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Abstract
AIM: To evaluate the efficacy of a colonoscopy prepa-
ration that utilizes a reduced dose of sodium phosphate 
(NaP) and an adjunct.

METHODS: Sixty-two patients requiring screening 
colonoscopies were studied. Each patient was randomly 
allocated to receive either 50 NaP tablets (50 g) or 30 
NaP tablets (30 g) with 10 mL of 0.75% sodium pico-
sulfate for bowel preparation. NaP was administered at 
a rate of five tablets (5 g) or three tablets (3 g) every 
15 min with 200 mL of water, beginning five to six 
hours before colonoscopy. The sodium picosulfate was 
administered with 200 mL of water on the night before 
the procedure. Both groups were compared in term of 
the efficacies of colonic cleansing, the time required for 
completion of the bowel preparation, and acceptability 
of the preparation.

RESULTS: Sixty patients (n  = 30 for each group) were 
analyzed. The cleansing efficacy tended to be higher 
in the 30 g NaP plus sodium picosulfate group as as-
sessed by the mean total Ottawa scale score (50 g NaP 

6.70 ± 1. 42 vs  30 g NaP plus sodium picosulfate 6.17 
± 1.18 P = 0.072). The mean time for bowel prepara-
tion tended to be shorter in the 30 g NaP plus sodium 
picosulfate group (50 g NaP 189.9 ± 64.0 min vs  30 
g NaP plus sodium picosulfate 161.8 ± 57.6 min, P  = 
0.065). There were no significant differences between 
the two groups in the acceptability of the preparations 
(50 g NaP 83.3% vs  30 g NaP plus sodium picosulfate 
86.7%, P = 0.500). There were no adverse events re-
lated to bowel preparation in either of the groups.

CONCLUSION: The colonoscopy preparation that uti-
lized 30 g NaP with sodium picosulfate was comparable 
to that utilizing 50 g NaP. This novel bowel preparation 
might be useful before colonoscopy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Oral sodium phosphate (NaP) is used for 
bowel preparation before colonoscopy. It is desirable 
to reduce the dose of NaP due to the potential adverse 
events associated with NaP. In this study, we evaluated 
the efficacy of a colonoscopy preparation that utilized a 
reduced dose of NaP and an adjunct. This study dem-
onstrated that 30 g NaP in combination with sodium 
picosulfate can be useful for bowel preparation prior to 
colonoscopy in Japanese populations. This report is the 
first to evaluate the efficacy of a bowel preparation us-
ing the minimally effective dose of NaP and an adjunct.
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INTRODUCTION
The quality of  bowel preparation influences the diagnos-
tic accuracy of  colonoscopy. Inadequate preparation neg-
atively affects rates of  polyp[1] and adenoma detection[2] 
during the procedure. The ideal preparation for colonos-
copy would rapidly and reliably eliminate the colon of  all 
fecal material without causing any gross or histological 
alternations of  the colonic mucosa[3,4]. Additionally, the 
preparation should not cause any patient discomfort and 
should be safe.

Oral sodium phosphate (NaP), which draws water 
into the bowel lumen and stimulates peristalsis and evacu-
ation, is used for bowel preparation prior to colonoscopy. 
Although this agent provides superior cleansing and is 
well-tolerated by most patients, there are concerns about 
its safety that are related to its osmotic action[5,6]. More-
over, recent reports[7-9] of  renal injury associated with this 
agent have raised additional concerns. Given the mecha-
nistic causes of  the occurrence of  adverse events, the use 
of  reduced doses of  NaP might decrease these potential 
risks. We hypothesized that the dose of  NaP could be re-
duced if  NaP is combined with an adjuvant colonic laxa-
tive for bowel preparation. Sodium picosulfate (SP) is a 
laxative that stimulates colonic movement and promotes 
evacuation. SP is often used as an adjunct to polyethyl-
ene glycol (PEG) for bowel preparation in Japan. In this 
study, we present a new method of  bowel preparation 
prior to colonoscopy that utilizes a reduced dose of  NaP 
in combination with SP, and we evaluated the efficacy of  
this method.

MATERIALS AND METHODS
This study was an investigator-blinded, randomized con-
trolled trial. Outpatients visiting the health check-up cen-
ter for screening colonoscopies were invited to participate 
in the study. Due to the potential for NaP preparations 
to induce fluid shifts and the recent results of  the manu-
facturer’s post-marketing trial to assess the incidence of  
renal injury, patients with the following conditions were 
excluded: over 65 years of  age with hypertension, ascites, 
renal insufficiency, congestive heart failure, and concur-
rent use of  an angiotensin-converting enzyme (ACE) 
inhibitor or an angiotensin receptor blocker (ARB). The 
study was designed in accordance with the Declaration 
of  Helsinki and was approved by the ethics committee 
of  our institute. Written informed consent was obtained 
from all patients.

Protocol for the study of bowel preparations 
All eligible patients were instructed to eat a low-fiber diet 
on the day before the colonoscopy and to abstain from 

food after 9 PM on the evening before the procedure. 
Each patient was randomly allocated to receive either 
50 NaP tablets (50 g; Visiclear® ZERIA Pharmaceutical 
Co., Ltd., Tokyo, Japan) or 30 NaP tablets (30 g) plus 10 
mL of  0.75% SP solution (Laxoberon® TEIJIN Pharma-
ceutical Co., Ltd., Tokyo, Japan) for bowel preparation. 
The randomization was conducted via the use of  sealed 
envelopes with treatment allocations inside and by an 
investigator who was not involved in the colonoscopy 
procedure. NaP was administered at a rate of  five tablets 
(5 g) or three tablets (3 g) every 15 min with 200 mL of  
water beginning five to six hours before the colonoscopy. 
SP was taken with 200 mL of  water on the night before 
the procedure (Figure 1). 

Evaluation of the preparations
The primary end point of  this study was cleansing ef-
ficacy. The secondary outcomes included time for com-
pletion of  the bowel preparation and acceptability of  
the preparation. Upon arriving to the health screening 
center, the patients submitted a compliance that detailed 
whether the drugs prescribed for bowel preparation had 
been taken properly, the time at which the NaP intake 
was initiated, and when the patients had clear stools. The 
patients were also asked to complete a written question-
naire to assess their overall impressions of  the drugs 
used for bowel preparation on a 4-category Likert scale 
and yes or no answers regarding whether they experi-
enced nausea, vomiting, bloating, abdominal pain or 
other symptoms. The efficacy of  the colonic cleansing 
was graded using the Ottawa Bowel Preparation Scale 
(OBPS)[10] by a single endoscopist who was blinded to 
the doses of  NaP. This scale uses scores for cleanliness 
of  the recto-sigmoid colon, middle colon, and right 
colon that range from 0 to 4 (0 = excellent to 4 = inad-
equate). There is also a score for the overall volume of  
fluid that ranges from 0 to 2 (0 = small to 2 = large). 
The overall potential scores range from 0 (excellent 
preparation, no fluid) to 14 (inadequate in all segments 
with a large amount of  fluid). The time for completion 
of  the bowel preparation was defined as the time from 
the initiation of  NaP until clear stools were noted. The 
acceptability of  the bowel preparation was assessed by 
the patient’s overall impression on a four-category Likert 
scale: (1) acceptable; (2) relatively acceptable; (3) rela-
tively unacceptable; and (4) unacceptable. Acceptability 
was defined as the rate of  “acceptable” plus “relatively 
acceptable” responses. The groups were compared for 
the efficacies of  the colonic cleansings, the times for the 
completion of  the bowel preparations, and the accept-
abilities of  the preparations.

Statistical analysis
In this pilot study, the sample size was arbitrarily set at 
30 patients per treatment arm to compare the two bowel 
preparation regimens. Continuous variables are reported 
as the mean ± SD, and categorical variables are presented 
as percentages. For the primary end point, a Mann-
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Whitney U-test was applied to compare the OBPS scores. 
For the secondary outcomes, Student’s t-test was applied 
to compare the times for the completion of  the bowel 
preparations. The Fisher’s exact test was used to compare 
the acceptabilities of  the preparations. Differences with 
P-values below 0.05 were considered statistically signifi-
cant.

RESULTS
A total of  sixty-two patients were enrolled in the study 
from July 2012 to September 2013. One patient (30 g 
NaP plus SP group) was excluded from the study due to 
inadequate intake of  NaP tablets. Another patient (50 g 
NaP group) completed the preparation but was not as-
sessed for cleansing efficacy due to a previous surgery 
and was also excluded. Lastly, sixty patients (n = 30 for 
each group) were included in the analysis. There were no 
significant differences between the two groups in baseline 
characteristics, including gender, age, height, weight and 
body mass index (Table 1). 

Efficacy of colonic cleansing
The mean total OBPS score of  the 50 g NaP and 30 g 

NaP plus SP groups were 6.70 ± 1.42 and 6.17 ± 1.18 
respectively. There was a trend toward greater cleansing 
efficacy in the 30 g NaP plus SP group. However, this 
difference was not statistically significant (P = 0.072). 
When the mean scores for each component of  the OBPS 
(i.e., the scores for the recto-sigmoid colon, middle co-
lon, right colon, and the volume of  fluid) were analyzed, 
no significant differences between the two groups were 
found (Figure 2).

Times for the completion of the bowel preparation
The mean times for the completion of  the bowel prepa-
ration in the 50 g NaP and 30 g NaP plus SP groups were 
189.9 ± 64.0 min and 161.8 ± 57.6 min, respectively. 
There was a trend toward a shorter bowel preparation 
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The day before 
inspection day Inspection day

5 Nap tablets 
200 mL water

50 g NaP

3 Nap tablets 
200 mL water

30 g NaP 
plus sodium 
picosulfate

10 mL, 0.75% 
sodium 

picosulfate

Figure 1  Study protocol for the bowel preparations. Sodium phosphate (NaP) was administered at a rate of five tablets (5 g) or three tablets (3 g) every 15 
min with 200 mL of water beginning five to six hours before the colonoscopy. Sodium picosulfate was taken with 200 mL of water on the night before the proce-
dure.

Table 1  Baseline characteristics

50 g NaP 
(n  = 30)

30 g NaP plus sodium 
picosulfate (n  = 30)

P  value

Man/female 23/7 25/5 0.7471

Age (yr) 55.4 ± 9.4   55.9 ± 10.8 0.8292

Height (m)   1.66 ± 0.08   1.67 ± 0.09 0.5752

Weight (kg)   65.7 ± 10.8   66.7 ± 10.0 0.6952

BMI (kg/m2) 23.8 ± 2.6 23.9 ± 2.2 0.9292

1Student’s t-test; 2Fisher exact test. BMI: Body mass index; NaP: Sodium 
phosphate. 
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Figure 2  The mean Ottawa bowel preparation scale scores. There was a 
trend toward a lower mean total score in the 30 g NaP plus sodium picosulfate 
group compared to the 50 g NaP group, but this difference was not statistically 
significant (Mann-Whitney’s U-test, P = 0.072).
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onstrated equal colon cleansing with fewer side effects of  
the NaP regimen[17]. Recent reviews and a meta-analysis 
have reported that NaP preparations are generally more 
effective and better tolerated than are PEG formula-
tions[18,19].

The tablet preparation contains 1.5 g NaP and 0.5 g 
of  inactive ingredients. One of  the inactive tablet ingre-
dients, microcrystalline cellulose (MCC), is thought to 
reduce visibility during colonoscopy. Consequently, new 
MCC-free preparation is now available[20,21]. The doses 
are 40 tablets (60 g) for the MCC-containing preparation 
and 32 tablets (48 g) for the MCC-free preparation[22]. 
Both preparations are divided into two doses that are ad-
ministered at an interval of  10 to 12 h. All NaP regimens 
should be taken with a minimum of  two liters of  clear 
liquids. In Japan, a MCC-free tablet preparation that con-
tains 1.0 g NaP is commercially available. The standard 
dose is 50 tablets (50 g), which are taken as five tablets 
every 15 min with 200 mL of  water or green tea on the 
day of  the procedure.

Because of  its osmotic mechanism of  action, NaP 
can result in potentially fatal fluid and electrolyte shifts, 
particularly in elderly patients and patients with bowel ob-
structions, small intestine disorders, renal or liver insuffi-
ciency, or congestive heart failure[23]. Additionally, a recent 
series of  reports[7-9] described acute phosphate nephropa-
thy followed by chronic renal insufficiency after taking 
NaP for bowel preparation. Nephrocalcinosis is the cause 
of  renal injury and occurs when the concentration of  
phosphate increases, and calcium phosphate crystals are 
deposited in the renal tubules[9]. In a series of  21 patients 
who developed acute phosphate nephropathy, potential 
etiological factors included dehydration, increased age, 
hypertension, and concurrent use of  an ACE inhibitor or 
ARB[8]. We conducted our study to examine the use of  a 
preparation that involved a reduced dose of  NaP because 
such a reduction might decrease the potential for adverse 
events.

Bowel preparations are typically judged by their ef-
ficacy, tolerability, and safety, and all three criteria have 

time in the 30 g NaP plus SP group. However, this differ-
ence was not statistically significant (P = 0.065, Figure 3).

Acceptability of the preparations and adverse events
The patients’ overall impressions of  the bowel prepara-
tions as rated on a four-category Likert scale are shown 
in Figure 4. The acceptabilities (i.e., the “acceptable” plus 
the “relatively acceptable” scores) of  the preparation in 
the 50 g NaP and 30 g NaP plus SP groups were 83.3% 
and 86.7%, respectively. There was no significant differ-
ence between the two groups in the acceptabilities of  the 
preparations (P = 0.500). The proportions of  patients 
who reported symptoms after taking 50g NaP and 30 
g NaP plus SP were 50% and 20%, respectively. There 
were no adverse events related to the bowel preparations 
in either of  the groups.

DISCUSSION
PEG is an osmotically balanced electrolyte lavage solu-
tion that is widely used for bowel preparation prior to 
colonoscopy. PEG was introduced by Davis et al[11] in 
1980. PEG passes through the bowel without net ab-
sorption or secretion, and significant fluid and electrolyte 
shifts are therefore avoided. The standard four-liter dos-
ing regimen that is given the day before the procedure 
has been established as safe and effective[12-14]. However, 
poor compliance due to the salty taste, sulfate smell, and 
the large volume of  solution required led to modifica-
tions of  PEG preparation regimens[15,16].

NaP osmotically draws plasma water into the bowel 
lumen to promote colonic cleansing and is used as an 
alternative to PEG for bowel preparation prior to colo-
noscopy[5,6,17]. Oral NaP is available as an aqueous solu-
tion and in a tablet form. The tablet form of  NaP was 
designed to improve the taste and limit the volume of  
liquid required. Phase Ⅲ trials in which tablet NaP regi-
mens were compared with four-liter PEG regimens dem-
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Figure 3  The mean time required for the completion of the bowel prepara-
tion. There was a trend toward a shorter bowel preparation time in the 30 g 
sodium phosphate (NaP) plus sodium picosulfate group compared to the 50 g 
NaP group, but this difference was not statistically significant (Student’s t-test, P 
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Figure 4  The patients’ overall impressions of the bowel preparations as 
assessed on a four-category Likert scale. There was no significant difference 
between the two groups in acceptabilities (i.e., the “acceptable” plus “relatively 
acceptable” scores) of the preparations (Fisher’s exact test, P = 0.500). 
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obvious clinical importance. The preparation time needed 
to cleanse the colon of  fecal material is also an important 
factor for bowel preparations. In this pilot study, 30 g 
NaP plus SP tended to produce higher cleansing efficacy 
and a shorter bowel preparation time than did the 50 g 
NaP; however, these differences were not statistically sig-
nificant. Additionally, this new bowel preparation method 
was acceptable to more than 85% of  patients. These re-
sults indicate that the dose of  NaP can be reduced to 30 g 
when it is combined with SP for bowel preparation.

In conclusion, although our study is a trial with a 
small number of  cases from a single center, this report is 
the first to evaluate the efficacy of  a bowel preparation 
that involves the minimally effective dose of  NaP and 
an adjunct. This study demonstrated that 30 g NaP in 
combination with SP can be useful for bowel preparation 
prior to colonoscopy in Japanese populations.
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