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Background/Aims: The aims of this study were to compare
the bowel-cleansing efficacy, patient affinity for the prepara-
tion solution, and mucosal injury between a split dose of poly-
ethylene glycol (SD-PEG) and low-volume PEG plus ascorbic
acid (LV-PEG+Asc) in outpatient scheduled colonoscopies.
Methods: Of the 319 patients, 160 were enrolled for SD-
PEG, and 159 for LV-PEG+Asc. The bowel-cleansing efficacy
was rated according to the Ottawa bowel preparation scale.
Patient affinity for the preparation solution was assessed
using a questionnaire. All mucosal injuries observed during
colonoscopy were biopsied and histopathologically reviewed.
Results: There was no significant difference in bowel cleans-
ing between the groups. The LV-PEG+Asc group reported
better patient acceptance and preference. There were no
significant differences in the incidence or characteristics of
the mucosal injuries between the two groups. Conclusions:
Compared with SD-PEG, LV-PEG+Asc exhibited equivalent
bowel-cleansing efficacy and resulted in improved patient
acceptance and preference. There was no significant differ-
ence in mucosal injury between SD-PEG and LV-PEG+Asc.
Thus, the LV-PEG+Asc preparation could be used more ef-
fectively and easily for routine colonoscopies without risking
significant mucosal injury. (Gut Liver 2016;10:237-243)
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INTRODUCTION

Colonoscopy is the most effective screening method for

colorectal disease, but an adequate assessment requires suf-
ficient bowel preparation."” Polyethylene glycol (PEG) is widely
used for bowel cleansing before colonoscopy because of its
effectiveness and acceptable safety.>* However, PEG can lead
to patient discomfort and noncompliance. The 4-L quantity is
too large for many patients, and the preparation does not taste
good, both of which could lead to insufficient colon cleansing.>”
To combat this effect, several efforts have been made to reduce
patient discomfort and to increase compliance with the bowel
preparation methods. Recently, low-volume PEG plus ascorbic
acid (LV-PEG+Asc) and sodium picosulfate solutions have been
developed and have shown better compliance with a noninferior
cleansing efficiency compared to PEG.*"' LV-PEG+Asc is the
combination of low-dose PEG and vitamin C and can be used
as an osmotic laxative; however, it has been well established
that sodium phosphate (NaP) and sodium picosulfate (Pico) may
cause mucosal injury through osmotic laxative effects.””"* Thus,
there is a possibility of mucosal damage to the colon from the
use of Asc. The efficacy of bowel cleansing must be balanced
against any other colonic mucosal effects. To the best of our
knowledge, there has been no study comparing LV-PEG+Asc
with split dose of PEG (SD-PEG) for mucosal injury. Therefore,
we aimed to compare the rate of mucosal injury, efficacy and
patient affinity for the preparation solution between SD-PEG
and LV-PEG+Asc for outpatients scheduled for colonoscopies.

MATERIALS AND METHODS

1. Inclusion and exclusion criteria

This prospective, randomized and investigator-blinded study
took place between September 2013 and January 2014. All
consecutive outpatients or patients visiting the Health Screening
Center between the ages of 20 and 65 years who were scheduled
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to undergo colonoscopy were eligible. Exclusion criteria were
the following: age under 20 years or above 65 years; lactation;
pregnancy; bowel obstruction; structural intestinal disorders; gut
dysmotility; presence of renal failure, congestive heart failure,
or liver failure; electrolyte abnormality; inflammatory bowel
disease; taking nonsteroidal anti-inflammatory drugs (NSAIDs);
obvious lower gastrointestinal symptom (hematochezia, diar-
rhea, and so forth); and inability to provide informed consent.
All patients provided written informed consent. This study was
approved by the Institutional Review Board. The protocol was
registered on ClinicalTrials.gov (identifier: NCT01964417).

2. Randomization and bowel preparation protocol

All eligible patients were randomly assigned to ingest one of
the two preparations. The patients were randomized using ran-
dom number generation (Generator pro 1.69; Segobit Software)
to receive SD-PEG or LV-PEG+Asc. The SD-PEG group ingested
2 L of PEG at 6:00 PM on the day before the procedure and the
remaining 2 L in the morning at least 5 hours before the pro-
cedure. Patients were instructed to take PEG 250 mL every 15
minutes. The LV-PEG+Asc group ingested 1 L of LV-PEG+Asc
at 6:00 PM on the day before the procedure and the remain-
ing 1 L in the morning at least 5 hours prior to the procedure.
Patients were instructed to take LV-PEG+Asc 250 mL every 15
minutes and to drink at least 1L of additional clear liquids. On
the day before the colonoscopy, the patients had a soft diet for
dinner, and they were allowed clear liquids until 2 hours before
the procedure.

3. Patient affinity for the preparation solution and adverse
events

All of the patients filled in a questionnaire evaluating their
compliance, acceptance, preference to repeat the same regimen,
and adverse events. This questionnaire was filled out by each
patient 30 minutes before the procedure. The compliance was
rated using a three-grade scale based on the amount of bowel
preparation taken, as follows: 1, optimal (>75% of the pre-
scribed solution); 2, good (75%-50% of the prescribed solution);
and 3, poor (<50% of the prescribed solution). The acceptance
of the preparation was measured if difficulties ingesting the
two regimens were encountered (three point scale: 1, easy; 2,
tolerable; 3, difficult). The preference was assessed according to
the patient’s choice of repeating the same regimen for a future
colonoscopy. Adverse effects (abdominal pain and discomfort,
nausea, vomiting, headache, dizziness, and sleep disturbances)
were also systematically collected.

4. Preparation efficacy and mucosal injury

The endoscopists were blinded to the prescribed regimen and
assessed colonic cleansing using the Ottawa bowel preparation
scale, which considers the sum of the cleanliness and the fluid
quantity (0-14). A cleanliness score between O (no liquid) and 4

(solid stool, not washable) was rated for each of the three seg-
ments of the colon (the right colon, cecum to ascending; mid-
colon, transverse to descending; and the rectosigmoid colon).
Fluid quantity was rated from O to 2 for the entire colon (mini-
mal, 0; moderate, 1; large, 2). All participating endoscopists
underwent training prior to the study to standardise their use
of the Ottawa bowel preparation scale. Mucosal injuries were
assessed in eight different segments (lower part of the rectum 2
cm above the anal verge, middle part of the sigmoid, descend-
ing colon below the splenic flexure, transverse colon just after
the splenic flexure, transverse colon before the hepatic flexure,
ascending colon under the hepatic flexure, ileocecal valve and
cecum). Pictures of the eight segments mentioned above were
taken during the insertion of the colonoscope. To avoid the mis-
interpretation of traumatic lesions, we compared pictures taken
during the insertion with those from the retrieval of the colono-
scope. If, within the same segment, mucosal injury was found
in the picture taken during the retrieval but was not definitely
identified in the picture taken during the insertion, we con-
sidered the mucosal injury to be due to traumatic damage. All
mucosal injuries observed during the colonoscopy were noted
and biopsied. Biopsied specimens were reviewed by a single
pathologist who was blinded to the prescribed regimen. Mucosal
abnormalities that were histologically confirmed as acute in-
flammatory changes were considered true mucosal injuries.

5. Sample size and statistics

The sample size calculation was based on comparisons of
the preparation quality between the two groups. A sample size
of 150 patients for each group was estimated to give an 80%
power at a two-sided o of 0.05 for the detection of a 1.0-point
difference in the Ottawa bowel preparation quality scale. We as-
sumed a drop-out rate of 10% and aimed to enroll a total of 330
patients. To compare patient compliance, acceptance, preference
to repeat the same regimen, adverse events, bowel preparation
efficacy, and mucosal injury between the two arms, chi-square
tests (or Fisher exact test) were used for categorical variables,
whereas Student t-tests were used for continuous variables. A
p-value <0.05 was considered statistically significant. All sta-
tistical analyses were conducted using SPSS version 15.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS
1. Patient characteristics

A total of 330 patients were selected for randomization, 11
of which were excluded after they canceled the procedures. A
total of 319 patients were included in the final study, 160 of
which were allocated to the SD-PEG group, and 159, to the LV-
PEG+Asc group. The mean ages were 45 and 48 years in the
SD-PEG and LV-PEG+Asc groups (45+10.7 vs 48+8.8, p=0.007),
respectively. The abdominal pelvic surgery rates were different



between the SD-PEG and LV-PEG+Asc groups (24.4% vs 27.2%,
p=0.044). There was no significant difference in the sex, body
mass index, experience of colonoscopy, family history of colon
cancer, and past medical history in the two groups (Table 1).

2. Efficacy of bowel cleansing

There was no significant difference between the two groups
for the total mean score using the Ottawa bowel preparation
scale (4.19+2.261 vs 4.41+2.066, p=0.376) for bowel preparation
in the right colon (1.19+0.98 vs 1.11+0.94, p=0.423) and the
rectosigmoid colon (1.16+0.65 vs 1.07+0.60, p=0.221). However,
the LV-PEG+Asc group had a greater quantity of fluid remain-
ing in the colon (0.66+0.623 vs 0.81+0.542, p=0.023) and a
worse bowel cleansing score in the middle colon compared to
SD-PEG (1.19+0.940 vs 1.42+0.732, p=0.014) (Table 2).

Table 1. Baseline Characteristics
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3. Patient affinity and adverse events

We assessed patient compliance based on their consumption
of the preparation solution and found no significant differ-
ence between the two groups (SD-PEG: 96.3% vs LV-PEG+Asc:
96.9%, p=0.768). The LV-PEG+Asc group showed better results
for both of these metrics (acceptance and preference) (p=0.001).
Overall, 138 of 319 patients (43%) experienced adverse events.
The overall incidence of adverse events was not significantly
different between the two groups (69/160 [43.1%)], 69/159
[43.4%)], p=0.972); however, the LV-PEG+Asc group tended to
had more headache and dizziness (p=0.056) (Table 3).

4. Mucosal injuries associated with the bowel preparation

Mucosal inflammation/ulceration occurred in 3.1% (5/160) of
patients taking SD-PEG compared with 3.7% (6/159) receiving
LV-PEG+Asc. Using a chi-square test, the difference between

Characteristic SD-PEG LV-PEG+Asc p-value*
(n=160) (n=159)
Age, yr 45.0+10.7 48.0+8.8 0.007
Male:female 78 (48.8):82 (51.2) 85 (53.5):74 (46.5) 0.781
Body mass index, kg/m’ 23.743.0 23.643.1 0.806
Experience of colonoscopy 76 (47.5) 76 (47.8) 0.958
Previous surgical history 39 (24.4) 43 (27.2) 0.044
Abdominal operation 17 (10.6) 14 (8.8) -
Pelvic or gynaecologic operation 22 (13.8) 29 (18.4) -
Family history of colon cancer 6 (3.9) 11 (6.9) 0.210
Past medical history 0.793
Hypertension 19 (11.9) 11 (6.9) -
Diabetes 3(1.9) 3(1.9) -
Cardiovascular disease 2(1.3) 3(1.9) -
Thyroid disease 3(1.9) 5(3.1) -
Others 5(3.1) 12 (7.5) -
Data are presented as mean+SD or number (%).
SD-PEG, split-dose polyethylene glycol; LV-PEG+Asc, low-volume polyethylene glycol+ascorbic acid.
*p<0.05 was considered statistically significant.
Table 2. The Efficacy of Bowel Cleansing according to the Ottawa Bowel Preparation Scale (0-14)
Location/measurement SD-PEG LV-PEG+Asc p-value®
(n=160) (n=159)
Right colon' 1.19+0.987 1.11+0.945 0.423
Mid-colon* 1.19+0.940 1.42+0.732 0.014
Rectosigmoid colon 1.16+0.659 1.07+0.607 0.221
Fluid volume 0.66+0.623 0.81+0.542 0.023
Total score 4.19+2.261 4.41+2.066 0.376

Data are presented as mean+SD.

SD-PEG, split-dose polyethylene glycol; LV-PEG+Asc, low-volume polyethylene glycol+ascorbic acid.
*p<0.05 was considered statistically significant; 'Right colon: cecum to ascending; ‘Mid-colon: transverse to descending.
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Table 3. Patient Compliance, Preference and Acceptance, and Adverse Events

Parameter SD-PEG LV-PEG+Asc p-value*
(n=160) (n=159)

Compliance (>75% taken dose) 154 (96.3) 154 (96.9) 0.768

Preference 57 (35.6) 102 (64.6) 0.001

Acceptance 0.001
1 (easy) 33 (20.6) 53 (33.3)

2 (tolerant) 58 (36.3) 81 (50.9)
3 (difficult) 69 (43.1) 25 (15.7)

Adverse events 69 (43.1) 69 (43.4) 0.972
Abdominal pain/discomfort 0.391
Nausea/vomiting 0.470
Headache/dizziness 0.056
Sleep disturbance 0.804

Data are presented as mean+SD.

SD-PEG, split-dose polyethylene glycol; LV-PEG+Asc, low-volume polyethylene glycol+ascorbic acid.

*p<0.05 was considered statistically significant.

Table 4. Mucosal Abnormalities Observed at Colonoscopy and Following Histological Analysis

Bowel preparation Endoscopic findings

Microscopic findings

SD-PEG
Erythema of terminal ileum
Erythema of cecum
Erythema of transverse colon
Erythema of rectum

LV-PEG+Asc Aphthous ulceration of cecum

Aphthous ulceration of ascending colon

Erythema of cecum
Erythema of ascending colon
Erythema of ascending colon
Erythema of rectum

Aphthous ulceration of terminal ileum

Acute inflammation, moderate, with ulcer
Acute inflammation, moderate, no ulcer

Acute inflammation, focal, mild, no ulcer
Acute inflammation, focal, mild, no ulcer
Acute inflammation, focal, mild, no ulcer
Acute inflammation, moderate, with ulcer
Acute inflammation, moderate, with ulcer
Acute inflammation, focal, mild, no ulcer
Acute inflammation, focal, mild, no ulcer
Acute inflammation, focal, mild, no ulcer

Acute inflammation, focal, mild, no ulcer

SD-PEG, split-dose polyethylene glycol; LV-PEG+Asc, low-volume polyethylene glycol+ascorbic acid.

Fig. 1. Endoscopic view showing aphthous lesions in the appendiceal
orifice.

the two groups was not significant at an o value of 0.05. En-
doscopically, the identified mucosal lesions that could have
been associated with the two preparation regimens are reported
in Table 4. Three patients were noted to have aphthous ulcers,
including one patient in the SD-PEG group and two patients
in the LV-PEG+Asc group (Fig. 1). Mucosal erythema was ob-
served in eight patients. These mucosal injuries occurred in four
patients from each group. The histology of all specimens con-
firmed acute inflammatory changes.

DISCUSSION

Proper bowel cleansing is essential for the diagnostic accu-
racy and therapeutic safety of colonoscopy. PEG is the commer-
cially available regimen used most widely for bowel prepara-
tion. However, this approach requires the patient to consume a
large volume of liquid over a short period of time, which some



patients are unable to tolerate. This circumstance has led to
an interest in alternative bowel cleansing regimens with better
tastes and reduced volumes. Several studies have used LV-PEG
with various additives, such as senna, bisacodyl, or magnesium
citrate, finding an improved tolerability but a possible decrease
in efficacy.”'® Recently, a solution of LV-PEG containing Asc
was developed for use before colonoscopies. Several studies
have been conducted to evaluate the effectiveness and tolerabil-
ity of LV-PEG+Asc compared to 4 L PEG and found that LV-
PEG+Asc was equally effective in colon cleansing.”"”

It has been well established that NaP, a strong osmotic laxa-
tive, can cause colonic mucosal injuries.”>" Colonic inflam-
mation/ulceration has been reported in 3% to 24% of patients
taking NaP, compared with 19 to 2% of patients taking PEG."
In addition, a larger follow-up study of 634 patients who were
randomized to receive PEG, NaP, or Pico demonstrated that
acute mucosal inflammation/ulceration was 10-fold greater in
patients receiving NaP or Pico when compared with PEG."* LV-
PEG+Asc is the combination of low-dose PEG and vitamin C
and can be used as an osmotic laxative. Therefore, there is a
possibility for mucosal damage to the colon resulting from Asc.
Still, our study’s results show that acute mucosal inflammation/
ulceration did not occur significantly more with LV-PEG+Asc
compared with SD-PEG. Although larger scale studies are need-
ed, we were able to identify that LV-PEG+Asc was less likely to
cause mucosal injury compared with other osmotic laxatives.

In our study, the dietary restrictions used (regular breakfast
and lunch, as well as a soft diet only for dinner on the day prior
to colonoscopy) were relatively liberal compared with other
studies.” Several studies have supported the use of a less re-

strictive diet.”**'

The dietary protocol of our study could be very
feasible for outpatients due to its decreased interference in their
daily lives and work schedules, resulting in an improved quality
of life. We used a fixed split-dose regimen for the bowel prepa-
rations because SD-PEG regimens were associated with more
appropriate bowel cleansing and better compliance than full-
dose PEG regimens.”

In an attempt to avoid subjective or nonvalidated assess-
ments of bowel cleansing, the Ottawa bowel preparation scale,
an objectively framed bowel preparation quality scale, was
used in this study.” The Ottawa scale assesses colonic segments
individually and colonic fluid overall to provide a summary
of the entire colon. In our study, LV-PEG+Asc was as effective
as SD-PEG with a similar total cleansing score (4.19+2.261 vs
4.41+2.066, p=0.376). However, the LV-PEG+Asc group had a
greater quantity of fluid remaining in the colon and worse bow-
el cleansing scores in the mid-colon than SD-PEG. These results
were similar to those of previous studies on LV-PEG+Asc versus

>?* We assessed

SD-PEG in bowel cleansing for colonoscopy.
patient compliance based on their consumption of the cleansing
solution. The proportion of patients who ingested at least 75%

of the cleansing solution was not significantly different be-
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tween the two groups, in terms of compliance (96.3% vs 96.9%,
p=0.768). This compliance was much higher in our study than
in other studies.”*® A possible explanation for this may be that
our subjects were younger outpatients with a lower incidence
of comorbidity compared with that of previous studies. Regard-
ing patient acceptance and preference, the LV-PEG+Asc group
showed better results; the reduced volume of PEG administered
to patients may have positively influenced their responses, even
in spite of their instructions to consume an additional liter of
PEG-free liquid. However, patients receiving the LV-PEG+Asc
preparation showed similar results in the adverse events cat-
egories, including abdominal pain/discomfort, nausea/vomiting,
headache/dizziness, and sleep disturbances, when compared to
SD-PEG, offering no overt advantages. One possible explanation
for this finding is that the LV-PEG+Asc regimen still requires
patients have to ingest a moderate to large amount of fluid over
a short period of time. Further, bowel preparation agents are not
always benign and can negatively impact intestinal mucosal in-
tegrity.”® It has been reported that ulcerative colitis can flare up
following a colonoscopic examination.”” Previous studies have
described the colonic mucosal injuries that are associated with
an NaP regimen."””*” Faigel et al.”' described a patient in whom
several lesions with the appearance of aphthous ulcerations
were noted after bowel preparation with PEG; such a bowel
preparation may provoke a reactivation of ulcerative colitis.
Cappell et al.”” reviewed the association between medications
and colonic toxicity. Various drugs, including NSAIDs, were
able to cause colonic mucosal injury by impairing the ability of
the mucosa to resist and respond to injury. In our study, all pa-
tients with confirmed or suspected inflammatory bowel disease
and those taking NSAIDs were excluded. Our findings identified
no significant difference in acute mucosal inflammation/ulcer-
ation between the LV-PEG+Asc group and the SD-PEG group.
Our study has some limitations. First, this randomized con-
trolled trial was conducted at a single center and enrolled
outpatients without significant medical problems. The results
of our study require further confirmation through multicenter
randomized trials, including an unselected group of patients.
Second, we cannot exclude that the previous preparation may
have affected the grading of the acceptance of the study’s regi-
men. Patient who have already undergone a colonoscopy may
be biased, as those aware of the SD-PEG treatment may find
LV-PEG+Asc more acceptable. Enrolling patients who were un-
dergoing colonoscopies for the first time would have been more
ideal. Third, we did not control the time-to-colonoscopy interval
in the two groups. Several previous studies have demonstrated
that the interval between the last dose of the bowel preparation
regimen and the start of the colonoscopy affects the quality of
bowel preparation.'””
fected the two groups.
In conclusion, our study showed that LV-PEG+Asc provided

However, these limitations equally af-

equal, safe and efficacious bowel cleansing compared to SD-
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PEG. LV-PEG+Asc was associated with better patient compli-
ance and acceptance, probably because it required patients to
consume a smaller volume of liquid than SD-PEG. This is the
first paper to compare the acute mucosal injuries related to LV-
PEG+Asc and SD-PEG. There was no significant difference in
the incidence and character of mucosal injury between the two
groups. Based on the data, LV-PEG+Asc represent a valid alter-
native to SD-PEG. However, improvements are needed to reduce
the adverse events encountered, and further studies should be
conducted to assess patient preparation preferences.
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