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Abstract

Background and objective: Different factors may influence colonoscopy perfor-

mance measures. We aimed to analyze procedure‐ and endoscopist‐related factors

associated with detection of colorectal lesions and whether these factors have a

similar influence in the context of different colonoscopy indications: positive fecal

immunochemical test (+FIT) and post‐polypectomy surveillance colonoscopies.
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Methods: This multicenter cross‐sectional study included adults aged 40–80 years.

Endoscopists (N = 96) who had performed ≥50 examinations were assessed for

physician‐related factors. Adenoma detection rate (ADR), adenomas per colonos-

copy rate (APCR), advanced ADR, serrated polyp detection (SDR), and serrated

polyps per colonoscopy rate (SPPCR) were calculated.

Results: We included 12,932 procedures, with 4810 carried out after a positive FIT

and 1967 for surveillance. Of the 96 endoscopists evaluated, 43.8% were women,

and the mean age was 41.9 years. The ADR, advanced ADR, and SDR were 39.7%,

17.7%, and 12.8%, respectively. Adenoma detection rate was higher in colonos-

copies after a +FIT (50.3%) with a more than doubled advanced ADR compared to

non‐FIT procedures (27.6% vs. 13.0%) and similar results in serrated lesions (14.7%

vs. 13.5%). Among all the detection indicators analyzed, withdrawal time was the

only factor independently related to improvement (p < 0.001). Regarding FIT‐
positive and surveillance procedures, for both indications, withdrawal time was

also the only factor associated with a higher detection of adenomas and serrated

polyps (p < 0.001). Endoscopist‐related factors (i.e., weekly hours dedicated to

endoscopy, annual colonoscopy volume and lifetime number of colonoscopies per-

formed) had also impact on lesion detection (APCR, advanced ADR and SPPCR).

Conclusions: Withdrawal time was the factor most commonly associated with

improved detection of colonic lesions globally and in endoscopies for + FIT and

post‐polypectomy surveillance. Physician‐related factors may help to address

strategies to support training and service provision. Our results can be used for

establishing future benchmarking and quality improvement in different colonoscopy

indications.
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INTRODUCTION

Colonoscopy has become an essential tool in prevention and diag-

nosis of colorectal cancer (CRC) because it allows for detection and

resection of premalignant lesions and even early CRC. However, its

effectiveness can be limited by low‐quality procedures, leading to the
identification of key performance measures over the years for

achieving high‐quality colonoscopies.1,2

Among quality indicators, the adenoma detection rate (ADR) is

the most important because of its inverse association with the risk of

interval cancer.3,4 Factors that influence performance measures can

be related to the procedure and to the physician performing the

examination. Those factors directly associated with the endoscopic

procedure have been widely addressed in primary screening colo-

noscopies and endoscopies after a positive fecal immunochemical

test (FIT). Longer average times for withdrawal of the colonoscope

and an adequate colon cleansing have been associated with higher

adenoma detection rates.5–7 Regarding endoscopist‐related factors, a
wide variation in ADR has been documented.8–10 For example, we

previously reported a range for ADR of 4.5%–56.5% among 48

endoscopists performing primary screening colonoscopies.11 This

variation means that the development of metachronous adenomas

depends not only on intrinsic biological factors but also on physician

ability to detect adenomas.12 Endoscopist specialty, the total number

of lifetime colonoscopies performed, or personal factors have been

also described as explaining this variation, especially for primary

screening colonoscopies.11,13–15

These reports have led to the development of an endoscopist

profile focused on the ADR in different screening programs.16

However, the relationship between these factors and colonoscopy

quality is not always consistent, and whether the association would

be consistent for different indications (i.e., surveillance colonoscopy)

and different detection indicators is unknown. In this regard, serrated

polyps are estimated to be the precursor of 15%–30% of CRC, but

little is known about the influence of procedural‐ and physician‐
related factors on detection of these polyps.17,18

In this study, we analyzed the influence of factors related to the

endoscopic procedure and physician characteristics in the detection

of different colorectal lesions (adenomas and serrated polyps) across

different indications for colonoscopy.
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MATERIAL AND METHODS

Study characteristics and population

This multicenter and cross‐sectional study in 13 centers in Spain was

nested within the QUALISCOPIA project.19 Using consecutive sam-

pling, we recruited adults aged 40–80 years, as either outpatients or

hospital patients, who were undergoing a colonoscopy at these

centers from February 2016 to December 2017. Exclusion criteria

were a diagnosis of CRC or adenomas within the previous 6 months,

having a colonoscopy to review an incomplete excision or piecemeal

resection, emergency colonoscopies, endoscopic procedures to treat

colon strictures or because of suspicion of abdominal or rectal mass,

and having been diagnosed with inflammatory bowel disease or he-

reditary cancer syndrome. We also excluded procedures performed

by residents.

According to the study aims, we considered FIT (OC‐Sensor,
Eiken Chemical Co., Ltd; cut‐off level 20 μg/g) and post‐polypectomy
surveillance to evaluate if endoscopic procedure and physician

characteristics showed consistent associations in colonoscopies

performed for specific indications.

This study was approved by the ethical review board of each

participating center, and written informed consent was obtained

from each included patient. Ethical board approval of this study

was granted on 27 May 2015. The study protocol conforms to

the ethical guidelines of the 1975 Declaration of Helsinki as re-

flected in a prior approval by the institution's human research

committee.

All information about patients' demographic data, procedures,

pathology reports, or physicians was registered anonymously in the

REDCap (Research Electronic Data Capture) database.

Characteristics of the procedures

The procedure‐related factors we identified were procedure indi-

cation, colonic cleansing, cecal intubation, withdrawal time, and

sedation. Colon cleansing was described using the Boston Bowel

Preparation Scale, and “adequate colon cleansing rate” was

measured as the percentage of examinations that yielded two or

three points in each colonic segment. “Cecal intubation rate” (CIR)

was assessed as the percentage of colonoscopies reaching and

visualizing the whole cecum and its landmarks. We reported

adjusted CIR, excluding procedures with inadequate colon cleansing

or impassable strictures. Colonoscopy withdrawal time was

considered only in procedures without biopsy or therapy and

calculated as the time from achievement of cecal intubation until

the colonoscope was extracted through the anus. Moreover, data

on the hospital, patient sex and age, preparation product, and time

from the last dose of bowel preparation to the beginning of the

colonoscopy were collected.

Endoscopist characteristics

For evaluation of physician quality, we included endoscopists

performing ≥50 examinations in our study. Consistent with prior

work,11 a questionnaire about their personal characteristics and

training was distributed to the participating endoscopists at the

beginning of the study. Items recorded were age, sex, endo-

scopist specialty, years as a specialist, exclusive dedication to

endoscopy practice, total number of colonoscopies performed

during the career, number of colonoscopies performed during the

previous year, hours per week dedicated to endoscopy, and

participation in educational endoscopic activities during the pre-

vious 2 years. “Years as a specialist” was measured as the time

from achieving the title of specialist to the start of the study.

“Exclusive dedication to endoscopy practice” was defined as the

physician's exclusively performing any type of endoscopy for at

least 1 year prior to the start of the study. Each physician self‐
reported total (lifelong) number of colonoscopies performed and

colonoscopies performed during the previous year (annual colo-

noscopy volume) based on the starting date of the study. The

number of hours per week dedicated to endoscopy was recorded

for the year prior to the beginning of the study. Any meeting or

Key summary

Summarise the established knowledge on this subject

� Different factors may influence colonoscopy performance

measures, however, the relationship between these fac-

tors and colonoscopy quality is not always consistent, and

whether the association would be consistent for different

indications (i.e., surveillance colonoscopy) and different

detection indicators is unknown.

What are the significant and/or new findings of this study?

� Withdrawal time was the factor most commonly associ-

ated with improved detection of colonic lesions globally

and in endoscopies for positive fecal immunochemical

test (FIT) and post‐polypectomy surveillance.

� Factors related to the endoscopist performing the colo-

noscopy had less influence than those related to the

procedure. Additionally, a wide variation in detection

rates among endoscopists was observed, even in colo-

noscopies because of +FIT. A national strategy sup-

ported by physician’ factors influencing lesion detection

may help to reduce this large variability and improve

quality of colonoscopies.

� Minor differences were observed in factors influencing

detection in colonoscopies after a positive FIT and for

post‐polypectomy surveillance, and between adenomas

and serrated polyps.
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course organized or supported by official scientific societies

related to endoscopy that each physician participated in during

the 2 years before the study began was considered an educa-

tional endoscopic activity. The endoscopists self‐reported all of

these values.

Indicators of lesion detection

The categorical dependent variables were adenoma detection,

advanced adenoma detection and serrated polyp detection (SDR),

defined as the presence of an adenoma, an advanced adenoma or a

serrated polyp, respectively. The quantitative dependent variables

were adenoma per colonoscopy rate (APCR) described as the mean

number of adenomas identified per colonoscopy and the serrated

polyps per colonoscopy rate (SPPCR) defined as the mean number

serrated polyps identified per colonoscopy. Adenoma detection rate,

advanced ADR, or SDR were also assessed and described as the

percentage of colonoscopies in which at least one conventional ad-

enoma, advanced adenoma, or serrated polyp was detected in all

included colonoscopies.

An adenoma was considered advanced when it was ≥10 mm,

had tubulovillous or villous architecture, or had high‐grade
dysplasia. For serrated polyps, we included sessile serrated le-

sions, traditional serrated adenomas of any size or location, and

hyperplastic polyps ≥5 mm or proximal to rectosigmoid. Isolated

rectosigmoid hyperplastic polyps <5 mm were not considered to be

serrated polyps.

Statistical analysis

Categorical variables are reported as frequencies or percentages,

continuous variables as means (standard deviations, SDs), and

discrete variables as medians (25th–75th percentiles). Minimum

and maximum observations are represented by ranges. Correla-

tion was assessed using the bivariate Pearson correlation (r,

correlation coefficient) for continuous variables and Spearman's

correlation (rs, correlation coefficient) for discrete variables. In

univariate analysis, binary logistic regression was used for cate-

gorical variables and for quantitative data. Variables with p < 0.1

were included in the multivariate analysis. The beta coefficient (β)
expresses the degree of change in the outcome variable for every

one unit of change in the predictor variable. Binary logistic

regression analysis was used in the multivariate analysis for cat-

egorical variables and a Poisson mixed‐effects model was applied

for quantitative data (APCR and SPPCR). Risk adjustment based

on predictor variables (hospital, patient age and sex, and endo-

scopist) was performed. Odds ratios or β coefficients and their

95% confidence intervals were determined. Reported p values are

two‐sided, and p < 0.05 was considered to indicate statistical

significance. All calculations were performed using SPSS version

26.0 software (IBM Corp.).

RESULTS

Characteristics of eligible patients and procedures

A total of 12,932 procedures from 13 centers were included from

February 2016 through December 2017. These procedures were

performed in the same number of patients, and no repeat procedures

were included. Slightly more than 50% of the patients were men

(51.8%), and the largest fraction of individuals were aged 50–

69 years old (Table 1). Regarding procedure indications, 5089 were

performed because of gastrointestinal symptoms, 4810 after a +FIT,
1967 for post‐polypectomy surveillance, and 1066 as primary

screening colonoscopies.

Endoscopist characteristics and quality indicators

Of the 96 physicians included in the study, 42 (43.8%) were women,

and the mean age was 41.9 years (SD � 9.8) (Table 2). All were

gastroenterologists from tertiary hospitals, with an average of

12.8 years (SD � 9.8) as a specialist. Thirty endoscopists (32.3%)

reported exclusive dedication to endoscopy practice. The lifetime

number of colonoscopies performed ranged from 800 to 40,000, and

63.5% of physicians performed ≥500 colonoscopies in a year. The

mean hours per week dedicated to endoscopy was 23.8 (SD � 12.4).

Regarding quality indicators, the mean ADR, advanced ADR, and

SDR of the 96 endoscopists participating in the study were 39.7%,

17.7%, and 12.8%, respectively (Table 3). As expected, the APCR was

higher than the SPPCR (0.97 vs. 0.22). Additionally, we observed a

high degree of correlation between the ADR and the APCR

(rs = 0.852, p < 0.001) and the SDR and SPPCR (rs = 0.870, p < 0.001)

(Supplementary Figure 1). Quality indicators of +FIT and non‐FIT
procedures are also reported in Table 3. The highest ADR was

reached in colonoscopies after a +FIT (50.3%) with a more than

doubled advanced ADR compared to non‐FIT procedures (+FIT:
27.6%; non‐FIT: 13.0%). Otherwise, similar results were obtained

among serrated lesions (+FIT SDR: 14.7%; non‐FIT SDR: 13.5%).

Distribution of findings according to the indications included are

shown in Figure 1 (Supplementary Table 1).

Factors related to lesion detection

Considering the whole cohort of 12,932 procedures, results of the

univariate analysis can be seen in Supplementary Table 2. In the

multivariate analysis, withdrawal timewas associatedwith an increase

in all indicators of lesion detection: adenoma detection (OR: 1.39; 95%

CI 1.34–1.43); advanced adenoma detection (OR: 1.36; 95%CI 1.30–

1.41), SDR (OR: 1.17; 95%CI 1.13–1.22), APCR (β: 0.146; 95%CI
0.128–0.164), and SPPCR (β: 0.181; 95%CI 0.145–0.216) (Table 4).

Regarding adenomas, an adequate colon cleansing and reaching the

cecum also were factors in improved detection, but for serrated

polyps, only physician age was inversely associated with serrated
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polyps detection. Adenoma, advanced adenoma and SDR according to

different withdrawal time intervals can be seen in Figure 2.

Factors related to lesion detection in +FIT based
procedures

Results of the univariate analysis can be seen in Supplementary Ta-

ble 3. After adjustment by hospital, patient age and sex, and endo-

scopist, only withdrawal time was associated (p < 0.001) with a higher

detection rate of adenomas and serrated polyps, affecting all of the

analyzed indicators: adenoma detection (OR: 1.44; 95%CI 1.37–1.50),

APCR (β: 0.133; 95%CI 0.106–0.160), advanced adenoma detection

(OR: 1.32; 95%CI 1.26–1.39), SDR (OR: 1.11; 95%CI 1.06–1.16), and

SPPCR (β: 0.172; 95%CI 0.125–0.200; Table 5). Additionally, CIR was

associated with an increase in detection rates for all but advanced

adenomas (p < 0.05). Weekly hours dedicated to endoscopy showed a

small association with increased adenoma detection (OR: 1.02; 95%CI

1.02–1.03), APCR (β: 0.006; 95%CI 0.001–0.010), and advanced ad-

enoma detection (OR: 1.02; 95%CI 1.02–1.03).

Factors related to lesion detection in post‐
polypectomy surveillance procedures

Regarding quality metrics of endoscopists among surveillance pro-

cedures, the ADR was 48.7% (SD, 21.6) and APCR was 1.15 (SD, 0.69)

similar to FIT + procedures (Table 3). On the contrary, the advanced

adenoma detection rate was 15.9%, almost half of that found among

FIT colonoscopies which means that unlike in FIT + patients, the

majority of adenomas found were non‐advanced. Regarding serrated
lesions, SDR was 20.3% (SD, 20.2) and SPPCR was 0.45 (Supple-

mentary Table 1).

Results of the univariate analysis can be seen in Supplementary

Table 4. In the multivariate analysis, withdrawal time was linked to

increases in all of the analyzed indicators of detection, either for

adenomas or serrated polyps: adenoma detection (OR: 1.29; 95%CI

1.19–1.39), APCR (β: 0.164; 95%CI 0.119–0.210), advanced adenoma

T A B L E 1 Characteristics of the 12,932 colonoscopies
performed in the study

Characteristics
Study procedures
(N = 12,932 colonoscopies)

Hospital—no. (%)

1 1306 (10.1)

2 1511 (11.7)

3 1067 (8.3)

4 188 (1.5)

5 397 (3.1)

6 1083 (8.4)

7 1882 (14.6)

8 119 (0.9)

9 1687 (13.0)

10 969 (7.5)

11 653 (5.0)

12 847 (6.5)

13 1223 (9.5)

Sex—no. (%)

Male 6703 (51.8)

Female 6229 (48.2)

Age—no. (%)

40–49 years 1426 (11.0)

50–59 years 3726 (28.8)

60–69 years 5097 (39.4)

70–80 years 2683 (20.8)

Indication—no. (%)

Gastrointestinal symptoms 5089 (39.4)

+FIT 4810 (37.2)

Post‐polypectomy surveillance 1967 (15.2)

Primary screening colonoscopy 1066 (8.2)

Preparation product—no. (%)

PEG 4L 3155 (24.4)

PEG 2L + ascorbate 4656 (36.0)

SPMC 5043 (39.0)

Other products 78 (0.6)

Time between preparation and

colonoscopy—median (25th–75th

percentiles)

4 (4–6)

Adequate colon cleansing rate—no. (%) 11,199 (86.6)

Cecal intubation rate—no. (%) 12,334 (95.4)

Withdrawal time—median (25th–75th

percentiles), minutes

8 (6–10)

Sedation rate—no. (%) 11,983 (92.7)

T A B L E 1 (Continued)

Characteristics

Study procedures

(N = 12,932 colonoscopies)

Professional administering sedation—no. (%)

Endoscopist 9814 (81.9)

Anesthesiologist 1605 (13.4)

Other 564 (4.7)

Sedation regimen—no. (%)

Propofol sedation 8783 (73.3)

Conscious sedation 3200 (26.7)

Abbreviations: +FIT, positive fecal immunochemical test; PEG,

polyethylene glycol; SPMC, sodium picosulfate with magnesium citrate.
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detection (OR: 1.16; 95%CI 1.04–1.29), SDR (OR: 1.15; 95%CI 1.04–

1.27), and SPPCR (β: 0.241; 95%CI 0.163–0.319). As with the results

for the other analyses, younger endoscopists were more likely to

detect serrated lesions. Additionally, adequate colon cleansing was

related to SPPCR (β: 0.333; 95%CI 0.079–0.586) and annual colo-

noscopy volume to APCR (β: 0.319; 95%CI 0.170–0.468) (Table 5).

DISCUSSION

The main finding of this study is that withdrawal time was the factor

most commonly associated with improved detection of colonic le-

sions, among procedures overall and for the two specific indications

evaluated. When analyzed together with other modifiable factors or

endoscopist‐related factors, withdrawal time was consistently asso-

ciated with all adenoma and SDR as well as with adenoma and SPPCR

rates. This influence of withdrawal time also was consistently asso-

ciated with all of the indicators of lesion detection in analyses of

procedures for the two selected indications. Additionally, factors

related to the endoscopist performing the colonoscopy had less in-

fluence than those related to the procedure, otherwise, there is still

chance to address strategies to support training and service provi-

sion. Finally, we found some minor differences in factors influencing

detection in colonoscopies after a positive FIT and for post‐
polypectomy surveillance, and between adenomas and serrated

polyps, which could suggest a need to focus on each of them

separately.

T A B L E 2 Characteristics of the 96 endoscopists participating

in the study

Characteristics
Study population
(N = 96)

Sex—no. (%)

Male 54 (56.3)

Female 42 (43.8)

Age

Mean � SD, years 41.9 � 9.8

Range 27–65

Gastroenterologist—no. (%) 96 (100)

Tertiary hospital—no. (%) 96 (100)

Years as specialist

Mean � SD 12.8 � 9.8

Range 1–36

Exclusive dedication to endoscopy practice—no. (%)

Yes 30 (32.3)

No 63 (67.7)

Life‐long number of colonoscopies performed

Median (25th–75th percentiles) 5000 (2400–12000)

Range 800–40000

Annual colonoscopy volume—no. (%)

<500 colonoscopies 35 (36.5)

≥500 colonoscopies 61 (63.5)

Weekly hours dedicated to endoscopy

Mean � SD 23.8 � 12.4

Range 2–65

Educational endoscopic activities

in previous 2 years—no. (%)

85 (88.5)

Abbreviation: SD, standard deviation.

T A B L E 3 Quality indicators of the 96 endoscopists participating in the study including all procedures, colonoscopies after a +FIT and

non‐FIT procedures

Global FIT Non‐FIT procedures

Quality indicator Mean (SD) Range Mean (SD) Range Mean (SD) Range

ADR—% 39.7 (12.0) 13.2–74.0 50.3 (18.9) 0.0–100.0 35.8 (13.3) 13.8–100.0

APCR 0.97 (0.45) 0.18–2.42 1.31 (0.69) 0.0–3.51 0.80 (0.38) 0.21–2.0

Advanced ADR—% 17.7 (10.9) 2.4–61.0 27.6 (18.1) 0.0–100.0 13.0 (11.8) 0.0–100.0

SDR—% 12.8 (5.8) 3.3–27.4 14.7 (10.6) 0.0–43.5 13.5 (12.0) 0.0–100.0

SPPCR 0.22 (0.12) 0.05–0.72 0.23 (0.19) 0.0–0.96 0.22 (0.16) 0.0–0.82

Abbreviations: ADR, adenoma detection rate; APCR, adenoma per colonoscopy rate; FIT, fecal immunochemical test; SD, standard deviation; SDR,

serrated polyp detection rate; SPPCR, serrated polyps per colonoscopy rate.

F I G U R E 1 Detection rate of lesions according to indication
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Evidence from the literature solidly supports the role of with-

drawal time as a main factor in lesion detection, yet this quality indi-

cator has been controversial. Here we sought to comprehensively

analyze different factors associated with adenoma and SDR to clearly

delineate truly relevant versus secondary influences. We also evalu-

ated modifiable procedure‐related factors as well as factors related to
the characteristics and practice of the endoscopists. In previous similar

studies, results have been controversial. Adler et al found no associ-

ation between withdrawal time and adenoma detection in a large

cohort of primary screening colonoscopies in Germany (12,134 pro-

cedures).20 Some other studies also found no increase in polyp

detection improvement with recording withdrawal time, and

additional studies found no benefit of using a threshold time to predict

the likelihood of finding a polyp.21–23 More recently, however, with-

drawal time has been associated with ADR and inversely associated

with interval CRC and also related to detection of lesions such as

serrated polyps.5,7,24–26 Based on these findings, two of the major in-

ternational endoscopy societies considered including this indicator as

a key performance measure to improve colonoscopy quality.1,2

The vast majority of studies underscoring the role of withdrawal

time have been performed in primary screening colonoscopies. In

2019, Cavichi et al evaluated patient‐ and physician‐dependent fac-
tors in ADR and SDR. In their study, they included indications in

addition to the screening procedures, such as personal or familial

T A B L E 4 Multivariate analysis of procedure‐ and endoscopist‐related factors and their association with quality indicators of lesion
detection

Adenoma detection

OR (95%CI) p

Adequate colon cleansing (yes; no) 1.16 (1.35–1.47) 0.025

Cecal intubation (yes; no) 2.82 (1.54–5.17) 0.001

Withdrawal time 1.39 (1.34–1.43) <0.001

APCR

β coefficient (95%CI) p

Adequate colon cleansing (yes) 0.179 (0.113–0.245) <0.001

Cecal intubation (yes) 0.701 (0.347–1.054) <0.001

Withdrawal time 0.146 (0.128–0.164) <0.001

Annual colonoscopy volume (≥500) 0.076 (0.012–0.139) 0.020

Weekly hours dedicated to endoscopy 0.004 (0.001–0.006) 0.008

Advanced adenoma detection

OR (95%CI) p

Adequate colon cleansing (yes; no) 1.19 (1.01–1.41) 0.038

Withdrawal time 1.36 (1.30–1.41) <0.001

Endoscopist sex (male; female) 1.26 (1.11–1.43) <0.001

Endoscopist age 0.98 (0.97–0.99) <0.001

Lifetime number of colonoscopies performed 1.00 (1.00–1.00) <0.001

Serrated polyp detection

OR (95%CI) p

Withdrawal time 1.17 (1.13–1.22) <0.001

Endoscopist age 0.99 (0.98–0.99) 0.010

SPPCR

β coefficient (95%CI) p

Withdrawal time 0.181 (0.145–0.216) <0.001

Endoscopist age −0.013 (−0.023–0.004) 0.005

Lifetime number of colonoscopies performed −1.92 � 10−5 (−3.02 � 10−5–8.26 � 10−6) 0.001

Weekly hours dedicated to endoscopy 0.014 (0.010–0.018) <0.001

Abbreviations: APCR, adenoma per colonoscopy rate; CI, confidence interval; OR, odds ratio; SPPCR, serrated polyps per colonoscopy rate.
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history of CRC (43.5%), digestive symptoms (37.3%), or + FIT (6.2%).

In their multivariate analysis, they found that withdrawal time was

related only to SDR, but they did not differentiate by indication.27 In

our study, withdrawal time was the only factor associated with lesion

detection either globally or by specific indication, which supports

previously published results and adds to them with data related to

specific indications, that is, FIT‐based procedures and post‐
polypectomy surveillance. The median withdrawal time for both in-

dications in our study was 8 min in normal colonoscopies. This value

could be an overestimate, especially for surveillance procedures,

because physicians could be aware of a quality audit; however,

similar results already have been reported.5,7,24–26 Although our data

do not support setting a threshold of time, special attention to

withdrawing the colonoscope from the cecum must be applied for all

indications. This attention is warranted by the close association

among withdrawal time, increased lesion detection, and colonoscopy

quality and could reduce metachronous lesions.

In general, our findings show that apart from withdrawal time,

other modifiable colonoscopy factors such as colonic cleansing and

cecal intubation were the most consistently related to both adenoma

and SDR. On the other hand, endoscopist factors seemed to be less

relevant, with only a modest association of weekly hours performing

endoscopy, an annual volume >500 colonoscopies, and lifetime

number of colonoscopies performed. Age was also associated with

F I G U R E 2 Adenoma, advanced adenoma and serrated polyp detection according to different withdrawal time intervals (<6 min, 6–7 min,
8–9 min and ≥10 min) in all procedures, in colonoscopies after + fecal immunochemical test (FIT) and in procedures because of post‐
polypectomy surveillance
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better detection, especially of serrated polyps, with higher rates in

“younger” physicians. These results are in agreement with those

already reported and support the fact that “young” endoscopists are

more familiar with and aware of serrated polyps.28 Although detec-

tion rates, especially in FIT screening, exceed the minimum re-

quirements recommended by clinical practice guidelines,2 we have

not pre‐selected our endoscopists. The only requirement was to have

completed residency training. Therefore, the endoscopists included

represent a wide range of the current scenario in Spain. On the one

hand, this could explain the wide ranges observed in detection rates,

and on the other, could justify the small effect of the endoscopist‐
related factors in detecting lesions. Thus, these findings might be

different when analyzed in a more homogeneous cohort of physi-

cians. Additionally, our results highlight the need to address

T A B L E 5 Multivariate analysis of procedure‐ and endoscopist‐related characteristics associated with quality indicators of lesion
detection in FIT‐based procedures and post‐polypectomy surveillance

Adenoma detection

FIT‐based colonoscopies Post‐polypectomy surveillance

OR (95%CI) p OR (95%CI) p

Cecal intubation (yes; no) 7.55 (1.63–34.99) 0.010 – –

Withdrawal time 1.44 (1.37–1.50) <0.001 1.29 (1.19–1.39) <0.001

Endoscopist age 1.02 (1.01–1.04) 0.001 – –

Weekly hours dedicated to endoscopy 1.02 (1.01–1.03) 0.001 – –

APCR

FIT‐based colonoscopies Post‐polypectomy surveillance

β coefficient (95%CI) p β coefficient (95%CI) p

Adequate colon cleansing (yes) 0.133 (0.019–0.246) 0.022 – –

Cecal intubation (yes) 0.771 (0.115–1.426) 0.021 – –

Withdrawal time 0.133 (0.106–0.160) <0.001 0.164 (0.119–0.210) <0.001

Weekly hours dedicated to endoscopy 0.006 (0.001–0.010) 0.011 – –

Annual colonoscopy volume (≥500) – – 0.319 (0.170–0.468) <0.001

Advanced adenoma detection

FIT‐based colonoscopies Post‐polypectomy surveillance

OR (95%CI) p OR (95%CI) p

Withdrawal time 1.32 (1.26–1.39) <0.001 1.16 (1.04–1.29) 0.009

Weekly hours dedicated to endoscopy 1.02 (1.01–1.03) 0.001 – –

Serrated polyp detection

FIT‐based colonoscopies Post‐polypectomy surveillance

OR (95%CI) p OR (95%CI) p

Cecal intubation (yes; no) 3.44 (1.07–11.10) 0.039 – –

Withdrawal time 1.11 (1.06–1.16) <0.001 1.15 (1.04–1.27) 0.006

Endoscopist age – – 0.97 (0.95–0.99) 0.004

SPPCR

FIT‐based colonoscopies Post‐polypectomy surveillance

β coefficient (95%CI) p β coefficient (95%CI) p

Adequate colon cleansing (yes) – – 0.333 (0.079–0.586) 0.010

Cecal intubation (yes; no) 1.450 (0.312–2.586) 0.012 – –

Withdrawal time 0.172 (0.125–0.220) <0.001 0.241 (0.163–0.319) <0.001

Endoscopist age – – −0.019 (−0.035 to −0.003) 0.018

Abbreviations: APCR, adenoma per colonoscopy rate; CI, confidence interval; OR, odds ratio; SPPCR, serrated polyps per colonoscopy rate.
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strategies to support training, even in “older” physicians, to detect

and recognize lesions, as well as service provision in order to reduce

this great variety in physician's detection ability.

Since the development of population‐based CRC screening pro-

grams, key performance measures for colonoscopy have been devel-

oped to achieve high‐quality procedures.1,2 The increased importance
of this concept has led to the development of a specific profile with

minimum requirements for performing this type of procedure, for

example, in the Spanish CRC screening program.16 However, most of

the fulfillment and benchmarking information for quality indicators

has been obtained from primary screening colonoscopies, and

secondarily extended to + FIT procedures.1,2,29 Previous research

from our group evaluated colonoscopy performance measures ac-

cording to procedure indication. As expected, we observed substantial

variation by indication, and our results highlighted the need to address

performance measures that could be extended to other colonoscopy

indications, going beyond primary screening procedures.19 In the

present study, we have assessed two indications separately and

examined factors that may influence detection indicators. We found

some small differences in factors related to detection with respect to

the indication. However, the variation in these factors was not espe-

cially substantial, particularly taking into account the important dif-

ferences between detection rates in both indications, with more

advanced lesions in +FIT colonoscopies and mostly small and irrele-

vant lesions in surveillance colonoscopies.19 Here, it is of note that the

key role of withdrawal time was consistent across all detection rates

evaluated for both indications.

We also found some small differences between factors related to

the detection of adenomas and serrated polyps. In general, adenoma

detections were more related to modifiable factors, whereas the

detection for serrated polyps were more related to endoscopist

factors. Our results show a high correlation between adenoma or

SDR and the rates of adenomas or serrated polyps per colonoscopy,

demonstrating that these measures are different sides of the same

coin and reflect the same skills of good detectors.

Regarding detection rates according to patient age groups, the

results obtained in the 40–49 age group are notable, especially in

FIT + procedures, where the ADR is 30.8% and the rate of advanced

adenomas is 6.5%. In Spain, population‐based CRC screening is aimed

to individuals between 50 and 69 years old. In our study, individuals

<50 years with +FIT were out of screening programs, therefore, FIT

in this population was requested following physician criteria (e.g.,

symptoms, family history of CRC of adenomatous polyps…) Despite

we didn't identify the reason to request fecal test and we cannot

stablish solid conclusions based on our data, we must remain vigilant

as there is an increasing tendency to lower the starting age for CRC

screening.30

Some limitations of our study need to be addressed. Because of

its design, a cause‐and‐effect relationship cannot be established.

Participant endoscopists calculated their number of colonoscopies

performed, which could be a limitation; however, these self‐
calculated numbers correlated with the number of procedures

performed in the study. Withdrawal time was also self‐recorded, and
inequities might exist. The participating centers are academic cen-

ters, which can lead to overestimation of quality indicators. Data on

insufflation techniques have not been included in our study, so the

influence of water, air or carbon dioxide on lesion detection cannot

be addressed, and may result in inaccuracies of detection rates.

Moreover, we did not include some patient factors such as comor-

bidities, body mass index, or smoking history because we considered

the age and sex case‐mix to be the most relevant factors in detection
of colonic lesions. Additionally, surveillance procedures included in

our study have followed recommendations from clinical practice

guidelines prior to 2020.31 However, new recommendations pub-

lished lately32 may impact quality metrics, so this aspect should be

explored in the future.

In conclusion, we identified withdrawal time as the only factor

consistently influencing detection of adenomas and serrated polyps in

general colonoscopies and colonoscopies for the specific indications of

+FIT and post‐polypectomy surveillance. Other modifiable factors,

such as cecal intubation and colonic cleansing, had some modest in-

fluence. Physician‐related factors may help to address strategies to

support training and service provision. Our study provides real‐world
data on lesion detection metrics in colonoscopy which could be used

for future benchmarking and quality improvement.
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