bowel preparation (Aronchick scoring scale)

Variable
Group A 

(n = 275 )
Group B 

(n = 297 )
Group C 

(n = 302 )
P-value

Excellent 67 (24.4) 54 (18.2) 76 (25.2) <0.01

Good 120 (43.6) 160 (53.9) 172 (57.0)

Fair 69 (25.1) 60 (20.2) 41 (13.6)

Poor 18 (6.5) 22 (7.4) 12 (4.0)

Inadequate 1 (0.4) 1 (0.3) 1 (0.3)

Values are presented as number (%). 
Group A, 3 packets of sodium picosulfate/magnesium citrate; group B, 2 packets 
of sodium picosulfate/magnesium citrate + 1 L of polyethylene glycol; group C, 2 
packets of sodium picosulfate/magnesium citrate + 2 L of polyethylene glycol.

Table 6. Comparison of the Ottawa bowel preparation quality scale 
scores between the groups

Colonic segment
Group A 

(n = 282)
Group B 

(n = 303)
Group C 

(n = 307)
P-value

Right colon 1.34 ± 1.022 1.45 ± 0.97 1.11 ± 0.97a,b 0.02

Mid colon 1.13 ± 0.90 1.28 ± 0.89 1.11 ± 0.98a 0.05

Rectosigmoid colon 1.13 ± 0.95 1.22 ± 0.91 0.97 ± 0.87a 0.03

Fluid volume (mL) 0.53 ± 0.63 0.59 ± 0.66 0.37 ± 0.56a,b <0.01

Ottawa scale 4.13 ± 2.95 4.44 ± 2.79 3.50 ± 2.84a <0.01

Values are presented as mean ± standard deviation. 
Group A, 3 packets of sodium picosulfate/magnesium citrate; group B, 2 packets 
of sodium picosulfate/magnesium citrate+1 L of polyethylene glycol; group C, 2 
packets of sodium picosulfate/magnesium citrate+2 L of polyethylene glycol; 
Right colon, cecum and ascending colon; Mid colon, transverse and descending 
colon. 
aA significant difference exists between groups C and B. bA significant difference 
exists between groups C and A.
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than groups B and C patients. Each PICO packet contains 12 g of 
orange-flavored citric acid, which provides a better taste com-
pared to the other regimens. The patients were asked, “Are you 
willing to take the same regimen for the next colonoscopy?” The 
patients in group A answered much more positively than did 
those in groups B and C because the regimen used for group A 
required relatively small volumes (each packet was mixed with 
150 mL of water) and had a more pleasant taste than the regimens 
used for groups B and C [3].

PICO has been reported to induce abdominal pain, nausea, 
daily headaches, and a mild degree of sleep disturbance [2]. In 
one study, 3.0% of the patients reported nausea with a PICO dos-
age of 2 packets [14], and compared to the 3-packet split-dose 
PICO group and 90 mL of NaP group, the PICO group was less 
likely to develop side effects, such as dizziness, nausea, vomiting, 
and abdominal pain [11]. In this study, sleep disturbance and     
abdominal pain were similar in the three groups. The patients in 
groups A and B were less likely than those in group C to report 
nausea and abdominal bloating. The findings of less nausea in the 
PICO regimen compared with that in the PEG regimen is consis-
tent with previous studies [2]. The rates of nausea, abdominal 
bloating, and other side effect were high in this study because 
most patients checked ‘yes’ to all symptoms even though they 
were minimal. 

Flemming et al. [15] reported that the efficacy of bowel cleans-
ing varied depending on the administration time of the bowel 
preparation regimen. The PICO split-dose regimen reported 
good efficacy in the case of a morning colonoscopy; however, if a 
colonoscopy was scheduled in the afternoon, PICO administra-
tion four hours prior to colonoscopy showed good results.  In this 
study, we administered a split-dose PICO regimen, including an 
additional administration 3–4 hours prior to the colonoscopy. 
Love et al. [3] reported that in 93%–96% of patients, cleansing 
was adequate or excellent with Sodium picosulfate magnesium ci-
trate 2 PICO packets. The result of our study was nearly identical. 
The overall colon cleansing efficacy of groups A and C were bet-
ter than that of group B. Group C showed better cleansing and 
less liquid sequestration in the right colon than did group A. The 
addition of 10 mg of bisacodyl to the regimen has been reported 
in the literature to improve the cleansing effect of the entire colon 
[10]. Further study is warranted to investigate this combination.

Side effects such as weight loss, dehydration, increased hemo-
globin [2], hyponatremia, and syncope after administration of 2 
packets of PICO have been reported [16]. Orthostatic hypoten-
sion has been noted in elderly patients and patients with risk fac-
tors [2]. Although not clinically significant, the possibility of hy-
pokalemia, hypocalcemia, and hypermagnesemia might be high. 
Generally, calcium and potassium levels returned to normal 
within 24 hours after the PICO regimen had been completed [17]. 

In the literature, PICO has been introduced as an effective and 
safe bowel preparation regimen before colonoscopy for children, 
adolescents and elderly patients. PICO showed particularly high 

compliance in children [18, 19]. Hypermagnesemia might de-
velop from the use of four packets of PICO; however, no renal 
dysfunction or electrolyte imbalance has been observed [20].

Lawrance et al. [21] reported more mucosal inflammation with 
NaP and PICO than with PEG.

The limitation of this study is that the data are from a specific 
population, in that the ages of our patients varied from 20 to 70 
years of age. In addition, no data were available regarding the 
analysis of fluids and electrolytes. However, the following conclu-
sions can be drawn: group A showed a better result than groups B 
and C in the aspect of patient satisfaction and preference. In the 
aspect of cleansing quality, no difference was observed between 
groups A and C. Further study is necessary concerning the safety 
of using three packets of PICO for a bowel preparation regimen.
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