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Abstract
AIM: To evaluate the efficacy and acceptability of mag-
nesium citrate and a single dose of oral sodium phos-
phate (45 mL) solution for morning colonoscopy bowel 
preparation.

METHODS: A total of 159 patients were randomly as-
signed to receive two split doses of 90 mg of sodium phos-
phate (Group Ⅰ, n  = 79) or magnesium citrate (250 mL,  
the day before the procedure) followed by 45 mL of 
sodium phosphate (the day of procedure, Group Ⅱ, n  = 
80). The quality of bowel cleansing and the acceptability 
of each regimen were compared, including the satisfac-
tion, taste, willing to repeat and adverse effects of each 
regimen. 

RESULTS: The quality of bowel cleansing of Group Ⅱ 
was as good as that of Group Ⅰ (An Aronchick scale 
score of good or excellent: 70.9% vs  81.0%, respective-
ly, P  = 0.34; the Ottawa system score: 4.4 ± 2.6 vs  3.8 
± 3.0, respectively, P  = 0.76). There was no statistically 

significant difference between both groups with regard 
to acceptability, including the satisfaction, taste and 
willingness to repeat the regimen. A significantly greater 
number of older patients (over 65 years old) in Group 
Ⅱ graded the overall satisfaction as satisfactory (48.1% 
vs  78.1%, respectively; Group Ⅰ vs  Group Ⅱ, P  = 0.01). 
There were no significant adverse reactions. 

CONCLUSION: Magnesium citrate and a single dose of 
sodium phosphate was as effective and tolerable as the 
conventional sodium phosphate regimen and is a satis-
factory option. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
The worldwide introduction of  screening colonoscopy 
programs has led to a dramatic increase in the number of  
colonoscopies. Despite the development of  techniques 
and instruments, the difficulties in bowel preparation for 
a complete colonoscopic examination still remain a chal-
lenge to the physician and the examinee. These difficulties 
may result in significant noncompliance and thus subop-
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timal preparation, which subsequently may lead to missed 
lesions[1], an increased procedure time and the need for 
repeat colonoscopy[2], as well as reluctance to undergo 
follow-up examinations.

Sodium phosphate is a low-volume laxative, and it is 
known to be superior to 4l polyethylene glycol (PEG) 
solution, both for acceptability by the patient and for 
the quality of  bowel cleansing[3-6]. However, a significant 
proportion of  patients complain that its bad taste is unac-
ceptable and there are adverse reactions such as nausea, 
vomiting and headache. Moreover, more potential ad-
verse reactions associated with hyperphosphatemia may 
theoretically develop under any conditions that increase 
absorption or decreased elimination of  phosphate[7]. Un-
fortunately, poor compliance with the instructions about 
the dosage or interval of  oral sodium phosphate and 
undetected chronic illness, particularly in the elderly, may 
result in a higher possibility of  unexpected adverse events. 
Recent reports of  renal failure associated with sodium 
phosphate have raised increasing concerns[8-12] in spite of  
some reports demonstrating its safety in a series of  clini-
cal trials[13,14]. 

In this study, we wanted to find a better and easier 
preparation regimen for a complete colonoscopic ex-
amination. We have experienced that the usual bowel 
preparation for sigmoidoscopy in our hospital using mag-
nesium citrate the day before the procedure scheduled in 
the next morning was able to debulk the colon of  solid 
fecal material without much patient discomfort. There-
fore, we hypothesized that taking magnesium citrate the 
day before the procedure and then taking a single dose 
of  sodium phosphate (45 mL) on the day of  procedure 
would be as effective a regimen as the conventional 
two doses of  sodium phosphate and more tolerable for 
morning colonoscopy. 

MATERIALS AND METHODS
Study design, patient enrollment and the end outcomes
This was a prospective, randomized, endoscopist-blinded, 
controlled study. All consecutive patients referred to the 
Outpatient Department of  Gastroenterology and Surgery 
at Daehang Hospital (Seoul, Korea) between September 
2009 and December 2009 for colonoscopy in the morning 
were enrolled in this clinical study. The exclusion criteria 
were as follows: ileus or suspected bowel obstruction, 
significant gastroparesis or gastric outlet obstruction, the 
presence of  serious medical conditions such as severe 
cardiac, renal, hepatic or metabolic diseases, pregnancy, 
lactation and a history of  prior colon or rectal surgery. 
Written informed consent was obtained from each pa-
tient. No patient refused to participate. The primary end 
outcomes in this study were the efficacy of  bowel prepa-
ration according to the Aronchick scale and the Ottawa 
Bowel Preparation Scale (OBPS), the patients’ tolerance, 
the overall satisfaction, the taste and the willingness to re-
peat the same preparation regimen, if  necessary. The sec-

ondary end outcomes included assessment of  the OBPS 
components (i.e. the right vs middle vs left colon, and the 
fluid score) and a subgroup assessment according to age, 
gender, a prior bowel cleansing regimen and so forth.

Colon bowel preparation
A total of  159 patients were randomly assigned to re-
ceive two split doses of  90 mg of  oral sodium phosphate 
(Group Ⅰ, n = 79) or 250 mL of  magnesium citrate (magne-
sium carbonate 4.3 g and anhydrous citric acid 7.8 g/100 mL)  
(the day before the procedure) and this was followed by 
45 mL of  sodium phosphate (the day of  the procedure, 
Group Ⅱ, n = 80). Group Ⅰ ingested a single dose (45 mL) 
of  sodium phosphate starting at 8:00 PM on the day be-
fore the procedure and then they ingested the remaining 
45 mL of  sodium phosphate at 5:00 AM on the day of  
colonoscopy. Group Ⅱ ingested magnesium citrate (one 
bottle; 250 mL) at 8:00 PM on the preceding day and a 
single dose (45 mL) of  sodium phosphate at 5:00 AM on 
the procedure day. Both groups took one tablet of  bisaco-
dyl as pretreatment 30 min before each laxative on the day 
before the procedure. All the patients who had taken oral 
sodium phosphate were instructed to drink an additional 
1-1.5 L of  water. Both groups had a thick liquid diet for 
dinner on the day before the procedure, and they took 
nothing further by mouth after 6:00 PM. All the colonos-
copy procedures were performed between 8:30 AM and 
11:30 AM. The quality of  bowel cleansing, the tolerability, 
the satisfaction, the willing to repeat the procedure and 
the adverse effects of  each regimen were compared. 

Evaluation of bowel preparation
Efficacy of  bowel cleansing: The endoscopists, who 
were blinded to the form of  preparation, performed the 
colonoscopy exams. To standardize and minimize interob-
server variation, we had a meeting before the start of  this 
study and an investigator gave a standardized explanation 
for assessing the quality of  bowel preparation during the 
meeting. A poster with endoscopic photos that demon-
strated the scoring system was placed in each endoscopy 
room as a reminder. The endoscopists were also requested 
to take pictures of  each colon segment before cleansing 
the segments with saline during the procedure. 

Bowel cleansing was assessed at the end of  the colo-
noscopy using the OBPS and the Aronchick scale. The 
OBPS has a potential score ranging from 0 (excellent 
preparation, no fluid) to 14 (inadequate in all segments 
with a large amount of  fluid) (Table 1). The Aronchick 
scale was as follows: excellent (a small volume of  clear 
liquid or greater than 95% of  the surface was seen); good 
(a large volume of  clear liquid covering 5% to 25% of  the 
surface but greater than 90% of  the surface was seen); fair 
(some semisolid stool that could be suctioned or washed 
away but greater than 90% of  the surface was seen); and 
poor (semisolid stool that could not be suctioned or washed 
away and less than 90% of  the surface was seen). 

There were ten colonoscopists who performed colonos-
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copies in this study. All the colonoscopists were experts 
who had experienced at least 1000 cases of  colonoscopy 
after their gastrointestinal or coloproctologic fellowship. 
To check the interobserver variation for rating the efficacy 
of  bowel preparation, all the colonoscopy pictures were 
reviewed by two experienced endoscopists (Choi YS and 
Suh JP) who were blinded to the preparation methods. 

Patient acceptability
All the patients completed a questionnaire before colo-
noscopy. It was used to assess the past medical history, 
compliance, discomfort symptoms during preparation and 
the overall satisfaction. The investigated symptoms were 
nausea or vomiting (present = 1, absent = 0), abdominal 
pain or discomfort (present = 1, none = 0) and abdominal 
distension (present = 1, none = 0). The overall satisfac-
tion with the preparation was rated on a 3 scale (satisfac-
tory, fair and unsatisfactory). The willingness to repeat the 
same preparation method in the future, if  necessary, was 
also evaluated with a “yes” or “no” question. 

Statistical analysis
All the continuous variables are presented as means and 
standard deviations or as medians and ranges, as appro-
priate. The χ2 test was used for comparisons between 
categorical variables and Student’s t test was used for com-

parisons between continuous variables. P values less than 
0.05 were regarded as statistically significant. 

RESULTS
Baseline characteristics
A total of  180 consecutive patients were enrolled and 
randomized into two groups (90 patients in each group). 
Twenty-one patients were excluded because the procedure 
was postponed or canceled. Finally, 159 patients were in-
cluded in the analysis. There was no significant difference in 
the baseline characteristics between both groups (Table 2). 
In all cases, cecal intubation was successful. There were no 
serious complications or adverse events immediately after 
the procedure.

Assessment of the quality of bowel cleansing
There was no significant difference in bowel cleansing 
quality as evaluated by the Aronchick scale between both 
bowel preparation regimens. Group Ⅰ had 56 satisfactory 
preparations (defined as excellent or good) of  79 (70.9%) 
compared with 62 of  80 (81.0%) for Group Ⅱ (P = 0.34) 
(Figure 1A). 
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Table 1  Summary of the scoring system for the Ottawa Bowel 
Preparation Scale

Cleanliness
   Excellent (0): mucosal detail clearly visible. If fluid present, it is clear. 
   Almost no stool residue
   Good (1): some turbid fluid or stool residue but mucosal detail still 
   visible. Washing and suctioning not necessary
   Fair (2): turbid fluid or stool residue obscuring mucosal detail and 
   contour. 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
   Inadequate (4): solid stool obscuring mucosal detail and contour 
   despite aggressive washing and suctioning
Fluid: small (0), moderate (1), large (2)

Table 2  Baseline characteristics (mean ± SD)  n  (%)

Variables Group Ⅰ 
(n  = 79)

Group Ⅱ 
(n  = 80)

P  value

Age (yr), median (range) 59 (46-77) 60 (48-78) NS
Male 40 (50.6) 50 (62.5) NS
Cecal intubation time (s) 300.6 ± 171.9    314 ± 190.5 NS
Weight (kg) 61.5 ± 15.6 64.1 ± 15.3 NS
Prior colonoscopy 45 (56.9) 44 (55.0) NS
   With PEG 11 (13.9) 14 (17.5)
   With Sodium phosphate 34 (43.0) 30 (37.5)
Hypertension 12 (15.2) 15 (18.8) NS
Diabetes   8 (10.1) 5 (6.3) NS
Constipation (< 3/wk) 12 (15.2) 14 (17.6) NS

PEG: Polyethylene glycol; NS: Not significant.
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Figure 1  Quality of bowel cleansing. A: Quality of bowel cleansing. The 
patients are graded as good or excellent quality vs fair or poor quality with the 
conventional sodium phosphate regimen (Group Ⅰ) or the magnesium citrate 
and a single dose sodium phosphate regimen (Group Ⅱ); B: Segmental quality 
of bowel cleansing. The patients are scored with colon segment grades of poor 
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When bowel preparation was assessed by the Ottawa 
scale, the preparation quality was not significantly different 
as well (Table 3). The mean score was not significantly dif-
ferent between both groups for the right colon (P = 0.54), 
the mid colon (P = 0.47), the rectosigmoid colon (P = 0.97) 
or the total amount of  fluid (P = 0.48). In both groups, the 
patients with colon segment grades of  poor or inadequate 
were 12 (15.2%) vs 15 (18.8%), 5 (6.3%) vs 6 (8.0%) and  
9 (11.4%) vs 7 (9.0%) for the right colon, the mid colon 
and the rectosigmoid colon, respectively (Figure 1B). 

There was no significant difference of  the segmental bow-
el preparation quality either.

Assessment of patient acceptability (overall satisfaction, 
taste and willing to repeat)
The percentage of  patients with symptoms such as ab-
dominal distension with the two preparation regimens was 
23% vs 34%, respectively, nausea or vomiting 45% vs 41%, 
respectively, and abdominal pain 15% vs 13%, respectively. 

When patients were asked whether they were satisfied 
with the bowel preparation regimen, 65.8% (52 of  79) in 
Group Ⅰ and 82.0% (62 of  80) in Group Ⅱ replied that 
they were “satisfied” or it was “fair” (Figure 2A). When 
patients were asked how the laxatives tasted, the patients 
who responded “good or tolerable” were not significantly 
different between Group Ⅰ (69.6%) vs Group Ⅱ (73.4%) 
(Figure 2B). When patients were asked whether they were 
willing to repeat the same preparation regimen if  neces-
sary, the percentage of  patients who responded “yes” was 
not significantly different between Group Ⅰ (83.5%) vs 
Group Ⅱ (80.8%) (Figure 2C).

Subgroup assessment of the bowel cleansing quality 
and patient acceptability
When the patients over 65 years old were asked whether 
they were satisfied with the bowel preparation regimen, 
48.1% (13 of  27) in group Ⅰ and 78.1% (25 of  32) in 
group Ⅱ replied that they were “satisfied” or it was “fair” 
(P = 0.017) (Figure 3). The question about taste and will-
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Table 3  Efficacy of bowel cleansing by Ottawa scoring sys-
tem (mean ± SD)

Variables Group Ⅰ (n  = 79) Group Ⅱ (n  = 73) P  value

Right colon 1.4 ± 1.1 1.3 ± 1.1 NS
Mid colon 1.0 ± 0.9 0.8 ± 0.9 NS
Rectosigmoid colon 1.3 ± 0.9 1.2 ± 1.0 NS
Fluid present 0.7 ± 0.6 0.4 ± 0.6 NS
Overall score 4.4 ± 2.6 3.8 ± 3.0 NS

NS: Not significant.
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Figure 2  Patient acceptability. A: For overall satisfaction, 65.8% in Group Ⅰ  
and 82.0% in Group Ⅱ replied that they were “satisfied” or it was “fair”; B: For 
assessing taste, the percentage of patients who responded “good or tolerable” 
was not significantly different between Group Ⅰ (69.6%) and Group Ⅱ (73.4%); 
C: For the willingness to repeat the regimen, the percentage of patients who 
responded “yes” was not significantly different between Group Ⅰ (83.5%) and 
Group Ⅱ (80.8%). NS: Not significant.
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Figure 3  Overall satisfaction with bowel preparation in the elderly (>  
65 years). 48.1% in Group Ⅰ and 78.1% in Group Ⅱ replied that they were 
“satisfied” or it was “fair” (P = 0.017).



ingness to repeat revealed no significant differences be-
tween both groups. 

When only the patients who had previously undergone 
colonoscopy and had taken PEG or oral sodium phos-
phate were asked about patient acceptability, the prior so-
dium phosphate users generally had a preference for this 
new regimen rather than the new PEG users concerning 
overall satisfaction (80.0% vs 64.3%, respectively, P = 0.26), 
taste tolerance (80% vs 71.4%, respectively, P = 0.52) and 
willing to repeat (90.0% vs 61.3%, respectively, P = 0.04). 

DISCUSSION
The early detection of  colonic neoplasm via colonoscopy 
and its removal by polypectomy is popular and increasing, 
yet many people avoid screening colonoscopy because 
they fear the preparation required for colonoscopy. The 
two most commonly-used regimens for colonoscopic 
bowel preparation are currently a large volume of  osmoti-
cally balanced PEG solution and a small volume of  an 
osmotically active agent, oral sodium phosphate. Four 
liters of  PEG solution is known to be safe and effective, 
but poorly tolerated. In contrast, sodium phosphate is 
known to be well-tolerated and as effective as PEG solu-
tion. Oral sodium phosphate has been shown to be very 
safe in a large series of  clinical trials[13,14]. Its administra-
tion is known to be associated with only an asymptom-
atic, mild increase in serum phosphate (mean increase:  
3 mg/dL) and a minimal decrease in serum calcium (mean 
decrease: 0.3 mg/L); these changes are readily revers-
ible[10]. Clinically significant adverse reactions, including 
severe hyperphosphatemia, hypocalcemia, seizure, tetany, 
hypovolaemia and acute renal failure are thought to be 
extremely rare, with a reported incidence of  1.44 per mil-
lion patients[10,15]. Under normal conditions, phosphate is 
absorbed in the small intestine and eliminated by the kid-
ney as calcium phosphate[15]. The conventional dosage of  
oral phosphate for bowel cleansing is one bottle (45 mL) 
the evening before the procedure and another bottle the 
next morning. Any condition that can increase absorption 
or decrease elimination of  phosphate such as repeated 
dosing, dehydration, the use of  diuretics and ACE inhibi-
tor, or a preexisting illness that may impair phosphate 
homeostasis, for example, hyperparathyroidism, renal in-
sufficiency or delayed intestinal transit can be a risk factor. 
Indeed, fatal cases have been observed among the patients 
with a history of  renal dysfunction[16-18], ischemic colitis[17], 
cirrhosis[18] and in elderly patients with normal renal func-
tion[19,20]. The maximum safe dose of  sodium phosphate 
is 90 mL[21]. Several studies on the adverse effects of  high 
doses of  sodium phosphate have suggested that these 
high doses should be avoided[13-15]. If  the recommended 
dose of  60 g (90 mL) is surpassed, or if  the interval be-
tween doses is < 5 h, severe hyperphosphatemia could 
develop[10,15,18,22,23]. Fine et al[24] have found that the mortal-
ity rate was 33%, and that the risk of  death was high if  
the serum phosphate level increased beyond 32.69 mg/dL 
(10.56 mmol/L). Most of  the deaths reported in the lit-

erature have been caused by arrhythmia or heart attack 
associated with electrolyte changes and dehydration[25]. 
Therefore, adequate fluid intake is necessary. Markowitz 
et al[10] has suggested that patients must be encouraged to 
drink eight cups of  fluids (1920 mL) and Rex et al[2] have 
promoted taking 3.6 L of  clear fluids. However, it was re-
ported that the standard dose of  sodium phosphate could 
induce the development of  hyperphosphatemia even in 
low-risk and well-hydrated patients[7].

In this study, we attempted to debulk the colon of  solid 
fecal material with magnesium citrate at first and thereby 
decrease the volume of  oral sodium phosphate required 
for bowel cleansing without compromising the quality of  
the bowel preparation. Rather, we achieved superior over-
all satisfaction in the elderly patients who were pretreated 
with magnesium citrate. It is practically significant to find 
that this new regimen is better tolerated by elderly pa-
tients since the potential for complications associated with 
bowel preparation may be relatively increased in elderly 
patients due to poor compliance with the recommended 
fluid intake. In addition, elderly patients have a greater 
possibility of  having an underlying chronic illness that 
may be undetected. Therefore, we think a lower volume 
of  sodium phosphate can be safer and better suited for 
everybody. The patients who had previously taken two 
doses of  sodium phosphate for bowel preparation had a 
tendency to prefer this new regimen rather than the PEG 
solution, suggesting that this regimen can be an alternative 
option for the intolerant patients.

We found that overall rates of  adequate bowel cleans-
ing in both groups were relatively high (Group Ⅰ, 70.9% 
and Group Ⅱ, 81%), which suggested that bisacodyl as 
pretreatment and procedure time scheduled for the morn-
ing had influenced the overall quality of  bowel cleans-
ing. Both regimens were scheduled for morning because 
afternoon colonoscopies have higher failure rates than 
morning colonoscopies, and the suggested scheduling of  
all outpatient colonoscopies is preferentially in the morn-
ing to avoid suboptimal procedures[26]. The dosing time of  
magnesium citrate was determined as 9 h before taking the 
oral sodium phosphate. In a previous study that used mag-
nesium citrate as pretreatment to decrease the volume of  
PEG solution, magnesium citrate was taken at 1-2 h before 
ingesting 2 L of  PEG solution[27,28]. However, we expect 
that a 9 h time interval would be optimal, with reference 
to the usual interval time for the split-dosed PEG solution 
regimen or the oral sodium phosphate regimen.

Our study has several limitations. First, the safety 
profiles, including electrolytes, hemoglobin and the BUN/
creatinine change, were not evaluated to prove the safety 
advantages of  this new regimen compared to the conven-
tional sodium phosphate regimen, although the volume 
of  sodium phosphate was reduced by half. Second, we 
excluded the patients with medical conditions that are cur-
rently contraindicated for conventional sodium phosphate 
use such as heart failure, cirrhosis, renal disease, very old 
age patients or those taking diuretics or ACE inhibitors 
and so forth. Thus, the findings in our study need to be 
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confirmed in a large study with various groups of  pa-
tients. Third, there were ten colonoscopists involved in 
this study. Although all the endoscopists were trained in 
using the scale with photographs illustrating each point on 
the OBPS, and the degree of  agreement was acceptable 
according to a κ coefficient of  greater than 0.4, the study 
could have been more powerful if  all the colonoscopies 
had been performed by a single colonoscopist. Fourth, 
there was a discrepancy between “better” overall satisfac-
tion and a “similar” propensity of  willingness to repeat 
the bowel preparation regimen among the elderly patients. 
Further tailored evaluation of  a large group of  elderly pa-
tients is needed to verify this.

As mentioned above, the use of  the conventional dose 
of  sodium phosphate is theoretically limited for patients 
with any condition that can increase the absorption or de-
crease the elimination of  phosphate. If  we think a lower 
volume of  sodium phosphate might be safer, then this 
must be verified in individual cases since the mechanism 
of  an adverse reaction to sodium phosphate and its risk 
factors has not been fully discovered. Further evaluation 
of  the safety profile is mandatory.

In conclusion, a regimen of  magnesium citrate and a 
single dose of  oral sodium phosphate was as effective as 
the conventional two doses of  sodium phosphate, and our 
new regimen was well tolerated. Therefore, this regimen 
could be a good option to routinely prepare for morning 
colonoscopy. 

COMMENTS
Background
Oral sodium phosphate is a hyperosmolar, low-volume laxative for colonoscopy 
bowel preparation, and it is known to be as effective as polyethylene glycol 
solution. It is generally better tolerated, but the bad taste and uncomfortable ab-
dominal symptoms such as nausea and vomiting frequently lead to poor com-
pliance with the oral sodium phosphate regimen, and all this can subsequently 
cause incomplete bowel cleansing. Moreover, potential adverse reactions as-
sociated with hyperphosphatemia may develop. 
Innovations and breakthroughs
This is the first clinical study to evaluate the efficacy and tolerability of magne-
sium citrate and a single dose of oral sodium phosphate for bowel preparation 
prior to morning colonoscopy. The findings demonstrated this modified regimen, 
in which the volume of sodium phosphate was reduced by half was as effective 
and tolerable as the conventional sodium phosphate regimen.
Applications
The study results suggest that magnesium citrate and a single dose of oral so-
dium phosphate can be an effective and satisfactory option to routinely prepare 
for morning colonoscopy.
Terminology
Magnesium citrate acts as an osmotic laxative which is often used for bowel 
preparation
Peer review
In this well designed paper the author has proposed a combination of magne-
sium citrate the day before the procedure and sodium phosphate early in the 
morning of the day of the procedure, associated with one tablet of bisacodyl as 
compared to standard cleansing using two doses of sodium phosphate, with 
one tablet of bisacodyl. The paper is interesting and the design is adequate, as 
are the results and comments.
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