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Abstract

Colorectal cancer ranks third in the global cancer data in 2020. Colorectal
scope is the most effective method to diagnose colorectal diseases such as be-
nign and malignant colorectal tumors. The poor quality of intestinal prepara-
tion causes an increased rate of missed diagnosis of colorectal tumors, re-
duces the rate of cecal intubation for colorectal examination, increases the
discomfort, and reduces the compliance of re-examination. Therefore, we
should try our best to improve the quality of intestinal preparation. This study
reviewed the latest advances related to the preoperative preparation for colo-
noscopy. Recent research shows that smartphone apps can provide more de-
tailed education and guidance on bowel preparation; Pre-packaged foods are
more suitable as a way to eat before colonoscopy. The use of smaller doses,
better taste of cathartic agents, and some auxiliary measures, combined with
the patient’s situation to provide personalized intestinal preparation measures
to improve the quality of intestinal preparation. Starting from the quality of
colonoscopy bowel preparation, continuous improvement of patients’ toler-
ance to bowel preparation, continuous improvement of bowel preparation
plan based on individual factors’ needs, and better communication with
examined subjects by using existing scientific information technology, may
be the hot spot of colonoscopy bowel preparation research in the next few

years.
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1. Introduction

Colorectal scope is the gold standard for the diagnosis of various colorectal dis-
eases, such as colorectal tumors, inflammatory bowel disease, ischemic enteritis,
etc. At the same time, it can also treat some colorectal diseases. However, the key
to the successful diagnosis of colorectal diseases is the quality of intestinal prep-
aration [1] [2]. Numerous studies have shown that the rate of polyp detection on
colonoscopy is significantly higher in patients with good-quality bowel prepara-
tion than in those with inadequate bowel preparation, especially if the morphol-
ogy is flat polyps. When subjects had a good or excellent standard of bowel
cleansing, the percentage of adenomas detected on colonoscopy significantly ex-
ceeded that of those with inadequate bowel cleansing. In addition, if their bowel
preparation was not thorough enough, it may have cost the surgeon more time
in performing the procedure, making it more difficult, increasing patient dis-
comfort and incurring additional health care costs, as well as resulting in the
needless consumption of significant health care resources [3]. The main objec-
tive of this paper is to discuss strategies to improve the effectiveness of bowel
cleansing before colonoscopy worldwide and to propose an improved method to

improve the effectiveness of bowel cleansing.

2. Preoperative Education and Bowel Preparation

Pre-operative education before bowel preparation is often the key to coordinat-
ing patients with a colonoscopy, which mainly includes the importance of bowel
preparation in colonoscopy, dietary management, and the administration of lax-
atives. Traditional preoperative education is mainly based on verbal informa-
tion, as well as text, pictures, videos, etc. Liu found that the quality of bowel
preparation for colonoscopy increased from 69.3% to 83.1% with nurse-centered
preoperative education based on verbal, text, picture and video [4]. With the
development of science and technology, social media apps and public websites
have also become a way to educate patients about bowel preparation. zander
Team independently developed a smartphone application, patients can run the
application on android or ios equipment, the application provides information
and conventional hospital education content is very similar, but the way of in-
formation is more intuitive, namely according to the patient appointment colo-
noscopy time customization, provide patients need to achieve intestinal cleaning
degree of low residue food image, laxative intake method and image, provide
personalized intestinal preparation steps, the results showed that the quality of
gut preparation was significantly better in the smartphone app population com-
pared to the control group [5]. Guan Y Team uses WeChat, a smart Chinese in-
stant messaging and social media application, let colonoscopy or their families in
booking time scan or codes WeChat group, the medical staff WeChat group with
text, pictures, videos telling the importance of intestinal preparation, dietary re-
quirements, and diarrhea drug medication instructions, etc., the results show

that using WeChat group, can improve the quality of intestinal preparation and
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increase the adenoma detection rate, shorten the total time of colonoscopy, and
reduce the discomfort in intestinal preparation [6]. In clinical work, the work-
load of clinical medical staff is heavy, and the simple propaganda and education
efficiency is low. Patients are affected by speech communication and other as-
pects. In the future, it is necessary to improve the theoretical knowledge of
propaganda and education of specialized medical staff and make full use of elec-
tronic information products to provide patients with simple and easy-to-under-

stand intestinal steps to improve the quality of bowel preparation.

3. Dietary Management and Bowel Preparation

Dietary management is very important in bowel preparation, e.g., fasting for 24
hours before colonoscopy, a low-fiber semifluid diet, and a clear liquid diet can
reduce the amount of feces in the bowel and increase the quality of the bowel
preparation, however, fasting alone without additional intravenous glucose sup-
plementation may present a risk of hypoglycemia [7]. After Meta-analyzing the
results of a study containing twenty articles, Zhang found that there were no
significant differences in the degree of cleanliness (Boston score) and the num-
ber of colonic adenomatous polyps detected, the probability of successful cecum
insertion, and patient comfort whether Low-fiber diet or clear liquid diet were
used as a bowel cleansing method, however, patients consuming Low-fiber diet,
as compared to those on the clear liquid diet, however, patients who consumed a
low-fiber diet experienced hunger pangs and nausea and vomiting much less
frequently than those on a clear liquid diet, and were more likely to be accepted
by patients [8]. Consumption of foods colored red, orange, blue, and purple may
affect colonoscopy results [9].

A pre-packaged diet for bowel preparation is a unified diet before bowel prepa-
ration. Zhang found that the pre-packaged diet has a more balanced nutrient
composition, less risk of hunger and hypoglycemia, is convenient to consume, is
easy to accept by the patients, and can significantly improve the quality of bowel
preparation. However, the pre-packaged diet has not been fully promoted be-
cause the standardized diet does not meet the taste of patients, the process of
adoption is cumbersome, and further research is needed [10].

According to Lee’s research results, the combination of 1L PEG electrolyte
solution and ascorbic acid as prepackaged food is not inferior to the combina-
tion of 2L PEG electrolyte solution and ascorbic acid-based low-fiber food, but
the former can improve the comfort of patients and reduce the use of PEG [11].

4. The Choice of Bowel Preparation Programs

European guidelines recommend PEG (polyethylene glycol) electrolyte powder
for bowel preparation, PEG adds water to form an isotonic solution to be taken,
in the human body is not absorbed, not metabolized, the intestinal absorption
and secretion function has no obvious effect, and is not easy to cause water-

electrolyte disorders, It can combine with water molecules to form stable hydro-
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gen bonds, so that the water in the intestinal contents will not be over-absorbed
by the colon, thus playing a role in lubricating the intestinal tract, softening the
feces, increasing the volume of intestinal contents and promoting intestinal mo-
tility. According to the newly released “Expert Consensus Opinion on Bowel
Preparation for Colonoscopy” in China, there are two recommended methods:
the first method is to take 1 L of PEG 10 to 12 h before colonoscopy, and 2 L of
PEG 4 to 6 h before colonoscopy; in addition, a second set of methods is to take
2 L PEG 4 to 6 h before colonoscopy, and take within 2 h [12].

PEG is salty and bitter, and some patients may experience nausea and vomit-
ing when taking it, resulting in failure of intestinal preparation. To improve the
taste, Wang compared vitamin C beverage + warm water (ratio of 1:1) with dis-
solved PEG, and found that patients with the former regimen had better taste
and were again willing to do a colonoscopy with higher compliance, and the ad-
verse reactions such as nausea and abdominal distension were less [13]. Wang
studied the 3L PEG regimen and 2L PEG regimen, take 3 L PEG program need
to start the night before, so repeated defecation will affect the quality of sleep,
found that the bowel preparation in the night before colonoscopy patients sleep
loss rate of 30.8%, in the day of the examination patients sleep loss rate of 16.4%,
night defecation will affect patients sleep quality [14]. Another study conducted
by Li compared the time-divided bowel preparation based on the appointment
time of patients with the traditional bowel preparation, the former significantly
improved the quality of intestinal preparation and reduced the time of colonos-
copy. This segmented medication method requires collaboration between medi-

cal staff in wards outpatients and endoscopy staff [15].

5. Adjuvant Measures and Bowel Preparation

There are many ways to assist bowel preparation in clinical practice, such as ex-
ercising after taking PEG, chewing gum, and taking lactulose the day before tak-
ing PEG. Chewing gum promotes the secretion of digestive juices, promotes in-
testinal motility, and also reduces the incidence of nausea and vomiting. A me-
ta-analysis of 10 RCT's with a total of 2002 patients showed that chewing gum
during bowel preparation not only improves bowel cleansing and reduces ad-
verse effects such as bloating, nausea, and vomiting, but also improves patient
satisfaction and compliance with re-examination [16]. In a study by Wang, on
the effects of chewing gum at different times in bowel preparation, the results
showed that chewing gum on the day of the examination reduced adverse reac-
tions such as bloating and nausea, and that chewing gum 2 days before the ex-
amination shortened the time of bowel preparation [17].

Exercise promotes bowel motility. The results of a meta-analysis involving
more than 2000 patients showed that the addition of quantitative exercise to
routine bowel preparation not only increased the quality of bowel preparation,
but also reduced adverse effects in patients [18]. Jiang studied the effects of dif-

ferent exercise intensities on intestinal preparation, and found that the first de-
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fecation time of the moderate-intensity exercise group and high-intensity exer-
cise group was shorter than that of the low-intensity exercise group, and the total
defecation was more and the intestinal tract was higher. The adverse reactions
such as abdominal pain and nausea in the moderate-intensity exercise group
were lower than those in the high-intensity exercise group and the low-intensity
exercise group [19]. Another study of chewing gum and exercise based on oral
PEG could improve the quality of intestinal preparation and reduce the occur-
rence of digestive tract adverse reactions compared to the single PEG group [20].

Lactulose is a permeable laxative that can promote intestinal peristalsis and
stool. Song’s study found that in overweight and obese patients, taking lactulose
before intestinal preparation could reduce the dose of PEG, reduce the adverse
reactions of the digestive tract, and increase the willingness of patients to reex-
amine [21]. Huang’s study on the effect of taking lactulose at different times on
intestinal preparation, found that the intestinal preparation quality of lactulose 2
days before colonoscopy was higher than that in patients taking lactulose before
1 day, and the intestinal preparation time was significantly shortened, which
could also reduce the amount of PEG [22]. A study involving 14 RCT studies on
PEG combined with mosapride and PEG alone as an intestinal regimen showed
that the intestinal tract of mosapride combined with PEG was better than that of
PEG alone [23]. There are many intestinal auxiliary measures in clinical practice,
but there is a lack of big data multicenter research, and the effect of the com-

bined use of various auxiliary measures needs further study.

6. The Use of Defoaming Agent

In clinical practice, commonly used defoaming agents include dimethyl silicone
oil, simethicone oil, etc. After a large number of studies, it has been proved that
the defoaming agent can reduce the bubble tension, and promote bubbles to
break and discharge through intestinal peristalsis, thus reducing the formation
of intestinal bubbles, improving the bowel preparation quality, increasing the
detection rate of colorectal adenoma, and reduce the possible adverse reactions
such as abdominal distension after colonoscopy [24]. Zhang study shows that
PEG solution as intestinal cleaner and oral simethicone oil can improve intestin-
al preparation quality without causing additional adverse reactions and patient
compliance, shorten cecal insertion time, and improve the detection rate of co-
lorectal adenoma [25]. At present, there is still no consensus on the dosage and
timing of the defoaming agent. Li found that increasing the dose of defoaming

agent could not improve the quality of intestinal preparation [26].

7. Intestinal Tract Preparation for Special Populations

Most hospitals have a uniform plan for bowel preparation for patients, but some
patients have decreased intestinal motility, such as chronic constipation, diabetes,
and other patients, these patients with intestinal preparation unqualified rate can

reach more than 60%, how to improve the quality of this part of patients with
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intestinal preparation, is the hot topic of intestinal preparation [27]. Fang found
that nearly 30% of colonoscopy patients have chronic constipation [28]. A study
by Xi on the effect of PEG combined with olive oil on bowel preparation in con-
stipation patients found that PEG combined with olive oil could shorten the time
of first defecation increase the number of bowel movements, and improve the
quality of bowel preparation [29]. In another study by Chen Jing and others,
lactulose and mosapride combined with PEG, compared with PEG alone, can
significantly increase the detection rate of intestinal and small polyps in the in-
testines of constipation patients [30]. Qi added linaclotide to PEG, improved the
quality of intestinal preparation, reduced adverse reactions, and reduced the
dose of PEG compared to the PEG regimen alone [31].

Intestinal need to control diet and take laxatives before colonoscopy, adverse
reactions such as hypoglycemia may occur, especially in diabetic patients, it is
particularly important to reduce the risk of hypoglycemia during bowel prepara-
tion [32]. Studies by Chen Lijuan and others found that fasting blood sugar in
diabetic patients should be controlled at 6 - 10 mmol/L before colonoscopy. If
the patient’s blood sugar is below 6 mmol/L, it is recommended to infuse glucose
to raise blood sugar to 6 mmol/L, and then a colonoscopy can reduce the adverse
reactions such as hypoglycemia [33]. Zhang Hongliang’s study suggested that
oral hypoglycemic drugs should be discontinued on the day of colonoscopy; If
patients use insulin, reduce the basal insulin to 50% of the original dose the
night before, and stop using short-acting insulin on the day of examination, ad-
verse reactions such as hypoglycemia may reduce [34]. He Kai et al found that
chewing gum and lactulose combined with PEG 24 hours before the examina-
tion compared with the other three schemes (chewing gum and PEG, lactulose
combined with PEG, single PEG) could improve the quality of intestinal prepa-
ration and the detection rate of polyps, and reduce the occurrence of adverse
reactions [35]. The bowel preparation of different patients needs to be given a
personalized bowel preparation regimen in combination with the specific situa-
tion of the patient. Moreover, more specific evaluation methods for the patient
and a more personalized bowel preparation regimen are also needed in the fu-

ture.

8. Conclusion

In conclusion, colonoscopy is an effective method for the diagnosis and treat-
ment of many colorectal diseases, the quality of intestinal preparation affects the
effect of colonoscopy, and optimizing colonoscopy for intestinal preparation
needs to be carried out from many aspects. The choice of intestinal cleaning
program needs to be more humanized, more formulated based on individual pa-
tient factors and tolerance, to minimize the intake of fluid, increase patient com-
fort, and improve compliance and the acceptance of re-examination. Pre-pack-
aged diet, in the future, it is also possible to develop individualized diet plans for

each colonoscopy person. More supplements like defoaming agents are needed
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to improve the quality of bowel preparation without affecting the safety of ex-
amination and the tolerance of patients. However, there is still a lack of big data
and multi-center research on the joint auxiliary measures, and further research
is needed in the future. The best strategy is to make a full evaluation of each co-
lonoscopy examiner, understand the patient’s disease situation, and individually
design the most suitable intestinal preparation scheme, but this significantly in-
creases the workload of medical staff, and a simpler evaluation method needs to
be developed in the future. With the development of science and technology, Al
may be used in providing bowel preparation solutions for examiners to help solve
these problems. In addition, a variety of ways to do preoperative education, es-
pecially combined with modern electronic information equipment, such as We-
Chat, smartphone apps, etc., to implement simple and easy personalized preo-
perative education. As modern electronic information technology is limited by
patients’ cultural level, mobile phone model, and Internet traffic, and increases
the workload of medical staff, a more advanced communication platform is
needed to solve the problem in the future. However, the mechanism of abdo-
minal pain, nausea, abdominal distension, and other symptoms is less studied,
so more research is needed to reveal the production mechanism of these symp-

toms to reduce the discomfort and improve the acceptance of colonoscopy.
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