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Abstract
The safety of polyethylene glycol plus ascorbic acid has not been fully investigated in patients with renal insufficiency. High-dose
ascorbic acid could induce hyperoxaluria, thereby causing tubule-interstitial nephritis and renal failure. This study aims to evaluate the
safety and efficacy of polyethylene glycol plus ascorbic acid in patients with chronic kidney disease.
We retrospectively reviewed prospectively collected data on colonoscopy in patients with impaired renal function. Patients were

divided into 2 groups: 2 L polyethylene glycol plus ascorbic acid (n=61) and 4 L polyethylene glycol (n=80). The safety of the 2
groups was compared by assessing the differences in laboratory findings before and after bowel cleansing.
The laboratory findings were not significantly different before and after the administration of 2 L polyethylene glycol plus ascorbic

acid or 4 L polyethylene glycol. In both groups, the estimated glomerular filtration rate was not influenced by the administration of the
bowel-cleansing agent. Patients’ reports on tolerance and acceptability were better in the 2 L polyethylene glycol plus ascorbic acid
group than in the 4 L polyethylene glycol group.
The 2 L polyethylene glycol plus ascorbic acid solution is a safe choice for bowel preparation before colonoscopy in patients with

impaired renal function.

Abbreviations: CKD = chronic kidney disease, GFR = glomerular filtration rate, PEG = polyethylene glycol, PEG-Asc =
polyethylene glycol solutions with ascorbic acid.
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1. Introduction

Adequate bowel preparation is essential for both diagnostic
evaluation and therapeutic procedures performed using colonos-
copy. Although various agents are used for bowel cleansing, the
safety and efficiency of these agents have always been important
issues.[1–5] Especially in patients with chronic kidney disease
(CKD), these agents could increase the risk of electrolyte
imbalance or worsen renal function.[6] Polyethylene glycol
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(PEG) is an isosmotic solution that passes through the bowel
without absorption or secretion. Previous studies have shown
that PEG is safe in patients with CKD.[7–9]

High-volume PEG (4L) solutions have been widely used and are
known to be effective for bowel cleansing. A split method of
administering 4 L PEG (before the day and on the day) is usually
prescribed for colonoscopy. However, a high-volume of PEG
solution is poorly tolerated; its distasteful flavor and high volume
are disadvantages for its intake. In practice, low-volume PEG (2L)
solutions with ascorbic acid (PEG-Asc) are also available.
Electrolyte changes after using PEG or PEG-Asc have been
investigated and no differences in bowel preparation quality or
side effects have been observed.[10–12] Moreover, patient satisfac-
tionwas found tobesuperior in thePEG-Ascgroupcompared to the
PEG group. However, whether the use of high-dose ascorbic acid
could increase the risk of renal disease or specific electrolyte
imbalance remainsunclear.[13]Additionally, ascorbicacid isknown
to be associated with renal stone formation and acidosis.[14–16]

Notably, the risk of using bowel-cleansing agents with high-dose
ascorbic acid has not been fully evaluated in patients with CKD.
The aim of this study was to compare the safety, efficacy, and

tolerability between the use of PEG-Asc and the use of PEG in
patients with CKD.
2. Methods

2.1. Study design

We performed a retrospective analysis of the demographic,
endoscopic, and laboratory data of the patients who underwent
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Table 1

Characteristics of patients with CRF who underwent colonoscopy.

2 L PEG+
ascorbic acid 4 L PEG P

Patients, n 61 80
Sex
Male, n (%) 32 (52.5) 40 (50) 0.772

Age (mean±SD) 60.4±14.8 63.7±13.0 0.198
Indication for colonoscopy, n (%) 0.854
General examination 36 (59.0) 51 (63.8)
Abdominal pain 5 (8.2) 3 (3.7)
Change in stool pattern 6 (9.8) 5 (6.3)
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colonoscopy between January 2012 and December 2014 at our
hospital. We selected patients who received either 4L PEG or 2L
PEG-Asc solution for bowel preparation and underwent
colonoscopy during hospital stay. Product name of the 4 L
PEG solution is Colyte

®

(TaeJoon Pharmaceuticals, Seoul, Korea)
and it is composed of sodium chloride 1.46g, potassium chloride
0.745g, sodium sulfate 5.68g, and PEG 60g per liter. Product
name of the 2 L PEG-Asc solution is Coolprep

®

(TaeJoon
Pharmaceuticals, Seoul, Korea) and it is composed of sodium
chloride 2.691g, potassium chloride 1.015g, sodium sulfate 7.5
g, PEG 100g, ascorbic acid 4.7g, and sodium ascorbate 5.9g/L.
Suspicious LGI bleeding 8 (11.5) 10 (12.5)
Others 6 (9.8) 11 (13.7)

Stages of CRF, n (%) 0.521
Stage III 41 (67.2) 50 (62.5)
Stage IV 5 (8.2) 6 (7.5)
Stage V 15 (24.6) 24 (30.0)

Undergoing dialysis, n (%) 0.564
PD 5 (8.2) 10 (12.5)
HD 3 (4.9) 9 (11.3)

Current drug therapy, n (%)
ACEi 41 (67.2) 52 (65.0) 0.783
ARB 8 (13.1) 11 (13.8) 0.913
Loop diuretics 6 (9.8) 8 (10) 0.974
Thiazide diuretics 12 (19.7) 23 (28.8) 0.216

ACEi= angiotensin-converting-enzyme inhibitor, ARB=angiotensin II receptor blockers, CRF= chronic
renal failure, HD=hemodialysis, LGI= low gastro-intestinal, PD=peritoneal dialysis, PEG=
polyethylene glycol, SD= standard deviation.
2.2. Patient population

We enrolled patients who were over 18 years old with an
estimated glomerular filtration rate (GFR) of <60mL/min. The
GFRwas calculated using the abbreviatedModification of Diet in
Renal Disease Study Group formula: GFR (mL/min/1.73m2)=
186� (serum creatinine) – 1.154� (age) – 0.203�0.742 (if
female). In our laboratory findings, “before bowel preparation”
was defined as the blood test within 24hours before taking bowel
preparation agent, and “after bowel preparation”was defined as
within 24hours after taking a bowel preparation agent.
Individual cases where no timely data before or after colonoscopy
were available were excluded. Patients with combined severe co-
morbidity, acute infection, or acute renal failure without CKD
were also excluded.
2.3. Efficacy and safety

From the selected patients, we reviewed the results of blood
biochemistry analysis before and after colonoscopy. And we
reviewed the reports on bowel cleansing quality as observed by
endoscopy according to the Boston bowel preparation scale.[17]

Successful bowel cleansing was defined as “Excellent” or
“Good” on a 4-point scale for cleanliness. We compared the
differences in bowel preparation quality, demographic data, and
laboratory findings between the PEG and PEG-Asc groups. This
study was conducted in accordance with the Declaration of
Helsinki and was approved by the institution’s human research
committee.
2.4. Statistical analysis

Data are presented as the mean value and standard deviation or
as proportions. Chi-square statistics were used to compare the
measures and Fisher’s exact test was used as indicated. Absolute
values and percentage changes in blood parameters were
compared between the 2 groups using the Student’s t test or
Mann–Whitney U test. Data were analyzed using the Statistical
Package for the Social Sciences version 20.0 (SPSS Inc., Chicago,
IL). P values <0.05 were considered significant.

3. Results

3.1. Patient characteristics

During the study period, 229 patients with a GFR of<60mL/min
underwent bowel preparation for colonoscopy using either PEG
or PEG-Asc. Among these patients, only the 178 patients whose
timely results of blood tests were available were enrolled this
study. Of these patients, 37 were excluded from the study because
they had a history of severe comorbidity (n=19), acute infection
such as urinary tract infection (n=4), or transient renal function
2

impairment without chronic renal disease (n=14). Of the 141
included patients, 80 had received 4 L PEG and 61 had received 2
L PEG-Asc. Baseline characteristics of these patients are shown in
Table 1.
3.2. The effects of bowel preparation agents in patients
with CKD

Table 2 shows laboratory data with a pairwise comparison
before and after the intake of PEG or PEG-Asc. No significant
decrease in the levels of serum sodium, potassium, chloride, CO2,
calcium, magnesium, or phosphate was observed. Amild increase
in the mean values of blood urea nitrogen (BUN) and creatinine
was observed after bowel preparation using both, PEG and PEG-
Asc; however, the increase was not statistically significant. A
comparison of the proportional changes in electrolyte levels
showed no significant difference between the 2 cleansing
solutions (Table 3). A transient increase of >30% in creatinine
was observed in 6 patients (7.5%) who received PEG and in 7
patients (11.5%) who received PEG-Asc. The risk of creatinine
increase was not significantly different between the 2 groups.
There was no permanent worsening of renal function after bowel
cleaning. No patient showed a proportional change of>30% for
electrolyte levels in either group.
3.3. Quality of bowel preparation and patient tolerance

All patients who underwent colonoscopy were asked to answer a
questionnaire. The proportion of patients who experienced
moderate to severe abdominal discomfort was significantly
higher in the PEG group than in the PEG-Asc group. Although
patients’ reports regarding the ease of agent intake did not
indicate a significant difference (easy to intake, 72.2% in the
PEG-Asc group vs 58.8% in the PEG group, P=0.077), the



Table 2

Comparison of laboratory values before and after agent intake.

Value before intake Value after intake P

2 L PEG+ascorbic acid
BUN 38.3±22.2 42.5±29.7 0.802
Creatinine 4.5±3.6 4.9±4.4 0.917
Sodium 136.1±4.1 137.1±4.0 0.316
Potassium 4.0±0.6 3.9±0.6 0.734
Chloride 101.7±5.7 103.0±5.8 0.215
CO2 22.9±4.9 23.9±5.2 0.410
Calcium 8.1±0.8 8.3±0.8 0.244
Magnesium 0.84±0.16 0.82±0.19 0.353
Phosphate 4.1±1.1 3.8±1.2 0.704

4 L PEG
BUN 38.4±22.0 42.9±27.7 0.527
Creatinine 4.6±4.0 4.8±4.3 0.871
Sodium 136.8±4.3 137.6±3.8 0.272
Potassium 4.2±0.6 4.1±0.5 0.476
Chloride 102.6±6.7 102.8±6.6 0.764
CO2 23.2±5.2 24.5±5.0 0.169
Calcium 8.3±1.1 8.5±0.8 0.508
Magnesium 0.88±0.19 0.91±0.26 0.729
Phosphate 4.2±1.5 4.0±1.4 0.661

BUN=blood urea nitrogen, PEG=polyethylene glycol.

Table 4

Outcomes of bowel preparation and quality of cleansing.

2 L PEG+
ascorbic acid 4 L PEG P

Complaints reported by patients†

Abdominal discomfort 2.28±0.76 2.79±0.76 < 0.001
Nausea or vomiting 2.13±0.90 2.55±0.79 0.006

Patients’ report on ease of intake 0.077
Easy 45 (72.2%) 47 (58.8%)
Difficult 12 (19.8%) 26 (32.5%)
Unable to complete 4 (6.0%) 7 (8.7%)

Quality of bowel preparation‡

Right colon 1.62±0.61 1.58±0.78 0.314
Transverse colon 1.80±0.68 1.91±0.60 0.224
Left colon 1.90±0.66 1.72±0.73 0.138

Decrease in GFR by at
least 20 mL/min

3 (4.9%) 2 (2.5%) 0.652

GFR=glomerular filtration rate, PEG=polyethylene glycol.
† Reported on a 4-point scale: 1, none at all; 2, slight; 3, moderate; 4, severe.
‡ Reported on a 4-point scale for cleanliness: 1, excellent; 2, good; 3, fair; 4, poor.
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proportion of patients with symptoms of discomfort during
bowel preparation was lower in the PEG-Asc group than in the
PEG group (Table 4). Based on the 4-point Boston Bowel
Preparation Scale, there was no difference in the quality of
preparation of each portion of the colon between the 2 groups.
Although a decrease in GFR of >20mL/min was noted in 5
patients after bowel preparation (3 [4.9%] in the PEG-Asc group
vs 2 [2.5%] in the PEG group, P=0.652), the GFR values
recovered to normal without severe complications or persistent
loss of renal function.
4. Discussion

Colonoscopy is an effective procedure for detecting colorectal
diseases and for cancer screening. Bowel cleansing before
colonoscopy is an important process for adequate examination;
therefore, endoscopists have been concerned about optimal and
safe bowel preparation. According to various guidelines, PEG
and PEG-Asc are recommended bowel preparation agents.[18–20]

Although these agents are generally safe and well-tolerated, they
are associated with the potential risk of complications such as
hypokalemia[21] and hyponatremia.[22,23] Moreover, some
Table 3

Comparison of proportional changes in electrolytes before and
after bowel preparation between the PEG-Asc and PEG groups.

% Change (% D)∗ 2 L PEG+ascorbic acid 4 L PEG P

% DBUN �22.4±33.0 �12.3±36.1 0.956
% DCreatinine �6.8±20.2 �3.5±17.9 0.600
% DSodium �0.73±2.1 �0.62±1.9 0.258
% DPotassium 0.2±16.7 1.2±15.4 0.447
% DChloride �1.3±3.4 �0.27±3.3 0.760
% DCO2 �6.8±25.2 �7.8±20.0 0.142
% DCalcium �2.2±9.2 �2.4±8.2 0.619
% DMagnesium 1.3±19.0 �4.3±23.0 0.860
% DPhosphate 3.0±32.2 �2.7±36.9 0.754

BUN=blood urea nitrogen, PEG=polyethylene glycol.
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special conditions that affect bowel preparation must be
considered before colonoscopy. Renal insufficiency associated
with CKD is a significant risk factor for electrolyte imbalance.
Acute phosphate nephropathy could be induced by the impaired
clearance of the sodium phosphate.[24]

Prior investigators reported that low-volume PEG demonstrate
noninferiority compared to high-volume PEG for bowel
cleansing.[25,26] And also, previous studies comparing the
outcomes of the use of low-volume versus high-volume PEG
solutions have shown higher compliance rates with the low-
volume solution than with the high-volume solution.[27–29] Our
research, when using the BBPS as the evaluation tool, also
showed that low-volume PEG is not inferior than high-volume
PEG. Low-volume PEG-Asc was developed to improve patient
acceptability, and some studies have shown it to be an equally
efficient and tolerable alternative to high-volume PEG.[10,11]

However, although most available PEG-Asc solutions contain
high-dose ascorbic acid, about 10–20g, the safety of high-dose
ascorbic acid remains uncertain in patients with CKD. According
to prior case reports and studies, high-dose ascorbic acid could
induce tubule-interstitial nephritis with hyperoxaluria or pro-
gressive renal failure.[30] It is unclear whether the PEG-Asc
solution has a risk or not to worrisome events such as acid-base
imbalance, dehydration, worsening of renal function, and other
specific electrolyte imbalance followed by renal impairment.
Although some investigators have studied the safety of bowel-
cleansing agents in special conditions,[31,32] to our knowledge, a
comparative study between PEG and PEG-Asc in patients with
CKD has not been conducted.
In our study, despite CKD, there was no significant change in

electrolyte levels after bowel cleansing in either group, PEG or
PEG-Asc. Although the mean absolute values of BUN and
creatinine were increased after bowel cleansing, the change was
not significant. The levels of major electrolytes such as sodium
and potassium were not influenced by the use of PEG or PEG-Asc
for bowel preparation. As the average serum value of venous CO2

was stable, there was no fear of metabolic acidosis after bowel
cleansing due to the use of high-dose ascorbic acid. Additionally,
minor serum electrolytes such as calcium did not show a
significant increase or decrease in patients with CKD. Most
values of electrolyte change after bowel cleansing were within
10% with the use of either bowel-cleansing solution. The change
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in the BUN level of >10% could have resulted from a loss of
circulatory volume; however, this change was transient and did
not lead to a worsening of kidney function.
Successful bowel cleansing was mostly observed with use of

both preparations; they were generally well tolerated. The fewer
complaints of abdominal discomfort in the PEG-Asc group could
be partly attributed to the low volume of the agent. Patients’
reports regarding the ease of intake indicated superior results
with the use of 2 L PEG-Asc compared with use of 4 L PEG.
Whereas several previous studies have reported inferior results
with the use of low-volume PEG for bowel cleansing,[33–35] there
was no significant difference in the bowel cleansing quality in our
study. Therefore, both PEG and PEG-Asc could be recommended
as safe and efficient bowel-cleansing agents before colonoscopy in
patients with CKD.
This study has some major limitations. First, it focused on the

safety of PEG-Asc in patients with CKD, and adenoma
detection rates or diagnostic accuracy was noted recorded.
Second, several independent factors such as comorbidities in the
patients as well as chronic health conditions were not
considered. Third, there were limitations due to retrospective
nature of the study; although blood tests were performed within
24hours before and after bowel cleansing, the sampling timing
was different in each patients. Moreover, the scoring of quality
of bowel preparation was subjective, and there was a lack of
randomization for bowel cleansing agents due to retrospective
design. However, there has been no study to evaluate the safety
of using ascorbic acid along with a bowel-cleansing agent in
patients with decreased renal function. To our knowledge, this
is the first study to evaluate electrolyte changes after the
administration of PEG with high-dose ascorbic acid in patients
with stage 3 to 5 CKD.
In conclusion, PEG-Asc was a safe and efficacious bowel-

cleansing agent in patients with CKD. In cases of decreased renal
function, it could be used for bowel preparation before
colonoscopy. The inclusion of ascorbic acid in the PEG-Asc
solution did not increase the risk of electrolyte imbalance or renal
failure.
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