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Introduction

Performing a colonoscopy is vital for the diagnosis and 
treatment of colon diseases. This importance is due to the 
physiological function of the colon, and bowel preparation 
quality dramatically impacts the effectiveness and safety 

of colonoscopy (1,2). While in the clinical practice, when 
we perform a colonoscopy for patients who complete 
bowel preparation according to written instructions at 
home, the quality is adequate. However, for patients who 
do not adequately prepare or take the bowel preparation 
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drug as required, the quality is reduced (3), which affects 
the operation and observation; often, patients need to be 
reexamined after inadequate bowel preparation (4). Bowel 
preparation quality directly affects the detection rate of 
colorectal diseases. Colorectal adenomas are precancerous 
lesions, increasing the adenoma detection rate, and 
providing effective treatment can reduce the progression 
risk of colorectal cancer (5). This study aims to see whether 
face-to-face education by medical staff before colonoscopy 
can improve the quality of bowel preparation and increase 
the detection of colorectal adenomas.

Methods

Subjects

Consecutive adult patients who were diagnosed with 
colorectal polyps by colonoscopy as outpatients and 
underwent endoscopic polypectomy within six months 
between  January  2017  and  February  2018  were 
retrospectively included in the study. The study protocol 
was approved by the Ethics Committee of Capital Medical 
University affiliated Beijing Shijitan Hospital. All patients 
signed written informed consent forms before colonoscopy. 
The exclusion criteria were as follows: (I) patients with 
incomplete colon examinations not related to bowel 
preparation at the first colonoscopy as outpatients; (II) 
patients with incomplete examinations as inpatients; (III) 
patients who underwent colorectal surgery before the first 
colonoscopy as outpatients.

Study protocol

Bowel preparation instructions were given in writing for 
outpatients before colonoscopy. The patients performed 
the bowel preparation at home by themselves according to 
these written instructions, which included a diet adjustment 
and the administration of bowel preparation drugs. 
The outpatients who were detected to have colorectal 
polyps and underwent endoscopic polypectomy inpatient 
within six months were enrolled in our study. When they 
were admitted to the hospital, they were given personal 
instructions about bowel preparation before colonoscopy by 
medical staff in a face-to-face meeting. The pictures of the 
bowel preparation results were attached to the wall of the 
bathroom in the ward, which aided patients in evaluating 
the outcome of the bowel preparation. Doctors confirmed 
the result of the bowel preparation before the colonoscopy, 

recommended more bowel preparation according to the 
results if necessary.

Bowel preparation methods (6)
A low-fiber diet (7,8) one day before colonoscopy 
and fasting on the day of colonoscopy were required. 
Two thousand milliliters of a bowel preparation drug 
[polyethylene glycol electrolyte dispersion (64 g + 1,000 mL  
water) ×4] was taken between 7 p.m. and 9 p.m. on the 
night before colonoscopy, and another 2,000 mL was taken 
between 8 a.m. and 10 a.m. on the day of the colonoscopy. A 
total of 30 mL of Simethicone Emulsion was taken 3 hours  
before the examination.

Observation index
Colonoscopies as out- and in-patients are compared in the 
same group of patients. The time to reach the ileocecal 
region was recorded, and the bowel preparation was 
evaluated [the Boston Bowel Preparation Scale (BBPS) 
and bubble scores were used]. The number, size, location, 
morphology, and pathology of the colorectal polyps were 
examined. 

The quality of bowel preparation was evaluated by 
BBPS (9). The bubble scores were assigned as follows: 0= 
no or few bubbles; 1= bubbles covering at least half of the 
diameter of the colorectal cavity; and 2= bubbles covering 
the whole colorectal cavity.

Statistical analyses

Data were entered into SPSS (Statistical Product and 
Service Solutions) 21.0 for analysis (IBM, Armonk, NY, 
USA). Time to reach the ileocecal region and bowel 
preparation quality in the two colonoscopies were analyzed 
by paired-samples t-tests or Wilcoxon signed-rank tests 
according to the distribution of data. Missed colorectal 
adenoma diagnoses were analyzed by multivariate logistic 
regression considering the quality of bowel preparation, 
morphology, diameter, and location of the colorectal 
adenoma. Statistical significance was as accepted when 
P<0.05.

Results

Patient baseline characteristics and polyp detection (Table 1):  
of the 283 consecutive adult patients who underwent a 
colonoscopy as outpatients, were diagnosed with colorectal 
polyps and underwent endoscopic polypectomy within 
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six months, 260 patients were eligible for inclusion 
(Figure 1 ) .  Twenty-three patients  were excluded;  
14 patients underwent colorectal surgery, and nine patients 
had incomplete examinations as inpatients. The study 
population included 169 males and 91 females, with median 
[IQR] age 63 [56, 68] years old. A total of 1,104 colorectal 
polyps were found. A total of 252 patients were diagnosed 
with colorectal adenomas, and 685 polyps were identified as 

colorectal adenomas. A total of 130 patients had 295 polyps 
overlooked in the first colonoscopy, and 94 patients had 179 
adenomas overlooked.

Comparison of bowel preparation quality between the 
two colonoscopies (Table 2): six of the 260 outpatients were 
excluded because of failure reaching the ileocecal region 
in the first colonoscopy due to poor bowel preparation. 
A total of 254 patients for whom the ileocecal region 
could be reached in both colonoscopies were included in 
the statistical analysis. Median [IQR] BBPS score was 9 
[8, 9] during inpatient, and 7 [6, 9] during outpatient. In 
the second colonoscopy, the BBPS scores of 141 patients 
were higher than those in the first colonoscopy, the BBPS 
scores of 16 patients were lower than those in the first 
colonoscopy, and the BBPS scores of 97 patients were 
equal to those in the first colonoscopy. The difference was 
statistically significant, with a P value of 0.000. Regarding 
bubble scores, median (IQR) Bubble Score was 0 (0.00, 0.00) 
during inpatient, and 0 (0.00, 1.00) during outpatient, in the 
second colonoscopy, the bubble scores of 98 patients were 
lower than those in the first outpatient colonoscopy, the 
bubble scores of only five patients were higher than those 
in the first outpatient colonoscopy, and the bubble scores 
of 151 patients were equal to those in the first outpatient 
colonoscopy. The difference was statistically significant  
(P value was 0.000).

Comparison of the time to reach the ileocecal region in 
the two colonoscopies (Table 3): six of the 260 outpatients 
were excluded because of failure reaching the ileocecal 
region in the first colonoscopy due to poor bowel 
preparation. The rate of reaching the ileocecal region was 
98.07% in the first colonoscopy and 100% in the second 
colonoscopy. Regarding the time to reach the ileocecal 
region in the two colonoscopies, the median [IQR] time to 
reach the ileocecal region was 6 [5, 9] min during inpatient 
and 7.5 [5, 11] min during outpatient. One hundred sixteen 
patients had a shorter second colonoscopy, 29 patients had 
a longer second colonoscopy, and 119 patients had the 
same time for the two colonoscopies. The difference was 

Table 1 Polyps/adenomas detection

Colorectal polyp/
adenoma

Number detected 
Patients/polyps

Number overlooked 
patients/polyps

Colorectal polyp 260/1,104 130/295

Colorectal adenoma 252/685 94/179

Table 2 Comparison of bowel preparation quality between the two 
colonoscopies

BBPS/Bubble 
score

Median (IQR) 
(scores)

χ ± SD  
(scores)

Z P

BBPS score

Inpatient 9 (8, 9) 8.34±0.909 −9.885 0.000

Outpatient 7 (6, 9) 7.35±1.409

Bubble score

Inpatient 0 (0.00, 0.00) 0.06±0.229 −8.732 0.000

Outpatient 0 (0.00, 1.00) 0.48±0.621

Figure 1 Study flow diagram.

Patients included
N=260

Patients who underwent colonoscopy, were diagnosed 
with colorectal polyps as outpatients and underwent 
endoscopic polypectomy within six months between 

January 2017 and February 2018
N=283

Patients excluded
N=23

Underwent colorectal 
surgery
N=14

Incomplete examination 
as inpatient

N=9

Table 3 Comparison of the time to reach the ileocecal region in the 
two colonoscopies

Inpatient/
outpatient

Median (IQR) 
(min)

x SD±   
(min)

Z P

Inpatient 6 (5, 9) 7.50±4.524 −6.585 0.000

Outpatient 7.5 (5,11) 9.23±6.402
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statistically significant (P value was 0.000).
Multivariate logistic regression analysis of the missed 

colorectal adenomas (Table 4): multivariate logistic 
regression was used to analyze the factors, including bowel 
preparation quality, diameter, morphology, and location 
of colorectal adenoma, associated with missed colorectal 
adenoma diagnoses. The results suggested that the bowel 
preparation quality affected the detection of colorectal 
adenomas. The missed diagnosis rates of colorectal 
adenomas in patients with excellent and poor bowel 
preparations were 3.183 and 3.286 times higher, respectively 
than those in patients with excellent bowel preparation, and 
the P value was 0.000. Figure 2 shows that adenomas were 
missed in colonoscopy with inadequate bowel preparation. 
The morphology and diameter of the colorectal adenomas 
also affected their detection. The missed diagnosis rate of 
adenomas with Yamada type I–II morphology was 2.581 
times higher than that of adenomas with Yamada type III–
IV morphology, and the P value was 0.001. The missed 
diagnosis rate of adenomas with diameters less than 5 mm  
was 2.782 times higher than that of adenomas with 
diameters greater than 5 mm, and the P value was 0.000. 
The missed diagnosis rate of colorectal adenomas was not 
related to a location within the colon. 

Discussion

A colonoscopy is a gold standard for diagnosing colon 
diseases and plays a vital role in screening for colon cancer. 
The detection and removal of colorectal adenomas by 
colonoscopy can significantly reduce the risk of colon 
cancer.

The quality of bowel preparation directly determines the 
effectiveness of colonoscopy. Inadequate bowel preparation 
not only reduces the detection rate of adenomas and the 
rate of reaching the ileocecal region but also significantly 
prolongs the operation time, increases the suffering of 
patients, shortens the interval time for reexamination (4), 
and increases medical expenses (10,11). However, in China, 
the reported proportion of inadequate bowel preparation 
is as high as 29.7% (12). The reasons for this high rate 
is mainly related to diet adjustment (13,14), correct 
administration of bowel preparation drugs, and required 
special attention to select patients (15).

Previous studies have shown that the quality of bowel 
preparation is influenced by the methods the medical 
staff use to educate and inform the patients (16). Bowel 
preparation quality also relies on how much information 
the patient retains and to what degree the patient follows 

Table 4 Multivariate logistic regression analysis of the missed colorectal adenomas

Impact factors Misdiagnoses Detection HR 95% CI P value

Bowel preparation quality

Excellent 83 247

Good 73 228 3.183 (1.675, 6.050) 0.000

Poor 23 31 3.286 (1.719, 6.280) 0.000

Adenoma morphology

Yamada I–II 160 362 2.581 (1.484, 4.488) 0.001

Yamada III–IV 19 144

Adenoma diameter

<5 mm 85 109 2.782 (1.982, 4.091) 0.000

≥5 mm 94 397

Adenoma location

Ileocecal-ascending 54 162

Transverse-descending 97 223 0.749

Rectum-sigmoid 28 121
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the instructions, such as eating a low-fiber diet the day 
before the colonoscopy (17) as well as taking the bowel 
preparation drugs as instructed. The European Society of 
Gastrointestinal Endoscopy strongly recommends oral and 
written bowel preparation education (18). However, not all 
medical units follow these recommendations.

Previous studies have shown that adequate notification 
was an independent predictor of bowel preparation  
quality (19), and non-adherence to bowel preparation 
instructions increased the risk of inadequate bowel 
preparation (3). In our research, we studied the factors 
affecting the quality of bowel preparation by using a 
personal pre- and post-control method. We found that as 
inpatients, patients received face-to-face bowel preparation 
education from medical staff, and the patients were able to 
evaluate their bowel preparations according to the standard 
pictures that were attached to the wall of the bathroom. 

The medical staff recommends more bowel preparation 
according to the results. These methods significantly 
improved the quality of bowel preparation. An excellent 
bowel preparation shortened the time to reach the ileocecal 
region and reduced pain simultaneously.

Bowel preparation quality is closely related to the polyp 
detection rate (12,20). Early detection and elimination 
of colorectal polyps can effectively reduce colorectal 
cancer risk (21). Studies showed that the missed diagnosis 
prevalence of colon flat adenomas is as high as 27 percent 
due to poor preparation of the bowel (22). The smaller 
the diameter of the adenoma, the easier it is to be  
overlooked (23). The detection rate of adenomas in high-
quality bowel preparations was 41% higher than that in 
low-quality bowel preparations (4). The results of our 
study showed that face-to-face education from medical staff 
improved the quality of bowel preparation, and poor bowel 

Figure 2 Polyps can be misdiagnosed in colonoscopy with inadequate bowel preparation. (A,C) Show polyps that were misdiagnosed 
because  of opaque liquid (BBPS scores of this segment =2); (B,D) show polyps detected in the same region when the quality of the bowel 
preparation is excellent (BBPS scores of this segment =3).

A B

C D
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preparation increased the possibility of missed colorectal 
adenoma diagnoses. The missed diagnosis rates of Yamada 
type I–II adenomas and adenomas with a diameter of less 
than 5 mm were higher than those of Yamada type III–
IV adenomas and adenomas with a diameter of more than 
5 mm. In clinical practice, we also found that poor bowel 
preparation increased the chance of a missed diagnosis 
of small flat polyps; thus, improving the quality of bowel 
preparation can increase the detection rate of colorectal 
adenomas, primarily flat adenomas (24). The detection 
rate of colorectal adenomas is also related to the ability 
of the doctors and enough withdrawal time. Doctors who 
performed colonoscopy in this study were experienced 
(more than 500 colonoscopies performed) in operation 
colonoscopy. The withdrawal time for each patient was 
more than 6 minutes. So we can exclude the impact of the 
above two variables on colorectal adenoma detection rates. 
However, this study also had some limitations. The patients 
with polyps were known by the doctors ahead of the second 
colonoscopy; this may have resulted in the doctors paying 
more attention to locating the adenomas, thereby increasing 
the detection rate of adenomas.

In conclusion, adequate communication with and 
education of patients are essential for high-quality bowel 
preparations, which can improve the detection rate of colon 
lesions. In clinical practice, the most feasible method to 
improve the patient’s understanding and compliance with 
the bowel preparation methods is to hand out a standard 
bowel preparation result picture, and a flow chart mainly 
based on pictures to general patients during appointments 
(25-27), provide reeducation via telephone or text messaging 
(12,28), and send smartphone and social media reminders 
(29,30) before colonoscopy (31) to improve the quality of 
bowel preparation and adenoma detection (32). Especially 
for patients who are assessed as having poor bowel 
preparation (33,34), such as those with chronic constipation 
(35,36), should accept personal instruction using the above 
mentioned methods, or admit to daytime wards if necessary 
to improve the quality of the bowel preparation for practical 
colonoscopy examination.

Conclusions

Face-to-face patient education can improve the quality 
of bowel preparation, then shorten the time to reach 
the ileocecal region, and increase detection of colorectal 
adenomas.
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