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ORIGINAL ARTICLE

Observational Study

Impact of simethicone on bowel cleansing during colonoscopy in 
Chinese patients
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Abstract
BACKGROUND 
Four-liter polyethylene glycol (PEG) solutions are effective for bowel cleansing, 
but their large volume might hinder patient compliance. Due to the unique 
features of Asians, 4 L PEG might be a suboptimal bowel preparation in 
predominantly ethnically Asian countries. In view of this, a balance should be 
achieved between the volume and effectiveness. The ideal bowel cleansing 
regimen for a colonoscopy has yet to be determined in a Chinese population.

AIM 
To compare the cleansing efficacy of 3 L PEG plus simethicone with 4 L PEG.

METHODS 
A total of 291 patients were randomly allocated to two groups: Group 1 (n = 145) 
received 4 L split-dose PEG (4-P); group 2 (n = 146) received 3 L split-dose PEG 
plus simethicone (3-PS). Bowel-cleansing efficacy was evaluated by endoscopists 
using the Boston bowel preparation scale (BBPS) and the bubbles score.

RESULTS 
Although there were no significant differences in the total BBPS score or the 
adequate rate of bowel preparation between the two groups, the BBPS score of the 
right-side colon was significantly higher in the 3-SP group (2.37 ± 0.54 vs 2.21 ± 
0.78; P = 0.04). Moreover, the use of simethicone significantly reduced bubbles in 
all colon segments (P < 0.001). The mean withdrawal time was significantly 
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shorter in the 3-PS group (8.8 ± 3.4 vs 9.6 ± 2.3; P = 0.02). Furthermore, 
significantly more proximal adenomas were detected in the 3-PS group (53.6% vs 
45.7%; P = 0.03). In addition, the proportions of patients with nausea and bloating 
were significantly lower in the 3-SP group (P < 0.01 for both). More patients in the 
3-PS group expressed willingness to repeat the bowel preparation (87.7% vs 
76.6%, P = 0.01).

CONCLUSION 
Three-liter PEG shows satisfactory bowel cleansing despite the decrease in 
dosage, and addition of simethicone with better bubble elimination and enhanced 
patient acceptance offers excellent potential impact on the detection of proximal 
adenomas in Chinese patients.

Key Words: Polyethylene glycol; Simethicone; Colonoscopy; Bowel preparation; 
Cleansing efficacy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The incidence and mortality of colorectal cancer have been rapidly increasing 
in China over the last decade. A high-quality bowel preparation is a key determinant of 
the efficacy of colonoscopy to reduce the incidence of colorectal cancer, but 4 L 
polyethylene glycol might be a suboptimal bowel preparation in the Chinese 
population. In view of a balance between the volume and effectiveness, this study 
showed that 3 L polyethylene glycol had satisfactory bowel cleansing, and addition of 
simethicone with better bubble elimination and enhanced patient acceptance offered 
excellent potential impact on the detection of proximal adenomas in Chinese patients.

Citation: Zhang H, Liu J, Ma SL, Huang ML, Fan Y, Song M, Yang J, Zhang XX, Song QL, 
Gong J, Huang PX, Zhang H. Impact of simethicone on bowel cleansing during colonoscopy in 
Chinese patients. World J Clin Cases 2021; 9(10): 2238-2246
URL: https://www.wjgnet.com/2307-8960/full/v9/i10/2238.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i10.2238

INTRODUCTION
Colorectal cancer (CRC) is a major cause of death worldwide. In spite of the reduction 
of its incidence in Western countries over the last decade, its incidence and mortality 
have been rapidly increasing in Asian countries, including China and Korea[1,2]. 
Currently, colonoscopy is a standard first-line tool for the screening, surveillance, and 
prevention of CRC because it enables removal of colorectal precancerous lesions[3,4]. A 
high-quality bowel preparation is a key determinant of its efficacy to reduce the 
incidence of CRC. Early diagnosis is associated with better patient survival and quality 
of life. Unfortunately, up to 25% of patients who undergo colonoscopy have been 
shown to have poor bowel preparation quality[5].

In the European and American guidelines, high-volume polyethylene glycol (PEG) 
solutions are currently recommended as the first-line choice for bowel preparation due 
to their excellent efficacy[5,6]. In contrast, lower volume bowel preparations, such as 2 L 
PEG, have been widely used in Chinese countries in recent years[7]. Although 2 L PEG 
preparations are gaining popularity and have shown better compliance among 
patients, their efficacy remains a priority in view of the adverse effects of inadequate 
preparation on the efficacy of CRC prevention.

A recent meta-analysis showed the superiority of split-dose high-volume (≥ 3 L) to 
low-volume PEG in terms of efficacy[8]. In addition, a multicenter randomized, 
controlled trial concluded that 3 L split-dose PEG is superior to 2 L PEG in improving 
safety and compliance in Chinese populations[9]. Simethicone is an effective 
antifoaming agent and is commonly used to eliminate bubbles during endoscopic 
procedures. A combination of simethicone and PEG has been shown to improve the 
mucosal visibility of the bowel during colonoscopies. A large volume (4 L) of PEG 
would ensure a better quality of bowel cleansing but might be poorly tolerated. 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Optimal bowel preparation with PEG solutions by reducing the volume of the solution 
without influencing its effectiveness that is most suitable for the Chinese population is 
still controversial. In consideration of achieving a balance between effectiveness and 
volume, we designed this prospective, randomized clinical study to compare the 
effectiveness and compliance with bowel cleansing between 3 L PEG plus simethicone 
and 4 L PEG.

MATERIALS AND METHODS
This was a single-center, prospective, randomized, endoscopist-blinded study. Patients 
were randomly allocated to two groups by a computer-based randomization list: Split-
dose of 4 L PEG (4-P) group or split-dose of 3 L PEG plus simethicone (3-PS) group. 
This study was conducted at the Central Hospital of Wuhan (Wuhan, China) from 
January 2019 to June 2019 and was approved by the Ethical Committee of the Central 
Hospital of Wuhan. All patients gave informed consent for their participation. This 
study included adult participants who underwent colonoscopy. The patients included 
were between age of 18 and 75 years. The exclusion criteria included pregnancy, 
gastrointestinal perforation or obstruction, active gastrointestinal bleeding, significant 
cardiac/renal/hepatic diseases, severe constipation or IBD, allergy to PEG or 
simethicone, and any mental illness. All eligible patients were randomized into the 
two groups by a computer-generated number list. After randomization, the patients 
were required to complete a bowel preparation questionnaire before the colonoscopy.

Bowel preparation methods
The bowel preparation regimens were PEG 4000 (each liter containing 64 g PEG 4000, 
5.7 g sodium sulfate, 1.68 g sodium bicarbonate, 1.46 g sodium chloride, 0.75 g 
potassium chloride; Beaufour Ipsen Pharmaceutical Co, France) and simethicone (30 
mL, 1200 mg, Menarini Pharmaceutical Co. Ltd., Italy). Colonoscopy was performed 
by experienced colonoscopists (> 2000 colonoscopies per year) who were blinded to 
the bowel preparation regimens that the patients had received. Olympus CF-H290I 
colonoscopes were used to perform all procedures in this trial.

All eligible patients were randomized to the two groups. Participants in the two 
groups received a split dose of PEG. Participants in the 4-P group were to begin to 
drink the dose at a rate of 250 mL every 15 min. Half the dose (2 L) was taken the night 
19:00-21:00 before the colonoscopy, and on the day of the procedure, they took another 
2 L 4-6 h before the colonoscopy. In the 3-PS group, patients were told to take 1 L PEG 
at 19:00 h the day before the procedure, and the remaining 2 L in the early morning 4-6 
h before the scheduled colonoscopy. The dose of simethicone was consumed within 
half an hour to one hour after all of the PEG was consumed. Participants in the two 
groups were instructed to follow a low-residue diet on the day before the colonoscopy.

Efficacy assessment of bowel preparation
The primary efficacy endpoints were the Boston bowel preparation scale (BBPS)[10] and 
the bubbles score. Bowel cleansing was assessed by endoscopists who were blinded to 
the preparation method. The BBPS is a validated bowel preparation scoring system to 
evaluate the quality of bowel preparation. The BBPS was rated according to a 4-point 
scale (0-3) as follows: Unprepared (grade 0) = solid stool obscuring the colonic mucosa 
despite aggressive washing and clearing; fair (grade 1) = residual stool and opaque 
liquid obscuring the colonic mucosa leading to only a portion of the mucosa of the 
colon segment being visible; good (grade 2) = minor amount of turbid fluid or stool 
residue, but the colonic mucosa is seen as well; and excellent (grade 3) = the entire 
colonic mucosa is seen well, with no residual stool or opaque liquid. Each segment of 
the colon, including the left, transverse, and right segments, is rated from 0 to 3. The 
total score is a 9-point scale ranging from 0 to 9 (0 = very poor, 9 = excellent). Total 
scores of ≥ 6 were defined as adequate bowel preparation.

The bubbles score was used to evaluate its impact on colonic mucosal visibility and 
was rated according to a 4-point scale (0-3), as has been used in previous studies[11]: 0 
(no bubbles): > 90% mucosa clear of bubbles not requiring irrigation; 1 (minimal 
bubbles): 75%-89% mucosa clear of bubbles not requiring irrigation; 2 (moderate 
bubbles): 50%-74% mucosa clear of bubbles and requiring irrigation; and 3 (severe 
bubbles): < 50% mucosa clear of bubbles and requiring irrigation. Each segment of the 
colon, including the left, transverse, and right segments, is rated from 0 to 3. The total 
score is a 9-point scale ranging from 0 to 9 (0 = excellent, 9 = very poor).

Secondary efficacy endpoints included the adenoma/polyp detection rate 
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(ADR/PDR), cecal intubation time, and withdrawal time.

Tolerability and compliance
Tolerability was assessed by inquiring about the occurrence of adverse events such as 
nausea, vomiting, bloating, abdominal pain, and sleep disturbance during the process 
of bowel preparation. In addition, willingness to repeat the same bowel preparation in 
the future was also assessed.

Statistical analysis
The sample size calculation was designed to assess the superiority of 3 L PEG plus 
simethicone compared with 4 L PEG in bowel cleansing. Our primary outcome was 
adequate bowel cleansing rate defined as a total BBPS score ≥ 6 or higher. Based on a 
previous study performed in Canada[12], the adequate rate based on the BBPS was 
estimated to be 85% and 95% for 3 L PEG plus simethicone and 4 L PEG, respectively.

The sample size of 134 patients per group was determined using a power of 0.80, α 
of 0.05, and dropout rate of 5%, which was increased to approximately 300 patients in 
total. Associations between the categorical variables and the continuous variables were 
assessed using the chi-squared test and t-test. A P value less than 0.05 was regarded as 
statistically significant. Statistical analyses were performed using SPSS statistical 
software (version 17.0, SPSS Inc., Chicago, IL, United States).

RESULTS
Patients’ characteristics
A total of 300 patients aged 18 to 75 years old were randomly allocated to the 4-P 
group (n = 145) or the 3-PS group (n = 146) between January 2019 and June 2019. Nine 
patients were excluded from the analysis (patient refusal in 6, intestinal obstruction in 
1, and no allocated intervention in 2). Finally, 145 participants in the 4-P group and 146 
in the 3-PS group underwent colonoscopy and were included. The baseline 
characteristics of the patients are shown in Table 1, and there were no statistically 
significant differences in baseline characteristics between the two groups (Figure 1).

Outcomes of bowel cleansing
BBPS and bubble scores: The efficacy of bowel preparation is shown in Table 2. The 
total BBPS score was 7.11 ± 1.52 in the 4-P group and 7.06 ± 1.73 in the 3-PS group, and 
there was no significant difference between the two groups (P = 0.79). However, in the 
right-side colon, the BBPS score in the 3-PS group was significantly higher than that in 
the 4-P group (P = 0.04). No differences were found in terms of BBPS scores for the 
transverse and left colon segments. In addition, the adequate rate of bowel preparation 
was 89.6% in the 4-P group and 86.9% in the 3-PS group (odds ratio = 0.77, 95% 
confidence interval: 0.38-1.58, P = 0.48). The use of simethicone added to 3 L PEG 
reduced bubbles in all colon segments, which suggested a higher quality of bowel 
mucosal visibility in the 3-PS group. There was a statistically significant difference in 
bubbles between the two groups (P < 0.001). Although the mean cecal intubation time 
was similar between the two groups, there was a significant difference with regard to 
withdrawal time (P = 0.02).

ADR/PDR: Although the ADR and PDR were similar between the groups (16.4% vs 
15.2%; 35.0% vs 31.7%), the total number of adenomas detected was significantly 
higher in the 3-PS group (35 vs 56; P = 0.009). Although the ADR for the adenomas 
with a size less than 5 mm was different with borderline statistical significance (P = 
0.05), more proximal adenomas were detected in the 3-PS group (P = 0.03).

Willingness to repeat bowel preparation and patient tolerability: More patients in 
the 3-PS group expressed a willingness to repeat the bowel preparation (87.7% vs 
76.6%, P = 0.01). No serious adverse events were found in the study population 
(Table 3). Although there were no significant differences between the two groups, 
fewer patients reported adverse events in the 3-PS group than in the 4-P group (39.7% 
vs 46.2%). The proportions patients with nausea (22.0% vs 36.6%, P = 0.006) and 
bloating (20.5% vs 40%, P = 0.001) were significantly lower in the 3-PS group than in 
the 4-P group, but symptoms such as abdominal pain, vomiting, and sleep disturbance 
were similar between the groups.
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Table 1 Baseline characteristics between the 4 L polyethylene glycol and 3 L polyethylene glycol plus simethicone groups

Variable 4-P (n = 145) 3-PS (n = 146) P value1

Age, yr, (mean ± SD) 48.3 ± 12.1 47.9 ± 13.5 0.79

Male, n (%) 74 (51.0) 70 (47.9) 0.60

Diabetes, n (%) 12 (8.3) 9 (6.2) 0.49

Indication for colonoscopy, n (%)

Rectal bleeding 23 (15.9) 27 (18.5) 0.55

Diarrhea 22 (15.2) 28 (19.2) 0.37

Constipation 18 (12.4) 14 (9.6) 0.44

Abdominal discomfort 46 (31.7) 34 (23.3) 0.11

Surveillance/screening 20 (13.8) 30 (20.5) 0.13

Polypectomy/resection 12 (8.3) 10 (6.8) 0.65

Other 4 (2.7) 3 (2.1) 0.70

1Statistical significance between groups was tested by Student t test or χ2 analysis. 4-P: 4 L polyethylene glycol; 3-PS: 3 L polyethylene glycol plus 
simethicone.

DISCUSSION
The effectiveness of a colonoscopy in significantly reducing the incidence and 
mortality of CRC[13] depends on adequate bowel preparation and removal of colorectal 
precancerous lesions[14]. Inadequate bowel preparation not only increases the economic 
cost and prolongs the procedure time but also increases the number of potential 
lesions being missed, especially those in the proximal colon[15]. A prospective 
observational study revealed a threefold higher miss rate for adenomas when bowel 
preparation was inadequate[16].

In the recent consensus statement by the Chinese Society for Gastrointestinal 
Endoscopy, 3-L split-dose PEG was strongly recommended as the preferred choice for 
bowel cleansing in the Chinese population[17]. In view of its cleansing efficacy, the 
results of our study demonstrated that the 3-PS group had a higher adequate rate of 
bowel preparation and was not inferior to the 4-P group. The noteworthy finding in 
this study was that the BBPS score in the right-side colon was significantly higher in 
the 3-PS group. Furthermore, the use of simethicone added to 3 L PEG could 
statistically reduce bubbles in the entire colon and had a higher quality of bowel 
mucosal visibility.

According to the European Society for Gastrointestinal Endoscopy, a minimum 
standard of more than 90% adequate bowel preparation has been recently 
recommended[18]. It is known that Asian populations have difficulty tolerating the 4 L 
PEG of bowel preparation that is commonly used in Western countries[9]. Our results 
showed that the adequate bowel preparation rate (BBPS > 6) in the 3-PS group was 
90.4%, which was not inferior to that in the 4-P group (P = 0.29). We suggest that the 
addition of simethicone to 3 L split-dose PEG is a valuable option for bowel 
preparation and an alternative method when a large volume of PEG cannot be 
tolerated.

The ADR has been deemed to be the main indicator of the quality of bowel 
cleansing during colonoscopy[19]. The current international guidelines have 
recommended that the ADR should be ≥ 25% overall as the minimal requirement of 
surveillance colonoscopy[20]. A recent meta-analysis revealed a positive effect of 
simethicone with statistical significance in the low ADR group (< 25%). An interesting 
aspect of this analysis was that the populations of the included studies in the low ADR 
group were all from Asian countries[21]. This phenomenon might partly explain the 
increase in the incidence and mortality of CRC in Asian countries. Our study showed 
that the ADR was also less than 25%; therefore, simethicone might have a positive 
effect in combination with the PEG solution.

A previous study reported that CRC in Eastern China has undergone a rightward 
change in its site distribution in the past 2 decades[22]. Therefore, improving the 
effectiveness of right-sided colon cleansing plays a key role in improving compliance 
with screening programs, which is crucial for screening efficiency in CRC prevention. 
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Table 2 Outcomes of bowel preparation between the 4 L polyethylene glycol and 3 L polyethylene glycol plus simethicone groups

Variable 4-P (n = 145) 3-PS (n = 146) P value1

Cecal intubation success, % 100 100 1

Cecal intubation time (mean ± SD), min 7.6 ± 1.9 7.8 ± 1.9 0.37

Withdrawal time (mean ± SD), min 9.6 ± 2.3 8.8 ± 3.4 0.02

Adenoma, n (%) 22 (15.2) 24 (16.4) 0.77

Polyp, n (%) 46 (31.7) 51 (35.0) 0.56

Colitis, n (%) 13 (9.0) 16 (11.0) 0.57

Normal, n (%) 61 (42.1) 57 (39.0) 0.60

Others, n (%) 7 (4.8) 5 (3.4) 0.55

BBPS

Total score (mean ± SD) 7.11 ± 1.52 7.06 ± 1.73 0.79

Right colon (mean ± SD) 2.21 ± 0.78 2.37 ± 0.54 0.04

Transverse colon (mean ± SD) 2.56 ± 0.50 2.44 ± 0.77 0.12

Left colon (mean ± SD) 2.34 ± 0.72 2.25 ± 0.84 0.33

BBPS ≥ 6, n (%) 136 (93.8) 132 (90.4) 0.29

Bubble score, mean (SD) 2.85 ± 1.91 1.21 ± 1.57 < 0.001

Left colon2 0.68 ± 0.80 0.27 ± 0.50 < 0.001

Transverse colon 0.64 ± 0.75 0.25 ± 0.51 < 0.001

Right colon3 1.52 ± 1.06 0.66 ± 0.96 < 0.001

Total number of adenomas 35 56 0.009

Adenoma location, n (%)

Proximal4 16 (45.7) 30 (53.6) 0.03

Distal5 19 (54.3) 26 (46.4) 0.27

Adenoma size, n (%)

≤ 5 mm 19 (54.3) 32 (57.1) 0.05

> 5 mm 16 (45.7) 24 (42.9) 0.18

Willingness to repeat bowel preparation, n (%) 111 (76.6) 128 (87.7) 0.01

1Statistical significance between groups was tested by Student t test or χ2 analysis.
2Left colon, including the descending colon, sigmoid colon, and rectum.
3Right colon, including the cecum and ascending colon.
4Proximal colon, including the cecum, ascending colon, and hepatic flexure colon.
5Distal colon, including the splenic flexure, descending colon, sigmoid colon, and rectum.
4-P: 4 L polyethylene glycol; 3-PS: 3 L polyethylene glycol plus simethicone; BBPS: Boston bowel preparation scale.

The most important finding in our study was that a significantly higher ADR in the 
proximal colon was confirmed in the 3-PS group. We noted better visualization of the 
whole large intestine, especially the right colon, probably due to the effect of 
simethicone. As bubbles are often present in the proximal colon, especially the 
ascending colon, the elimination of bubbles could enhance the ability to detect smaller 
proximal adenomas. At the same time, the ADR of adenomas less than 5 mm was 
different with borderline statistical significance. This result may be associated with the 
small number of patients included. Therefore, additional large clinical trials are 
necessary to confirm our results.

The presence of bubbles is an important factor that can interfere with mucosal 
visualization, leading to inadequate bowel preparation. Simethicone is an antifoam 
agent that not only decreases the amount of bubbles interfering with visualization but 
also relieves bloating and nausea. Our study is helpful to further improve bowel 
preparation by providing evidence to support the use of simethicone. In addition, 
patients in the 3-PS group expressed more willingness to repeat the same bowel 
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Table 3 Adverse events between the 4 L polyethylene glycol and 3 L polyethylene glycol plus simethicone groups

Symptom 4L (n = 145) 3L + S (n = 146) P value1

Adverse events, n (%) 67 (46.2) 58 (39.7) 0.26

Nausea, n (%) 53 (36.6) 32 (22.0) 0.006

Abdominal pain, n (%) 13 (9.0) 12 (8.2) 0.82

Vomiting, n (%) 18 (12.4) 12 (8.2) 0.24

Bloating, n (%) 58 (40) 30 (20.5) 0.0004

Sleep disturbance, n (%) 60 (41.4) 50 (34.2) 0.21

1Statistical significance between groups was tested by Student t test or χ2 analysis.

Figure 1 Flow diagram of patient disposition. 4-P: 4 L polyethylene glycol; 3-PS: 3 L polyethylene glycol plus simethicone.

preparation. This result seemed to be mainly due to the reduction in the incidence of 
bloating and nausea and the total fluid volume. Furthermore, split dosing was related 
to a higher proportion of patients willing to repeat the bowel preparation[8]. These 
results suggest that 3-PS may be a reliable bowel preparation for screening and 
surveillance colonoscopy.

Our study has some limitations. First, the study was a single-center trial, and 
multicenter trials are required to confirm our results. Second, the biochemical 
parameters after colonoscopy were not evaluated for patients with instability or 
imbalance. Third, although simethicone might have a positive effect when added to 
PEG solutions, the effectiveness of different doses of simethicone is still uncertain.

CONCLUSION
In conclusion, coadministration of simethicone with 3 L split-dose PEG was superior to 
4 L PEG, with better bubble elimination and enhanced patient acceptance in bowel 
preparation. The addition of simethicone offers an excellent potential impact on the 
detection of proximal adenomas in the Chinese population, indicating that 3 L plus 
simethicone may be a reliable bowel preparation for screening and surveillance 
colonoscopy.
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ARTICLE HIGHLIGHTS
Research background
The incidence and mortality of colorectal cancer (CRC) have been rapidly increasing in 
China over the last decade.

Research motivation
A high-quality bowel preparation is a key determinant of the efficacy of colonoscopy 
to reduce the incidence of CRC, but an ideal bowel cleansing regimen for screening 
CRC has yet to be determined in a Chinese population.

Research objectives
Explore an ideal bowel cleansing regimen for a colonoscopy.

Research methods
Bowel-cleansing efficacy was evaluated by endoscopists using the Boston bowel 
preparation scale (BBPS) and the bubbles score.

Research results
The BBPS score of the right-side colon was significantly higher, and significantly more 
proximal adenomas were detected in the 3 L polyethylene glycol (PEG) plus 
simethicone (3-PS) group. More patients in the 3-PS group expressed willingness to 
repeat the bowel preparation.

Research conclusions
Three-liter PEG shows satisfactory bowel cleansing and addition of simethicone with 
better bubble elimination and enhanced patient acceptance offers an excellent potential 
impact on the detection of proximal adenomas in Chinese populations.

Research perspectives
Three-liter plus simethicone may be a reliable bowel preparation for screening and 
surveillance colonoscopy.
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