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Abstract
AIM: To evaluate association(s) between withdrawal time and polyp detection in various bowel preparation qualities. 

METHODS: Retrospective cohort analysis of screening colonoscopies performed between January 2005 and June 2011 for patients with average risk of colorectal cancer. Exclusion criteria included patients with a personal history of adenomatous polyps or colon cancer, prior colonic resection, significant family history of colorectal cancer, screening colonoscopy after other abnormal screening tests such as flexible sigmoidoscopy or barium enema, and screening colonoscopies during in-patient care. All procedures were performed or directly supervised by gastroenterologists. Main measurements were number of colonic segments with polyps and total number of colonic polyps.

RESULTS: Multivariate analysis of 8331 colonoscopies showed longer withdrawal time was associated with more colonic segments with polyps in good (adjusted OR = 1.16; 95%CI: 1.13-1.19), fair (OR = 1.13; 95%CI: 1.10-1.17), and poor (OR = 1.18; 95%CI: 1.11-1.26) bowel preparation qualities. A higher number of total polyps was associated with longer withdrawal time in good (OR = 1.15; 95%CI: 1.13-1.18), fair (OR = 1.13; 95%CI: 1.10-1.16), and poor (OR = 1.20; 95%CI: 1.13-1.29) bowel preparation qualities. Longer withdrawal time was not associated with more colonic segments with polyps or greater number of colonic polyps in bowel preparations with excellent (OR = 1.07, 95%CI: 0.99-1.26; OR = 1.11, 95%CI: 0.99-1.24, respectively) and very poor (OR = 1.02, 95%CI: 0.99-1.12; OR = 1.05, 95%CI: 0.99-1.10, respectively) qualities.
 
CONCLUSION: Longer withdrawal time is not associated with higher polyp number detected in colonoscopies with excellent or very poor bowel preparation quality.
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Core tip: This study revealed the merit of a novel finding that longer withdrawal time was not associated with higher polyp number detected in colonoscopies with excellent or very poor bowel preparation quality. The conclusion of this study may change the way we perform screening colonoscopy with excellent or very poor bowel preparation qualities, especially in those with high risk to develop complications related to prolonged sedation.
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INTRODUCTION
Polyp detection rate during colonoscopies is influenced by factors including withdrawal time and quality of bowel preparation[1,2]. Barclay et al[1] reported that colonoscopies with longer withdrawal had higher adenoma detection rates. In a similar retrospective study of over 10000 colonoscopies, Simmons et al[3] found that prolonged withdrawal time was associated with higher polyp detection rates and that overall median polyp detection corresponded to a withdrawal time of > 6.7 min. In the same publication year, the American College of Gastroenterology and American Society for Gastrointestinal Endoscopy recommend that the average withdrawal time should exceed 6 min in normal colonoscopies in which no polypectomies or biopsies were performed[4]. The strategy of prolonged withdrawal time may logically increase polyp detection rate during colonoscopies with inadequate bowel preparation qualities, which was reported between 23% and 30% in the United States[5-9]. However, since the implementation of this recommendation, quality improvement efforts by simply mandating a minimal withdrawal time have largely proven to be unsuccessful in significantly improving polyp detection rate[10,11].
Although the effect of longer withdrawal time on higher adenoma detection rate was not related to bowel preparation quality[1], the benefit of this strategy in different bowel preparation qualities was not reported. In this study, we report association between withdrawal time and polyp detection rate in various bowel preparation qualities during screening colonoscopy in an inner city Bronx, NY, United States hospital with a high rate of inadequate bowel preparation quality. 

[bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK378]MATERIALS AND METHODS
Study setting and patients
This study was conducted at the Bronx Lebanon Hospital Center (Bronx, NY, United States) and approved by the hospital’s institutional review board. All procedures were performed or directly supervised by six full-time and two part-time gastroenterologists. We reviewed the medical records of all patients who underwent screening colonoscopies between January 1, 2005 and June 30, 2011. Data was collected through ProVationMD, an onsite computer generated medical record system used by endoscopists to create patient reports immediately after procedures. The electronic records of all these patients were reviewed for age, sex, race, date, time of colonoscopy, indication of colonoscopy, family history of colon cancer, timing of colonoscopy, bowel preparation quality, duration of colonoscope withdrawal, and polyp findings. We also collected the names of endoscopists of each case along with their average adenoma detection rates in the last 3 mo.
As per institutional practice at the time, all patients who were evaluated for screening colonoscopy were given verbal and written instructions about diet and laxative use on the day before the procedure. All these patients were instructed to consume a clear liquid diet the day before the procedure, followed by 1 gallon of polyethylene glycol (PEG) solution starting at 6 PM the evening before the procedure. In addition, 20-25 mg of bisacodyl was taken at 9 PM. Several endoscopists started giving split doses of PEG in mid-2009 for patients who underwent screening colonoscopy in the afternoon. Patients undergoing procedures before noon were not expected to take laxatives on the day of the procedure. All colonoscopies which were performed before noon were categorized as morning procedures.
Based on the ProVationMD reporting system, the bowel preparation quality was rated as unsatisfactory, poor, fair, good, or excellent. Criteria for each bowel preparation quality are shown in Table 1. All patients who were included in the study had an average risk of colorectal cancer. Screening colonoscopies were performed in an outpatient setting. Patients were excluded if the indication for colonoscopy was associated with an increased risk for colorectal cancer, which included constipation, anemia, weight loss, hematemesis, hematochezia, and positive fecal occult blood test. Other exclusion criteria included patients with a personal history of adenomatous polyps or colon cancer, prior colonic resection, significant family history of colorectal cancer, screening colonoscopy after other abnormal screening tests such as flexible sigmoidoscopy or barium enema, and screening colonoscopies during in-patient care.
Variables measured
We evaluated polyp detection outcome based on the distribution and total number of colonic polyps. Distribution of the colonic polyp was defined as the number of colonic segments found to have polyps. We divided the examined intestinal portion examined during colonoscopy into eight segments: (1) rectum, (2) sigmoid colon, (3) descending colon, (4) splenic flexure, (5) transverse colon, (6) hepatic flexure, (7) ascending colon, and (8) cecum. If a polyp or several polyps were found in a colonic segment, the colonic segment would be marked as containing polyps. Therefore, the maximum total number of colonic segments with polyps would be eight. We did not use adenoma detection rate as one of the measured outcomes, as we considered adenoma a pathologic diagnosis, not an endoscopic finding. 

Statistical analysis
The data were collected and analyzed using IBM SPSS Statistics for MAC version 20. Colonoscopies without bowel preparation quality data were not included in further analysis. Bowel preparation quality was graded by the endoscopists as (1) excellent, (2) good, (3) fair, (4) poor, and (5) unsatisfactory or very poor. The five groups of bowel preparation quality were coded and classified as ordinal data. These groups were used as independent variables in the analysis. The mean duration of colonoscope withdrawal between each group of bowel preparation quality were compared by one-way ANOVA. We evaluated the differences in the number of intestinal segments with polyps and total number of colonic polyps between the five bowel preparation quality groups by Kruskal Wallis test. 
Further analysis was performed to measure the correlation between polyp detection outcomes (number of colonic segments with polyps and total number of polyps) and withdrawal time using ordinal regression analysis. In this analysis, the number of intestinal segments with polyps or total number of colonic polyps was used as the dependent variable. Other variables, including withdrawal time and bowel preparation quality were included in this analysis as independent variables. Bowel preparation quality was an independent variable during subgroup analysis. Categorical data, such as race, sex, and the presence of a trainee during colonoscopy, were used as factors of independent variables. Continuous and ordinal data (i.e., age, duration of colonoscope withdrawal, timing of colonoscopy, bowel preparation quality, adenoma detection rate of endoscopists, and duration of colonoscopy practice of endoscopists) were included as covariates of the independent variable. Odd ratios and 95%CI were calculated using exponents of estimates obtained from ordinal regression analysis. Statistical significance was defined as P-values ≤ 0.05.

RESULTS
During the study period, there were 8581 screening colonoscopies which fulfilled inclusion and exclusion criteria. There were 250 colonoscopies without documented information of bowel preparation quality, therefore a total of 8331 colonoscopies were used for further analysis. Of these 8331 colonoscopies, bowel preparation quality was distributed as follows: 1% was excellent, 49% were good, 35% were fair, 13% were poor, and 3% were unsatisfactory. The frequencies of bowel preparation quality for each year are shown in Figure 1. The mean age was 58.9 years (range 45-85 years), 58% were women, 24% were non-Hispanic Blacks, and 62% were Hispanic. Characteristics of the subjects based on the quality of bowel preparation are shown in Table 2.
Distribution of mean duration of colonoscope withdrawal based on bowel preparation quality is shown in Table 3. The longest mean duration of colonoscope withdrawal was seen among subjects with fair quality. Subjects with excellent bowel preparation quality had the shortest mean duration of colonoscope withdrawal. 
The distribution of the number of colonic segments with polyps and total number of colonic polyps based on bowel preparation quality is shown in Table 3. The overall rate of subjects with no colonic polyps was 66% (5475/8331). The rate of patients with polyps in multiple colonic segments were 7% in the excellent group, 14% in good group, 18% in fair group, 12% in poor group, and 8% in unsatisfactory group. 
Odd ratios for each variable in predicting a higher number of colonic segments with polyps and total number of polyps are shown in Table 4. Older age, male sex, longer duration of withdrawal time, bowel preparation quality and higher adenoma detection rate of endoscopist predicted a higher number of colonic segments with polyps and a higher number of polyps found during colonoscopy. Non-Hispanic Black was a predictor for a higher number of polyps found during colonoscopy. However, the duration of colonoscopy practice of the endoscopist had an inverse relationship with the number of colonic segments with polyps and number of polyps found during colonoscopy. The mean ± SD adenoma detection rate of the endoscopist was 26% ± 8.3%. Of the colonoscopy procedures performed, 76.2% (6348/8331) of them performed by endoscopists with high adenoma detection rate, which was defined as a rate greater than 20%. In subgroup analysis, longer withdrawal time was associated with better polyp detection outcomes in patients with good, fair, or poor bowel preparation quality (Table 5). However, among those with excellent or very poor bowel preparation quality, longer duration of withdrawal time was not related to higher number of colonic segments with polyps and higher total number of colonic polyps.

DISCUSSION 
Results of this study showed that half of screening colonoscopies in our minority-predominant community were performed with fair, poor, or unsatisfactory bowel preparation quality. The distribution of quality remained unchanged over the years, even though some providers started prescribing split-dose laxatives since mid-2009 for many patients undergoing afternoon screening colonoscopies. Therefore, modification of other factors, including longer withdrawal time, may improve polyp detection rate in this population.
Our study showed that the rate of colonoscopies with single colonic polyps and polyps in multiple colonic segments were highest among those with fair bowel preparation quality. In addition, this group of patients had the longest duration of colonoscope withdrawal. This likely includes patients who at presentation had poor or unsatisfactory bowel preparation quality but were cleaned in order to visualize the colon. This cleaning of intraluminal contents by diluting and suctioning has been recommended by the American Society for Gastrointestinal Endoscopy and the American College of Gastroenterology[4,12]. The rating of bowel preparation quality is to be given only after colon cleansing has taken place[12,13]. As a result of this cleansing process, the withdrawal time was prolonged.
Multivariate analysis of our data showed that older age, male sex, longer duration of colonoscope withdrawal, bowel preparation quality, and higher endoscopist adenoma detection rate were independent predictors of higher number of colonic segments with polyps and a higher number of total polyps. Older age, male sex, and adenoma detection rate of the endoscopist were previously reported to be associated with higher polyp detection[14-17], but these factors are not modifiable during a colonoscopy procedure. On the other hand, longer duration of colonoscope withdrawal is an operator-dependent factor, which may be used as a compensatory measure when encountering inadequate bowel preparation quality. In addition, many studies have confirmed the association between this modifiable factor and adenoma detection[1,17-19].
Analysis of each bowel preparation quality group showed that longer withdrawal time was not associated with higher number of colonic segments with polyps or higher total number of colonic segments in those with excellent or unsatisfactory bowel preparation quality. These data may explain the findings of studies reporting no relationship between longer withdrawal time and polyp or adenoma detection rate. Sawhney et al[10] reported that the establishment of a mandatory withdrawal time of ≥ 7 min produced a significant increase in the compliance rate for withdrawal time from 65% to 100%. However, in spite of this, there was no concomitant increase in polyp detection ratio noted for all polyps (slope 0.0006; P = 0.45) or for 1-5 mm (slope 0.001; P = 0.26), 6-9 mm (slope 0.002; P = 0.43), or  10 mm polyps (slope 0.006; P = 0.13)[10]. A study by Moritz et al[11] also reported that withdrawal time was not associated with detection of polyps > 5 mm in size in a prospective cohort study. In addition, recording of withdrawal time or implementing a withdrawal time policy of > 7 min was not associated with a significant increase in colonic polyp detection[20]. However, all the aforementioned studies did not analyze the effect of withdrawal time based on bowel preparation qualities. It is worth pointing out that with an excellent bowel preparation quality, the completeness of evaluation might have been at a maximum that could not be improved with prolonged withdrawal time. On the other hand, prolonged withdrawal time for cleansing and evaluating the colonic mucosa of those with unsatisfactory or very poor bowel preparation is unlikely to remove solid or semi-solid stool. Therefore, aborting the procedure may be a reasonable option.
Our data showed that a longer duration of colonoscopy practice of endoscopist was inversely associated with a higher polyp detection rate. Harris et al[21] reported that colonoscopies in centers where over 50% of the endoscopists were of senior rank had a higher adenoma detection rate than centers with fewer senior endoscopists. However, the senior endoscopists may have had more patients with a high risk of developing colonic polyps. In addition, the study included diagnostic procedures and colonoscopies for patients with increased risk of colonic cancer. Our finding indicates that the colonoscopy technique (i.e., longer duration of colonoscope withdrawal) and better bowel preparation quality are important factors for senior endoscopists to achieve a higher polyp detection rate during screening colonoscopy in individuals with an average risk. 
There are several limitations of this study, including its retrospective nature. In this study, we used overall bowel cleanliness, rather than segmental cleanliness of the bowel. The bowel preparation quality was not assessed for the right colon (cecum, ascending), mid-colon (transverse, descending), and recto-sigmoid, individually. Nonetheless, recent retrospective studies[22-25] of bowel preparation quality included the total bowel preparation scale score for the assessment. Of note, this study defined polyp detection as the number of colonic segments with polyps and number of polyps rather than adenoma detection rate of each colonoscopy. We believe that this outcome measurement reflects the overall colon condition and its endoscopic, not pathologic, lesions. Moreover, a recent study showed that the difference between benign, pre-malignant, and malignant colorectal polyps could not be accurately predicted visually alone[26]. Therefore, all polyps visualized during colonoscopy need to be excised for ex vivo histology regardless of size, location, or predicted pathology.
In summary, based on these data, the longest duration of colonoscope withdrawal time and highest colonic detection rate occurred in colonoscopies with fair quality. Similar to previous studies[1,10,27,28], we found that colonic segments with polyps and total number of colonic polyps are affected by colonoscopic withdrawal time. Further analysis showed that longer withdrawal time was not associated with higher polyp detection among those with an extreme spectrum of bowel preparation quality (i.e., excellent and unsatisfactory/very poor). This study finds that prolonged withdrawal time in those with good, fair, and poor bowel preparation quality is likely beneficial to improving polyp detection during screening colonoscopy. 



COMMENTS
Background
Many factors influence the finding of colonic polyps during colonoscopy, including clear visualization of the colonic mucosa and completeness of the examination. The presence of a significant amount of stool requiring washing and suctioning prolongs the duration of the colonoscope withdrawal.  In contrast, the withdrawal time could be faster in patients with high-quality bowel preparation. The benefit of prolonged duration of colonoscope withdrawal in various degrees of bowel cleanness has not been evaluated. 

Research frontiers
One study with a large number of samples found that prolonged colonoscope withdrawal time was associated with higher polyp detection rates and that the overall median polyp detection corresponded to a withdrawal time of > 6.7 min. Based on this study, United States gastroenterology societies recommend that the average colonoscope withdrawal time should exceed 6 minutes, not including time spent for removal of the polyps. However, since the implementation of this recommendation, quality improvement efforts, such as by simply mandating a minimal withdrawal time, have largely proven to be unsuccessful in significantly improving the polyp detection rate. 

Innovations and breakthroughs
In this article the authors showed that half of the screening colonoscopies in minority-predominant community were performed with inadequate bowel preparation quality. Moreover, the rate remained unchanged over the years, even though some providers started new methods of preparation. The authors then showed that prolonged colonoscope withdrawal by endoscopists practicing in this community was beneficial for the majority of cases, except for those with very poor and excellent bowel preparation qualities. 

Applications
This study findings suggest aborting screening colonoscopy procedure in those with very poor bowel preparation quality because a prolonged duration of the colonoscope procedure is unlikely beneficial. On the other hand, prolonging colonoscope withdrawal time by more than the recommended duration in patients with an excellent quality of bowel preparation increases sedation time without benefits in polyp detection. 

Terminology
A colonoscopy is an endoscopic procedure to detect and remove polyps in the large bowel (colon). Polyps in the colon have potential to become cancer. Detail evaluation of the colon is performed while withdrawing the colonoscope after reaching the beginning segment of the colon. Bowel preparation quality is considered unsatisfactory or very poor if the colon contains solid stool that does not clear with washing and suctioning. In this situation, more than 15% of the large bowel wall is not seen. If the detail of the colonic wall is clearly visible without washing, then the bowel preparation quality is considered to be excellent. 

Peer review
It provides new information, particularly for young gastroenterologists and other doctors regarding polyp screening policies. It is a very interesting article and is well documented.
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Figure 1 Distribution of bowel preparation quality for screening colonoscopies from January 1, 2005 to June 30, 2011.



Table 1 Criteria used to classify bowel preparation quality
	Bowel preparation quality
	Criteria

	Excellent
	Mucosal detail clearly visible without washing (suctioning of liquid allowed

	Good
	Minimal turbid fluid in colonic segments and entire mucosa well seen after cleaning

	Fair
	There is minor residual material in the colonic segments. Necessary to suction liquid to adequately view the colonic segments 

	Poor
	Necessary to wash and suction to obtain a reasonable view. Portion of mucosa in colonic segments seen after cleaning but up to 15% of the mucosa not seen because of retained material.

	Unsatisfactory
	Solid stool not cleared with washing and suctioning. More than 15% of the mucosa not seen.





Table 2 Patient characteristics based on bowel preparation quality n (%)

	Characteristics
	Quality of bowel preparation

	
	Excellent
(n = 108)
	Good
(n = 4051)
	Fair
(n = 2889)
	Poor
(n = 1045)
	Unsatisfactory
(n = 238)

	Mean age  SD, yr
	58  7,6
	59  7.6
	59  7.9
	60  7.7
	59  8.3

	Women
	65 (60%)
	2481 (61)
	1596 (55)
	537 (51)
	117 (49)

	Race
Asian
White
Black
Hispanic
	
1 (1)
1 (1)
25 (23)
81 (75%)
	
32 (1)
47 (1)
875 (22)
3097 (77)
	
16 (1)
34 (1)
697 (24)
2142 (74)
	
4 (0)
15 (1)
280 (27)
746 (71)
	
0 (0)
5 (2)
82 (35)
151 (63)

	Morning procedure
	45 (42)
	1877 (46)
	1212 (42)
	428 (41)
	78 (33)




 Table 3 Withdrawal time and polyp detection based on bowel preparation quality n (%)

	
	The quality of bowel preparation
	
P-value

	
	Excellent
n = 108
	Good
n = 4051
	Fair
n = 2889
	Poor
n = 1045
	Unsatisfactory
n = 238
	

	Mean duration of
colonoscope withdrawal  SD, minute

	
10  5.5

	
12   5.3 
	
13  5.9
	
12  5.2
	
11  9.4
	
< 0.001

	No. of colonic segments
with polyps, 
0
1
2
3
4
5
6
7
8
	

85 (77)
17 (16)
3   (3)
1   (1)
2   (2)
0   (0)
0   (0)
0   (0)
0   (0)
	

2707 (67)
769 (19)
375   (9)
136   (3)
43   (1)
16   (0)
2   (0)
2   (0)
1   (0)
	

1799 (62)
581 (20)
305 (11)
145   (5)
38   (1)
18   (1)
3   (0)
0   (0)
0   (0)
	

703 (67)
223 (21)
74   (7)
31   (3)
11   (1)
3   (0)
0   (0)
0   (0)
0   (0)
	

181 (76)
38 (16)
13   (6)
6   (3)
0   (0)
0   (0)
0   (0)
0   (0)
0   (0)
	
< 0.001

	Total no. of colonic
polyps
0
1
2
3
4
5
> 5
	

85 (77)
13 (12)
2 (2)
4 (4)
2 (2)
1 (1)
1 (1)
	

2707 (67)
581 (14)
231 (6)
256 (6)
152 (4)
73 (2)
51 (1)
	

1799 (62)
446 (15)
164 (6)
195 (7)
155 (5)
90 (3)
30 (1)
	

703 (67)
42 (4)
60 (6)
37 (4)
22 (2)
6 (1)
2 (0)
	

181 (76)
30 (13)
8 (3)
10 (4)
5 (2)
4 (2)
0 (0)
	
< 0.001



Table 4 Predictors of higher number of colonic segments with polyps and total number of colonic polyps during screening colonoscopy

	
	No. colonic segment with polyps
	Total no. colonic polyps

	
	OR 
(95%CI)
	P-value
	OR
(95%CI)
	P-value

	Older age
	1.01 (1.00-1.03)
	0.011
	1.01 (1.00-1.02)
	0.026

	Gender of male1
	1.31 (1.11-1.55)
	0.002
	1.18 (1.00-1.39)
	0.047

	Race
Asian2
White2
Black2
	
0.89 (0.34-2.25)
0.69 (0.33-1.45)
1.17 (0.97-1.41)
	
NS
NS
NS
	
1.06 (0.41-2.73)
0.70 (0.33-1.45)
1.22 (1.01-1.47)
	
NS
NS
0.041

	Later time of colonoscopy
	1.00 (1.00-1.00)
	NS
	1.00 (1.00-1.00)
	0.043

	Better bowel preparation
quality
	1.10 (1.00-1.21)
	0.040
	1.11 (1.01-1.22)
	0.03

	Longer duration of
colonoscope withdrawal
	1.14 (1.12-1.16)
	< 0.0001
	1.14 (1.12-1.16)
	< 0.0001

	Adenoma detection rate of endoscopist
	1.03 (1.02-1.04)
	< 0.0001
	1.03 (1.02-1.04)
	< 0.0001

	Duration of colonoscopy practice of endoscopist
	0.98 (0.97-0.98)
	< 0.0001
	0.98(0.97-0.99)
	< 0.0001

	Involvement of trainee during colonoscopy
	0.93 (0.72-1.19)
	NS
	0.93(0.73-1.19)
	NS


1Compared to gender of female; 2Compared to Hispanic. NS: Not statistically significant.
 








Table 5 Association between longer withdrawal time and higher polyp detection in various bowel preparation qualities

	
	No. of colonic segments with polyps
	Total no. colonic polyps

	
	Odd ratio 
(95%CI)1
	P-value
	Odd ratio 
(95%CI)1
	P-value

	Excellent
	1.07 (0.99-1.26)
	NS
	1.11 (0.99-1.24)
	NS

	Good
	1.16 (1.13-1.19)
	< 0.0001
	1.15 (1.13-1.18)
	< 0.0001

	Fair
	1.13 (1.10-1.17)
	< 0.0001
	1.13 (1.10-1.16)
	< 0.0001

	Poor
	1.18 (1.11-1.26)
	< 0.0001
	1.20 (1.13-1.29)
	< 0.0001

	Unsatisfactory/
very poor
	1.02 (0.99-1.12)
	NS
	1.05 (0.99-1.10)
	NS



1Adjusted to age, gender, race, timing of colonoscopy, endoscopist adenoma detection rate, duration of colonoscopy practice of endoscopists, involvement of trainee during colonoscopy. NS: Not statistically significant.
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