
INTRODUCTION 

The overall prevalence of colorectal cancer (CRC) is lower in 
Asian than in Western countries; however, Asia has the highest 
number of prevalent cases, with relevant health-related im-
plications.1 Colonoscopy, the gold standard method for CRC 
screening, can reduce the CRC incidence by 76%−90% and the 
CRC mortality by 53%.2,3 However, colonoscopy is an imperfect 
method and has variable quality, with miss rates of 17%−28% 

Continuous measurement of quality indicators (QIs) should be a routine part of colonoscopy, as a wide variation still exists in the per-
formance and quality levels of colonoscopy in Korea. Among the many QIs of colonoscopy, the adenoma detection rate, average with-
drawal time, bowel preparation adequacy, and cecal intubation rate should be monitored in daily clinical practice to improve the quali-
ty of the procedure. The adenoma detection rate is the best indicator of the quality of colonoscopy; however, it has many limitations for 
universal use in daily practice. With the development of natural language processing, the adenoma detection rate is expected to become 
more effective and useful. It is important that colonoscopists do not strictly and mechanically maintain an average withdrawal time of 6 
minutes but instead perform careful colonoscopy to maximally expose the colonic mucosa with a withdrawal time of at least 6 minutes. 
To achieve adequate bowel preparation, documentation of bowel preparation with the Boston Bowel Preparation Scale (BBPS) should 
be a routine part of colonoscopy. When colonoscopists routinely followed the bowel preparation protocols, ≥85% of outpatient screen-
ing colonoscopies had a BBPS score of ≥6. In addition, the cecal intubation rate should be ≥95% of all screening colonoscopies. The 
first step in improving colonoscopy quality in Korea is to apply these key performance measurements in clinical practice. 
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for polyps of any size, 2.1%−12% for large polyps, and 5%−11% 
for advanced adenoma in previous studies.4-7 In addition, the 
detection rates of adenomas8 and sessile serrated lesions9 vary 
among colonoscopists. Therefore, efforts to maximize the 
quality of colonoscopy are essential. Improving the quality and 
performance of the procedure is a goal of every colonosco-
pist; however, the measurement and application of the quality 
indicators (QIs) of colonoscopy in daily clinical practice is a 
challenge for many practitioners. In addition, colonoscopists in 
both community and academic hospitals have to bear the bur-
den of a large volume of cases, resulting in a chasm between the 
ideal and the reality with respect to compliance with the QIs of 
colonoscopy. 

In this article, we aimed to provide practical advice for colo-
noscopists in optimizing the QIs of colonoscopy, with a focus 
on the four major indicators: adenoma detection rate (ADR), 
average withdrawal time (AWT), bowel preparation adequacy, 
and cecal intubation rate (CIR).  

    This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.
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ADENOMA DETECTION RATE 

The ADR can be defined as the number of patients with one or 
more adenomas divided by the total number of patients who 
underwent a screening colonoscopy.10 The American Society 
for Gastrointestinal Endoscopy (ASGE)/American College of 
Gastroenterology (ACG) Task Force on Quality in Endoscopy 
recommends ADR targets for screening colonoscopy of at least 
30% for men and 20% for women (25% for all patients) aged 
≥50 years.10 In a recent review by the American Gastroentero-
logical Association (AGA), the recommended ADR was 30%, 
with a recommended aspirational target of 35%.11 However, 
this expert review was not a formal systematic review and 
had no formal rating of the quality of evidence or the strength 
of recommendation. ADR is the best QI because there is a 
marked variation in the ADR among colonoscopists,12 which 
is the rationale for the creation of ADR targets. A Polish study 
on screening colonoscopy reported that the endoscopist’s 
ADR was significantly associated with the risk of interval CRC 
(p=0.008).13 Compared with an ADR of ≥20.0%, the hazard 
ratios for ADRs of <11.0%, 11.0%−14.9%, and 15.0%−19.9% 
were 10.94, 10.75, and 12.50, respectively. This study showed 
that the risk of interval CRC was significantly higher among 
patients who underwent colonoscopies performed by endos-
copists with an ADR of <20% than among those examined 
by endoscopists with an ADR of ≥20%. However, this finding 
was limited by the fact that the protection against interval 
CRC continued to improve when the ADR increased to >20%. 
Corley et al.14 reported the risk of interval CRC according to 
the quintiles of ADR from 7.35% to 52.51% based on 314,872 
colonoscopies performed by 136 gastroenterologists. Patients 
of gastroenterologists with ADRs in the highest quintile, as 
compared with patients of gastroenterologists with ADRs in 
the lowest quintile, had an adjusted hazard ratio of 0.52 for any 
interval CRC, 0.43 for advanced-stage interval CRC, and 0.38 
for fatal interval CRC. Therefore, the ADRs of all colonosco-
pists should be measured, and those with an overall ADR of 
<25% in screening colonoscopy need to improve their perfor-
mance. 

ADR is the best QI for mucosal inspection and the single 
most important QI for screening colonoscopy.10 However, the 
measurement of ADR is labor intensive and cumbersome. 
Therefore, it is difficult to apply this method in daily clinical 
practice. In addition, the adenoma miss rates still varied among 
high-ADR colonoscopists in a study in which 200 colonosco-

pists performed back-to-back colonoscopies,15 which raised the 
question of whether the ADR is indeed the best QI. Many lim-
itations of the ADR may also prevent its universal use in daily 
practice. First, as ADR measurement requires a manual review 
of pathology data, colonoscopists cannot know their ADR im-
mediately after the procedure. Therefore, the polyp detection 
rate (PDR) has been suggested as an alternative QI because it 
does not require pathological data. In a total of 1,921 colonos-
copies, the PDR and ADR correlated well in segments proximal 
to the splenic flexure but not in the left colon.16 Therefore, the 
PDR may be used as a surrogate for the ADR in the right colon. 
However, checking colonoscopy images one by one is challeng-
ing for colonoscopists. If the ADR can be calculated and auto-
matically monitored with natural language processing, which is 
a method used to extract the ADR from unstructured or free-
text data using computer-based artificial intelligence,17-19 ADR 
measurement may substantially improve the effectiveness of 
screening colonoscopy. Second, the use of the ADR as a QI may 
lead to a “one-and-done” approach to colonoscopy, in which 
colonoscopists might pay less attention to carefully examining 
the remaining colonic mucosa after identifying the first adeno-
ma. Therefore, the adenoma per colonoscopy (APC) rate has 
been suggested as a promising alternative to the ADR,20 as it 
reflects careful examination of the whole colon. However, the 
APC rate also has a limitation in that it is more cumbersome to 
measure than the ADR. Third, there are no guidelines for the 
minimum number of colonoscopies required to ensure reliable 
ADR estimates. When calculating 95% confidence intervals for 
theoretical ADRs of 15%−40% with varying sample sizes, large 
numbers of colonoscopies (e.g., 500 cases) are needed to pro-
vide narrow confidence intervals for typical ADR estimates.21 
Finally, the target ADR may be adjusted according to the indi-
cations of colonoscopy or age group. In a consensus statement 
by the US Multi-Society Task Force on CRC, the recommended 
targets for ADR were at least 45% for men and 35% for women 
aged ≥50 years in colonoscopy after a positive fecal immu-
nochemical test.22 For adults aged <50 years, our study group 
recommended an adjusted ADR target of 20% rather than 25% 
in screening colonoscopy.23  

To date, the ADR is the best QI for screening colonoscopy; 
however, there is a chasm between the ideal and the reality with 
respect to its universal use in daily practice. If natural language 
processing can fill this chasm in the near future, the ADR is ex-
pected to become a more effective and useful QI for screening 
colonoscopy. 
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AVERAGE WITHDRAWAL TIME 

Barclay et al.24 showed that an AWT of ≥6 minutes increased 
the detection rate of significant neoplastic lesions in normal 
screening colonoscopy. Colonoscopists with AWTs of ≥6 min-
utes had a higher detection rate of neoplasia (28.3% vs. 11.8%, 
p<0.001) and advanced neoplasia (6.4% vs. 2.6%, p=0.005) 
than those with AWTs of <6 minutes. In four representative 
studies comparing the AWT and ADR, the ADR proportionally 
increased as the AWT increased from 6 to 12 minutes.25 In an 
analysis of the Minnesota Cancer Surveillance System based on 
76,810 screening colonoscopies, a shorter annual AWT during 
screening colonoscopies was independently associated with 
a lower ADR and an increased risk of interval CRC.26 Careful 
colonoscopic examination is time consuming, but may result in 
an increased detection rate of significant neoplastic lesions. It is 
not difficult to measure the AWT in daily practice because most 
colonoscopic equipment support the monitoring of the exam-
ination time. Therefore, the AWT can only be a secondary QI 
to the ADR.27 How can the AWT be increased in daily practice? 
The AWT may increase when colonoscopists are aware of being 
monitored. In a Swiss study, the AWT in unmonitored colonos-
copists was shorter than the recommended AWT and increased 
with an awareness of monitoring (from 21% to 36%).28 

The AWT may be limited because it is only useful for mon-
itoring the performance of colonoscopists with low ADRs.27 
In addition, the AWT is not a useful QI when performing 
colonoscopy in patients with a history of surgical resection, 
biopsies, or polypectomies and in those with inadequate bowel 
preparation. In the ASGE/ACG guidelines, the recommended 
target AWT is 6 minutes10; however, whether 6 minutes is the 
actual optimal target level of AWT in screening colonoscopy 
remains unclear. In the AGA review, the minimum AWT target 
was also 6 minutes, although an aspirational target of 9 minutes 
was recommended.11 The European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines also recommend 6 minutes as 
the minimum standard and 10 minutes as the target standard.29 
In the New Hampshire Colonoscopy Registry, the ADR and 
the detection rate of significant serrated polyps increased with 
each additional minute beyond an AWT of 6 minutes.30 How-
ever, in this study, an AWT of 9 minutes showed the maximum 
benefit for the ADR and the detection rate of serrated polyps. 
In the Norwegian Gastronet Quality Assurance program based 
on 4,429 colonoscopies performed by 67 colonoscopists, the 
detection rate of polyps ≥5 mm was not significantly different 

between colonoscopists with AWT ≥6 minutes and those with 
AWT <6 minutes.31 In this study, an AWT of 6 minutes was not 
a strong predictor of the likelihood of finding a polyp during 
colonoscopy. In a recent Korean study, the ADR was signifi-
cantly higher when the segmental withdrawal time was ≥2 min-
utes in the right-sided colon, ≥4 minutes in the proximal colon, 
and ≥3 minutes in the left-sided colon than when the segmental 
withdrawal times were shorter.32 This study suggests that the 
segmental withdrawal time is more important than the total 
withdrawal time. 

A gap still exists between the ideal and the reality in terms 
of the AWT in daily practice. In clinical practice, how time is 
utilized by colonoscopists matters more than the AWT target of 
6 minutes itself. It is important that colonoscopists do not me-
chanically maintain an AWT of 6 minutes but instead perform 
careful colonoscopy to maximally expose the colonic mucosa, 
which may naturally require more time. 

BOWEL PREPARATION ADEQUACY 

Inadequate bowel preparation may result in missed neoplastic 
lesions, incomplete colonoscopic examinations, and incomplete 
resection. In particular, nonpolypoid lesions are more likely to 
be missed than polypoid lesions when the bowel preparation is 
inadequate, especially in the right-sided colon.33 In a Spanish 
study, 36.3% of 132 cases of interval CRC were associated with 
inadequate bowel preparation, which suggests that high-quality 
bowel preparation can prevent interval CRC.34 The ASGE/ACG 
guidelines recommend documentation of bowel preparation 
quality in >98% and achieving adequate bowel preparation in 
≥85% of all outpatient screening colonoscopies.10 However, re-
cently, the target level for adequate bowel preparation has been 
increased.11,29 The updated AGA guidelines recommend achiev-
ing adequate bowel preparation in ≥90% (aspirational target 
≥95%) of screening colonoscopies.11 Similarly, the ESGE guide-
lines recommend ≥90% as the minimum standard and ≥95% as 
the target standard.29 Although adequate bowel preparation has 
not been clearly defined, bowel preparation can be considered 
adequate when polyps >5 mm in size are easily detected during 
colonoscopy.35 In daily practice, the quality of bowel prepara-
tion has been classified as excellent, good, fair, or poor; howev-
er, these terms do not have standardized definitions36 and have 
interobserver variations. For an objective documentation of 
bowel preparation, the Boston Bowel Preparation Scale (BBPS) 
can be used.37 In the BBPS, each of the three segments of the co-
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lon (right, transverse, and left) is scored from 0 to 3 after clean-
ing maneuvers such as washing and suctioning of retained fluid 
and stool.32 The scores for the three segments are then summed 
to obtain a total score of 0−9, in which 0 means an unprepared 
bowel and 9 means an entirely clean bowel. An instructional 
video demonstrating how to use the BBPS is available online 
at http://www.bmc.org/gastroenterology/research.htm.37 In a 
systematic review and meta-analysis of studies on the impact of 
bowel preparation quality on the ADR, intermediate/fair prepa-
ration quality may be followed up at standard guideline-recom-
mended surveillance intervals without substantially affecting 
quality as measured by the ADR.38 Therefore, excellent, good, or 
fair quality may be considered adequate preparation, whereas 
poor quality indicates inadequate preparation. In terms of the 
BBPS, a score of ≥6 is considered to indicate adequate prepara-
tion, and early repeat colonoscopy is recommended in patients 
with a BBPS score of 0 or 1 in any colon segment.39,40 When the 
quality of bowel preparation is inadequate according to these 
definitions, colonoscopy must be repeated at shorter than the 
recommended intervals.10 

Colonoscopists should assess the bowel preparation protocols 
when the frequency of inadequate bowel preparation is >15%. 
Two important factors for improving the quality of bowel 
preparation are the timing of colonoscopy and the split-dosing 
regimen. The most important determinant of bowel prepara-
tion quality is the timing of colonoscopy (e.g., the interval be-
tween the end of preparation ingestion and the start of colonos-
copy).41 Patients should ingest the second half of the split dose 
4−5 hours before the scheduled colonoscopy start time and 
finish the ingestion 2 hours before the procedure time.9 All pa-
tients should be educated on the split-dosing regimen for bowel 
preparation. Recently, low-volume preparation agents have 
been commonly used42,43; therefore, sufficient education on 
low-fiber diets is becoming more important than before, when 
high-volume preparation agents were commonly used. Euro-
pean guidelines recommend a low-fiber diet on the day before 
colonoscopy but do not have any recommendations about the 
use of a low-fiber diet for >24 hours before the procedure.44 

A large gap still exists between the target bowel preparation 
quality and the actual colonoscopy performance, as the report-
ed rate of inadequate bowel preparation was 28.1% and a split-
dose regimen was prescribed to only 55.4% of patients in actual 
practice.45 This gap may be narrowed when documentation of 
bowel preparation with BBPS becomes a routine part of colo-
noscopy. In addition, ≥85% of outpatient screening colonos-

copies had a BBPS score of ≥6 when colonoscopists routinely 
followed the bowel preparation protocols, including the appro-
priate timing of colonoscopy, use of the split-dosing regimen, 
and provision of a low-fiber diet education to patients. 

CECAL INTUBATION RATE 

Cecal intubation is defined as the successful insertion of the 
colonoscope tip up to the proximal part of the ileocecal valve 
and visualization of the entire cecal caput.10 Cecal intubation 
can be confirmed using landmarks, including the appendiceal 
orifice with triradiate folds and the ileocecal valve. If the op-
erator is not certain of cecal intubation, identification of the 
ileocecal valve and intubation of the terminal ileum may be 
necessary. When cecal landmarks are not clearly identified and 
colonoscopists take a photograph of the area believed to be the 
cecum from a distance, other colonic segments may be mis-
taken for the cecum. The ASGE/ACG guidelines recommend 
a target CIR of ≥95% during screening colonoscopy.10 How-
ever, in the National Health Service Bowel Cancer Screening 
Program, the CIR varied from 76.2% to 100% and was highly 
consistent with the ADR.46 According to the Ontario Cancer 
Registry, patients who underwent colonoscopy performed by 
a colonoscopist with a high CIR were less likely to develop in-
terval CRC.47 When 95 cases of cecal intubation failure were 
analyzed, the identified causes were redundant colon (56.8%), 
difficult sigmoid colon (34.7%), and sedation difficulty (8.4%).48 

In a recent study from primary health-care institutions in 
Korea, the proportion of incomplete examinations attributed 
to poor bowel preparation or difficulty in cecal intubation was 
only 4.9%.49 In addition, most hospital-based studies on screen-
ing colonoscopy in Korea reported a high CIR of nearly 100%.50 
As the primary health-care institutions are sufficiently achiev-
ing the target CIR (≥95%), the CIR may have little room for im-
provement in Korea. In this regard, the CIR may not be a good 
QI for screening colonoscopy in Korea, as most colonoscopists 
already have a high CIR. 

CONCLUSIONS 

In Korea, an ongoing pilot study is evaluating the efficacy and 
safety of population-based colonoscopy screening for CRC; 
however, a wide variation still exists in the performance level 
and the QIs of screening colonoscopy.51 As demonstrated in the 
NordICC study,52 suboptimal colonoscopy quality is a major 
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pitfall in population-based colonoscopy screening. To improve 
the performance of population-based colonoscopy screening, 
continuous measurement of QIs should be included in routine 
practice.53 

Among the many QIs of colonoscopy, the ADR, AWT, bowel 
preparation adequacy, and CIR should be prioritized and mon-
itored in daily practice. The first step in improving colonoscopy 
quality in Korea is to apply these key performance measure-
ments in clinical practice. At the same time, we anticipate future 
work to clarify the optimal colonoscopy QIs in Korea. 
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