Hindawi

Canadian Journal of Gastroenterology and Hepatology
Volume 2022, Article ID 8169649, 9 pages
https://doi.org/10.1155/2022/8169649

Research Article

Efficacy and Tolerability of Two Different Low-Volume Split-Dose
Polyethylene Glycol Electrolytes Solution Bowel Preparation for

Morning Colonoscopy

Hefeng Tian @, Hui Li(®, Xuanrui Zhu , Lei Shi®,

and Xiu Wang

» Wenlong Liu®, Ying Fan

The First Hospital of Jilin University, Changchun, Jilin, China

Correspondence should be addressed to Lei Shi; shilei691210@126.com and Xiu Wang; wangxiu2009@jlu.edu.cn
Received 15 June 2022; Accepted 1 August 2022; Published 31 August 2022

Academic Editor: Alessandro Granito

Copyright © 2022 Hefeng Tian et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Object. The study compared the efficacy and tolerability of two different low-volume split-dose polyethylene glycol electrolytes
solution (PEG-ELS) bowel preparation for morning colonoscopy. Methods. A total of 120 patients were randomized to receive
either the control group (n = 64) or the experimental group (n = 65). Patients in the control group adopted the low-volume split-
dose regimen one, and patients in the experimental group adopted the low-volume split-dose regimen two. Those randomized to
regimen one were instructed to take 0.75L PEG two hours after dinner the day before the colonoscopy and 1.5L PEG 4 hours
before the colonoscopy. Patients assigned to regimen two were invited to consume 1.5 L PEG two hours after dinner the day before
the colonoscopy and 0.75L PEG 4 hours before the colonoscopy. The quality of bowel preparation, rated according to a Boston
Bowel Preparation Scale (BBPS), represented the primary outcome measure. Tolerability, satisfaction, and lesions detection rated
were secondary outcomes. Results. There was no significant difference between the transverse colon and right colon scores
between the two groups (P > 0.05). The low-volume split-dose regimen two showed a higher success rate for cleansing of the right
colon and overall colon (P <0.05). For the comparison of the patients’ bowel tolerance, there were no statistical differences
between the two groups regarding thirst, abdominal pain or abdominal discomfort, abdominal distension, dizziness or headache,
anal discomfort, and sleep disturbance (P > 0.05). However, regimen two had significantly less nausea, vomiting, and fatigue than
regimen one (24.62% vs. 42.19%, P = 0.034; 10.77% vs. 25.00%, P = 0.035; 6.15% vs. 21.88%, P = 0.010, respectively). Patient-
reported satisfaction and willingness to repeat the bowel preparation were significantly higher for low-volume split-dose regimen
two than for low-volume split-dose regimen one (P = 0.011; P = 0.015). Conclusions. In early morning colonoscopies, the bowel-
cleansing efficacy and patient tolerability of low-volume split-dose regimen two were superior to low-volume split-dose
regimen one.

1. Introduction

In the latest global cancer statistics, colorectal cancer is the
third most common cancer after prostate cancer and lung
cancer [1-3]. According to Chinese cancer statistics, colo-
rectal cancer ranks third and fifth in the incidence and death
of malignancies, respectively. Colonoscopy as the only gold
standard for the diagnosis and treatment of colorectal cancer
and precancerous lesions, is closely associated with the
“adenoma-cancer” pathway [4, 5]. Adenoma detection rate
is not only a standard of colonoscopy performance but also a

quality indicator specific to colonoscopy. Related studies
have shown that the more adequate the bowel preparation,
the higher the adenoma detection rate [6-8]. When the
quality of bowel preparation is seriously unqualified, pa-
tients will be forced to give up diagnosis and treatment,
make an appointment to take bowel-clearing drugs, and
conduct colonoscopy again, which will increase the eco-
nomic burden on patients and consume their time and
energy [8, 9].

An ideal bowel-clearing drug is easily accepted by most
patients, inexpensive, and can achieve high-quality bowel
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preparation [10-12]. The PEG solution is the preferred
bowel-clearing drug recommended by the bowel preparation
guidelines for digestive endoscopic diagnosis and treatment
around the world. In European and American countries, it is
generally recommended to take high-volume (>3L) PEG
solution. Nevertheless, high-volume preparations usually
have a high incidence of side effects and are poorly tolerated
[10, 11, 13]. In contrast, the low-volume PEG solution is
favored by the patients in terms of tolerability, compliance,
and side effects such as abdominal distension, nausea, and
vomiting [14-16]. Some studies have shown that a split-dose
regimen for morning colonoscopy is more effective than
nonsplit-dose regimen preparations [10, 17, 18]. In the split-
dose regimen, some of the preparations were taken on the
night before the colonoscopy and the remaining ones on the
morning of the colonoscopy, which can better avoid con-
taminating the bowel wall again [19].

But so far, there are little data on low-volume split-dose
PEG solution bowel preparation for morning colonoscopy.
Therefore, the purpose of this study is to compare the ef-
ficacy and tolerability of two different low-volume split-dose
PEG solution bowel preparation for morning colonoscopy
based on domestic and foreign guidelines and combined
with the clinical actual situation, explore the best PEG so-
lution regimen and improve the effect of colonoscopy, pa-
tient compliance, and comfort.

2. Methods

2.1. Study Design. 'This is a prospective, randomized, con-
trolled, endoscopic-blinded trial at the Endoscopy Center of
the First Hospital of Jilin University, Changchun, China. The
regimen was approved by the local ethical review committee
and all participating subjects had signed informed consent
for electronic colonoscopy. I and my co-authors had access
to the study data and reviewed and approved the final
manuscript.

2.2. Patients. Patients undergoing electronic colonoscopy
from the outpatient department of the First Hospital of Jilin
University from May 2021 to November 2021 were selected
as the study subjects. Inclusion criteria: >18 years of age;
hospital outpatient patients undergoing electronic colo-
noscopy; taking polyethylene glycol bowel-clearing drugs;
willing to voluntarily participate in the study; communi-
cating with them normally. Exclusion criteria: severe gas-
trointestinal obstruction, perforation, or bleeding; severe
cardiopulmonary, liver, and kidney; poor bowel preparation
that affects electronic colonoscopy.

2.3. Randomization and Intervention. Their recruited study
subjects were randomly assigned to receive bowel prepa-
ration from the experimental and control groups according
to a computer-generated list with a 1:1 allocation ratio.
Randomization was performed in a 4-block size without
informing the study team before the assignment. Patients
with written consent will be assigned an opaque, sealed
envelope that was required to follow the regimen in the
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envelope. Colonoscopy and assessment of bowel preparation
quality were performed individually by the same experi-
enced endoscopist, who was not aware of the experimental
grouping and did not participate in bowel preparation-re-
lated activities.

Patients in the control group adopted the low-volume
split-dose regimen one, and patients in the experimental
group adopted the low-volume split-dose regimen two.
Those randomized to regimen one were instructed to take
0.75L PEG (6 bags of A agent and 6 bags of B agent) at the
speed of 250 ml every 10 minutes two hours after dinner the
day before the colonoscopy and 1.5L PEG (12 bags of A
agent and 12 bags of B agent) at the same speed 4 hours
before the colonoscopy. Patients assigned to regimen two
were invited to consume 1.5L PEG (12 bags of A agent and
12 bags of B agent) every 10 minutes two hours after dinner
the day before the colonoscopy and 0.75L PEG (6 bags of A
agent and 6 bags of B agent) at the same speed 4 hours before
the colonoscopy. Patients were also asked to consume a
semiliquid diet the night before the colonoscopy and were
banned on the morning of the day of the procedure. On the
morning of the examination, the patient information was
accurately recorded by using face-to-face methods. Initially,
the general demographic data of the patients were recorded
during the interview. Then, the patients were asked about
their tolerability, acceptability, and satisfaction with bowel
preparation after taking the PEG solution. During the course
of the colonoscopy, each patient’s quality of bowel prepa-
ration was independently assessed by the same endoscopist
who had worked in the endoscopy center for more than five
years and had more than 2,000 colonoscopy cases per year.
All patients completed colonoscopy during the 8:00 am to
10:00 am period on the day of the procedure.

2.4. Patient Information Collection. Under the guidance of
the endoscopic experts, we developed a comprehensive and
unified questionnaire of patient demographic information
for electronic colonoscopy by reviewing the extensive norms
and literature on bowel preparation around the world. It
mainly includes the general demographic data of the study
subjects: the serial number, age, weight, height, gender, body
mass index (BMI), education (master and doctor, junior
college and undergraduate, high school, junior high school,
and below), history of the basic disease (diabetes, heart
disease, hypertension), other diseases (thyroid surgery,
radical resection, abdominal surgery, polypectomy) and
indications for colonoscopy (diarrhea, abdominal pain,
abdominal distension, physical examination, stool habit
change).

2.5. Outcome Measures

2.5.1. Primary Outcome. The primary outcome measure was
patient bowel cleansing. The efficacy of bowel preparation in
both groups was evaluated by using the validated Boston
Bowel Preparation Scale (BBPS) [20]. The endoscopist
scored the ascending, mid (transverse and descending), and
rectosigmoid segments of the colon separately. Each
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segment was evaluated as follows: excellent: 3 (the bowel
mucosa was well observed, with basically no residual feces,
turbid fluid, and stains), good: 2 (the bowel mucosa was well
observed, but a small number of feces, turbid fluid and stains
remained), poor: 1 (due to the residual feces, turbid liquid
and stains, some mucosa cannot be observed), inadequate: 0
(due to the residual feces, turbid liquid and stains, the whole
section of the mucosa cannot be observed) according to the
difference of bowel preparation quality. The highest total
score was 9 and the lowest total score is 0. If the total score is
not less than 6 and each segment score is not less than 2, the
patient has adequate bowel preparation, and if the total score
is less than 6, the patient has poor bowel preparation. If the
patient’s bowel preparation quality is so poor that the en-
doscopy cannot reach the colon segment, the segment will be
automatically rated as inadequate by the endoscopist. At the
time of colonoscopy, the endoscopist can obtain a poster-
size image and standard scoring examples for reference.

2.5.2. Secondary Outcomes. The secondary outcome mea-
sure included tolerability of bowel preparation, satisfaction
with bowel preparation, and lesions detection.

2.6. Tolerability. Before the colonoscopy, the investigators
used the patient bowel preparation tolerability questionnaire
to evaluate the tolerability of bowel preparation in the two
groups [21]. Then the investigators asked each patient who
had completed bowel preparation and recorded each item in
the questionnaire to analyze whether the incidence of tol-
erability to the two different low-volume split-dose regimens
varied and further analyzed the relationship between the
incidence of tolerability and bowel cleansing in the two
groups. The content of the tolerability questionnaire mainly
included thirst, abdominal pain or abdominal discomfort,
abdominal distension, nausea, vomiting, dizziness or
headache, fatigue, anal discomfort, sleep disorders, etc. Each
item is divided into severe symptoms, moderate symptoms,
mild symptoms, and no symptoms. The more the number of
asymptomatic patients, the better the tolerability.

2.7. Satisfaction. Before the colonoscopy, the investigators
used the patient bowel preparation satisfaction ques-
tionnaire to evaluate the satisfaction of bowel preparation
in the two groups [22]. Then the investigators asked each
patient who had completed bowel preparation and
recorded each item in the questionnaire to analyze
whether the incidence of satisfaction with the two dif-
ferent low-volume split-dose regimens varied and further
analyzed the relationship between the incidence of sat-
isfaction and bowel cleansing in the two groups. The
content of the satisfaction questionnaire mainly includes
easy or difficult-to-consume: the study drug, the dose of
the drug, the taste of the drug, the flavor of the drug,
overall satisfaction with the regimen, and willingness to
repeat bowel preparation. Each item is divided into five
levels: very unsatisfactory, unsatisfactory, general, sat-
isfactory, and very satisfactory. The more the proportion

of patients who are satisfied, the higher the satisfaction
degree is.

2.8. Lesions Detection. During the colonoscopy, the detec-
tion of bowel lesions (adenoma, polyps, inflammation,
suspected cancer, etc.) was independently evaluated by the
same endoscopist. The researchers made records to ensure
the accuracy of the data, calculated the detection rate of
bowel lesions, analyzed whether there was any difference in
the detection rate of bowel lesions, and further analyzed the
relationship between the detection rate of bowel lesions and
bowel cleansing in the two groups.

2.9. Statistical Analysis. The sample size of this study as-
sumes the same efficacy as the two low-volume split-dose
regimens. Related published studies have shown that pa-
tients should achieve 80% successful cleansing rates. The
difference in efficacy between the two low-volume split-dose
regimens was 20%, which is considered to be clinically
relevant. It was calculated that the initial sample size of 64
patients would be sufficient to reveal the set-up treatment
effect difference of 20%, a probability of type I error of 0.05,
efficacy of 80%, and effective value of 0.5. Seventy-one
patients accounted for ~10% of withdrawals.

All the data available in this study were processed by
statistical product and service solutions (SPSS) 24.0 statis-
tical software. Count data included general data of patients
(gender, education, basic disease history, other diseases,
indications of colonoscopy), adverse reactions, and bowel
preparation satisfaction. We analyzed the count data using
the Chi-square test, and the results were expressed using
frequency (n) and percentage (%). If the theoretical fre-
quency was less than 5, we would use the fisher exact
probability method. The measurement data included the
general data of colonoscopy patients (age, height, weight,
BMI) and the scores of bowel cleansing effect. After the test
and analysis, the study data conform to the normal distri-
bution. We analyzed the measurement data using the Stu-
dent’s t-test, and the results were expressed using mean and
standard deviation. All statistical tests were two-sided, and a
P value less than 0.05 was considered statistically significant.

3. Results

From May to November 2021, 142 patients undergoing co-
lonoscopy were recruited for this study, and six patients did
not meet the inclusion and exclusion criteria. 136 patients
were randomly assigned and distributed equally across the
control group (0.75L+1.5L) and experimental group
(1.5L+0.75L). A total of 4 patients in the control group
canceled colonoscopy before bowel preparation, among
which two patients canceled colonoscopy due to temporary
work tasks, one patient asked to do colonoscopy in the af-
ternoon, and one patient gave up colonoscopy. Finally, 64
patients in the control group were included in the data sta-
tistical analysis. A total of 3 patients in the experimental group
canceled colonoscopy before bowel preparation, among
which one patient canceled colonoscopy due to temporary
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FiGure 1: Flow diagram of the study.

work tasks, and two patients required colonoscopy in the
afternoon. Finally, 65 patients in the experimental group were
included in the data statistical analysis (Figure 1). The dif-
ference between the demographic data and the clinical
characteristics of the two groups was not statistically signif-
icant and was comparable (P >0.05). The specific data sta-
tistical results are shown in Table 1.

3.1. Bowel Cleansing. In terms of the rectum and sigmoid
colon and overall colon score, the score of the experimental
group (1.5L +0.75 L) was significantly better than that of the
control group (0.75L+1.5L) (2.54+0.56 vs. 2.23+0.70,
P =0.006; 6.98 +£1.02 vs. 6.34 +1.88, P = 0.017). In terms of
the right colon and transverse colon scores, there was no
difference in scores between the 1.5L+0.75L and
0.75L+ 1.5L groups (2.12+0.41 vs. 1.94+0.68, P = 0.071;
2.54+0.56 vs. 2.23+0.70, P = 0.172), but the mean scores
for the 1.5L+0.75L group were relatively high. The
0.75L+1.5L group of 52 patients had adequate bowel
preparation, accounting for 81.25%, and the 1.5L+0.75L
group of 62 patients had adequate bowel preparation, ac-
counting for 95.38%. Statistical analysis indicated a signif-
icant difference in adequate bowel preparation between the
two groups (P =0.012). The specific data and statistical
results are shown in Table 2.

3.2. Tolerability. Overall, the 1.5L+0.75L group was better
tolerated when compared to the 0.75L + 1.5 L group. Table 3
showed the results of tolerability. Thirst, abdominal pain or
abdominal discomfort, abdominal distension, dizziness or
headache, anal discomfort, and sleep disturbance were the

main symptoms reported. There was no significant difference
in the incidence rate between the 0.75L + 1.5 L group and the
1.5L+0.75L group. However, the results showed that pa-
tients using the 1.5L+0.75 L group regimen had significantly
less nausea, vomiting, and fatigue than the 0.75L+1.5L
group (24.62% vs. 42.19%, P = 0.034; 10.77% vs. 25.00%,
P =0.035; 6.15% vs. 21.88%, P = 0.010, respectively).

3.3. Satisfaction. After taking the bowel-clearing drugs
through the comparative analysis of the data, the P values of
easy or difficult to consume the study drug, the dose of the
drug, the taste of the drug, the flavor of the drug were 0.826,
0.822, 0.805, and 0.603 between the two groups, respectively,
which were not statistically significant. A greater proportion
of patients in the 1.5L+0.75L group had a high level of
satisfaction and stronger willingness to repeat the bowel
preparation compared with patients receiving 0.75L+1.5L
PEG (P =0.011 and P = 0.015). The specific data and sta-
tistical results are shown in Supplementary Table 1.

3.4. Lesions Detection. In this study, the detection of bowel
lesions in colonoscopy mainly included polyps, adenoma,
inflammation, suspected cancer, or other lesions. Analysis of
the lesions detection rate in both groups showed that P
values were 0.530, 0.365, 0.668, 0.496, and 1.000, with no
statistical difference (P >0.05). The specific data and sta-
tistical results are shown in Supplementary Table 2.

3.5. Correlation Analysis. Correlation analysis was performed
separately on the relationship between adequate bowel
preparation and lesions detection rate in the 1.5L +0.75 L and
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TaBLE 1: Patient demographic data and clinical characteristics for colonoscopy.
Parameter 0.75L+1.5L group (n=64) 1.5L+0.75L group (n=65) T/ P value
Sex (n, %) 1.304 0.253
Male 30 (46.88) 37 (56.92)
Female 34 (53.12) 28 (43.08)
Age (Mean + SD) 53.56+12.5 51.80 + 14.35 0.742 0.459
BMI (Mean + SD) 23.76 331 23.58+3.44 0.303 0.763
Degree of education (1, %) 3.003 0.096
Master and doctor 3 (4.69) 5 (7.69)
Specialist and undergraduate 22 (34.38) 30 (46.15)
Senior middle school; 16 (25.00) 14 (21.54)
Junior high school and below 23 (35.93) 16 (24.62)
Indications for colonoscopy (1, %)
Diarrhea 2.022 0.155
Yes 7 (10.94) 13 (20.31)
No 57 (89.06) 52 (79.69)
Abdominal pain 2.087 0.149
Yes 14 (21.88) 8 (12.5)
No 50 (78.12) 57 (87.5)
Abdominal distension 0.168 0.718
Yes 4 (6.25) 3 (4.69)
No 60 (93.75) 62 (95.31)
Physical examination 0.128 0.721
Yes 15 (23.44) 17 (26.56)
No 49 (76.56) 48 (73.44)
Change of stool habits 1.567 0.211
Yes 20 (31.25) 14 (21.88)
No 44 (68.75) 51 (78.12)
History of disease
Hypertension (1, %) 0.611 0.434
Yes 11 (17.19) 8 (12.31)
No 53 (82.81) 57 (87.69)
Diabetes mellitus (1, %) 2.990 0.084
Yes 10 (15.63) 4 (6.15)
No 54 (84.37) 61 (93.85)
Heart disease (1, %) 1.975 0.160
Yes 10 (15.63) 5 (7.69)
No 54 (84.37) 60 (92.31)
Previous colonoscopy (1, %) 0.067 0.795
Yes 33 (51.56) 35 (53.85)
No 31 (48.44) 30 (46.15)
SD, standard deviation; BMI, body mass index.
TasLE 2: Efficacy of bowel cleansing in patients undergoing colonoscopy.
Parameter 0.75L+1.5L group (n=64) 1.5L+0.75L group (n=65) e P value
BBPS score (Mean + SD)
Rectum and sigmoid colon 2.23+0.70 2.54+0.56 -2.780 0.006
Transverse colon 2.17+£0.70 2.32+£0.53 -1.373 0.172
Right colon 1.94 £0.68 2.12+0.41 -1.824 0.071
Opverall colon 6.34+1.88 6.98 +1.02 -2.408 0.017
Adequate bowel preparation n (%) 6.270 0.012
Yes 52 (81.25) 62 (95.38)
No 12 (18.75) 3 (4.62)

0.75L+ 1.5L groups, which showed no significant difference
(I5L+0.75L groups: P =0.602; 0.75L+1.5L groups:
P =0.202). The specific data and statistical results are shown
in Supplementary Table 3. Correlation analysis was performed

separately on the relationship between adequate bowel
preparation and incidence of adverse reactions in the
1.5L+0.75L and 0.75L+1.5L groups, which showed no

significant

difference

(1.5L+0.75L groups:

P =0.284;
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TaBLE 3: Tolerability of bowel preparation in patients undergoing colonoscopy.

Parameter 0.75L+1.5L group (n=64) 1.5L+0.75L group (n=65) s P value

Thirst n (%) 1.623 0.203
Yes 19 (29.69) 13 (20.00)
No 45 (70.31) 52 (80.00)

Nausea 1 (%) 4.481 0.034
Yes 27 (42.19) 16 (24.62)
No 37 (57.81) 49 (75.38)

Vomiting n (%) 4.458 0.035
Yes 16 (25.00) 7 (10.77)
No 48 (75.00) 58 (89.23)

Abdominal pain n (%) 0.458 0.499
Yes 9 (14.06) 12 (18.46)
No 55 (85.94) 53 (81.54)

Abdominal distension n (%) 0.114 0.736
Yes 17 (26.56) 19 (29.23)
No 47 (73.44) 46 (70.77)

Fatigue n (%) 6.638 0.010
Yes 14 (21.88) 4 (6.15)
No 50 (78.12) 61 (93.85)

Dizziness/headache n (%) 4.278 0.039
Yes 13 (20.31) 5 (7.69)
No 51 (79.69) 60 (92.31)

Anal discomfort n (%) 1.959 0.162
Yes 15 (23.44) 9 (13.85)
No 49 (76.56) 56 (86.15)

Sleep disturbance # (%) 2.023 0.155
Yes 18 (28.13) 26 (40.00)
No 46 (71.87) 39 (60.00)

0.75L+1.5L groups: P =1.000). The specific data and sta-
tistical results are shown in Supplementary Table 4.

4., Discussion

Currently, colonoscopy is still the safest and most effective
gold standard in the diagnosis and treatment of bowel
diseases, and it plays an important role in the screening of
colorectal cancer. Moreover, one of the key factors affecting
the screening, diagnosis, and treatment of colorectal cancer
is the quality of bowel preparation, which is closely related to
the effectiveness of colonoscopy. Adequate bowel prepara-
tion is essential to improve the quality of the colonoscopy.
The choice of bowel preparation method depends on effi-
ciency, safety, cost, patient risk and tolerability, time and
dose of the study drug, etc. In a split-dose regimen, low or
high-dose preparations may have different effects on pa-
tients undergoing colonoscopy in the morning. Low-volume
preparation regimens are relatively easy for patients to in-
gest. They may benefit from the lower intensity preparation
method compared with a high-dose preparation regimen.
Thus, the 1.5L (PM) + 0.75 L (AM) regimen was evaluated in
this study. The present prospective, randomized, controlled
trial found that 1.5 L (PM) + 0.75 L (AM) regimen was better
than 0.75L (PM) + 1.5L (AM) in providing adequate bowel
cleansing. However, both groups can achieve adequate
bowel preparation of more than 80%. Patients in the 1.5L
(PM)+0.75L (AM) group had higher tolerance and

compliance and were more willing to repeat bowel prepa-
ration. To our knowledge, this is the first evidence-based
study focused on low-volume split-dose PEG solution bowel
preparation for morning colonoscopy, with evidence that
1.5L (PM)+0.75L (AM) regimen provides adequate bowel
preparation in patients undergoing morning colonoscopy.

In this study, patients in control and experimental groups
used the 0.75L (PM)+15L (AM) regimen and 1.5L
(PM) +0.75L (AM) regimen for bowel preparation, respec-
tively. The endoscopist used BBPS to score each segment of the
bowel, and the total score of each segment exceeded 6 points
for adequate bowel preparation. Our results showed that the
proportion of patients who could complete the bowel prep-
aration was 81.25% and 95.38%, which was statistically sig-
nificant. Matro et al. [23] found that the whole bowel
preparation was adequate in 92% in the AM-only group (the
first 1 L dose seven hours before colonoscopy and the second
1 L four hours before the colonoscopy) versus 94% in the PM/
AM group (the first 1 L at 6 pm the night before colonoscopy,
and the second 1L four hours before colonoscopy) with no
significant difference, inconsistent with the findings of our
study. The different reasons may be due to the total dose
increase of 0.25L PEG in this study. The experimental group
took 0.75L PEG in the morning and the proportion of ade-
quate bowel preparation was 95.38%, which is much higher
than the results in other retrospective studies [24, 25]. Notably,
with regard to patients with inflammatory bowel disease
(IBD), no statistically significant differences between the two
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groups were found in adequate bowel preparation. Although
the sample size of IBD patients was limited, the proportion of
high-quality bowel preparation was higher in the 1.5L+0.75L
group than in the 0.75L+1.5L group (91.7% vs. 80%,
P = 0.571). High-quality bowel preparation has an important
role in detecting IBD-associated neoplasia, especially in flat
minute foci [26-28]. IBD patients mostly have the charac-
teristics of chronic recurrence, easy carcinogenesis, and in-
testinal lesions, and their intestines will be carefully examined.
Therefore, the quality of bowel preparation requirements will
be higher. More recently, consistent literature data confirmed
that high-quality bowel preparation is a key factor in en-
doscopy [29, 30]. In this study, the satisfaction rate of adequate
bowel preparation in the 1.5L +0.75 L group was higher than
in the 0.75L+1.5L group, and we analyzed the reasons and
found in clinical practice, although the patients in both groups
completed bowel cleansing according to the corresponding
bowel preparation regimen, and determined that their last
stool was clear water, the patients in the 1.5L+0.75L group
tolerated higher, and the proportion of vomiting was less than
that of the 0.75L+ L.5L group, so the bowel cleansing of the
patients in the 1.5L+0.75L group was better than that of the
0.75L+ 1.5L group. This study also confirmed the importance
of taking split-dose drugs before colonoscopy and showed that
an appropriate reduction of the morning dose can improve
bowel cleansing and partly prevent patients from making
bowel preparation again, saving medical resources. Since small
doses of drugs usually produce high levels of adequate bowel
preparation, the study design we adopted is a randomized
controlled trial. Compared with previous split-dose regimens,
this study used low-volume split-dose drugs to avoid the
defects of patients taking large amounts of bowel scavenger in
the morning and optimize the quality of bowel preparation.

The success rate of bowel preparation in this study was
higher than that of other related studies. From the analysis of
bowel data in each part, it can be seen that the bowel
cleansing effect of the two groups was the best in the left
colon and the worst in the right colon. However, the bowel
cleansing effect of the 1.5L+0.75L group was better than
that of the 0.75L+1.5L group in terms of segmentation
score and total score, obtaining the best bowel preparation,
which was similar to the study results of Wudong. Wu Dong
et al. took a split-dose regimen of 3L PEG (2L PEG on the
night before colonoscopy and 1L PEG four hours before
colonoscopy) and found left colon was 2.6 + 1.0 points, the
transverse colon was 2.4+ 0.8 points, the right colon was
2.2+ 1.2 points, and total colon was 6.9 + 3.1 points. There
were significant differences compared with the control
group. Ye Leping et al. took a similar approach and con-
cluded that low-volumes PEG solutions were more well-
tolerated than split-dose solutions. Nevertheless, the effec-
tiveness of the split-dose solution was not specifically an-
alyzed. Further high-quality clinical experimental studies
should be conducted in the future.

This study compared the occurrence of adverse reac-
tions (thirst, abdominal pain or abdominal discomfort,
abdominal distension, dizziness or headache, anal dis-
comfort, and sleep disturbance) in the two groups, and the
P value was greater than 0.05 with no statistical difference.

However, there were significant differences in the occur-
rence of nausea, vomiting, and fatigue, consistent with the
Kotwal’ et al. study [31]. Related studies have also pointed
out that reducing the dose of PEG solution in the morning
makes it easier to ingest and reduces the occurrence of
nausea and vomiting without affecting colonoscopy. The
experimental group in this study also reduced the tradi-
tional morning dose of 1.5L PEG to 0.75L PEG without
changing the total dose, which greatly reduced the oc-
currence of nausea and vomiting in patients. It may be that
the patient’s stomach has been emptied early in the
morning, and the large dose of PEG solution goes into the
digestive tract, which directly expands the stomach and
stimulates the receptors of the gastric floor and gastric
body. The resulting impulses reach along the afferent and
efferent fibers in the vagal nerve to the parietal cells of the
gastric mucosa. The release of acetylcholine through the
endings causes a large secretion of gastric acid and damages
the gastric mucosa. Thus, gastric peristalsis weakens, gastric
emptying delays, bowel tension increases, and reverse
peristalsis occurs, resulting in the reflux of duodenal
contents into the stomach. Finally, patients are most likely
to experience nausea and vomiting. However, the patients
in the experimental group took 1.5L PEG the night before
colonoscopy, and because the stomach was not completely
emptied, it was highly tolerated. In the early morning,
patients took 0.75L PEG, and although the stomach was
emptied, taking small doses of PEG solution caused less
gastrointestinal irritation and less severe physical adverse
stimulation. Nausea and vomiting are the most common
adverse reactions to PEG solution. Reducing the occur-
rence of nausea and vomiting will inevitably reduce the
overall incidence of adverse reactions. Because the patient
has experienced a long period of fasting, coupled with a
large amount of digestive juice discharged, the patient may
show physical fatigue or even a hypoglycemic reaction.
Therefore, when giving patient health education, we should
explain to the patient in advance that mild nausea, vom-
iting, and fatigue are normal reactions, and we can properly
control the speed of medication to avoid other adverse
events; if the physical reaction is serious and cannot be
tolerated, medication should be stopped to prevent other
complications.

Due to the characteristics of the PEG solution itself, there
was not much difference in terms of easy or difficult to
consume the study drug, the dose of the drug, the taste of the
drug, and the flavor of the drug, which is similar to that
reported in previous studies [32]. Our study found that
patients were more satisfied with the low-volume split-dose
regimen in the experimental group and were more willing to
repeat bowel preparation. To make this study more con-
vincing, a questionnaire was designed to investigate the
willingness of patients to change the existing bowel prep-
aration regimen in the hospital, and the results showed that
more than half of the patients wanted to change the regimen,
perhaps mainly because the existing regimen is prone to
adverse reactions, which affected the quality of life of pa-
tients. By analyzing the data of this study, there was no
correlation between bowel cleansing effect and lesions



detection rate and adverse effects in the two groups.
However, our present study found that reducing the dose of
drugs taken in the morning can improve the lesions de-
tection rate, which may have great clinical practical sig-
nificance. It is well known that digest and mucus in the
digestive tract accumulate over time, which may hinder the
detection of colonic lesions. At the same time, our study took
part of the bowel-clearing drugs on the day of the colo-
noscopy, which may increase the detection of patient lesions
and improve the effectiveness of colonoscopy.

There were several limitations in this study. First, we did
not compare the efficacy between 2.25 L split-dose PEG and
2.25L single-dose PEG. Our center has previously con-
ducted a clinical trial to address this issue. We found that the
single-dose PEG regimen was not applicable to our hospital.
In addition, the latest domestic data show that a single-dose
PEG regimen is easy to cause more adverse reactions in
patients. In order not to cause unnecessary discomfort in
patients, our study abandoned this regimen. Second, the
factors affecting bowel cleansing are age, hypertension, di-
abetes, etc. Although the baseline of the two groups in this
study was comparable, further study should explore whether
the personalized volume of PEG based on individual’s
presence of factors that influence bowel cleansing would be
superior. Third, for patients with inflammatory bowel dis-
ease, we used BBPS to evaluate the efficacy of the patient’s
bowel preparation but did not further evaluate disease se-
verity with the Mayo Endoscopic Score (MES) and the
Ulcerative Colitis Endoscopic Index (UCEIS), which are
currently commonly used in clinical trials [33]. Last, this is a
single-center study with limited sample size, and the se-
lection of study subjects was limited to outpatients in the
endoscopic center of the hospital. The study results are not
representative of all populations, so multicenter studies
should be conducted in the future to validate these exper-
imental study results and make the study results
generalizable.

In conclusion, this study found that patients receiving
the experimental group regimen before the morning colo-
noscopy could achieve a good bowel preparation effect.
Although both groups had similar adverse effects, patients
receiving the experimental group regimen were more tol-
erant, more compliant, more comfortable, and more willing
to repeat bowel preparation. This study regimen can im-
prove patient comfort and tolerance and provide an evi-
dence-based basis for future studies on patient bowel
preparation for colonoscopy.
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