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General introduction and outline of this thesis

General IntroduCtIon

Colorectal cancer (CRC) is one of the most frequently diagnosed cancers in the Neth-
erlands, with over 15.000 new cases in 2014 and almost 5.000 cancer-related deaths in 
2013.1 CRC mortality can be reduced by detecting cancers at an early, curable stage and 
by detection and removal of colorectal adenomas, the most important precursor lesion 
of CRC.2 Colonoscopy is the reference standard for detecting and removing adenomas, 
but is not perfect and does not fully protect for later development of CRC, especially 
right-sided tumours.3–5

Colonoscopy interval carcinomas, or post-colonoscopy colorectal cancers, are carci-
nomas that are detected within the proposed surveillance-interval after colonoscopy. 
The incidence rates of interval carcinomas vary largely, from 2.9% to 9.6% of the total 
number of CRCs diagnosed in a population, and from 1 in 130 to 1 in 1000 colonosco-
pies.6,7 The causes of interval cancers can be categorized in two major groups: colonos-
copy-related and biology-related causes.8 Three major colonoscopy-related causes for 
interval carcinomas have been described, that together are thought to be responsible 
for approximately 85% of all interval cancers.7–11 Literature suggests that in 50-60% of 
the cases, interval carcinomas result from missed colorectal lesions at previous colo-
noscopy.7–11 Several tandem studies have reported a substantial adenoma miss rate of 
20-26%, of which approximately 2-12% for adenomas larger than 10mm.12 Especially flat 
lesions and lesions in the proximal colon are prone to be missed, which might explain 
that the majority of interval carcinomas are located in the proximal colon.3,8,13 Other 
colonoscopy-related causes are inadequate examinations, e.g. incomplete colonosco-
pies without cecal intubation, or an insufficient bowel preparation.6,8 These factors can 
contribute to the reason for missed lesions, also more logically in the proximal colon, 
and have been reported to be responsible for approximately 20% of all interval cancers.8 
A third colonoscopy-related cause for interval colorectal carcinomas is the incomplete 
removal of premalignant lesions. This could result in cancers that arise at the site of a 
previous polypectomy.14,15 From a recent study we learnt that approximately 10% of all 
neoplastic polyps is resected incompletely.15 Only a small number of studies have evalu-
ated the incidence of interval cancers caused by incomplete resection, with percentages 
varying from 9% to 27%.8,14,16,17 In approximately 14%, interval cancers are actually newly 
developed cancers with an aggressive biologic behaviour and accelerated carcinoma-
pathway, for example in association with microsatellite instability.11,18

While the biology-related causes of interval cancers are more difficult to prevent, a 
large proportion of colonoscopy-related interval colorectal cancers should be prevent-
able by improving the quality of colonoscopy. Increasing awareness of the importance 
of high quality in performing colonoscopies is therefore important. Although being the 
ultimate quality indicator, the rate of interval cancers is a parameter that can only be 
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used in the long term, and is therefore not practical for monitoring quality of colonos-
copy in daily practice. For daily practice, several surrogate quality indicators have been 
defined that aim to measure the quality of colonoscopy and to target quality improve-
ment (Table 1).

One of these quality indicators, is the adenoma detection rate (ADR), the proportion of 
colonoscopies in which at least one histologically confirmed adenoma is detected. Two 
recent landmark papers demonstrated that the ADR of individual endoscopists is as-
sociated with the risk of interval carcinomas.19,20 Therefore, ADR is considered the prime 
quality indicator in CRC prevention, representative for a thorough mucosal inspection 
of the whole colon. According to most guidelines, an ADR of at least 20% is required 
in screening colonoscopies.21–23 An inherent limitation of ADR is that it does not mea-
sure the total number of adenomas detected within a person, especially important in 
populations with high ADRs, e.g. colonoscopies in a FIT-positive population. Therefore, 
additional measurement of the mean number of adenomas detected per colonoscopy 
(MAP) is suggested in the literature.22,24 Adenomas have long been regarded as the only 
premalignant lesions in the colorectum. However, recent literature suggest that also ser-

table 1. Minimal set of quality indicators, auditable outcome measures and accepted standards in colo-
noscopy23,38

Quality indicator outcome measure standard

Adenoma detection Adenoma detection rate (ADR): number of 
patients with a least 1 adenoma/total number of 
patients

ADR ≥25% in men and ≥15% 
in women during screening 
colonoscopy37

or average ADR ≥20% during 
screening colonoscopy19,20

Bowel preparation Quality of bowel preparation, preferably assessed 
with a validated bowel preparation scale23,33

≥90% described as ‘excellent’ or 
‘adequate’23

Cecal intubation Cecal intubation rate (CIR) with photo-
documentation of the cecal landmarks

≥90% unadjusted CIR (intention 
to scope) in unselected 
colonoscopies34 and ≥95% in 
screening colonoscopies37

Withdrawal time Total time for inspection from cecal pole to anus 
(in minutes)

Withdrawal time ≥6 min in an intact 
colon for negative colonoscopies34,35

Discomfort Assessment of discomfort by a validated scale, 
e.g. the Gloucester comfort score

Not established

Complications Percentage of colonoscopies with a complication 
(up to 30 days after the procedure)

≤0.3%

Incidence of perforation during colonoscopy Perforation-rate ≤1:1,000 for 
colonoscopies (diagnostic or 
therapeutic)39

or ≤1:500 for colonoscopies with 
polypectomy39

Incidence of post-polypectomy bleeding ≤1:100 colonoscopies with 
polypectomy34
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rated polyps (SPs) might develop into cancer through the serrated neoplasia pathway.25 
Currently, the detection of SPs is not yet an established quality indicator, and detection 
thresholds are not defined.26 A few recent studies have suggested the proximal SP de-
tection rate as quality parameter for high quality colonoscopy, however the association 
between SP detection and interval cancers has yet to be determined.26–28

To ensure safe intubation of the cecum and to optimize adenoma detection, adequate 
bowel preparation is essential.29 Insufficient visualization of the mucosa can lead to 
missed lesions and an increase in the risk of interval carcinomas.30 In a large prospective 
multicenter European study, the detection of polyps of any size was dependent on the 
quality of the bowel preparation.31 In particular the detection of flat lesions, often har-
boring advanced histology, seems to be associated with adequate bowel preparation.32 
The quality of the bowel preparation should be assessed and reported with a validated 
scale, for example the Boston Bowel Preparation Score.33

A colonoscopy can only be considered complete if the cecum is intubated and com-
pletely visualized. In a key paper, a significant number of right-sided cancers occurred 
in patients who underwent an incomplete colonoscopy in the past.3 Therefore visualiza-
tion of cecal landmarks, ileocecal valve, ileal mucosa and appendiceal orifice, should 
be confirmed and photodocumented. Each endoscopist should have a cecal intubation 
rate (CIR) of at least 90%, and an adjusted CIR (adjusted for poor bowel preparation and 
structural causes, e.g. stenosing tumour or stricture) of at least 95%.22,23,34

Withdrawal time could be used as a surrogate measure for the time taken to carefully 
inspect the colorectal mucosa for adenomas and not a useful metric solely by itself. 
Several studies reported that withdrawal times of 6 minutes or longer was correlated 
with a higher ADR, as it is likely a surrogate measure for inspection time of the colorectal 
mucosa.35 Therefore an inspection time of at least 6 minutes is advised.35

Colonoscopy is considered a burdensome procedure and therefore measurement of 
patient discomfort (for instance by using the Gloucester Comfort Scale) is essential for 
benchmarking.23 In daily practice, sedation is offered to most patients undergoing colo-
noscopy, and this might influence patient experience and might also cause complica-
tions. Therefore it is important to report on the depth of sedation during the procedure. 
One of the methods to assess the deepest level of sedation is the Leeds scale.36

Colonoscopy is an invasive procedure and severe complications can occur during the 
preparation phase, the procedure itself, and in the weeks following the colonoscopy. 
The rate of post-polypectomy bleeding or bowel perforation should be minimal, with 
less than 1:100 complicated bleedings after polypectomy (requiring adjusted treatment) 
and less than 1:1000 perforations.23,34,37 To ensure complete recording of complications, 
complete follow-up for 4 weeks after the procedure is advised.
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Measurement and benchmarking of the previously mentioned quality indicators forms 
the basis for continuous improvement in colonoscopic quality.39 Quality of colonoscopy 
can only be measured if colonoscopy reports include all key quality indicators. In daily 
practice however, reporting is often incomplete and not standardized.38,40 Chapter 2 
describes the development of a novel, structured colonoscopy reporting system, which 
aims at generating standardized and complete reports. Using structured terminology, 
the system allows reporting on all relevant quality indicators for colonoscopy, as well 
as histopathological findings. This facilitates automatic analysis of colonoscopy quality 
indicators for both individual endoscopists and the endoscopy unit.

Each lesion that is detected during colonoscopy should have an accurate description 
in the colonoscopy report. One of the characteristics is polyp morphology. Several stud-
ies have demonstrated that polyp morphology has a predictive value for incomplete 
resection and for the presence of invasive growth, i.e. cancer.15,41–44 Therefore, polyp 
morphology is helpful in decision-making about endoscopic treatment and surgical 
resection.41,44 For accurate description of polypmorphology, a validated and reproduc-
ible classification is necessary. Chapter 3 reports on interobserver agreement of the 
Paris classification of neoplastic lesions in the colon45 among seven western expert 
endoscopists.

While insufficient quality of colonoscopy contributes largely to adenoma miss-rates, 
adenomas can also be missed because they are located behind colonic folds or in flex-
ures and thus are outside the endoscopic field. A new endoscope cap, the Endocuff, 
was developed to improve adenoma detection and tip control of the colonoscope. We 
compared the effect of Endocuff-assisted colonoscopy on the mean number of adeno-
mas detected per colonoscopy with that of conventional colonoscopy and report the 
results in Chapter 4.

Although ADR is considered the most important quality indicator of colonoscopy, cur-
rent literature reports a wide variation in ADR among endoscopists.22,40,46 During endos-
copy training of gastroenterology fellows (GI-fellows), the most important competency 
for colonoscopy is safe cecal intubation.47,48 Little is known about the ADRs of individual 
GI-fellows during their years of training and whether a variation in ADR is already present 
during this period. Chapter 5 presents the variance in ADR among GI-fellows during the 
course of their colonoscopy training and the predictive value of detection rates during 
training for ADRs in later practice as a gastroenterologist.

Serrated polyps (SPs) have been reported responsible for approximately 15-30% of all 
CRCs, and probably for a large proportion of interval carcinomas.49 Not all SPs appear 
to be premalignant. While diminutive hyperplastic polyps (HPs) in the rectosigmoid are 
considered benign, larger and/or proximally located HPs, sessile serrated adenomas/
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polyps (SSA/Ps) and traditional serrated adenomas (TSAs) are potential CRC precur-
sors.25 Therefore, to ensure a high quality colonoscopy, besides all adenomas also those 
relevant SPs should be accurately detected and resected. Currently the detection of SPs 
is not yet an established quality indicator and detection thresholds are not defined in 
literature. Chapter 6 reports on the comparison of the detection rate of at least one 
proximally located SP (PSPDR) and clinically relevant SPs (e.g. larger and/or proximally 
located HPs, SSA/Ps and TSAs) and the association between both parameters and ADR.

As described above, colonoscopy can reduce CRC mortality by detection and removal 
of precursor lesions. High quality colonoscopy should include safe and complete pol-
ypectomies. Recently the St Marks’ developed a Direct Observation of Polypectomy 
Skills (DOPyS) for formal training and assessment of basic and advanced polypectomy 
techniques.50 During training of GI-fellows, systematic training in polypectomy skills is 
important. In the Netherlands however, just like in most countries, systematic training 
in polypectomy is currently not provided and skills are acquired through apprenticeship 
and experiential learning. The effect of systematic training and lectures on the polypec-
tomy skills of GI-fellows is unknown. Chapter 7 reports on the effect of a lecture-based 
training course about colonic polyps and polypectomy techniques, to polypectomy 
skills of GI-fellows, as measured with the validated DOPyS, before and after training.

In the final chapter 8 we summarize our main findings and discuss future perspectives 
for monitoring and improving quality of colonoscopy.
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abstraCt

background and study aims: The quality of colonoscopy can only be measured if colo-
noscopy reports include all key quality indicators. In daily practice, reporting is often 
incomplete and not standardized. This study describes a novel, structured colonoscopy 
reporting system, which aims to generate standardized and complete reports and to 
facilitate the automatic analysis of colonoscopy quality indicators.
Methods: A new colonoscopy reporting system (EndoALPHA) was developed. The 
system reports all colonoscopy quality indicators, as well as pathological findings, in a 
systematic manner using structured terminology. All essential items carry specific codes, 
which enables statistical analysis and the automatic generation of reports of all quality 
indicators. The EndoALPHA reporting system was tested with regard to completeness of 
reporting and evaluation of quality indicators both for individual endoscopists and the 
endoscopy unit.
results: In 2012, all 810 colonoscopies performed at one colonoscopy center were doc-
umented using EndoALPHA. Overall, 94% of performed colonoscopies were reported 
completely using the encoded terminology. Individual unadjusted cecal intubation 
rates were above 90% for all endoscopists (mean 96.7%), and the adenoma detection 
rate was above 20% for all endoscopists (35.4% for the unit).
Conclusion: The novel EndoALPHA reporting system enables automatic quality assess-
ment on two levels: the completeness of reporting can be evaluated, and if this is ad-
equate, the quality of the colonoscopies can also be assessed. Integrated with feedback, 
benchmarking and training, the reporting system may facilitate quality improvement 
for colonoscopy.
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IntroduCtIon

Colonoscopy is the gold standard for detection and removal of colorectal cancer (CRC) 
and adenomas. Colonoscopic removal of adenomatous polyps has a preventive effect 
on the development of CRC and resulted in a mortality reduction of approximately 50% 
in the National Polyp Study.1 However, colonoscopy does not fully protect against CRC, 
especially for those cancers that are located proximally.2–5 The fact that colonoscopic 
surveillance does not appear to have prevented a higher percentage of cancers has led 
to many recent publications on quality in colonoscopy.6–9

In an effort to improve the quality of colonoscopy, several quality indicators have 
been defined that aim to measure performance of colonoscopists and to target quality 
improvement (Table 1).8,9 The quality of colonoscopy can only be measured adequately 
if colonoscopy reports include the key quality indicators. In daily practice however, 
reporting is often incomplete.10,11 In 2007, the Quality Assurance Task Group of the 
National Colorectal Cancer Roundtable (NCCRT) in the USA developed the CO-RADS 
(Colonoscopy Reporting and Data System) to assist endoscopists in monitoring quality 

table 1. Minimum set of quality indicators, auditable outcome measures, and accepted standards in colo-
noscopy.18,19

Quality indicator Outcome measure Standard [ref ]

Adenoma detection ADR: number of patients with a least 1 
adenoma/total number of patients

ADR ≥25% in men and ≥15% in women 
during screening colonoscopies9

or, average ADR ≥20% during screening 
colonoscopy8

Bowel preparation Quality of bowel preparation, preferably 
assessed using a validated bowel 
preparation scale18

≥90% described as “excellent” or 
“adequate”18

Cecal intubation CIR with photo-documentation of the cecal 
landmarks

≥90% unadjusted CIR (intention to 
scope)18 in unselected colonoscopies and 
≥95% in screening colonoscopies9

Withdrawal time Total time for inspection from cecal pole to 
anus (in minutes)

Withdrawal time ≥6 minutes in an intact 
colon for negative colonoscopies9,18–20

Discomfort Assessment of discomfort by a validated 
scale (e.g. the Gloucester Comfort Scale)

Not established

Complications Percentage of colonoscopies with a 
complication (up to 30 days after the 
procedure)

≤0.3%

Incidence of perforation during 
colonoscopy

Perforation rate ≤1:1000 for colonoscopies 
(diagnostic or therapeutic)16

or, ≤1:500 for colonoscopies with 
polypectomy18

Incidence of postpolypectomy bleeding ≤1:100 colonoscopies with polypectomy18

ADR, adenoma detection rate; CIR cecal intubation rate.
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indicators in their practice.12 The CO-RADS consists of a list of recommended items for 
each colonoscopy report, including all colonoscopic findings as well as all suggested 
quality indicators.12 However, implementation of CO-RADS in several centers for research 
purposes did not result in complete reporting of all key quality indicators.13,14 Similarly, 
even though most practices in The Netherlands use a computerized reporting system 
with standardized terminology, the quality of colonoscopy reporting varies widely 
among centers.15

A solution for the shortcomings in current quality reporting could be the use of a 
structured, colonoscopy reporting system that forces endoscopists to report on a mini-
mum set of items. We developed a completely structured colonoscopy reporting system, 
aimed at generating a standardized and complete report on every colonoscopy in daily 
practice, including all key quality indicators. As well as accurate reporting on endoscopic 
quality and findings, this system facilitates regular production of standard analyses of 
all quality indicators for quality assurance and benchmarking, with the advantage of 
avoiding double data entry into separate information technology/registry systems.

Methods

New reporting system

The platform for the new colonoscopy reporting system was version 11.0 of the En-
dobase software system (Olympus, Winter & Ibe GmbH, Hamburg, Germany). In this 
system, each segment of the colon is described, and a written report is compiled by 
selecting from standard text options. Based on the current literature and knowledge, 
we developed a list of endoscopic data, including established quality indicators, to be 
collected during the entire colonoscopy procedure as well as the facility to document 
specific findings during the procedure. From these lists a new reporting system was 
developed called EndoALPHA documentation (Endobase) version 11.6 in collaboration 
with Olympus Nederland B.V., The Netherlands.

Quality indicators

Several quality indicators that aim to measure performance of colonoscopists and to 
target quality improvement have been defined previously (Table 1). These indicators are 
outlined below.

Each endoscopist should have an adenoma detection rate (ADR) of at least 20% in an 
average screening population.9

To ensure safe intubation of the cecum and adequate adenoma detection, adequate 
bowel preparation is essential. The quality of bowel preparation should be assessed and 
reported for each colonoscopy, using a standardized scale, such as the Boston Bowel 
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Preparation Scale.16,17 As a colonoscopy can only be considered complete if the cecum 
is reached and visualized, visualization of the ileocecal valve and appendiceal orifice 
should be confirmed. This should be documented in each report, ideally with linked 
photographs of the cecal landmarks. Each endoscopist should have an unadjusted ce-
cal intubation rate (intention to scope, not adjusted for poor bowel preparation and 
structural lesions) of at least 90%, as recommended by the National Health Service (UK) 
Bowel Cancer Screening Programme Endoscopy Quality Assurance group and the Na-
tional Institute for Public Health and the Environment (The Netherlands) Dutch National 
Screening Programme for Bowel Cancer.18,19

Several studies have shown that withdrawal times of 6 minutes or longer contribute 
to a higher ADR, and therefore an inspection time of at least 6 minutes is advised.20,21

As colonoscopy is considered a burdensome procedure22, measurement of patient 
discomfort/comfort using the Gloucester Comfort Scale18 during colonoscopies is es-
sential for benchmarking. Furthermore, it could possibly help to identify factors that 
would make the procedure more comfortable for patients. The deepest level of sedation 
is measured using the validated Leeds scale.23

Colonoscopy is an invasive procedure and severe complications can occur during the 
preparation phase, the procedure itself, and in the weeks following the colonoscopy. 
The rate of postpolypectomy bleeding or bowel perforation should be minimal and less 
than 1:1000 procedures.9,18 To ensure complete recording of complications, complete 
follow-up for 4 weeks after the procedure is advised.

Practical use of the reporting system

In the new reporting system, all quality indicators have to be systematically reported 
through structured terminology, and therefore all essential items are mandatory. The 
final report is generated after all appropriate descriptions have been selected. The final 
report is presented in a word processor for minor adjustments. These minor adjustments 
are not reflected in the database.

Before commencing the procedure, the endoscopist verifies patient demographics 
within the time-out procedure. These data are linked to the specific endoscope(s) used 
for the procedure, which facilitates tracking of the endoscopes and/or patients if neces-
sary. Next, the indication for colonoscopy is chosen from a drop-down menu.

During endoscopy, photographs of the cecal landmarks, rectal retroflexion, and all 
specific findings such as polyps (before and after polypectomy) can be stored and la-
belled by the endoscopist. The polyps are numbered in the photographs to match the 
numbers in the report. A video option is also available.

After endoscopy, a full report on the procedure is entered. For the majority of the qual-
ity indicators and specific findings, all relevant items are reported by selecting options 
from obligatory drop-down menus. The first part of the report enables a structured, 
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general description of the procedure. This starts with the medication that was admin-
istered during colonoscopy (e.g. sedatives, butylscopolamine) and the deepest level of 
sedation achieved during the procedure according to the Leeds scale. The type of bowel 
preparation prescribed and the amount that was actually ingested by the patient is 
entered, followed by the quality of the bowel preparation achieved per bowel segment 
according to the Boston Bowel Preparation Scale. The maximum insertion depth of the 
endoscope is reported by colonic segment, and if the colonoscopy was incomplete, the 
reason for not reaching the cecum is given by choosing from a drop-down menu. For 
each patient the Gloucester Comfort Scale is used to describe the degree of discomfort 
during the procedure. This item should preferably be scored by nurses rather than 
colonoscopists.24 The time to the point of deepest insertion by the colonoscope, as well 
as the total withdrawal time, are documented. Finally, retroflexion in the rectum and 
possible additional remarks on the procedure are reported.

The next system reporting screen focuses on the endoscopic findings. Luminal and 
mucosal pathology is described, such as diverticulosis, angiodysplasias or mucosal 
inflammation, using standardized terminology. All polyps that are detected during 
endoscopy are numbered, to ensure an accurate link to the histopathological result. For 
each polyp or cancer that is detected during colonoscopy, all relevant characteristics 
are registered by choosing options from drop-down menus. First, the location and size 
of the polyp are requested by the system. The next step is a structured assessment of 
the polyp; the endoscopist classifies the morphology according to the Paris classifica-
tion of colonic neoplasms25, as well as the presumptive diagnosis as assessed by the 
endoscopist (cancer, adenoma, serrated polyp, other). Subsequently, applied treatment 
is described by the use of structured drop-down menus, including final endoscopic 
assessment of radicality of the polypectomy. A description of any adverse events that 
occurred during polypectomy and associated interventions completes this section.

When an advanced lesion is suspected, the colonic location is described and histologic 
sampling and tattoo placement are recorded with exact description of the number and 
location of tattoos.

The conclusion and follow-up advice are registered using fixed terminology. The report 
concludes with a preliminary diagnosis and follow-up advice for both the patient and 
the patient’s referring physician. Once the histopathology results are manually added 
to the database by a dedicated research nurse, these are linked to the corresponding 
findings in the report (matched with the number on the histopathology containers). The 
research fellow performs regular queries to check whether the histopathology results of 
all lesions that have been sent to the pathology are completed on the system. After this, 
the report and advice for treatment or surveillance can be finalized.
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Quality assessment

All items described in the report carry specific codes, which enables statistical analysis. 
These analyses can be automatically generated to report on all quality indicators over 
a certain time period for either a whole endoscopy unit or for individual endoscopists. 
Quality assessment can be achieved on two levels: the completeness of reporting can 
be evaluated and, if this is adequate, the quality of the colonoscopies can be assessed.

1. The quality of reporting includes a complete description of all quality indicators 
and all endoscopic findings, which is achieved by use of structured standard reporting 
of all relevant indicators. Statistical analysis, and therefore measurement of colonoscopy 
quality and the generation of quality reports, is only possible when all colonoscopy 
reports are created with the use of the coded fixed, structured terminology.

2. The quality of colonoscopy can be measured, facilitating benchmarking with other 
endoscopists and units. This can help to identify possible deficits in service, causes of 
shortcomings, and areas for quality improvement.

Training

For optimal use of the novel EndoALPHA reporting system, each endoscopist who 
commences use of the system has received 15 minutes of face-to-face instruction by 
a dedicated research nurse or research fellow. If any questions or problems occur while 
using the reporting system, the research team is available by telephone.

results

Between January 2011 and June 2013 this novel reporting system was used for report-
ing all colonoscopies that were performed at one colonoscopy center in Amsterdam, 
the Procolo Center for Colon Examination. Procolo is located next to a tertiary hospital 
(Academic Medical Center), and the same gastroenterology consultants and senior 
fellows that work at the Academic Medical Center perform colonoscopies at Procolo. 
Most patients are referred because of gastrointestinal complaints or a positive familial 
history of CRC, and only American Society of Anesthesiologists class 1 and 2 patients 
are accepted for colonoscopy at Procolo. The mean age of patients referred in 2011 was 
58 years, and 46.1% of the patients were male. Since January 2011, colonoscopies have 
been performed by 28 endoscopists, all of whom used the novel EndoALPHA reporting 
system to document their procedures. Of these, 17 endoscopists performed colonosco-
pies regularly (>40 procedures a year).

During the first year (2011), the system was constantly monitored and additional im-
provements were made to improve the possibilities and quality of the reporting system. 
In January 2012, all quality aspects had been coded and were fully functional.
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Quality of reporting

Every endoscopist was guided through the first endoscopy report they wrote and was 
shown how to use all required drop-down menus. To ensure adequate evaluation of the 
ADR, a dedicated research nurse completed all pathology reports, which were linked 
by number to the corresponding findings during colonoscopy. Not all quality aspects 
had been coded during the first year (Table 2). From January 2012, it was possible to 
reliably report the cecal intubation rate and ADR, as almost all reports were created with 
encoded terminology (Table 2). Overall, 94% of performed colonoscopies in 2012 were 
reported completely using the encoded terminology.

table 2. Quality of reporting at the colonoscopy unit.

Colonoscopy quality indicator/finding Reports with complete description, %

2011 2012 1st half of 2013

Quality bowel preparation (BBPS)  88  98  97

Extent of colonoscopy  89  98  97

Withdrawal time  81  94  94

Sedation used 100 100 100

Gloucester Comfort Scale  84  97  97

BBPS, Boston Bowel Preparation Scale.

Quality of colonoscopy for individual colonoscopists and for the unit

Table 3 shows the individual quality reports of three consultant gastroenterologists. Fig. 
1 shows the individual quality report of Endoscopist 1, and Fig. 2 shows the quality of all 
colonoscopies performed in our unit during 2012.

Every 4 months the quality report of the unit created by the system was presented on 
the colonoscopy center website.

table 3. Quality of endoscopists.

Endoscopist
(no. of colonoscopies)

Cecal intubation rate ADR

The maximum insertion depth 
reported in % of procedures

Unadjusted CIR* 
(intention to scope)

Endoscopist 1 (199) 98.5% 96.4 35.7

Endoscopist 2 (83) 97.6% 96.3 36.1

Endoscopist 3 (467) 95.3% 97.8 37.7

CIR, cecal intubation rate; ADR, adenoma detection rate.
*Intention to scope, not adjusted for poor bowel preparation and structural lesions
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Table 2 Quality of reporting at
the colonoscopy unit.

Colonoscopy quality indicator/finding Reports with complete description, %

2011 2012 1st half of 2013

Quality bowel preparation (BBPS) 88 98 97

Extent of colonoscopy 89 98 97

Withdrawal time 81 94 94

Sedation used 100 100 100

Gloucester Comfort Scale 84 97 97

Table 3 Quality of endoscopists.Endoscopist

(no.of colonoscopies)

Cecal intubation rate ADR, %

Maximum insertion depth reported, % of procedures Unadjusted CIR*

Endoscopist 1 (199) 98.5 96.4 35.7

Endoscopist 2 (83) 97.6 96.3 36.1

Endoscopist 3 (467) 95.3 97.8 37.7

CIR, cecal intubation rate; ADR, adenoma detection rate.
* Intention to scope, not adjusted for poor bowel preparation and structural lesions.

Individual quality report: Endoscopist 1
Periord: 1-1-2011 – 30-04-2013 Total number of colonoscopies 199

Adenoma detection rate
Number of patients 199.00 ≥ 1 Adenoma 71.00 ADR 35.68 %

Polyp detection rate
Number of patients 199.00 ≥ 1 Polyp 99.00 PDR 49.75 %

Total number of colonoscopies with Bosten score 196
Reported in 98.5 % of procedures

Average score 7.94

Total number of colonoscopies with insertion registration 196
Reported in 98.5 % of procedures

At least 6 points  94.4 %

Less than 6 points  5.6 %

Total: 100 %Distribution of the score

Maximal site of insertion

Terminal ileum  67.3 %
Cecum  29.1 %
Ascending colon 0,5 %
Splenic flexure 1,0 %
Sigmoid 1,5 %
Rectum 0,5 %
Total: 100 %

Total number of colonoscopies with Gloucester Comfort Score 196
Gloucester Comfort Score

No discomfort (1)  21.4 %
One or two episodes of mild discomfort, well tolerated (2)  51.5 %
More than two episodes of discomfort, adequately tolerated (3) 16,3 %
Significant discomfort, experienced several times during the procedure (4) 7,7 %
Extreme discomfort, experienced frequently during the procedure (5) 3,1 %
Total: 100,0 %

Percentage colonoscopies with sedative
Number of colonoscopies 199 Number with sedative 186 Percentage 93.0 %

Percentage colonoscopies with a minimal withdrawel time of 6 minutes
Number of examinations  Withdrawel time > 6 min 84.0 %

Total number of colonoscopies with complications 5

Fig.1 Individual quality report: Endoscopist 1.

van Doorn Sascha C et al. A novel colonoscopy reporting system… Endoscopy 2014; 46: 181–187

Original article184
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figure 1. Individual quality report: Endoscopist 1
Period: 1-1-2011 – 30-04-2013. Total number of colonoscopies 199
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Quality of reporting
Every endoscopist was guided through the first endoscopy report
they wrote and was shown how to use all required drop-down
menus. To ensure adequate evaluation of the ADR, a dedicated re-
search nurse completed all pathology reports, which were linked
by number to the corresponding findings during colonoscopy.
Not all quality aspects had been coded during the first year (●" Ta-
ble2). From January 2012, it was possible to reliably report the
cecal intubation rate and ADR, as almost all reports were created
with encoded terminology (●" Table2). Overall, 94% of performed
colonoscopies in 2012 were reported completely using the enco-
ded terminology.

Quality of colonoscopy for individual colonoscopists
and for the unit
●" Table3 shows the individual quality reports of three consul-
tant gastroenterologists.●" Fig.1 shows the individual quality re-
port of Endoscopist 1, and●" Fig.2 shows the quality of all colo-
noscopies performed in our unit during 2012.
Every 4 months the quality report of the unit created by the sys-
temwas presented on the colonoscopy center website.

Discussion
!

The effectiveness of colonoscopy in reducing CRC mortality is
suboptimal and may be related to the quality of the procedure.
Systematic reporting on quality indicators in colonoscopy will fa-
cilitate assessment and benchmarking of the performance at an
individual or unit level. As described above, quality of the report-
ing is the first level of quality assessment; without adequate re-
porting, the quality of colonoscopy cannot be assessed at all. We
created a structured colonoscopy reporting system with fixed
terminology, in which all key quality indicators were integrated.
We have demonstrated that the system can enable endoscopists
to create complete and standardized reports including all quality
indicators without double entry of data into quality registries. As
well as accurate reporting on endoscopic quality and findings,
the system facilitates regular production of standard analyses of
all quality indicators for quality assurance and benchmarking.
To date, reporting on the quality of colonoscopy in daily clinical
practice has been disappointing [14,15]. Important items such
as the quality of bowel preparation, (photo-) documentation of
cecal landmarks, polyp features, and the number of polyps found

Quality report: Colonoscopy unit
Periord: 1-1-2012 – 31-12-2012 Total number of colonoscopies 810

Adenoma detection rate
Number of patients 810.00 ≥ 1 Adenoma 287.00 ADR 35.43 %

Polyp detection rate
Number of patients 810.00 ≥ 1 Polyp 387.00 PDR 47.78 %

Total number of colonoscopies with Bosten score 794
Reported in 98.0 % of procedures

Average score 7.34

Total number of colonoscopies with insertion registration 795
Reported in 98.1 % of procedures

At least 6 points  85.1 %

Less than 6 points  14.9 %

Total: 100 %

Maximal site of insertion

Terminal ileum  64.4 %
Cecum  32.3 %
Ascending colon 0,6 %
Hepatic flexure 0,4 %
Transverse colon 0,3 %
Splenic flexure 0,3 %
Descending colon 0,3 %
Sigmoid 1,1 %
Rectum 0,4 %
Total: 100 %

Total number of colonoscopies with Gloucester Comfort Score 782
Gloucester Comfort Score

No discomfort (1)  34.1 %
One or two episodes of mild discomfort, well tolerated (2)  48.1 %
More than two episodes of discomfort, adequately tolerated (3) 13,7 %
Significant discomfort, experienced several times during the procedure (4) 2,9 %
Extreme discomfort, experienced frequently during the procedure (5) 1,2 %
Total: 100,0 %

Percentage colonoscopies with sedative
Number of colonoscopies 810 Number with sedative 710 Percentage 87.01 %

Percentage colonoscopies with a minimal withdrawel time of 6 minutes
Number of examinations  Withdrawel time > 6 min 94.0 %

Total number of colonoscopies with complications 24

Fig.2 Quality report: colonoscopy unit.

van Doorn Sascha C et al. A novel colonoscopy reporting system… Endoscopy 2014; 46: 181–187

Original article 185
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figure 2. Quality report: Colonoscopy unit
Period: 1-1-2012 – 31-12-2012. Total number of colonoscopies 810
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dIsCussIon

The effectiveness of colonoscopy in reducing CRC mortality is suboptimal and may be 
related to the quality of the procedure. Systematic reporting on quality indicators in 
colonoscopy will facilitate assessment and benchmarking of the performance at an 
individual or unit level. As described above, quality of the reporting is the first level 
of quality assessment; without adequate reporting, the quality of colonoscopy cannot 
be assessed at all. We created a structured colonoscopy reporting system with fixed 
terminology, in which all key quality indicators were integrated. We have demonstrated 
that the system can enable endoscopists to create complete and standardized reports 
including all quality indicators without double entry of data into quality registries. As 
well as accurate reporting on endoscopic quality and findings, the system facilitates 
regular production of standard analyses of all quality indicators for quality assurance 
and benchmarking.

To date, reporting on the quality of colonoscopy in daily clinical practice has been 
disappointing.10,11 Important items such as the quality of bowel preparation, (photo-) 
documentation of cecal landmarks, polyp features, and the number of polyps found are 
often lacking.10–15,25 Although it is hard to measure the precise impact of incomplete 
documentation of endoscopy, it may be substantial.10 If documentation of the extent of 
examination or the adequacy of bowel preparation is incomplete, this may lead to need-
lessly repeating the examination after a shorter interval than advised by guidelines. A 
description of polyp features (e.g. size, morphology) is essential, as these features are 
important factors in assessing risk for malignancy and determining the surveillance 
intervals.10,11,25

Coe et al. studied the effect of feedback and education on the quality of reporting 
and found an improved compliance to reporting quality indicators following the inter-
vention.26,27 They believed that reporting could be further improved with utilization of 
a structured computer documentation system.26,27 We built a structured colonoscopy 
reporting system with fixed terminology, in which all key quality indicators were inte-
grated. What differentiates our system from other reporting systems is the facility to 
compile a structured report. The report is created from short, fixed terminology from 
drop-down menus, rather than a large standardized text block that is usually adapted 
by the endoscopist afterwards to fit the findings. All required items of colonoscopy and 
quality indicators are mandatory in our system. A major advantage of this new system 
is that because all fixed terminology is coded, regular automated statistical analyses 
can be conducted on all quality indicators without the need to enter the data again 
in separate quality registries. Using this analysis, it is possible to evaluate all different 
quality indicators, such as the ADR and the quality of bowel preparation, over any period 
of time and to provide feedback for units or individual endoscopists.
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One limitation of our system is that currently a dedicated research nurse completes 
all histopathology reports on the system, in order to ensure that this can be linked to 
the corresponding findings during colonoscopy. The next step is to create an automatic 
linkage between the pathology files and our endoscopy system.

We have now gathered quality data from our whole unit and from individual endosco-
pists for 2.5 years. This provides baseline information and can be used for benchmarking 
between different endoscopists and, in the future, between units. We are currently 
providing feedback to all endoscopists about their individual reporting quality and 
the quality of their colonoscopies. The effect of individual feedback and benchmarking 
and other interventions can be directly monitored through our system. Making quality 
explicit will provide insights into the capacity of different endoscopists and hopefully 
stimulate them to continuously improve their quality over time.

In the Netherlands, this EndoALPHA system forms the basis for the quality assessment 
of colonoscopies performed for the nationwide fecal immunochemical test (FIT) screen-
ing program that will start at the beginning of 2014. Complete reporting of all details 
from colonoscopies, including all quality parameters, will be facilitated by EndoALPHA 
and stored in a large, nationwide data warehouse, where colonoscopic findings and his-
topathology results are linked automatically. Several companies supplying endoscopy 
reporting systems are working on a quality-directed version that can link to the same 
data warehouse. Frequent monitoring of these data will ensure a continuous high level 
of quality in the performance of colonoscopists.

In addition to its practical use, the new system will also facilitate research. Possible 
associations between various quality indicators and the detection rate of various polyps 
can be evaluated, but also other parameters, for example discomfort during colonos-
copy, can be explored. Indirectly, this system can become a basis for performing colo-
noscopy research in any area, such as the evaluation of advanced colonoscopic imaging 
techniques or new colonoscopy devices.

As awareness on quality benchmarking is discussed not only in colonoscopy but also 
in other fields of endoscopy, a quality-based endoscopy reporting system would also be 
very useful for other procedures in daily endoscopy practice, such as for upper endos-
copies, endoscopic retrograde cholangiopancreatography, and endoscopic ultrasound.

Ultimately, comprehensive reporting will help to identify quality deficits and the un-
derlying reasons for these in colonoscopy. This will contribute to the implementation of 
specific training and education projects to achieve maximum benefit from colonoscopic 
procedures.
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abstraCt

objective: The Paris classification is an international classification system for describing 
polyp morphology. Thus far the validity and reproducibility of this classification have 
not been assessed. We aimed to determine the interobserver agreement for the Paris 
classification among 7 Western expert endoscopists.
Methods: A total of 85 short endoscopic video clips depicting polyps were created, and 
assessed by 7 expert endoscopists according to the Paris classification. After a digital 
training module, the same 85 polyps were assessed again. We calculated the interob-
server agreement with a Fleiss kappa, and as the proportion of pairwise agreement.
results: The interobserver agreement of the Paris classification among 7 experts was 
moderate with a Fleiss kappa of 0.42 and a mean pairwise agreement of 67%. The 
proportion of lesions assessed as “flat” by the experts ranged between 13 and 40% 
(P<0.001). After the digital training, the interobserver agreement did not change (kappa 
0.38, pairwise agreement 60%).
discussion: Our study is the first to validate the Paris classification for polyp morphology. 
We demonstrated only a moderate interobserver agreement among international West-
ern experts for this classification system. Our data suggest that, in its current version, the 
use of this classification system in daily practice is questionable and it is unsuitable for 
comparative endoscopic research. We therefore suggest introduction of a simplification 
of the classification system.
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IntroduCtIon

Colonoscopy is the most effective method for detecting and removing precursors of 
colorectal cancer (CRC).1 If a colon polyp is restricted to the superficial layers of the 
colonic wall (i.e. mucosa and upper part of the submucosa) it can be safely removed 
by endoscopy preventing potential malignant transformation. Japanese and Western 
studies have shown that the endoscopic appearance of a polyp can predict invasion 
into the submucosa, which is associated with an increased risk of nodal metastases.2–7 
Because of this predictive value, polyp morphology can be an important determinant of 
when to apply endoscopic therapy, and when to refer for surgery. Pedunculated lesions 
are less likely to demonstrate invasive growth than sessile lesions (5% vs. 34%)8, and 
depressed lesions have been reported to be invasive in up to 61%.3,8,9 Polyp morphology 
has also been described to be associated with incomplete endoscopic resection during 
colonoscopy.10 Previous studies have suggested that insufficient awareness and recogni-
tion of non-polypoid (flat) lesions contributes to the development of right-sided interval 
carcinomas.11–14 Flat lesions were initially thought to be confined to the Japanese popu-
lation, but more recently they have been described and recognized worldwide.8,9,15–17 
A validated and reproducible classification is necessary to compare the prevalence of 
different morphological types of polyps in different parts of the globe as well as for the 
purpose of comparative research in the field of colonoscopy.

In Japan, an endoscopic classification for morphology of superficial neoplasms of the 
gastrointestinal tract has been used for many years.8,9,15,18 Some Western endoscopists 
considered this Japanese classification a ‘botanical hobby’8, appearing too complicated 
for daily practice. In 2002, the international Endoscopic Classification Review Group 
(consisting of Western and Japanese endoscopists, surgeons and pathologists) gathered 
in Paris to evaluate the utility and clinical relevance of the Japanese classification. They 
presented the Paris Classification of Neoplastic Lesions in the digestive tract, in which 
the Japanese classification was adopted (Table 1).8,18,19

Japanese and Western studies use the Paris classification for comparative research 
of prevalence of different polyp morphologies in clinical practice.8,9,16,17 It is also used 

table 1. The original Paris classification of early neoplasia morphology8

Pedunculated Ip

Subpedunculated Isp

Sessile, higher than height of closed forceps (2.5 mm) Is

Slightly elevated, below height of closed forceps (2.5 mm) IIa

Completely flat lesion, does not protrude above mucosal surface IIb

Slightly depressed, lower than mucosa but depth less than 1.2 mm IIc

Excavated/ulcerated, deep ulcer below mucosa below 1.2 mm III
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in programs for assurance of quality in colonoscopy. Besides this, the classification 
system is relied on in the determination of the appropriate method of treatment of 
lesions; endoscopic or surgical. However the validity and reproducibility of the Paris 
classification have not been formally assessed. In other areas of endoscopic practice 
and research, for example inflammatory bowel disease, a variety of endoscopic scoring 
systems is used. As endpoints of IBD trials that evaluate the effects of new drugs are 
greatly influenced by the interobserver differences in endoscopic assessments, scoring 
systems need standardized endpoints to facilitate meaningful comparisons.20 Recently, 
it has been recognized that these scoring systems need appropriate validation including 
evaluation of interobserver variability, and rigorous reliability assessment supported 
by biomedical statisticians, before they can be used in clinical practice.21,22 Therefore, 
also in comparative research concerning CRC and polyps, proper validation of a polyp 
morphology classification is necessary.

We performed a study in which 7 Western gastroenterologists with special expertise 
in colonoscopy classified colorectal neoplasms according to the Paris classification. The 
aim of this study was to evaluate the interobserver agreement for the classification sys-
tem. Secondary aims were to assess the intra- and interobserver agreement of estimated 
polyp size.

Methods

Endoscopic procedure

For this study we used videos of colonoscopies that were recorded during a previous 
colonoscopy screening trial (COCOS trial). In this study asymptomatic, average-risk pa-
tients were invited to participate in a screening programme with either colonoscopy or 
CT-colonography.23,24 All colonoscopies were performed at two tertiary referral medical 
institutions by expert endoscopists (individual experience > 1000 colonoscopies) using 
forward-viewing variable-stiffness instruments (CF-Q160, CF-Q180, and PCF-Q180; 
Olympus Medical Systems, Tokyo, Japan). Within the COCOS-trial, consenting patients 
were randomized for either conventional colonoscopy or cap-assisted colonoscopy.25 For 
the cap-assisted colonoscopy, a transparent cap was fitted to the tip of the colonoscope 
so that it protruded 4 mm ahead of the tip of the colonoscope. A cap with a diameter of 
13.4 mm (D-201-12704; Olympus Medical Systems) or 15.0 mm (D-201-14304; Olympus 
Medical Systems) was used depending on the diameter of the colonoscope chosen in 
each procedure. All consecutive colonoscopies had been recorded on DVD.
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Data collection set

We randomly chose procedures from the COCOS trial DVDs. The video procedures were 
fully viewed and all polyps in the videos were included if bowel preparation was mod-
erate to good, and the polyp was shown for at least 10 seconds. Subsequently, short 
video clips showing polyps were created, varying in length from 10-25 seconds. Patient 
and time information were not shown in the video clips, and no post processing of the 
clips was done. Polypectomies were not shown in the video clips. A total of 85 polyp 
video clips were created. Of these the histopathology was known for 72 polyps: 39 were 
adenomas, 8 were sessile serrated lesions, 24 were hyperplastic polyps and 1 was a 
carcinoma. The remaining polyps were either inflammatory polyps or histopathology 
was unknown.

Observers

The video clips were saved on USB-sticks and these were sent for assessment to 7 ex-
perienced endoscopists, 6 from Europe (E.D., B.B., S.S., M.L., J.E., and M.P.) and 1 from 
North America (A.R.). All were experienced endoscopists having performed at least 1000 
colonoscopies and also conduct research in the field of colonoscopy.

Video clip evaluation process

First assessment (t=0). Paris classification without training
For the first assessment, the experts were informed of the aim of the study, but they did 
not receive any additional information about the Paris classification. They were asked to 
assess the 85 polyps according to the Paris classification (Ip, Isp, Is, IIa, IIb, IIc, III, Table 
1, Figure 1)8, and also report the level of confidence in their assessment (high or low 
confidence level). In addition, they were asked to make an estimation of the diameter 
of the polyp; diminutive (<6mm), small (6-9mm) or large (>9mm). The experts used a 
clinical record form to report their findings. They were allowed to watch a video up to a 
maximum of 3 times.

  Pedunculated       Subpedunculated      Sessile           Flat elevated      Completely flat    Slightly depressed         Excavated
  0-Ip        0-Isp       0-Is        0-IIa        0-IIb           0-IIc        0-III

figure 1. The Paris Classification of Neoplastic Lesions in the Colon (from left to right)
Pedunculated 0-Ip, subpedunculated 0-Isp, sessile 0-Is, flat elevated 0-IIa, completely flat 0-IIb, slightly de-
pressed 0-IIc, excavated 0-III



Chapter 3

36

Second assessment (t= 3 months). Paris classification after training
Three months later the same 7 observers assessed the data set again. However, this 
time a 20-minute, computer-based training module was provided beforehand to each 
observer. An initial training-needs analysis was carried out through expert consensus 
(E.D., P.F., S.D.) and literature review. The training module was developed in Microsoft 
Office PowerPoint (2007) by two research fellows (S.D., Y.H.) and an expert endoscopist 
(P.F.), and was divided in 5 chapters.

Step 1: Introduction and basics
Step 2: Video and image examples
Step 3: Training (learning set of 32 images)
Step 4: ‘Feedback on learning set’
Step 5: Re-assessment of the same 85 polyps

This systematic training started with a detailed description of the Paris classification 
based on the original Paris classification as described by the Endoscopic Classification 
Review Group.8,19 After the basics the training module displayed 8 video examples of 
polyps with different morphology (1 video of a Ip polyp, 2 videos of Is polyps, 4 videos of 
IIa polyps, and a IIb polyp), collected from the same COCOS trial DVDs. The videos in the 
training were different from those in the testing set, and the polyps were shown next to 
a biopsy forceps or after lifting. Hereafter, a learning set of 32 still images of polyps was 
shown and the morphology according to the Paris classification was assessed by each 
expert. This was followed by a feedback form after scoring all images showing the cor-
rect classifications. The observers received a Feedback form (Word document that was 
sent together with the PowerPoint training module). The answers to the training module 
were private and the observers were not asked to return it to the researchers. As there 
is no gold standard for polyp morphology, the ‘correct’ morphology was set by a panel 
of 3 physicians (P.F., Y.H., and S.D.). They assessed a total of 40 photographs individually, 
of which 32 polyps with agreement between all 3 physicians were used for the training. 
Of these 32 polyps, the panel had classified 10 polyps as Is, 18 as IIa, 3 as IIb and 1 as Ip 
(see supplementary appendix for the Training module and Feedback form). The purpose 
of the training was to evaluate whether the interobserver agreement between the 7 
experts would improve after all have undergone the same training session on the basics 
of the Paris classification with examples. After the training, the experts re-evaluated the 
same 85 video clips. Polyp size was also assessed again, to determine the intraobserver 
agreement of size.
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Statistical analysis

The interobserver agreement was calculated by using the Fleiss kappa (>2 observers, 
>2 categories) with an absolute agreement definition. We also calculated interobserver 
agreement as the proportion of pairwise agreement. For all 85 polyps, the proportion of 
pairwise agreement results from a comparison of the Paris classification between each 
endoscopist and the remaining 6 endoscopists was calculated (21 pairwise comparisons 
between observers per polyp, 1785 total pairwise comparisons across all polyps). We 
also compared the proportions of polypoid (Ip, Isp, Isp) versus non-polypoid (IIa, IIb, 
IIc, III) lesions per observer with a Cochran’s Q Test. Furthermore, the range of assessed 
morphology between the observers was evaluated per polyp. Range was defined as the 
number of categories chosen by the observers for 1 polyp. The order of categories was 
based on the height for each category (as described by the Endoscopic Classification 
Review Group8,19): Ip, Isp, Is, IIa, IIb, IIb, III. For example, if for 1 polyp the observers chose 
one of 3 the categories Ip, Isp and Is, the difference or range was 2. We also evaluated the 
range of polyp size chosen by the observers for 1 polyp, and the order of these categories 
was: diminutive (<6 mm), small (6-9 mm) and large (>9 mm). The intraobserver agree-
ment of polyp size was calculated per observer with the Cohen kappa. Interpretation of 
kappa values was done according to Landis and Koch (Table 2).26,27 SPSS for Windows 
software (version 20.0; IBM Corporation, Somers, NY) was used for analysis. A general-
ized weighted kappa was used to measure the interobserver agreement of estimated 
size (ordinal categories).

To rule out any large differences between the observers (e.g. a major deviation in 
assessment by only one of the experts causing a lower agreement), we performed 
sensitivity analyses. We repeatedly performed the Fleiss kappa analyses with only the 
assessments of 6 experts, each time excluding another expert.

table 2. Kappa Agreement according to Landis and Koch25,26

< 0 Less than chance agreement

0.01–0.20 Slight agreement

0.21– 0.40 Fair agreement

0.41–0.60 Moderate agreement

0.61–0.80 Substantial agreement

0.81–0.99 Almost perfect agreement
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results

Polyp morphology

Paris classification: first assessment without training
The interobserver agreement amongst the 7 experts for the Paris classification in the 
initial assessment was moderate with a Fleiss kappa of 0.42 (95% CI 0.39-0.45) (Figure 
2 & Table 3). The mean pairwise agreement was 67%. Only twenty-six polyps were clas-
sified with 100% agreement. A total of 21 of these polyps with 100% agreement were 
classified as sessile (Is) by all experts (Table 4). More than halve of the polyps (45 polyps, 
53%) were classified with a range of 1 (2 categories), and 36 of these polyps (42%) were 

table 3. Interobserver agreement (n=7)

Paris classification number of polyps assessed fleiss kappa

Prior to training 85 0.42 (95% CI 0.38-0.46)

Post training 85 0.38 (95% CI 0.35-0.41)

Polypoid (Ip, Isp, Is) vs. non-polypoid (IIa, IIb, IIc, III) 85 0.43 (95% CI 0.38-0.49)

Diminutive lesions (1-5 mm) 43* 0.27 (95% CI 0.20-0.33)

Small lesions (6-9 mm) 21* 0.38 (95% CI 0.32-0.44)

Large lesions (>9 mm) 7* 0.54 (95% CI 0.44-0.64)

*A lesion was considered diminutive, small or large if 5 of the 7 experts had classified the polyp as such.

table 4. Range* of polyps assessments

number of polyps (%)

1 category (100% agreement) (Range 0) 26 (30.7%)

Ip 2 (2.4%)

Isp 1 (1.2%)

Is 21 (24.7%)

IIa 2 (2.4%)

2 categories (Range 1) 45 (52.8%)

Ip-Isp 2 (2.4%)

Isp-Is 7 (8.1%)

Is-IIa 36 (42.3%)

3 categories (Range 2) 12 (14.1%)

Ip-Is 8 (9.3%)

Is-IIb 2 (2.4%)

IIa-IIc 2 (2.4%)

4 categories (Range 3) 2 (2.4%)

Is-IIc 2 (2.4%)

Total 85

*Range is defined as the number of categories chosen by the observers for 1 polyp.
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classified as either Is or IIa (Table 4). Twelve polyps (14%) were classified with a range of 
2, and 2 polyps (2%) with a range of 3. Most polyps assessed by our observers were clas-
sified with a range between Is and IIa (41%). When we combined these two categories 
into one ‘elevated lesions’ category, the kappa increases to 0.55 (95% CI 0.51-0.58) and 
the mean pairwise agreement to 87%.

When analysing data on lesion morphology assessments into two categories, polyp-
oid (Paris Ip, Isp, Is) and non-polypoid (flat) (Paris IIa, IIb, IIc, III) the Fleiss kappa remained 
moderate, with a Fleiss kappa of 0.45 (95% CI 0.40-0.49). Our sensitivity analyses showed 
that the kappa value did not change with the exclusion of one of the experts; there was 
no evidence that any one of the observers assessments was driving variance compared 
to the other observers. We compared the proportion of polypoid versus flat lesions 
between the experts. When we ranked the proportions of flat lesions as assessed by 
the observers, the highest proportion was 40% and the lowest 13% (Table 5 & Figure 3). 
The difference between the proportions was statistically significant (p <0.001, Table 5 & 
Figure 3).

To evaluate the interobserver agreement for the Paris classification per size category, 
separate analyses were performed for diminutive, small and large lesions. A lesion was 
considered diminutive, small or large if at least 5 of the 7 experts had classified the polyp 

A               B

C               D

figure 2. Polyp assessment examples (video stills)
Examples of stills of video clips that were assessed by the experts. All 7 experts assessed the polyps accord-
ing to the Paris classification. From left to right:
A. This polyp was assessed as Is and IIa by different observers
B. This polyp was assessed as Ip and Is by different observers
C. This polyp was assessed as IIa and IIb by different observers
D. This polyp was assessed as IIa and Is by different observers
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as such. The Fleiss kappa values for the different sized lesions are shown in Table 3. The 
kappa improved with the size of the polyp (Fleiss kappa’s 0.27, 0.38, and 0.54 for diminu-
tive, small and large polyps respectively).

Twenty-one lesions were classified with high confidence by all observers. The interob-
server agreement of the Paris classification of only lesions scored with high confidence 
by all 7 observers was substantial, with a Fleiss kappa of 0.61 (95% CI 0.53-0.68).

 
figure 3. Seven observers classified 85 polyps. For each polyp, the agreement between all pairs of observ-
ers was evaluated. This resulted in a total of 1779 pairs of evaluations (21x85 polyps; one observer classified 
only 84 polyps). Figure 3 demonstrates the number of evaluations per set of observers. For example: in 37 
observations a polyp was classified as either Ip or Isp. The diagonal row shows the observations with 100% 
agreement.

table 5. Proportions of polypoid and non-polypoid lesions (ranked)

Polypoid (Ip, Isp, Is)
(n, %)

Non-polypoid (IIa, IIb, IIc)
(n, %)

Depressed (IIc, III)
(n, %)

Observer 2 73 (87%) 11 (13%)

Observer 3 73 (86%) 12 (14%)

Observer 7 65 (76%) 20 (24%)

Observer 1 65 (76%) 20 (24%) 2 (2%)

Observer 6 65 (76%) 19 (22%) 3 (4%)

Observer 4 60 (71%) 25 (29%)

Observer 5 51 (60%) 34 (40%) 1 (1%)
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Paris classification: Second assessment with training
The interobserver agreement of the Paris classification did not improve after all experts 
had viewed the same training module with examples, and was fair with a Fleiss kappa of 
0.38 (95% CI 0.35-0.41) (Table 3) and a mean pairwise agreement of 60%.

Polyp size

The interobserver agreement of polyp size, diminutive (<6 mm), small (6-9 mm) or large 
(>9 mm) was substantial with a generalized weighted kappa of 0.72 (95% CI 0.65-0.79) 
and a mean pairwise agreement of 74%. Thirty-two polyps (38%) were assessed with 
100% agreement for size, and 22 of these polyps (69%) were classified as diminutive 
(1-5mm) by all experts. More than half of the polyps were classified with a range of 2 
categories of size (51 polyps, 60%), and 39 of these polyps (42%) were classified as either 
diminutive or small. The intraobserver agreements for polyp size in three categories 
(diminutive, small and large) ranged from 0.74-0.95 (data not shown), and were either 
substantial or almost perfect for all observers.

dIsCussIon

A worldwide uniform classification of polyp morphology facilitates comparative research 
in colonoscopy. The Paris classification for early neoplasia is recommended, but thus far 
the validity and reproducibility has never been studied. The current study showed that 
the interobserver agreement of the Paris classification among 7 international experts 
was moderate (Fleiss kappa 0.42, mean pairwise agreement 67%) and did not improve 
after training (Fleiss kappa 0.38, mean pairwise agreement 60%).

To our knowledge this is the first study describing the interobserver agreement for the 
Paris classification. A validated and reproducible classification is necessary to compare 
the prevalence of different shaped polyps in various populations and for colonoscopy 
research. Non-polypoid (flat) lesions were initially thought to be confined to the Japanese 
population.8 However, more recently flat lesions have been described and recognized 
worldwide, with prevalence ranging from 4 to 24%.9,13,15–17,28 We are not aware of any 
prevalence studies describing the interobserver agreement of polyp morphology as-
sessment. Our study showed that seven international experts had only a moderate 
interobserver agreement for the Paris classification. The interobserver agreement did not 
increase when we analysed the lesion morphology assessments into just two categories, 
polypoid (Paris Ip, Isp, Is) and non-polypoid (Paris IIa, IIb, IIc, III) (Fleiss kappa 0.45). This 
can be explained by the large number of lesions (36 lesions, 42% of all lesions) assessed 
as either Is (polypoid) or IIa (non-polypoid). When we compared the proportions of pol-
ypoid and flat lesions as assessed by the observers, we found a significant difference in 
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proportions between the observers with the highest proportion of flat lesions of 40% and 
the lowest of 13% (p<0.001). These findings suggests that studies describing the preva-
lence of polypoid and non-polypoid lesions might be flawed and not truly reliable given 
that even experts are unable to uniformly differentiate flat lesions from polypoid lesions.

Population based studies have shown that colonoscopy provides lower protection 
against right-sided colorectal cancer.11,12,29,30 It has been suggested that the insufficient 
awareness and recognition of non-polypoid lesions contributes to the development of 
right-sided interval carcinomas as flat lesions are often localised in the right colon and 
can be missed during colonoscopy.13,14,31,32 Therefore, several study groups familiarized 
all of their endoscopists with the recognition of flat lesions and the usage of a polyp 
morphology classification.9,13,14 A limitation of these studies is that the authors did not 
evaluate the interobserver agreement of educated endoscopists from their center, to 
validate their training. In our study, we did evaluate the interobserver agreement for the 
Paris classification. As we show that even expert endoscopists do not uniformly agree 
on polyp morphology, prior associations may be valid in identifying a link between flat 
lesions as a cause of right-sided interval carcinomas, but the risk estimates may be differ-
ent from the actual risk because of imprecise classification of morphology.

This study has several limitations. Firstly, we asked the experts to assess polyp features 
in short video clips. To optimize the quality, videos of procedures showing polyps for at 
least 10 seconds and with an adequate bowel preparation were included in the study. 
We acknowledge the difficulty of polyp assessment in videos, and the inferiority of 
video assessment to real time assessment during colonoscopy. This could have resulted 
in an underestimation of the interobserver agreement between the endoscopists. On 
the other hand, we only used high quality videos for the study, and the observers were 
allowed to watch the videos clips three times. Secondly, the majority of the polyps 
shown were diminutive or small. We showed that the kappa increased with the size of 
the polyp. Only 7 lesions in our study were assessed as large, which could have led to 
an underestimation of the interobserver agreement. However, we randomly selected 
colonoscopy videos, and as smaller lesions are more frequently found during colonos-
copy than larger lesions, our random polyp selection probably mirrors the proportion 
of polyps of different sizes and shapes seen in daily practice.33–35 The digital training 
module was created to improve the interobserver agreement and contained basic 
information on the Paris classification and instructions how to use the classification. 
However, this training module has never been validated, and because no gold standard 
for polyp morphology exists, training of the classification is difficult. A more extensive, 
validated or alternate training might improve the interobserver agreement of polyp 
morphology, as several study groups were able to train their endoscopists in the usage 
of a polyp morphology classification.9,13,14 In our training videos the polyps were shown 
next to a biopsy forceps or after lifting. In the assessment videos no forceps was shown. 
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Systematically using a comparison instrument could improve the interobserver agree-
ment of the Paris classification, as the difference between sessile (Is) polyps and slightly 
elevated (IIa) can be made with a forceps (Table 1). However, we aimed to evaluate the 
interobserver agreement of the Paris classification in daily practice. We do not think it is 
feasible to compare each detected polyp with a biopsy forceps, as it is time consuming 
and adds extra costs, so we chose to not show a biopsy forceps in the assessment videos.

Although the original Paris classification as described by the working group in 2003 
and the older Japanese classification included subpedunculated polyps (Isp), the up-
dated Paris classification from 2005 did not. Our experts had the option of categorizing 
polyps as Isp. As the updated Paris classification does not include this category, we per-
formed the interobserver analyses excluding polyps regarded as Isp. The interobserver 
agreement of the remaining 66 polyps was still moderate, with a Fleiss kappa of 0.40 
(95% CI 0.36-0.45) and a pairwise agreement of 72%.

In contrast to the literature, polyp size had a substantial interobserver agreement 
when classified in only three categories (1-5 mm, 6-9 mm, >9 mm, kappa 0.72).36 To 
reduce interobserver variability on polyp morphology, a simpler classification system 
with fewer categories might be more suitable.

In IBD research it has been recognized that endoscopic assessments are subject to 
interobserver differences, and that this influences the outcome of drug trials.20 For this 
reason, recently the Ulcerative Colitis Endoscopic Index of Severity (UCEIS) was created 
and validated in several phases.21,22 On the same lines, we think a new reproducible and 
clinically valid classification system for polyp morphology in similar validation stages 
should be developed as well. An expert panel should discuss and decide which catego-
ries are to be included in the new classification system, and a biomedical statistician 
should be involved. We suggest a new classification system that differentiates only 
between three broad categories: pedunculated lesions, ‘elevated’ lesions that includes 
both sessile and flat lesions, and depressed lesions. Most polyps assessed by our observ-
ers were classified with a range between Is and IIa (42%), and this contributed largely 
to interobserver agreement. If these two categories are combined into one ‘elevated 
lesions’ category, the kappa increases to 0.55 (95% CI 0.51-0.58) and the mean pairwise 
agreement to 87%. According to the literature, the prevalence of depressed lesions 
(Paris type IIc) is very low (1-2%), but the prevalence of advanced histopathology in 
these lesions is high (44-61%).8,19 In all colonic lesions the risk of malignancy can also 
be assessed with other endoscopic features such as vascularity, surface of the lesion 
(i.e. granular vs non-granular) and Kudo pit pattern.37,38 In contrast to depressed lesions, 
pedunculated polyps are more frequently found (prevalence of 37-70% have been 
described8) but have a low risk of harbouring cancer.2–4,7 The difference in prevalence of 
advanced neoplasia between sessile (Is) and flat (IIa, IIb) lesions is difficult to assess as 
the interobserver variability of these polyps is so large.
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After the expert panel has decided on the categories of the morphology classifica-
tion, the level of disagreement between a group of endoscopists should be determined. 
Secondly the interobserver and intraobserver variability for each category in the system 
should be investigated. Finally the reliability of the classification should be assessed and 
an initial validation after training of the endoscopists should be performed. All possible 
limitations of this new classification system should be identified during the validation 
phase before the classification system can be used in daily practice.

In conclusion, this study is the first to attempt to validate the Paris classification for 
polyp morphology. We have shown only a moderate interobserver agreement among 
international experts and significantly different proportions of “flat” lesions per observer. 
Therefore, morphology assessment of polyps in daily practice with the Paris classifica-
tion is questionable and this system seems less than ideal for comparative endoscopic 
research. We suggest a simplified classification system, which needs to be developed ac-
cording to several validation phases already used in other areas of endoscopic practice 
and research.

Acknowledgement: we would like to thank the COCOS-group for the use of the colonoscopy 
videos from the trial.
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abstraCt

background & aims: Colonoscopy is the current reference standard for the detection of 
colorectal neoplasia, but nevertheless adenomas remain undetected. The Endocuff, an 
endoscopic cap with plastic projections, may improve colonic visualization and adeno-
ma detection. The aim of this study was to compare the mean number of adenomas per 
colonoscopy (MAP) and the adenoma detection rate (ADR) between Endocuff-assisted 
colonoscopy (EAC) and conventional colonoscopy (CC).
Methods: We performed a multicentre, randomized controlled trial in five hospitals 
and included FIT-positive screening participants as well as symptomatic patients (>45 
years). Consenting patients were randomized 1:1 to EAC or CC. All colonoscopies were 
performed by experienced colonoscopists (≥ 500 colonoscopies) that were trained in 
EAC. All colonoscopy quality indicators were prospectively recorded.
findings: In total, 1063 patients (51.6% male, median age 65 years) were randomized to 
EAC (n=530) or CC (n=533). MAP was 21.4% higher in the EAC group (MAP 1.44 vs. 1.19; 
p=0.036). ADR was high but was not increased with EAC (54% in the EAC group vs. 53% 
in the CC group; p=0.81). The adjusted cecal intubation rate was lower with EAC (94% vs 
99%; p<0.001), however when allowing cross-over from EAC to CC, they were similar in 
both groups (98% vs 99%; p-value=0.24). The cecal intubation time was shorter in the 
EAC group (7.00 vs 8.30 minutes; p<0.001).
Interpretation: Endocuff-assisted colonoscopy demonstrated a significant increase in 
the number of adenomas detected per patient compared to conventional colonoscopy. 
Adenoma detection rates were not increased with Endocuff. Cecal intubation times were 
shorter in the EAC group. Colonoscopy with Endocuff increases the yield of colonoscopy, 
for endoscopists who already have an high ADR. www.trialregister.nl ID NTR3962.
funding: This study was funded by Arc Medical Design Ltd., Leeds, England.
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IntroduCtIon

Colonoscopy is the current reference standard for the detection of colorectal cancer 
(CRC) and its precursor lesions, adenomas.1 Several tandem studies however, have re-
ported a substantial adenoma miss rate of 20-26%.2 The adenoma detection rate (ADR) 
is considered the prime quality indicator in CRC prevention, because of the association 
with the risk of interval carcinomas.3–5 However, ADR also has an inherent limitation as it 
does not measure the total number of adenomas detected within a person, potentially 
resulting in the “one and done phenomenon”.6 Measurement of the mean number of 
adenomas detected per colonoscopy (MAP) in addition to the ADR is suggested in the 
literature, and provides additional information about colonoscopy performance.5

Recently a new endoscopic cap, the Endocuff, was developed to improve adenoma 
detection and tip control of the colonoscope. The Endocuff (Arc Medical Design Ltd., 
Leeds, England) is a 2 cm long, flexible cap with two circular rows of plastic, hinged 
projections (“hairs”) that during withdrawal might straighten mucosal folds. Two recent 
German studies, performed by one study group in an academic setting, demonstrated 
improved adenoma detection with Endocuff-assisted colonoscopy (EAC) as compared 
to conventional colonoscopy (CC).7,8 Larger studies are needed to confirm a positive 
effect on the MAP detected during EAC in addition to the ADR and to evaluate the effect 
in a non-academic setting, more resembling daily practice.

We performed a multicentre, randomised controlled trial comparing the MAP detected 
during EAC and CC.

Methods

Patients

This study was performed between August 2013 and October 2014 in five hospitals in 
the Netherlands: two academic hospitals (Procolo/Bergman IZA at the Academic Medi-
cal Centre in Amsterdam and University Medical Centre in Utrecht) and three regional 
hospitals (Slotervaartziekenhuis in Amsterdam, Sint Lucas Andreas Ziekenhuis in Am-
sterdam and Flevoziekenhuis Almere) in the Netherlands. Patients aged 45 years and 
older, scheduled for colonoscopy for one of the following indications for colonoscopy, 
were invited to participate in this study: polyp surveillance, changed bowel habits 
and/or bloody stools, bowel complaints, a positive family history for CRC or a positive 
FIT. Before inclusion, patient charts were reviewed for possible exclusion criteria and 
these included patients with polyposis syndromes, inflammatory bowel disease, severe 
diverticulosis or colonic stricture, previous (partial) colonic resection, previous CT-
colonography within last 2 years or an acute indication for colonoscopy. Patients were 
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informed about the study during consultation prior to colonoscopy and received an 
information brochure to read at home. After written informed consent, eligible patients 
were randomly allocated 1:1 to either EAC or CC by a computerized randomisation 
program (ALEA Randomisation Service).9 Randomisation was stratified by centre using 
random block sizes of block size 2, 4, 6 and 8. Randomisation was performed within 24 
h of the colonoscopy and performed by the research staff. This study was approved by 
the medical ethical committees of all participating centres and the study underwent 
frequent monitoring by an independent monitor. All authors had access to the study 
data and reviewed and approved the final manuscript. The trial was registered in the 
Dutch Trial Register: NTR3962 (www.trialregister.nl).

Colonoscopy

Colonoscopy variables were directly noted on a case record form by the endoscopist or 
research staff. All colonoscopies were performed by endoscopists with an experience of 
at least 500 colonoscopies. They were all trained in EAC (training included an extensive 
explanation and demonstration by the research coordinator) and had performed at least 
15 EACs prior to the start of the study. Colonoscopes used within this study were CF-
H180AL, CF-HQ190L and PCF-H180AL series variable-stiffness instruments by Olympus 
(Olympus Medical Systems, Tokyo, Japan) and Fujion EC 530 WL instruments (Fujifilm 
Europe, Düsseldorf, Germany).

Most patients received standard bowel preparation: low-fibre diet and oral intake of 
2 litres of transparent fluid and 2 litres of hypertonic polyethylene glycol solution (Mo-
viprep; Norgine, Amsterdam, The Netherlands) at home. The majority of the procedures 
were performed under conscious sedation using intravenous midazolam and fentanyl/
alfentanyl. Administration of antispasmodics (butylscopolamine) was allowed at the dis-
cretion of the endoscopist. All administered medications were recorded. Endoscopists 
intended to intubate the cecum as quickly as possible without performing polypecto-
mies during introduction. Cecal intubation was confirmed by documentation of cecal 
landmarks (ileocecal valve, appendiceal orifice or terminal ileum). During withdrawal of 
the colonoscope, the mucosa was carefully inspected and in case of polyps endoscopic 
removal of the lesions was attempted. All polyps were retrieved in separate specimen 
containers and send for histopathological assessment. All polyp features (colonic seg-
ment, morphology: divided in pedunculated, sessile, flat or depressed lesions, estimated 
size, optical diagnosis and polypectomy technique) were reported by the research staff. 
Location was considered proximal if proximal to the splenic flexure. Intubation and 
withdrawal time (including time taken for polypectomies) were recorded by a member 
of the research staff or by an endoscopy nurse, using a stopwatch.

Patient discomfort was scored by one of the nurses present at colonoscopy on the 
five-point Gloucester Comfort Score, with scores ranging from no discomfort (1) to 
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severe discomfort (5).10 Bowel preparation was scored per segment using the validated 
Boston Bowel Preparation Score (BBPS)11, ranging from 3 (complete segment without 
faeces, good visualisation) to 0 (solid faeces, not evaluable).

Endocuff-assisted colonoscopy

The first generation Endocuff received a CE mark in July 2011, and was approved for 
human medical use by the FDA in 2012. For the EAC, the Endocuff was placed onto the 
tip of the colonoscope distal to the bending section just before insertion. In all other 
aspects, the procedural protocol was similar to the CC. It is constructed with two rings 
of soft, flexible slim projections that are hinged at their bases so as not to interfere with 
forward movement. There are several Endocuff devices available with varying sizes 
for different colonoscopes. For the Olympus endoscopes we used the AEC140, for the 
Fujinon endoscopes the AEC120 and for all procedures with a paediatric endoscope the 
AEC 130 (Figure 1). The type and number of the colonoscope and type of Endocuff were 
recorded on the case record form for each colonoscopy.

figure 1. The Endocuff AEC 140 and AEC 130 models. The Endocuff (Arc Medical Design Ltd.,Leeds, Eng-
land) is a 2 cm long, flexible cap with two circular rows of plastic, hinged projections.
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Histopathology

Histopathology was processed and stained using standard methods and evaluated by 
one of the GI-pathologists in each centre. The pathologists were blinded to the study 
allocation. Polyp histology was evaluated according to the Vienna criteria.12 All lesions 
were classified as hyperplastic polyp, sessile serrated adenoma/polyp, traditional ser-
rated adenoma, tubular, tubulovillous or villous adenoma, or carcinoma. Dysplasia was 
defined as either low grade or high grade. An advanced adenoma was defined as an 
adenoma ≥10 mm, ≥25% villous histology or with high-grade dysplasia.

Complications

All procedural complications were recorded at the time of colonoscopy. Patients were 
contacted a week after the procedure for registration of post-procedural complications. 
They were instructed to contact the hospital if complications occurred to ensure a com-
plete complication record. The trial coordinator was informed about all complications.

Outcome measures and statistical analysis

The primary outcome measure was adenoma detection, defined as the total number 
of detected adenomas in each group divided by the total number of patients in that 
group ( MAP, per-polyp analysis). Also the ADR was evaluated, defined as the propor-
tion of patients with at least one adenoma (per-patient analysis). Adenoma detection 
was analysed in an intention-to-treat and a per-protocol analysis. Differences among 
endoscopists and centres (academic vs. regional) were evaluated. Secondary outcomes 
were cecal intubation time and rate, withdrawal time, degree of patient-discomfort and 
complication rate. We performed subanalyses to evaluate differences in polyp morphol-
ogy, location and size between the groups.

Adenoma detection was compared using the χ2 test (per-patient analysis) and a Pois-
son regression model (per-polyp analysis, for Poisson distributed data). In this model we 
adjusted for over dispersion caused by the large variance of the data. As we stratified by 
colonoscopy centre during randomisation, we also compared the MAP using a mixed 
generalized model. In this model both the randomisation arm and centre were entered 
as fixed factors and number of adenomas per procedure as dependent factor, to ac-
count for the correlation between colonoscopy centre and MAP. The Mann-Whitney U 
test statistic was used to compare procedural times and discomfort and BBPS. For the 
comparison of withdrawal time, only negative colonoscopies (colonoscopies in which 
no polyps were detected or biopsies were taken) were analysed. The χ2 test statistic was 
used to compare cecal intubation rates. Two-sided p values of <0.05 were considered 
to indicate significant differences. All analyses were performed using SPSS V. 21.0 for 
Windows. The results were reported using the CONSORT guidelines.13
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Sample size

The number of adenomas detected per procedure (MAP) was assumed to be Poisson 
distributed. We expected to detect 0.7 adenomas per procedure with conventional 
colonoscopy. Based on two previous studies in a comparable (symptomatic) patient 
group,14,15 we expected that the detection rate would increase by at least 20% to 0.84 
adenomas per procedure following Endocuff (rate ratio > 1.2). With a two-sided test 
significance of 0.05, we would achieve 80% power in detecting a rate ratio larger than 
1.2 when 972 patients are included, 486 per arm. The expected number of adenomas 
to be detected in the conventional colonoscopy group equalled 341 compared to 409 
in the Endocuff group. To estimate the overall enrolment goal to ensure 972 evaluable 
patients for the per-protocol analysis, the number of protocol violations was assessed 
blinded for study outcomes after inclusion of the first 922 patients. Some patients who 
were allocated to Endocuff colonoscopy underwent a cross-over to the conventional 
colonoscopy group (4.70% of the Endocuff population, because of failure to intubate 
the cecum). Besides, in both groups incomplete colonoscopies occurred, amounting 
to 3.48% of the total study population. Based on these proportions, we estimated that 
the enrolment goal needed to be increased to a total of 1058 patients to ensure 972 
completed and assessable patients for the per-protocol analysis (972/(1-0.0348)) / (1-
0.0470)).

results

Patient characteristics

Figure 2 shows the study flowchart. A total of 1065 patients consented and were 1:1 
randomised to either EAC (n=531) or CC (n=534) between August 2013 and November 
2014. After randomisation, 2 patients were excluded because of absence of a trial en-
doscopist. The remaining 1063 patients were analysed in the intention-to-treat analyses. 
As displayed in Table 1, groups were comparable with respect to age, gender and colo-
noscopy indication. In 33 patients protocol violations occurred and 30 patients had an 
incomplete colonoscopy (see Figure 2).

Colonoscopy results

Adjusted cecal intubation rates were significantly lower in the EAC group (94% vs 99%; 
p<0.001) (Table 1). Twenty-two incomplete EACs (4.2%) converted to CC because no 
intubation beyond the sigmoid was possible. Of these 22 converted colonoscopies, 
19 were completed to the cecum without Endocuff, resulting in similar adjusted cecal 
intubation rates of 98% vs 99%. Cecal intubation time was significantly shorter in the 
EAC group (7.00 vs. 8.30 minutes; p<0.001), as was the net withdrawal time in negative 
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colonoscopies (median 7.00 min vs. 8.00 min; p=0.02). No significant differences were 
detected with respect to bowel preparation scores or Gloucester comfort scores.

Polyp detection rates

In the intention-to-treat analysis, the MAP was not significantly different between the 
EAC group and CC group (1.36 ± 2.10 vs. 1.17 ± 1.65; p=0.09). The proportion of patients 
with at least one adenoma (ADR) was the same in both groups (52% vs. 52%; RR 0.99; 
95% CI 0.88-1.12). Forty-nine carcinomas were detected in 47 patients (n=24 in the EAC 
group; 4.3%, n=25 in the CC group; 4.5%).

We included 1000 patients in the per-protocol analysis, 486 in the EAC group and 514 
in the CC group (Table 2). MAP was 21.4% higher in the EAC group (MAP 1.44 ± 2.16 vs. 
1.19 ± 1.67; p=0.036); this difference was still significantly different after adjusting for 
centre (p=0.021). There was no difference in ADR between the two groups (54% in the 
EAC group vs. 53% in the CC group; RR 1.01; 95% CI 0.90-1.15). There was no difference in 
patients with at least one advanced adenoma or in total number of advanced adenomas 
between the groups (Table 2).

Size, morphology and proximal location of all adenomas detected in this study are 
also shown in Table 2. Only detection of diminutive (<6 mm) adenomas was significantly 
better for EAC (0.91 vs. 0.74; p<0.05). EAC also detected a higher number of flat adeno-

Randomized (n=1065)

Allocated to Endocu�
colonoscopy (n=531 )

Allocated to Conventional
colonoscopy (n=534 )

Excluded (N=1)
Absence of trial endoscopist 

Excluded (N=1)
Absence of trial endoscopist 

Received allocated 
intervention (n=504)

Received conventional 
colonoscopy (n=3)*

Colonoscopy canceled (n=1)**

Discontinued allocated 
treatment (n=22)***

Received Endocu� colonoscopy 
(N=4)*

Received allocated 
intervention (n=529)

Per-protocol analyses 
Endocu� colonoscopy 

(n=486)

Per-protocol analyses 
Conventional colonoscopy

(n=514)

Incomplete colonoscopy (n=18) Incomplete colonoscopy (n=15)

figure 2. Legend STROBE Flowchart Endocuff trial
* Three patients were allocated to EAC, but received CC. Four patients were allocated to CC, but received 
EAC
** Colonoscopy was cancelled because patient had a rectal prolapse and was referred to the emergency 
room
***In 22 cases it was not possible to extend past the sigmoid colon because of diverticular disease, and 
these patients crossed-over to conventional colonoscopy
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mas per patient (0.27 vs. 0.16; p=0.03). There were no significant differences between 
the groups in the detection of proximal located adenomas.

We also evaluated the number of detected adenomas per colonic segment. There was 
no difference in adenoma detection for all segments. However, a significantly higher 
number of patients had at least one adenoma in the descending colon in the EAC group 
(16% vs. 11%; p=0.04), and also the MAP detected in the descending colon was higher in 
the EAC group (0.23 vs. 0.14; p<0.01).

table 1. Baseline demographics and colonoscopy characteristics

endocuff-assisted 
colonoscopy (n=530)

Conventional 
colonoscopy (n=533)

p-value

Age (years, median, IQR) 65 (58-71) 65 (57-71)

Male (n, %) 264 (50%) 285 (54%)

Colonoscopy indication (n, %)
 Polyp surveillance
 FIT+ screening
 Symptoms
 Positive family history

74 (14%)
201 (38%)
204 (38%)
51 (10%)

79 (15%)
197 (37%)
203 (38%)
54 (10%)

Diverticulosis (n, %) 232 (44%) 256 (48%)

Gloucester Comfort Scale (median, IQR) 2 (1-2) 2 (1-3) 0.56

BBPS (median, IQR)* 9 (7-9) 8 (7-9) 0.73

Sedation (%)
 None
 Midazolam only
 Fentanyl only
 Midazolam + fentanyl
 Propofol
Butylscopolamine (%)

14 (2.6%)
29 (5.5%)
25 (4.7%)

454 (85.7%)
8 (1.5%)
70 (13%)

17 (3.2%)
32 (6%)

25 (4.7%)
446 (83.7%)

13 (2.4%)
74 (14%)

No of colonoscopies per centre (n, %)
Centre 1
Centre 2
Centre 3
Centre 4
Centre 5

192 (36%)
102 (19%)

46 (9%)
153 (29%)

37 (7%)

193 (36%)
102 (19%)

45 (9%)
155 (29%)

38 (7%)

0.94

Cecal intubation rate (n,%)
Adjusted cecal intubation rate (n, %)**

508/529 (96%)
489/520 (94%)

508/520 (98%)***

518/533 (97%)
518/525 (99%)
518/525 (99%)

0.30
<0.001

0.24

Cecal intubation time
(minutes, median, IQR)*

7.00 (5.00-10.00) 8.30 (6.00-12.00) <0.001

Number of negative colonoscopies
Withdrawal time (minutes, median, IQR)*

164
7.00 (6.00-9.30)

170
8.00 (6.30-10.30)

0.86
0.01

*Only complete colonoscopies were analysed
** Adjusted for poor bowel preparation and colonic strictures
*** After cross-over to conventional colonoscopy
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Influence of colonoscopy indication, centre and endoscopist on adenoma 
detection

We performed subanalyses per colonoscopy indication. ADR differed significantly per 
indication (p<0.001), but for each indication separately there was no difference in ADR 
or MAP between EAC and CC groups (Table 3). We also compared ADR and MAP in the 
academic versus the non-academic centres. ADR and MAP were significantly higher in 
the academic centers (68% vs. 41%; p<0.001 and 1.92 vs. 0.84; p<0.001), also after ad-
justing for colonoscopy indication. In the colonoscopies performed in academic centres 
the ADR did not differ between EAC and CC (71% vs. 66%; p=0.21), however the MAP 
was higher in the EAC group (2.30 ± 2.63 vs. 1.58 ± 1.91; p<0.01). There were no differ-

table 2. Polyp detection with Endocuff-assisted colonoscopy vs. conventional colonoscopy: per-protocol 
analysis

eaC (486) CC (514) p-value

total number of polyps 982 883 0.05

total number of adenomas
 Advanced adenomas

700
144

610
145

0.02
0.94

adenomas per patient (MaP) (mean, sd)
 Advanced adenomas per patient (mean, SD)

1.44 (2.16)
0.30 (0.69)

1.19 (1.67)
0.28 (0.62)

0.04
0.73

total number of serrated lesions*
 Total number of proximal serrated lesions**

262
95

254
117

0.60
0.43

serrated lesions per patient (mean, sd)
  Proximal serrated lesions per patient (mean, SD)

0.54 (1.17)
0.20 (0.61)

0.49 (1.06)
0.23 (0.67)

0.53
0.43

Patients ≥1 adenoma (adr) (n, %)
 Patients ≥1 advanced adenoma (n, %)

260 (53.5%)
103 (21%)

271 (52.7%)
111 (22%)

0.81
0.88

Patients ≥1 serrated lesion (n, %)
 Patients ≥1 proximal serrated lesion (n, %)

135 (28%)
66 (14%)

134 (26%)
75 (15%)

0.54
0.65

size, total number of adenomas
 <6 mm (total, %, mean, SD)
 6-9 mm (total, %, mean, SD)
 ≥10 mm (total, %, mean, SD)

700
443 (63%) 0.91 (1.55)
145 (21%) 0.30 (0.73)
112 (16%) 0.23 (0.57)

610
378 (62%) 0.74 (1.23)
121 (20%) 0.24 (0.57)
111 (18%) 0.22 (0.53)

<0.05
0.12
0.68

flat morphology
 Flat polyps (n, mean, SD)
 Patients ≥1 flat polyp (n,%)
 Flat adenomas (n, mean, SD)
 Patients ≥1 flat adenoma (n, %)

213 (0.44 ± 1.27)
102 (21%)

129 (0.27 ± 0.92)
72 (15%)

161 (0.31 ± 0.83)
91 (18%)

84 (0.16 ± 0.54)
60 (12%)

0.06
0.19
0.03
0.14

Proximal location**
 Proximal adenomas (n, mean, SD)
 Patients ≥1 proximal adenoma (n, %)
  Proximal advanced adenomas per patient (n, 

mean, SD)
  Patients ≥1 proximal advanced adenoma (n, %)

359 (0.74 ± 1.38)
171 (35%)

51 (0.10 ± 0.43)
37 (8%)

318 (0.62 ± 1.06)
182 (35%)

53 (0.10 ± 0.37)
43 (8%)

0.12
0.94

0.94
0.66

*Hyperplastic polyps, sessile serrated adenomas/polyps and traditional serrated adenomas
** Proximal to the splenic flexure
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ences between EAC and CC in ADR and MAP for procedures performed in non-academic 
centres (40% vs. 43%; p=0.56 and 0.79 ± 1.42 vs. 0.88 ± 1.38; p=0.48).

Most colonoscopies were performed by 9 endoscopists (851 of 1063; 80%). All per-
formed at least 50 colonoscopies for the study (Table 4). The remaining 212 colonosco-
pies were performed by 11 endoscopists. Each endoscopist performed a similar number 
EACs and CCs within the study (p=0.94, Table 4). One endoscopist who performed 113 
endoscopies had a higher MAP with EAC (2.98 vs.1.38; p<0.01), but ADR was compa-
rable. For all other individual endoscopists, MAP and ADR were not significantly different 
between EAC and CC.

table 3. Adenoma detection per different colonoscopy indications (per-protocol analysis)

Number of
colonoscopies

(EAC/CC)

EAC CC P-value

FIT screening
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

376 183
133 (73%)
2.43 (2.68)

193
144 (75%)
1.96 (2.05)

0.67
0.06

Polyp surveillance
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

149 70
39 (56%)

1.09 (1.44)

79
40 (51%)

1.08 (1.49)
0.54
0.97

Symptoms
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

373 185
74 (40%)

0.81 (1.48)

188
66 (35%)

0.60 (1.04)
0.33
0.11

Positive familial history
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

102 48
14 (29%)

0.63 (1.55)

54
21 (39%)

0.61 (0.90)
0.30
0.96

table 4. Adenoma detection of the different endoscopists (per-protocol analysis)

Number of colonoscopies Patients with ≥1
adenoma (n,%)

p-value Mean number of adenomas
per patient (mean, SD)

p-value

Total
N (EAC/CC)

Per-protocol
analyses

EAC CC EAC CC

Endoscopist 1 138 (66/72) 131 43 (72%) 58 (82%) 0.17 2.30 (2.40) 2.25 (2.38) 0.91

Endoscopist 2 120 (61/59) 113 42 (76%) 37 (64%) 0.15 2.89 (3.21) 1.38 (1.70) <0.01

Endoscopist 3 113 (56/57) 107 15 (29%) 19 (35%) 0.53 0.69 (1.38) 0.71 (1.18) 0.95

Endoscopist 4 101 (49/52) 94 19 (40%) 18 (38%) 0.83 0.87 (1.57) 0.87 (1.70) 1.00

Endoscopist 5 91 (38/53) 82 13 (41%) 16 (32%) 0.43 0.72 (1.22) 0.62 (1.18) 0.72

Endoscopist 6 82 (44/38) 77 20 (50%) 21 (57%) 0.55 1.00 (1.54) 1.00 (1.11) 1.00

Endoscopist 7 69 (35/34) 67 18 (55%) 15 (44%) 0.39 0.79 (0.86) 0.76 (1.10) 0.92

Endoscopist 8 68 (36/32) 66 14 (41%) 20 (63%) 0.08 0.82 (1.22) 1.34 (1.49) 0.13

Endoscopist 9 69 (39/30) 65 15 (42%) 12 (41%) 0.98 0.81 (1.60) 0.90 (1.45) 0.81

Other
endoscopists

212 (106/106) 88 22 (50%) 20 (46%) 0.67 1.86 (2.40) 1.26 (1.58) 0.04
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Complications

In both the EAC group and the CC group only minor complications occurred; two post-
polypectomy bleedings in each group, a perianal abscess after colonoscopy in the CC 
group and a deep venous thrombosis with a pulmonary embolism, probably not related 
to the colonoscopy, in the EAC group.

dIsCussIon

In this multicentre, randomized controlled trial, we compared adenoma detection dur-
ing EAC and CC. The use of an Endocuff during colonoscopy did increase the MAP but did 
not increase the ADR. Specifically, EAC increased the detection of diminutive adenomas, 
flat adenomas and adenomas in the descending colon. Adjusted cecal intubation rates 
were similar in both groups.

This is the first large prospective randomized controlled trial that is adequately 
powered to compare the mean number of adenomas per patient between EAC and 
CC. Colonoscopies were performed in two academic and three regional hospitals, by 
experienced endoscopists with high adenoma detection rates and who were trained in 
EAC. EAC and CC were consecutively performed in a random order and data on polyp 
detection, procedural times and bowel preparation scores were prospectively recorded, 
ensuring accurate and optimal data collection of high quality colonoscopies. Therefore 
we believe that our results are reliable and applicable to daily clinical practice.

However, also some limitations have to be acknowledged. Our sample size calculation 
was based on the expectation of a MAP of 0.7 per procedure with conventional colonos-
copy. The MAP with CC was 1.19; much higher than we expected. During the inclusion 
period, the national FIT-based colorectal cancer screening program started in the Neth-
erlands and we included more FIT positive screening participants (approximately 38% of 
study population) than expected. However, despite the high MAP in the control group, 
the MAP in the EAC-group was 1.44, an increase of 21.4% compared to 1.19. We did not 
standardize colonoscopy procedural variables (e.g. different colonoscopes, no standard-
ized use of antispasmodics and sedatives) between the centres. However, as this is a 
large, randomized controlled study, we do not think these potential confounding effects 
influenced the study outcomes. Besides, because of the multicentre character of our 
study the results resemble daily practice, with high quality colonoscopies performed in 
all centres. Another important but inevitable limitation is that just like the situation in 
most studies evaluating new endoscopic devices, the endoscopists could not be blinded 
for the allocation of the technique. However, the ADR in the CC group was equally high 
at 53% and far above the established threshold of 20%3,16, making an investigator bias 
unlikely.
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ADR is considered the most important surrogate measure for quality of colonoscopy, 
but has the inherent limitation that it does not measure the total number of adenomas 
detected during a procedure and might provoke the ‘one-and-done’ phenomenon.6 
In literature it has been suggested that besides ADR, the MAP should be reported.5 In 
this study we report high ADRs in both EAC and CC (53.5% vs. 52.7%) and we did not 
detect a difference between the groups. Several large randomized controlled studies 
showed conflicting results when comparing cap-assisted colonoscopy with CC and thus 
no convincing increase in ADR17,18. Two previous studies compared adenoma detection 
between EAC and CC, and found an increase in ADR with EAC (28% with CC vs. 36% with 
EAC and 21% vs. 35% respectively).7,8 The most recent study did not detect an increase 
in MAP.8 The fact that we did not detect a difference in ADR could well be the result of 
our high baseline ADR of 53% in the conventional colonoscopy group, while the two 
previous studies had lower baseline ADRs.7,8 Because we predicted a high ADR based on 
previous studies by our research-group, our study was powered to detect an increase in 
MAP.14,15,17 As we did not detect an increase in ADR with EAC, but did detect an increase in 
MAP, EAC may be especially useful in populations where many adenomas are expected.

The number of small and large adenomas did not increase with EAC, nor did the 
number of advanced adenomas. The number of diminutive adenomas did increase 
significantly with EAC (0.91 vs. 0.74; p<0.05). This is in line with previous studies evaluat-
ing Endocuff, who also found a more pronounced increase in the detection of smaller 
polyps.7,8 As EAC only aids to detect more diminutive adenomas, its clinical value might 
be questioned. However, in line with Bieckers’ study7, we demonstrated an increase in 
the detection of flat adenomas (mean 0.27 vs. 0.16; p=0.03), which have been suggested 
to contribute to the development of interval carcinomas, as they are more difficult to 
detect.19,20 Therefore, EAC could be of clinical relevance, by improving the efficiency of 
colonoscopy.

While previous studies described an increase of polyps detected in the cecum and 
ascending colon, our study did not confirm this.7,8 Endocuff aims to flatten the colonic 
folds with the projections, and the advantage of EAC might therefore greater in the left 
colon, which is less wide than the right colon. We found an increase in MAP (0.23 vs. 0.14; 
p<0.01) and ADR (16% vs. 11%; p=0.04) in the descending colon for EAC. Surprisingly, 
this effect was not seen in the sigmoid, where ADR and MAP were comparable between 
the groups. The inability of EAC to increase detection of lesions in the sigmoid might 
be explained by the fact that adenomas are more often pedunculated and more easily 
detected with CC. In our study significantly more pedunculated polyps were detected in 
the sigmoid as compared to other colonic segments (27% vs. 6%; p<0.001).

In 22 procedures (4.2%) the Endocuff was removed from the colonoscope because 
of the inability to proceed intubation beyond the sigmoid. In these cases diverticular 
disease or technical difficulties were reported as cause for incomplete intubation. After 
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removal of the Endocuff, the cecum could be intubated in 19 of 22 procedures. Allowing 
cross-over from EAC to CC, (adjusted) cecal intubation rates were comparable between 
the groups at 98% vs. 99%. Besides increasing adenoma detection, Endocuff significantly 
decreased withdrawal times in negative colonoscopies (7:00 minutes vs. 8:00 minutes). 
This could be due to a more stable position of the endoscope with EAC21, spending less 
time re-intubating the colon during withdrawal. Besides this effect, Endocuff was origi-
nally designed to facilitate cecal intubation by easier straightening of the endoscope 
and loop-prevention. The time to achieve cecal intubation was reduced by more than 1 
minute in the EAC group, which was also reported in cap-assisted colonoscopy studies, 
but not in previous studies comparing EAC with CC.7,8,17

In conclusion, Endocuff-assisted colonoscopy significantly increased the number of 
adenomas detected per patient compared to conventional colonoscopy, especially 
diminutive and flat adenomas. The ADR in our population was high and did not further 
increase with Endocuff. Endocuff increases the yield of high quality colonoscopy and 
could therefore potentially reduce the incidence of interval carcinomas.
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abstraCt

background: The adenoma detection rate (ADR) is considered the most important 
quality indicator for colonoscopy, and varies widely among endoscopists. It is unknown 
whether the ADR of GI-consultants can already be predicted during their colonoscopy 
training.
objective: To evaluate the ADR of fellows in gastroenterology (GI) and whether this 
predicts their ADR as GI-consultant.
design: Retrospective observational study
setting: Academic and regional centers
Patients: Symptomatic patients undergoing colonoscopy
Main outcome measurements: The variance in ADR among seven GI-fellows dur-
ing their training (between May 2004 and March 2012) and of the same fellows after 
they registered as consultants (between October 2011 and April 2014) was evaluated. 
Multivariate logistic regression was performed to compare the highest detector with 
the individual other detectors, and to evaluate if an ADR≥20% during the training was 
predictive for a high ADR as a consultant.
results: During training, ADR ranged from 14%-36% (p<0.001). Compared to the high-
est detector, the odds for detecting an adenoma ranged from 0.64 (0.40-1.03) to 0.29 
(0.17-0.48). After registration, ADR ranged from 19.8%-40.2% (p=0.066). Compared to 
the highest detector during consultancy, the odds ranged from 0.64 (0.34-1.21) to 0.26 
(0.13-0.52). Only two fellows significantly improved their ADR after finishing their train-
ing. An ADR<20% during training was associated with a lower ADR as a consultant (OR 
0.51, 95% CI 0.30-0.87).
limitations: Retrospective study
Conclusions: Variance in ADR is already present during the endoscopy training of 
GI-fellows. Most fellows do not improve their ADR after finishing their training. These 
findings suggest that the ADR can be predicted during colonoscopy training and we 
suggest that feedback and benchmarking should be implemented early during training 
of fellows, in an effort to improve ADR in future daily practice as a consultant.
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IntroduCtIon

Colorectal cancer (CRC) arises from precursor colorectal polyps. Detecting and resecting 
these lesions during colonoscopy decreases CRC incidence.1 At the same time it is well 
known that polyps are missed during colonoscopy and this can result in interval cancers 
in the years after colonoscopy.2–7 Although being the ultimate quality indicator, the rate 
of interval cancers is a parameter that can only be used on a long-term basis and is 
therefore not practical for monitoring quality in daily colonoscopy practice. Kaminski 
et al showed that the adenoma detection rate (ADR) of individual endoscopists, i.e. the 
proportion of colonoscopies in which at least one histologically confirmed adenoma is 
detected, is associated with the risk of future interval carcinomas.8 Recently Corley et al 
confirmed Kaminski’s association, and demonstrated that ADR was inversely associated 
with death caused by interval colorectal cancers.9 Therefore, the ADR is considered as an 
important quality indicator for colonoscopy, and current guidelines demand adenoma 
detection rates of at least 20% in screening colonoscopies.10–14 In the current literature, 
a wide variation in ADR among endoscopists is reported.12,15–19 Measurement and 
benchmarking of this quality indicator will hopefully induce awareness and training in 
an effort to continuously increase quality in colonoscopy.

During endoscopy training of fellows in gastroenterology (GI-fellows), the most 
important competency for colonoscopy is safe cecal intubation.20–22 Only a few stud-
ies evaluated the effect of fellow participation in colonoscopy screening programs on 
ADR23–28, but literature totally lacks information on ADR in individual GI-fellows dur-
ing the years of their colonoscopy training. It is unknown whether a variation in ADR 
is already present during training and whether measurement and benchmarking of 
ADR would improve ADR during training and would give them a better start for daily 
practice. Possibly, the ADR of a GI-consultant can already be predicted during their train-
ing. If consultants have a high ADR during their training and are already aware of the 
importance of adenoma detection, the colonoscopy training could form the basis for an 
adequate ADR in daily practice.

The aim of our study was to evaluate the variance in ADR among GI-fellows during the 
course of their colonoscopy training, and to evaluate if individual ADRs during training 
predict ADR in later practice as a GI-consultant.

Methods

Study design & data collection

We conducted a retrospective study in fellows trained at the Academic Medical Center 
(AMC) in Amsterdam, the Netherlands. Revision by an institutional review board was 
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not required, as in agreement with the medical research involving human subjects act 
(WMO).

The endoscopy department of the AMC is a tertiary facility and teaching hospital. In 
the Netherlands GI-fellows often perform part of their training in a teaching hospital 
besides a few years in one of the academic hospitals. In the AMC fellows are randomly as-
signed to perform their training either in the AMC or in a teaching hospital. All GI-fellows 
who performed their entire endoscopy training in the AMC from May 2004 to March 
2012 were included. Seven fellows fulfilled these criteria. For all 7 fellows, data on every 
colonoscopy they performed were obtained from the colonoscopy database (version 
11.0 of Endobase, Olympus, Winter & Ibe GmbH), and reviewed. For all 7 fellows, reports 
of every colonoscopy they performed during their training within the study-period (May 
2004-March 2012) was retrieved and reviewed from our colonoscopy database (version 
11.0 of Endobase, Olympus, Winter & Ibe GmbH). Also accompanying histopathology 
reports and electronic patient charts were searched for. All reports of colonoscopies 
performed within the study-period 2004-2012 by one of the 7 fellows were reviewed.

Subsequently data of consecutive colonoscopies the fellows performed after they 
were registered as GI-consultants and practicing were collected. These data were col-
lected from October 2011 to April 2014.

Colonoscopy procedure

Colonoscopies performed by fellows during the training at the AMC were either 
high-definition white-light (HDWL) colonoscopies or standard-definition white-light 
(SDWLs) colonoscopies. Patients were prepared by taking 4 L of a polyethylene glycol 
solution (Kleanprep; Norgine bv, Amsterdam, the Netherlands) or 2 L of a polyethylene 
glycol solution containing ascorbic acid (Moviprep; Norgine bv) with an additional 2 
L of liquids Procedures were performed with patients under conscious sedation with 
midazolam and/or fentanyl or under deeper sedation (propofol) when indicated. An 
Olympus 180-series colonoscope (Olympus Optical Co., Ltd., Tokyo, Japan) was used for 
the majority of procedures. For the colonoscopies performed as GI-consultant details of 
colonoscope type, bowel preparation and sedation use were unknown.

Colonoscopy data

For each colonoscopy, demographic information on the patient was collected from 
the electronic patient chart: age, sex, previous CRC and/or colonic resection, previous 
medical history regarding inflammatory bowel disease, polyposis or Lynch syndrome. 
Data collected on each colonoscopy include indication for colonoscopy (screening, sur-
veillance or diagnostic), bowel preparation (if available with Boston Bowel Preparation 
score, otherwise scored as good, suboptimal, poor or unknown), sedatives used, cecal 
intubation rate and deepest point of scope-insertion and reason of incomplete colonos-
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copy if the cecum was not reached. The number of detected and removed polyps was 
recorded, as was the location in the colon, polypectomy method and histopathology 
result (adenomas: tubular, tubulovillous or villous and grade of dysplasia: low or high; 
serrated polyps subdivided in hyperplastic polyps, sessile serrated polyps and traditional 
serrated polyps; adenocarcinomas), if applicable.

In- and exclusion criteria for colonoscopies included in the analysis

In the Dutch training system, the first 100 procedures are completely supervised by a 
consultant being present in the endoscopy-suite; followed by a period of ‘on demand’ 
supervision. ‘On demand supervision’ means that a consultant is available whenever the 
fellow asks for supervision, e.g. when the fellow has difficulty reaching the cecum or when 
a therapeutic procedure like polypectomy is performed. The colonoscopies during train-
ing were divided in three distinct periods: first 100 supervised colonoscopies, first 100 au-
tonomous colonoscopies, and the remaining colonoscopies during the training. The first 
100 colonoscopies, that were probably closely supervised, were excluded from analyses.

In order to ensure a homogenous cohort of patients per fellow or consultant, exclu-
sion criteria were applied after stratification into one of the three training periods or 
the consultancy period. We excluded colonoscopies performed in patients under the 
age of 18, emergency procedures as well as colonoscopies performed in patients with 
conditions that predispose to either a very high or very low probability of detecting 
adenomas: inflammatory bowel disease, polyposis syndromes, Lynch syndrome, referral 
for adenoma-removal, patients referred for a positive screening test e.g. fecal occult 
blood test (FOBT) or CT-colonography. Also patients with an incomplete colonoscopy 
were excluded from the detection analyses.

To correct for differences in colonoscopy indications, procedure indications were di-
vided into two groups: ‘Symptomatic’ including patients with anemia, melena, hemato-
chezia, changed bowel habits, diarrhea and abdominal pain and ‘Surveillance/screening’ 
including average-risk screening, familial predisposition for CRC and adenoma or cancer 
surveillance.

Study outcomes and statistical analyses

ADR was defined as the proportion of colonoscopies in which at least one histologically 
confirmed adenoma was detected. Chi Square analyses were performed to evaluate the 
variance in ADR among the 7 fellows during their training and during their consultancy 
and the difference in ADR during training and consultancy per individual fellow. Uni-
variate logistic regression modeling was performed with the following variables: patient 
age, patient gender and grouped colonoscopy indication i.e. symptoms or screening & 
surveillance. The difference in ADR between fellows and consultants was evaluated with 
multivariate logistic regression to compare the highest detector with the individual other 
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detectors, adjusted for significant variables in the univariate regression model. Logistic 
regression was performed to evaluate if an ADR≥20% during the training was predictive 
of a high ADR during the consultancy period. Individual fellow cecal intubation rates 
(unadjusted and adjusted for poor bowel preparation or a stricture) were calculated over 
all colonoscopies in an intact colon, including excluded colonoscopies for the detection 
analyses. A p-value of <0.05 was considered statistically significant. SPSS Statistics for 
Windows software (version 20.0; IBM Corporation, Somers, NY) was used for analysis.

results

Patients’ characteristics

During the study-period, seven fellows performed a total of 3,252 colonoscopies (Table 
1). After exclusion of the first 100 procedures per fellow and exclusion of colonoscopies 
that met the exclusion criteria, 1,472 colonoscopies (45% of all colonoscopies) were 
available for analysis. Mean age of the patients who underwent colonoscopy during the 
training period was 56 years, and 49% of the patients were male. After exclusion, mean 
age was 58 years and 48% was male. Most of the colonoscopy reports did not report on 
presence of a supervisor, and we assumed a supervisor was only present shortly during 
procedures if a polypectomy was performed, or when called by the fellow for another 
reason, and did not contribute to the ADR. In some reports it was stated that the supervi-
sor took over the colonoscopy, for example if the fellow could not intubate the cecum, 
or if a large polyp was removed. In cases where no supervisor was present during the 
whole procedure, this was also stated in the report.

Data of consecutive colonoscopies the fellows performed after they were registered as 
GI-consultants and practicing were collected. Two consultants practiced in an academic 
center and five in a regional hospital. Five of seven GI-consultants collected data of at 
least 100 non-selected consecutive colonoscopies they submitted for accreditation for 
the Dutch FIT-based CRC screening program and these data were used for this study. To 
prevent selection bias, the data the consultants had submitted for the accreditation for 
the screening-program, we verified whether the procedures were indeed consecutive. 
We visited their practices to review the patient charts. For the two other consultants, 
we collected data of consecutive colonoscopies from the first years of consultancy 
from colonoscopy databases. After exclusion based on age, indication and incomplete 
colonoscopies, 692 colonoscopies (75% of all colonoscopies) were available for analysis 
(Table 1). During the consultancy period mean patient age was 59 years, and 44% was 
male. After exclusion the mean patient age remained 59 years and 43% of the patients 
was male. The mean patient age and percentage of male patients did not differ between 
fellows and consultants.
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During training the unadjusted cecal intubation rate ranged from 86.4%-96.0% and 
adjusted cecal intubation rate (excluding procedures with poor bowel preparation and 
obstruction) from 94.0%-99.1%. Unadjusted cecal intubation rates during consultancy 
period ranged from 89.3%-99.0% and adjusted from 94.2%-100%. No significant increase 
in cecal intubation rate was detected after the first 100 colonoscopies or compared to 
their practice when being a consultant.

table 1. Number of procedures during training and consultancy

Training period Training period after 
exclusion*

(% included from total 
number of procedures)

Consultancy 
period

Consultancy period after 
exclusion*

(% included from total 
number of procedures)

Fellow 1
Symptoms
Surveillance
Other

433
166
52

215

144 (33%)
106
38

136
81
41
14

109 (80%)
68
41

Fellow 2
Symptoms
Surveillance
Other

389
175
59

155

147 (38%)
102
45

171
39
78
54

111 (65%)
34
77

Fellow 3
Symptoms
Surveillance
Other

479
177
109
193

207 (43%)
126
81

100
84
14
2

97 (97%)
84
13

Fellow 4
Symptoms
Surveillance
Other

612
312
99

201

333 (54%)
245
88

107
70
27
10

91 (85%)
64
27

Fellow 5
Symptoms
Surveillance
Other

415
202
82

131

194 (47%)
132
62

107
61
33
13

89 (83%)
57
32

Fellow 6
Symptoms
Surveillance
Other

417
225
89

103

224 (54%)
167
57

101
74
21
6

94 (93%)
73
21

Fellow 7
Symptoms
Surveillance
Other

507
199
106
202

223 (44%)
150
73

206
81
25

100

101 (49%)
77
24

Symptoms
Surveillance
Other
total

1456
596

1200
3252

1028
444

1472 (45%)

478
231
107
928

457
235

692 (75%)

*Excluded: patients younger than 18, incomplete colonoscopies, ‘other’ indication (acute colonoscopy, 
FOBT+, positive CT-colonography, polyposis syndromes, Lynch syndrome, IBD) and excluding first 100 pro-
cedures
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Colonoscopies during training

During the overall training period, the ADR ranged from 13.5%-36.1% and differed 
significantly between fellows (p<0.001, Table 2). Univariate logistic regression analyses 
showed a significant association between the odds of finding at least one adenoma and 
patient’s age, gender and colonoscopy indication (p<0.001 for all three associations ). 
After adjusting for these variables, the odds to detect at least one an adenoma ranged 
from 0.64 (0.40-1.03) to 0.29 (0.17-0.48) among all fellows compared to the highest 
detector, although not significant for fellow 2 and 3 (Table 2).

table 2. Comparison of ADR during training (ranked by odds)*

(N=1472) ADR *OR (95% CI) p-value

Overall 24.6%

fellow 1 36.1% 1

Fellow 3 30.4% 0.63 (0.39-1.02) 0.060

Fellow 2 27.9% 0.60 (0.36-1.01) 0.056

Fellow 4 25.2% 0.59 (0.38-0.92) 0.019

Fellow 6 22.3% 0.54 (0.33-0.88) 0.013

Fellow 5 21.6% 0.44 (0.27-0.74) 0.002

Fellow 7 13.5% 0.22 (0.13-0.38) P<0.001

* Adjusted for patients age, gender and indication, after exclusion

Colonoscopies during consultancy

The ADR among the 7 GI-consultants ranged from 19.8%-40.2%; the difference was 
not statistically significant (p=0.066, Table 3). Again univariate logistic analyses were 
performed analyses to calculate the odds for adenoma detection corrected for age, gen-
der and colonoscopy indication, which were all statistically significant related to ADR 
(p<0.001). Although the difference in ADR did not reach statistical significance, after 
adjusting for age, gender and colonoscopy indication, comparison with the highest 

table 3. Comparison of ADR during consultancy (ranked by odds)*

(N=672) ADR *OR (95% CI) p-value

Overall 33.3%

GI-consultant 3** 40.2% 1

GI-consultant 5 38.2% 0.64 (0.34-1.21) 0.172

GI-consultant 6 36.2% 0.51 (0.27-0.98) 0.044

GI-consultant 4 33.0% 0.45 (0.23-0.86) 0.015

GI-consultant 2 32.1% 0.39 (0.21-0.74) 0.004

GI-consultant 1 32.4% 0.32 (0.17-0.62) 0.001

GI-consultant 7 19.8% 0.26 (0.13-0.52) <0.001

* Adjusted for patients age, gender and indication, after exclusion
** GI-consultants are numbered in the same order as during the training
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detector was significant for 5 of the 6 GI-consultants (OR ranged from 0.64 (0.34-1.21) to 
0.26 (0.13-0.52), Table 3).

Association between ADR during training and consultancy

Only for GI-consultant 5 and 6 the ADR was significantly higher during consultancy 
than it was during the years of their training (Figure 1). We evaluated whether an ADR< 
20% during the overall training period was associated with a lower adenoma detection 
as a GI-consultant, adjusted for patient age, gender and colonoscopy indication. Dur-
ing the overall training period, only fellow 7 had an ADR lower than 20% (13.5%), and 
this was associated with a significantly lower ADR during consultancy (OR 0.51, 95% 
CI 0.30-0.87) compared with fellows with an ADR>20% during training. We also evalu-
ated if an ADR<20% during the first 100 colonoscopies autonomously performed was 
associated with an increased ADR during the remainder of the training. Fellow 5, 6 and 7 
had ADRs lower than 20% during the first hundred procedures (18.8%, 18.5% and 8.6% 
respectively, Table 4), and this was associated with a significantly lower ADR during the 
remainder of the training (OR 0.69, 95% CI 0.51-0.93), but not with a lower ADR during 
consultancy (p=0.68).

Fellow 1 Fellow 2 Fellow 3 Fellow 4 Fellow 5 Fellow 6 Fellow 7
0%

10%

20%

30%

40%

Training

Consultancy

p<0.01p<0.05

    36.1%              27.9%                30.4%                25.2%              21.6%               22.3%              13.5%

 32.1%              32.4%                40.2%                33.0%              38.2%               36.2%              19.8%
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figure 1. For each fellow, the ADR during training and during consultancy are shown. Only for fellow 5 and 
6 the ADR was significantly higher during consultancy than it was during the years of training.
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dIsCussIon

The ADR is considered the most important surrogate quality indicator for colonoscopy, 
and varies widely among endoscopists.12,15–19 In this study we evaluated if a variation 
in ADR is already present during colonoscopy training, and if individual ADRs during 
training predict ADR in later practice. After correction for age, gender and colonoscopy 
indication, we detected a significant variance in ADR among 7 fellows during their train-
ing (range 13.5%-36.1%, p<0.001). Although the difference in ADR among these fellows 
when being GI-consultants did not reach statistical significance, after adjusting for 
age, gender and colonoscopy indication, when comparing consultants to the highest 
detector, this was significant for 5 of the 6 GI-consultants. Only two of the fellows im-
proved their ADR after their training (21.6% to 38.2%, p-value=0.004 and 22.3%-36.2%, 
p-value=0.011). Furthermore, our data suggest that an ADR <20% during the training is 
associated with a lower ADR as a GE-consultant.

This study has several limitations. Only 7 GI-fellows in this study were included in this 
study, as we chose to include merely fellows who performed their entire endoscopy 
training in the AMC, to ensure all fellows received the same training, level of supervision 
and followed the same protocols. The fact that only fellows performing their training 
in the AMC were included, may limit generalizability of the results. The small number 
of participating fellows could have led to a bias, as we could only compare 1 fellow 
with an ADR <20% with the other detectors in our regression model. A future study 
should include more fellows, preferably from different teaching hospitals. Because of 
the retrospective design of this study, not all quality indicators were reported during 
colonoscopies. We could not correct the ADRs for poor bowel preparation, a potential 
confounder, as this was not always reported in the colonoscopy reports because the 
importance of reporting on quality indicators of colonoscopies was not as much ac-

table 4. ADR during first 100 autonomous colonoscopies

Number procedures* Number procedures
≥ 1 adenoma

ADR

Fellow 1 34 11 32.4%

Fellow 2 55 23 41.8%

Fellow 3 52 20 38.5%

Fellow 4 68 16 23.5%

Fellow 5 64 12 18.8%

Fellow 6 65 12 18.5%

Fellow 7 58 5 8.6%

total 396 99 25.0%

*After exclusion of: patients younger than 18, incomplete colonoscopies, ‘other’ indication
(acute colonoscopy, FOBT+, positive CT-colonography, polyposis syndromes, Lynch syndrome, IBD)
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knowledged at that time. The retrospective design however also has an advantage as 
it rules out the threat of observer bias (Hawthorn effect; endoscopists might be more 
aggressive in polyp detection than usual when they are aware that their detection rates 
are being recorded29). Another limitation is the heterogeneity of colonoscopy indica-
tions. Unfortunately this is was inevitably, as we aimed to include all colonoscopies the 
fellows performed during the training, and because of the retrospective design of the 
study. The heterogeneity of colonoscopy indications however, seems equal among the 
different fellows. Only 45% of all colonoscopies performed during the training were 
included (1472 of 3235 colonoscopies) in the analyses, compared to 75% (692 of 928 
colonoscopies) during consultancy. These rates were based on exclusion of the first 
100 supervised colonoscopies, incomplete colonoscopies, emergency procedures, 
positive CT-colonography, and procedures in patients with polyposis syndrome, which 
were more frequent during the training compared to the consultancy. For consultant 
2 and 7 relatively more patients were excluded than for the others, as they performed 
respectively many colonoscopies in patients with polyposis or Lynch syndrome or in 
IBD-patients. The number of colonoscopies performed by the consultants was relatively 
small compared to the number they performed when being fellows. It was difficult to 
collect data from the consultancy period, as they all worked in different hospitals with 
different reporting systems and electronic patient files. We chose to include a random 
selection of consecutive colonoscopies they performed in their practice to obtain a 
reliable impression of the detection rates of all individual consultants. Finally, in the 
analyses the limit of a low-detector was set at <20% because this was found to be as-
sociated with an increased risk of interval carcinomas.8 However, the original study by 
Kaminski et al was performed in a colonoscopy screening population8. In this study only 
diagnostic and surveillance colonoscopies were included, for which a minimal ADR of 
20% might be too low. In the scarce literature, a recent study reported that the ADR 
stratified by colonoscopy indication was highest for surveillance colonoscopies, fol-
lowed by screening and then diagnostic30 and ADRs in symptomatic and surveillance 
populations vary from 17 to 49%.31,32 We decided to use 20% as a lower threshold as the 
fellows performed the colonoscopies between 2004-2012, when endoscopists were less 
aware of the importance of ADR. Future studies are needed to establish the threshold 
ADR for other populations than screening.

ADR is considered the most important surrogate quality indicator of colonoscopy, be-
cause it is inversely associated with the risk of interval carcinomas.8,9 To our knowledge, 
our study is the first to evaluate individual ADRs of GI-fellows during the years of their 
colonoscopy training. Most previous studies evaluating the ADR of fellows focused on 
comparison of the ADR of GI-consultants alone with the ADR in colonoscopies were a 
fellow was involved.23,25–27 Two studies reported a significantly higher ADR in colonosco-
pies were a fellow was involved, and observed an increase with each year of training.23,26 
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Conversely, a meta-analysis from 2013 did not observe an effect on ADR by fellow 
involvement, and only one study in this meta-analysis observed a decrease in ADR with 
fellow involvement.24 Only two studies evaluated ADR during the course of the training 
and observed no increase in ADR over time; individual fellow ADRs were not reported.20,22 
To be able to report on actual independent fellow adenoma detection, in our study we 
only included colonoscopies for which no supervisor was present during withdrawal. We 
observed a large variance in ADR already present during training (13.5%-36%). In a small 
study of only 218 patients, Munroe et al observed a decrease in adenoma miss rates 
with increasing experience, in a tandem colonoscopy study in which withdrawal was 
first performed by the trainee and secondly by an attending physician.33 No individual 
ADRs of fellows were reported.33 In contrast with these results, we observed that having 
an ADR below 20% during the first 100 autonomously performed colonoscopies in train-
ing was associated with a significantly lower ADR during the remainder of the training. 
We excluded the first 100 colonoscopies because these procedures were completely 
supervised and the fellows did not perform individual withdrawal. We do not have 
data regarding the supervisors at the time, however the group of staff members in our 
department that provide supervision of fellows has not changed much during the study 
period. Whether the emphasis of the supervising mentor is on polyp detection or not, 
might affect a fellow’s ability to achieve a high ADR in later practice. Prospective studies 
should investigate the role of supervisors in the ADR of fellows in training.

A second observation was that the single fellow who had an ADR below 20% during 
the complete training period, also had a low ADR during consultancy. Only two fellows 
improved their ADR significantly after their training. The number of fellows we could 
include is too small to draw strong conclusions, however our data suggest that a high 
ADR of GI-consultants may already be predicted during their training. Larger studies 
evaluating colonoscopy quality of more fellows throughout their entire colonoscopy 
training are needed to confirm our findings.

Previous studies evaluating competence in colonoscopy focused on cecal intuba-
tion.20–22,34 The average number of colonoscopies fellows should perform before they 
reach an adequate cecal intubation rate (CIR) of at least 90% varied greatly in these 
studies, ranging from 200 to 500 colonoscopies.20–22 Although we were unable to correct 
for help of a supervisor, all fellows attained a CIR of 85%, and an adjusted CIR of ≥90% 
during their training. As CIR is an important quality indicator of colonoscopy, this should 
be monitored throughout the training in colonoscopies where the cecum was inde-
pendently reached without help from a supervisor. A recent British study used trainee 
e-portfolios from the national Joint Advisory Group on GI Endoscopy (JETS) database 
to determine the number of colonoscopies needed to perform to attain competency, 
and discovered that this number was different per trainee.35 In response to this study, 
Bretthauer and Brandrund therefore question the number of colonoscopies performed 
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as most important measure of competency, and emphasize that quality indicators such 
as cecal intubation rate and adenoma detection rates should be measured during train-
ing instead.36

Although not statistically significant, ADR varied widely among the GI-consultants 
(range 19.8%-40.2%, p=0.066). This finding is in line with previous studies describing 
ranges in ADR from 7%-44% and 22%-44.7% in screening colonoscopies16,19 and 15.5%-
41.1% in diagnostic colonoscopies.17 Previous studies showed that simple monitoring of 
quality parameters, together with feedback and benchmarking can improve colonosco-
py quality and increase ADR.29,37–39 During the training of the fellows in our study (2004-
2012), no feedback was provided and at that time there was not as much awareness of 
the importance of quality indicators of colonoscopy. As this study suggests that the ADR 
may already be predicted during colonoscopy training, feedback and benchmarking 
of all quality parameters including ADR should already be implemented early during 
the training from the moment the fellow performs colonoscopies independently. This 
would result in better performing endoscopists with higher ADRs in daily practice as 
a consultant. This allows for comparison of quality of colonoscopy during training and 
specific actions for improvement of underperformers. Feedback can only be provided 
if colonoscopy reports include the key quality indicators. The first step would be to 
implement mandatory registration of quality indicators for all colonoscopies performed 
during the training, preferably achieved by a structured colonoscopy report.36,40

In conclusion, this study demonstrated that variance in ADR is already present during 
the colonoscopy training of GI-fellows. The majority of the fellows did not improve their 
ADR after finishing their training. However, our data suggest a low ADR during training is 
predictive of also detecting less adenomas as a consultant. These findings indicate that 
the ADR may already be predicted during colonoscopy training. We suggest that feed-
back and benchmarking of all quality indicators including ADR should be systematically 
implemented early during the entire training. We also suggest that each report during 
the training includes the level of supervision during colonoscopy. Future prospective 
and multicentre studies should investigate the possibilities of quality monitoring of GI-
fellows and its influence in improving quality.
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abstraCt

background and aims: The adenoma detection rate (ADR) is the most important sur-
rogate quality parameter for colorectal cancer (CRC) prevention. However, also serrated 
polyps (SPs) are precursors of CRC. Large prospective studies comparing the detection 
rate of SPs among endoscopists in an era of awareness about the malignant potential of 
SPs have not yet been performed. We aimed to compare the proximal SP detection rate 
(PSPDR) and the detection rate of clinically relevant SPs (RSPDR) among endoscopists 
and to analyze the association between these parameters and the ADR.
Methods: Colonoscopy data were retrieved in one expert center between January 2011 
and June 2014 using a structured reporting system, enabling prospective and automatic 
quality assessment. Endoscopists who performed at least 50 colonoscopies within the 
timeframe were included for analysis. Multivariate logistic regression was used to com-
pare the ADR, PSPDR and RSPDR among endoscopists. The association between these 
parameters was calculated using the Pearson’s r correlation coefficient. All lesions were 
assessed by an expert pathologist.
results: In total 16 endoscopists and 2088 colonoscopies were included for analysis. 
The PSPDR ranged from 2.9-18.6% (mean 10.4%) among endoscopists. Corrected for 
confounders, the odds ratio to detect at least one proximal SP compared to the highest 
detector ranged from 0.79 (95% CI 0.41-1.52) to 0.12 (CI 0.03-0.55). The PSPDR was highly 
correlated with the RSPDR (ρ 0.94, p<0.001), ranging from 4.3-20.9% (mean 13.9%). The 
PSPDR moderately correlated with the ADR (0.55, p=0.03), which ranged from 23.2-
49.2% (mean 35.2%).
Conclusions: The PSPDR is widely variable among endoscopists, strongly correlated to 
the RSPDR and moderately correlated to the ADR. These results suggest a high miss rate 
of clinically relevant SPs among low proximal serrated polyp detectors. Future research 
should determine the association between endoscopists’ PSPDR and the risk of interval 
cancer.
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IntroduCtIon

Colorectal cancer (CRC) is one of the most common causes of cancer morbidity and 
mortality worldwide, arising from colonic precursor lesions over the course of many 
years.1,2 Resecting these lesions during colonoscopy reduces the incidence of CRC.3 
Unfortunately colonoscopy is not fully protective for the occurrence of CRC, especially in 
the right-sided colon.4,5 Most so-called interval cancers, cancers occurring after a nega-
tive colonoscopy within the surveillance interval, seem to arise from precancerous le-
sions missed during prior colonoscopy.6,7 Two landmark publications showed an inverse 
correlation between the risk of interval cancer and the adenoma detection rate (ADR) 
of an endoscopist, the proportion of colonoscopies in which at least one adenoma was 
found.8,9 As a result the ADR is considered the prime surrogate quality parameter in the 
context of CRC prevention, representative for a thorough evaluation of the colorectum. 
The ADR is however also considered imprecise since the detection of only one adenoma 
is sufficient to qualify for a high quality colonoscopy (“one-and-done” phenomena).10 
Furthermore adenomas are considered not to be the only precursor lesions of CRC.11 
Therefore, assessment of additional quality parameters seems required to ensure a high 
quality colonoscopy.

For many years adenomas have been regarded as the only premalignant lesions in 
the colorectum. However research from recent years suggests an important role for ser-
rated polyps (SPs) in the oncogenesis of CRC, responsible for approximately 15-30% of 
all CRCs.12,13 A significant proportion of all interval carcinomas seems to arise from SPs, 
presumably due to a high miss rate of SPs located in the proximal colon.14,15 However not 
all SPs appear to be premalignant. Diminutive hyperplastic polyps (HPs) located in the 
rectosigmoid are considered benign, while larger and/or proximally located HPs, sessile 
serrated adenomas/polyps (SSA/Ps) and traditional serrated adenomas (TSAs) are con-
sidered to possess a higher neoplastic potential.11 It is therefore important to detect and 
resect the latter group of clinically relevant SPs during colonoscopy in order to ensure a 
high quality colonoscopy. Currently the detection of SPs is not yet an established quality 
indicator and detection thresholds are not defined.

Two studies have evaluated the variability of the detection rate of at least one proxi-
mal SP (PSPDR) among endoscopists in a screening cohort.16,17 The PSPDR is considered 
an easy to measure surrogate parameter for the detection of clinically relevant SPs 
(e.g. larger and/or proximally located HPs, SSA/Ps and TSAs), although the correlation 
between these parameters is never evaluated. In a large retrospective study the PSPDR 
proved to be endoscopist-dependent, ranging from 1-18% among 15 endoscopists.16 
A more recent study based on prospectively collected data also described a large 
variability in PSPDR (6-22%) among 5 endoscopists.17 A large endoscopist-based study 
based on prospectively collected data, performed in an era of awareness about the 
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neoplastic potential of SPs, has however not yet been performed. Also the variability in 
the detection rate of clinically relevant SPs (RSPDR) among endoscopists and potential 
explanations for this variability has not yet been evaluated.

The primary aim of this study was to compare the PSPDR as well as the RSPDR among 
consultant gastroenterologists and senior gastroenterology residents and to analyze 
the association between both parameters and the ADR. Secondly we aimed to evaluate 
which SP subtypes are accountable for a potential variability in the detection of clinically 
relevant SPs among endoscopists.

Methods

Study design

This is a cross-sectional study using data retrieved from a prospectively collected data-
base. Colonoscopies performed in daily practice from January 2011 until July 2014 were 
included for analysis. The study protocol was presented to the local institutional review 
board. They decided that formal revision was not required, as in agreement with the 
medical research involving human subjects act (WMO), since patient data were retrieved 
during standard care and no additional interventions were performed for the sake of 
this study. This study was carried out in accordance with the Helsinki Declaration.18

Colonoscopy data

Colonoscopy data were retrieved from a single colonoscopy center (Procolo-Bergman 
clinics, Amsterdam) using the EndoALPHA reporting system, enabling prospective and 
automatic quality assessment. This is a completely structured colonoscopy reporting 
system, aimed at generating a standardized and complete report on every colonoscopy 
in daily practice, including all key quality indicators. As well as accurate reporting on 
endoscopic quality and findings, this system facilitates regular production of standard 
analyses of all quality indicators for quality assurance. We discussed this reporting sys-
tem previously.19

For this study we collected data based on patient demographics (e.g. gender and 
age), procedural features (e.g. colonoscopy indication and performing endoscopist) and 
polyp characteristics (e.g. location, size, morphology, applied treatment and histopa-
thology result of each polyp). Also results of the Boston Bowel Preparation Score (BBPS) 
and maximum insertion depth of the endoscope by colonic segment were collected for 
the purpose of this study.

All colonoscopies were performed by endoscopists that were also employed at the 
Academic Medical Centre (AMC) in Amsterdam, the Netherlands. Endoscopists were 
instructed to resect all detected lesion, unaware of predicted polyp histology. All endos-
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copists were well aware of the clinical importance of SPs, but no formal training for the 
detection of SPs was given before the entry of the study.

Histopathological assessment

Polyp histopathology was assessed by expert gastro-intestinal pathologists in daily 
practice according to the revised Vienna criteria.20 Polyp histopathology was subdivided 
into adenomatous (including adenomas with high grade dysplasia and/or a villous com-
ponent) or serrated (including hyperplastic polyps (HPs), sessile serrated adenomas/
polyps (SSA/Ps) and traditional serrated adenomas (TSAs)). The histopathologic diagno-
sis was based on the morphologic features on haematoxylin and eosin staining. SSA/Ps 
were defined as SPs with at least two irregular dilated crypts, including dilatation of the 
base of the crypts that often have a boot, L, or inverted T shape, in accordance with the 
most recent WHO-classification system.21

In- and exclusion criteria for colonoscopies included in the analysis

We only included colonoscopy reports of endoscopists who performed at least 50 
colonoscopies within the timeframe at Procolo/Bergman clinics for analysis. Senior 
residents, in the final year of their residency, were also eligible to perform colonoscopies 
at Procolo/Bergman clinics and performed their colonoscopies without a supervis-
ing gastroenterologist being present in the colonoscopy suite. Their colonoscopies 
were considered eligible to be included in this study. Two endoscopists who became 
consultant gastroenterologists during the study period and performed the majority of 
colonoscopies as consultant were regarded as consult gastroenterologist in the analysis. 
One nurse endoscopist was regarded as senior resident. Only adult patients (18 years and 
older) were treated in Procolo/Bergman clinics. We excluded colonoscopies performed 
in patients with a known hereditary colorectal cancer syndrome or inflammatory bowel 
disease from analyses as well as all incomplete colonoscopies in which the cecum was 
not reached. Colonoscopies performed in patients that underwent a colonoscopy within 
five years preceding to the procedure were also excluded from analysis. Colonoscopy 
indication was subdivided into symptoms, surveillance or positive family history for 
CRC. All screening colonoscopies performed in fecal immunochemical testing (FIT) posi-
tive patients were excluded from analysis, since the expected proportion and volume 
of polyp subtypes differs greatly from colonoscopies performed for other indications. 
Since only a minority of endoscopists performed these colonoscopies, this could cause 
biased results.

Defining of outcome parameters and statistical analyses

Variables were reported as mean ± standard deviation (SD) in case of continuous and 
normally distributed variables, as median with an interquartile range (IQR) in case of 
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non-normally distributed continuous variables and as percentages in case of count 
variables as well as categorical variables. Colonoscopy data of all endoscopists were 
analyzed to calculate the individual ADR (the proportion of colonoscopies in which at 
least one histologically confirmed adenoma was detected), PSPDR (the proportion of 
colonoscopies in which at least one histologically confirmed SP was detected, located 
in the proximal colon) and RSPDR (the proportion of colonoscopies in which at least 
one clinically relevant SP was detected). The proximal colon was defined as proximal to 
the descending colon (splenic flexure, transverse colon, ascending colon and cecum), in 
agreement with the Dutch guideline for colonoscopy surveillance.22 All serrated polyps 
detected in the proximal colon were included to measure the PSPDR, regardless of polyp 
size and histopathology. Clinically relevant SPs were defined as SSA/Ps, TSAs, HPs proxi-
mal to the rectosigmoid and HPs in the rectosigmoid above 5mm in size.23

Multivariate logistic regression, corrected for patient age, gender, quality of bowel 
preparation and colonoscopy indication, was used to compare the PSPDR as well as 
RSPDR for individual endoscopists and to compare the performance of senior residents 
and consultant gastroenterologists. Based on these analyses odds ratios for the detec-
tion of at least one proximal SP or at least one relevant SP during colonoscopy were 
calculated for each endoscopist compared to the endoscopist with the highest detec-
tion rate. Multivariate logistic regression, corrected for the same confounders, was also 
used to compare the 4 (25%) highest clinically relevant SP detectors with the 12 (75%) 
lowest detectors, stratified for polyp size, morphology and histopathology in order to 
evaluate potential causes for a variability in clinically relevant SP detection. For this 
cause polyp morphology was subdivided into flat (Paris classification IIa, IIb and IIc), 
sessile (Paris classification Is) and pedunculated (Paris classification Ips and Ip). Polyp 
size was subdivided into diminutive (1-5mm), small (6-9mm) and large ≥10mm).

The association between the ADR, PSPDR and RSPDR was calculated using the Pear-
son’s r correlation coefficient for all participants and for residents and gastroenterolo-
gists separately. A p-value <0.05 was regarded as statistically significant. All statistical 
analyses were performed using SPSS statistics version 21 (Chicago, IL, USA).

results

Colonoscopy and polyp characteristics

A total of 2700 colonoscopies were performed from January 2011 until July 2014. A total 
of 98 colonoscopies were not completed to the cecum, of which 64 colonoscopies were 
aborted due to an inadequate bowel preparation and 34 colonoscopies were aborted 
due to bowel anatomy or experienced pain. Hundred and two of these colonoscopies 
were performed after a positive FIT in the context of population screening and 35 
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colonoscopies were performed in patients that underwent a colonoscopy within 5 years 
prior to the current procedure. These colonoscopies were excluded from the analysis. No 
colonoscopies were performed in patients with a hereditary colorectal cancer syndrome 
or known inflammatory bowel disease, since these patients underwent colonoscopy 
surveillance in the AMC, rather than in Procolo/Bergman clinics. A total of 2465 colonos-
copies were eligible to be included in the analysis. In total 8 residents and 8 consultant 
gastroenterologists performed 50 or more colonoscopies within the timeframe at Pro-
colo/Bergman clinics and cumulatively performed 2088 colonoscopies (See Figure 1). 
The mean age of patients was 57.9 years (SD 12.6) and 47.1% of patients were male. The 
colonoscopy indication was recorded as symptoms in 1569 patients (75.1%), adenoma 
surveillance in 255 patients (12.3%) and a positive family history for CRC in 264 patients 
(12.6%).

A total of 1451 adenomas and 819 SPs (564 HPs, 249 SSA/Ps and 6 TSAs) were found. 
Of all SPs, 298 (36.4%) were located in the proximal colon, of which 113 (37.9%) were 
classified as HP, 182 (61.1%) as SSA/P and 3 (1.0%) as TSA. A total of 441 SPs (53.8%) were 
regarded clinically relevant, of which 186 (42.2%) were classified as HP, 249 (56.5%) as 
SSA/P and 6 as TSA (1.3%)

N= 2700
Colonoscopies performed from January 

2011 until July 2014

Excluded (N=235):
- FIT based screening (N=102)
- Incomplete colonoscopy (N=98)
- Prior colonoscopy (N=35)
- IBD (N=0)
- Hereditary CRC syndrome (N=0)

N=2465
Colonoscopies eligible to be included in 

the study

Excluded (N=377):
Colonoscopies performed by 

endoscopists with <50 procedures in 
this centre

N=2088
Colonoscopies included for analyses 

figure 1. Flowchart of in- and excluded colonoscopies in the study
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Endoscopist performance

The overall ADR was 35.2% (range 23.2-49.2), the overall PSPDR was 10.4% (range 2.9-
18.6) and the overall RSPDR was 13.9% (range 4.3-20.9). No significant difference was 
found between consultant gastroenterologists and gastroenterology residents for the 
detection rate of at least one adenoma (OR 0.89, p=0.29), proximal SP (OR 1.23, p=0.20) 
or clinically relevant SP (OR 1.30, p=0.09) during a single colonoscopy, corrected for 
patients age, gender, BBPS and colonoscopy indication. Colonoscopy characteristics 
and performance per endoscopist are presented in Table 1.

For all endoscopists the corrected odds ratio for the detection of at least one proximal 
SP as well as at least one clinically relevant SP compared to the endoscopist with the 
highest detection rate (endoscopist 1) are presented in Table 2. The odds ratio ranged 
between 0.79 (p=0.47, 95% CI 0.41-1.52) and 0.12 (p<0.01, 95% CI 0.03-0.55) for the 
detection of at least one proximal SP. Seven endoscopists showed a significantly lower 
odds to detect a proximal SP compared to the highest detector. The odds ratio ranged 

table 1. Colonoscopy performance per endoscopist

Endoscopist Profession Colonoscopies
(n)

Age
(SD)

BBPS
(IQR)

Male
(%)

ADR
(%)

PSPDR
(%)

RSPDR
(%)

1 Gastroenterologist 86 56.1 (12.8) 9 (8-9) 38.4 36.0 18.6 20.9

2 Gastroenterologist 236 55.9 (12.8) 8 (7-9) 46.2 33.5 15.3 19.5

3 Gastroenterologist 169 59.3 (11.5) 9 (8-9) 44.4 40.8 14.2 17.2

4 Resident 50 55.1 (11.7) 9 (8-9) 44.0 46.0 14.0 16.0

5 Resident 65 58.3 (11.5) 9 (8-9) 49.2 49.2 13.9 15.4

6 Gastroenterologist 178 58.1 (12.8) 9 (7-9) 48.9 38.2 13.5 18.0

7 Resident 87 57.6 (12.8) 8 (7-9) 44.8 36.8 12.6 14.9

8 Resident 63 59.8 (12.7) 8 (7-9) 54.0 42.9 9.5 12.7

9 Resident 63 57.9 (12.3) 9 (9-9) 41.3 36.5 9.5 12.7

10 Gastroenterologist 98 59.4 (10.9) 9 (8-9) 42.9 28.6 9.2 11.2

11 Resident 105 56.9 (12.3) 7.5 (6-8) 50.5 26.7 8.6 9.5

12 Resident 127 58.0 (14.8) 8 (6-9) 52.8 32.3 7.9 12.6

13 Gastroenterologist 553 58.7 (12.5) 6 (5-7) 47.4 34.0 7.6 12.1

14 Gastroenterologist 60 56.0 (13.0) 9 (7-9) 36.7 30.0 6.7 13.3

15 Resident 79 56.7 (13.6) 7 (7-8) 49.4 38.0 5.0 6.3

16 Gastroenterologist 69 58.0 (13.1) 9 (6-9) 59.4 23.2 2.9 4.3

Residents 639 57.6 (13.0) 8 (7-9) 48.8 37.1 9.6 12.1

Gastroenterologists 1449 58.0 (12.5) 8 (6-9) 46.3 34.3 10.8 14.8

Overall 2088 57.9 (12.6) 8 (6-9) 47.1 35.2 10.4 13.9

SD = standard deviation, IQR = interquartile range, ADR = adenoma detection rate, PSPDR = proximal serrated 
polyp detection rate, RSPDR = clinically relevant serrated polyp detection rate, BBPS = Boston Bowel preparation 
score



89

Proxy for the detection rate of serrated polyps

between 0.89 (p=0.71, 95% CI 0.48-1.65) and 0.15 (p<0.01, 95% CI 0.04-0.55) for the 
detection of at least one clinically relevant SP. Four endoscopists showed a significantly 
lower odds to detect a clinically relevant SP compared to the highest detector.

The performance of the 4 highest clinically relevant SP detectors, compared to the 
12 lowest detectors is presented in Table 3, stratified for polyp size, morphology and 
histopathology. Except for the detection of at least one sessile relevant SP during 
colonoscopy, the highest detectors showed a significant higher detection for all polyp 
subcategories, corrected for patient age, sex, BBPS and colonoscopy indication. Most 
pronounced differences were found for the detection rate of small and large lesions, 
while the difference in detection rate of diminutive lesions was less extensive.

Correlation between quality parameters

The correlation between the ADR, PSPDR and RSPDR is presented in Table 4. A significant 
correlation between the PSPDR and the ADR was found overall (ρ 0.55, p=0.03) and for 
consultant gastroenterologists in specific (ρ 0.77, p=0.02). For residents no significant as-
sociation was found (ρ 0.61, p=0.11). A significant correlation was also present between 
the RSPDR and the ADR overall (ρ 0.48, p<0.05) and for consultant gastroenterologists 
(ρ 0.82, p=0.01). For residents no significant association was found (ρ 0.55, p=0.16). The 

table 2. Odds ratio for the detection of at least one proximal SP and one relevant SP compared to the en-
doscopist with the highest detection rate

Endoscopist OR for detection of at least one proximal SP 
(95% CI)

OR for detection of at least one clinically 
relevant SP (95% CI)

1 1 1

2 0.79 (0.41-1.52) 0.89 (0.48-1.65)

3 0.68 (0.33-1.36) 0.76 (0.39-1.47)

4 0.54 (0.18-1.60) 0.56 (0.20-1.53)

5 0.67 (0.27-1.64) 0.65 (0.27-1.53)

6 0.65 (0.32-1.31) 0.79 (0.41-1.52)

7 0.60 (0.26-1.40) 0.62 (0.28-1.37)

8 0.41 (0.15-1.13) 0.49 (0.20-1.23)

9 0.43 (0.16-1.19) 0.53 (0.21-1.33)

10 0.41 (0.17-0.98) 0.45 (0.20-1.03)

11 0.41 (0.17-0.99) 0.39 (0.17-0.91)

12 0.34 (0.15-0.81) 0.50 (0.24-1.06)

13 0.34 (0.17-0.67) 0.48 (0.26-0.90)

14 0.31 (0.10-0.99) 0.57 (0.23-1.42)

15 0.16 (0.04-0.58) 0.18 (0.06-0.56)

16 0.12 (0.03-0.55) 0.15 (0.04-0.55)

CI = confidence interval, OR = odds ratio, SP = serrated polyp
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correlation between the PSPDR and the RSPDR was significant overall (ρ 0.94 (p<0.001) 
as well as for consultant gastroenterologists (ρ 0.95, p<0.001) and residents (ρ 0.92, 
p=0.001) in specific.

dIsCussIon

In this study we demonstrate that in an era of awareness about the malignant potential 
of SPs, the detection rate of these lesions is still widely variable among endoscopists. In 
this study the PSPDR ranged from 2.9 to 18.6% (mean 10.4%), while the RSPDR ranged 
from 4.3 to 20.9% (mean 13.9%). A very high correlation was seen between the PSPDR 
and RSPDR (ρ 0.94, p<0.001), which indicates the exchangeability of these colonoscopic 
parameters. A significant correlation was seen between the PSPDR and the ADR (ρ 0.55, 

table 3. Comparison of the performance in SP detection between the 25% highest and 75% lowest rel-
evant SP detectors

Detection rate of the 4 highest 
relevant SP detectors (%)

Detection rate of the 12 lowest 
relevant SP detectors (%)

Corrected OR
(95% CI)

p-value

Proximal SPs 15.0 8.3 1.98 (1.47-2.67) <0.001

Relevant SPs
 1-5mm
 6-9mm
 >10mm

18.8
11.7
7.9
3.0

11.8
8.7
3.3
1.3

1.82 (1.39-2.37)
1.41 (1.03-1.94)
2.68 (1.75-4.12)
2.64 (1.34-5.19)

<0.001
0.03

<0.001
<0.01

SSA/Ps
 1-5mm
 6-9mm
 >10mm

12.3
7.5
5.4
2.2

6.0
4.2
1.8
0.6

2.21 (1.58-3.10)
1.81 (1.21-2.72)
2.98 (1.72-5.16)
3.90 (1.63-9.33)

<0.001
<0.01

<0.001
<0.01

Flat relevant SPs 8.2 2.9 2.76 (1.78-4.28) <0.001

Sessile relevant SPs 10.9 8.9 1.32 (0.96-1.82) 0.09

Flat SSA/Ps 6.1 2.1 2.70 (1.62-4.48) <0.001

Sessile SSA/Ps 6.7 4.0 1.80 (1.18-2.75) <0.01

table 4. Pearson correlation coefficient for several quality parameters

Profession Comparison rho p-value

Overall ADR-PSPDR
ADR-RSPDR
PSPDR-RSPDR

0.55
0.48
0.94

0.03
<0.05
<0.001

Residents ADR-PSPDR
ADR-RSPDR
PSPDR-RSPDR

0.61
0.55
0.92

0.11
0.16
0.001

Gastroenterologists ADR-PSPDR
ADR-RSPDR
PSPDR-RSPDR

0.77
0.82
0.95

0.02
0.01
<0.001
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p=0.03) as well as between the RSPDR and the ADR (ρ 0.48, p<0.05), which ranged from 
23.2-49.2% (mean 35.2%), suggesting a modest association. Remarkably, the correlation 
between the SP detection rates and the ADR were lower for residents than for gastroen-
terologists and showed only borderline significance.

To our knowledge this is the first endoscopist based study that evaluated the PSPDR as 
a potential new quality parameter and compared it with the detection rate of all clinically 
relevant SPs. Ideally, assessment of the detection of all clinically relevant serrated polyps 
would be based on the RSPDR rather than the PSPDR. However, the histopathologic 
characterization of serrated polyp subtypes is difficult and the diagnosis of expert and 
non-expert pathologists can widely differ in daily practice.23 Using the PSPDR instead of 
the RSPDR results in a lower risk of biased results, since incorrect subtyping of SPs by the 
pathologist does not affect the measurement of all SPs located in the proximal colon. 
In this study endoscopists PSPDR and RSPDR showed an almost perfect correlation, 
both for gastroenterologists as well as for gastroenterology residents. This suggests that 
measurement of the PSPDR is a good proxy for the measurement of the RSPDR, and can 
be used in daily practice regardless of the expertise of the pathologist.

Several limitations have to be acknowledged in this study. First of all we performed 
this study in patients who underwent a colonoscopy for a heterogeneous set of indi-
cations. This could potentially have led to exaggerated variability in the detection of 
serrated polyps among endoscopists. However, the great majority of colonoscopies 
was performed in symptomatic patients and all endoscopists performed comparable 
amount of colonoscopies in patients referred for CRC related symptoms. Furthermore 
colonoscopies were randomly booked, unaware of the scheduled attending colonos-
copist. A wide variability in the detection of proximal as well as relevant SPs was still 
seen among endoscopists, after correction for colonoscopy indication as a potential 
confounder. Therefore, the heterogeneity of the patient population does not seem to 
affect the primary outcome of this study. A second limitation is the fact that results 
of this study are based on a combined performance of eight gastroenterologists and 
eight senior residents. In case the performance in both groups would have significantly 
differed, merged results could have led to an exaggerated wide variability in polyp 
detection rates. On the other hand, all of the included residents autonomously perform 
colonoscopies in daily practice. Taking their results into account is therefore a better 
reflection of the “true” detection rate of serrated polyps. In this study the highest as well 
as the lowest detector of at least one proximal SP as well as one clinically relevant SP 
was a consultant gastroenterologist and no significant difference was found between 
gastroenterologists and residents in ADR, PSPDR and RSPDR. Therefore the external 
validity of our results does not seem to be restrained because of this potential limitation.

The results of this study are in line with two recent studies performed in screening 
cohorts, showing similar differences in the detection of proximal SPs among consultant 
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gastroenterologists.16,17 In a retrospective study by Kahi et al the PSPDR ranged from 
1-18% among 15 endoscopists.16 In a prospective study by de Wijkerslooth et al the 
PSPDR ranged from 6-22% among 5 endoscopists.17 In our study the PSPDR ranged from 
2.9-18.6%. These results suggest that the prevalence of proximally located SPs is rather 
similar in screening as well as case-mix patient populations. The median PSPDR is ap-
proximately 10% in all three studies. Pursuing a PSPDR of at least 10% therefore seems 
feasible for all endoscopists in daily practice, irrespective of the patient population. No 
studies have been performed that evaluated the association between the PSPDR and 
the risk of interval carcinomas. As a consequence strong recommendations for PSPDR 
thresholds cannot yet be defined.

In our study we also evaluated the association between the PSPDR and the ADR, show-
ing a moderately high correlation (0.55, p=0.03) overall. This correlation was somewhat 
higher for gastroenterology consultants (0.77, p<0.001) than for residents (0.61, p=0.11). 
The results of our study could be compared to the study by Kahi et al, which showed an 
even higher correlation of the PSPDR and the ADR for individual gastroenterologists (0.86, 
p<0.001).16 Results of both studies suggest that higher performing adenoma detectors 
might also perform a more thorough evaluation of the colon mucosa overall, leading to 
a higher detection of all polyps including proximal SPs. These results are strengthened 
by two studies that both show a significant association between the detection rate of 
SPs and corrected withdrawal time, which might indicate a more thorough inspection 
of the colon by high polyp detectors.17,24 This phenomenon could also explain the fact 
that the observed correlation was somewhat higher for consultant gastroenterologists 
than for gastroenterology residents, since a subset of the gastroenterologist was already 
subspecialized in CRC prevention, probably resulting in higher polyp detection rates 
overall. We believe that the overall measurement of the ADR cannot be seen as a sur-
rogate for the detection of clinically relevant SPs. The overall ADR and PSPDR as well as 
the ADR and RSPDR were only moderately correlated in our study. This indicates that 
both the ADR as well as the PSPDR of an endoscopist should be sufficiently high to en-
sure a high-quality colonoscopy. These results are strengthened by a prospective study 
that evaluated the correlation of the PSPDR and the ADR among 31 centers, showing a 
significant but only moderate correlation (0.43, p=0.03).25

We demonstrate that the variability in the detection of clinically relevant SPs among 
endoscopists could be largely explained by a high difference in the detection rate of 
small and large lesions, whereas the difference in the detection rate of diminutive le-
sions is less pronounced. These are important findings since small and large SPs seem 
to harbor a higher malignant potential than diminutive SPs.26 A potential reason for 
this discrepancy might be the fact that the larger lesions more often represent SSA/Ps, 
which are relatively more often located in the proximal colon and have a more subtle 
appearance than HPs.27 Therefore these lesions will probably be even more difficult to 
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detect during colonoscopy. The fact that especially those larger lesions might be missed 
more often by the lower SP detectors, further emphasizes the importance of the quality 
assessment of endoscopist based SP detection. Future research should evaluate the 
benefit of targeted training for endoscopists on the detection rate of all subtypes of 
clinically relevant SPs.

In conclusion, we demonstrated that the detection rate of proximal serrated polyps 
is widely variable among endoscopists and strongly correlated with the detection rate 
of all clinically relevant SPs. Variability in detection could largely be explained by a high 
difference in the detection rate of small and large SPs, which suggests that a significant 
number of relevant and premalignant SPs are missed during colonoscopy. Therefore the 
measurement of the PSPDR, alongside the ADR, seems a valuable parameter to ensure 
a high quality colonoscopy. However, future research should determine the relation be-
tween the detection rate of proximal serrated polyps and the risk of interval carcinomas.
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abstraCt

background: Currently most training programs for gastroenterology fellows (GI-fellows) 
lack systematic training in polypectomy. Systematic education and direct feedback with 
the Direct Observational Polypectomy Skills (DOPyS)-method is a simple and inexpen-
sive method for training in practical endoscopy.
objective: To evaluate if a lecture-based training course improves the polypectomy 
skills of GI-fellows.
setting: Academic teaching hospital.
subjects and Methods: We invited GI-fellows to record five polypectomies, after which 
they attended a training course of three lectures by expert endoscopists concerning 
polyps and polypectomy methods. After training the fellows recorded 5 polypectomies 
again. All videos were blindly assessed by three expert endoscopists, using to the DO-
PyS-method. The primary study aim was to evaluate whether the training course could 
improve the polypectomy skills of the fellows. As a secondary aim, the interobserver 
agreement between the three assessors was evaluated.
results: Eight GI-fellows participated in this study. There was no significant difference 
in the median overall competency scores before and after training: before training 25% 
(10/40) of the polypectomies were scored as “passed”, compared to 37.5% (15/40) after 
training (p=0.56). The interobserver agreement among the experts was fair (ICC 0.34, 
95% CI 0.14-0.52).
limitations: Small group of participants, no training of assessors in DOPyS.
Conclusions: Our lecture-based training did not result in an improvement of overall 
competency scores for the polypectomy skills of GI-fellows. Besides, the overall quality 
of polypectomy techniques of the fellows was considered low. To optimize polypectomy 
training and competency, we believe that direct feedback in the endoscopy suite and 
hands-on training by dedicated teachers are essential.
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IntroduCtIon

Over the past decade an increasing number of western countries have started colorectal 
cancer (CRC) screening programs, most by fecal immunochemical test (FIT) or primary 
colonoscopy.1 These screening programs can reduce CRC-related mortality by detecting 
CRC in an early and treatable stage, but could also reduce its incidence by detecting and 
removing precursor lesions.2,3 This has caused an increasing attention and demand for 
safe and radical removal of these polyps. Recently the Direct Observation of Polypec-
tomy Skills (DOPyS) was developed for the purpose of formal training and assessment of 
basic and advanced polypectomy.4,5 Gupta et al demonstrated that the DOPyS-method 
can help to reliably differentiate between endoscopists of varying skills.5

In 2014, a nationwide FIT-based screening program for CRC was started in the Neth-
erlands. Because of recognized variability in colonoscopy performance6–8, endoscopists 
who are to perform colonoscopies in FIT-positive screenees are obliged to follow a for-
mal accreditation process. Strict requirements were developed, including an assessment 
of their polypectomy skills with the DOPyS.9

During training of gastroenterology fellows (GI-fellows), systematic education in 
polypectomy is important. However, in most countries structured training programs 
are currently not available.4,5 In order to structure endoscopy training methods, over 
the years several simulator models have been developed, the first model dating from 
1997 (Erlangen model).10–13 The Welsh Institute for Minimal Access Therapy colonoscopy 
suitcase (WIMAT) was recently developed as an ex vivo porcine simulator for polypec-
tomy, and showed content validity for training of polypectomy skills.14–16 Amongst the 
disadvantages of this simulated polypectomy training simulator are the limited number 
of techniques that can be practiced, its scarce capacity and the high costs.15,17 Systematic 
education and direct feedback in daily practice by the DOPyS-method is a more simple 
and inexpensive method for training, providing feedback and acquiring practical endos-
copy practice. To our knowledge no studies have been performed evaluating the effect 
of lecture-based education on polypectomy skills. We hypothesized that increasing 
basic knowledge on assessing and removing polyps would improve endoscopic skills.

The aim of this study was to evaluate if a short, lecture-based training course given 
by three expert endoscopists is able to improve the polypectomy skills of GI-fellows, 
measured with the validated DOPyS-method before and after the training.
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Methods

Study design

This is a prospective study performed among GI-fellows trained at the Academic Medi-
cal Center (AMC) in Amsterdam, the Netherlands. Review by the institutional review 
board was not required, as in agreement with the medical research involving human 
subjects act (WMO). In the Netherlands the Gastroenterology fellowship totals six years, 
and from the fourth year the fellows start performing endoscopies. In our center, the 
first 100 colonoscopies are completely supervised by a consultant being present in the 
endoscopy-suite; followed by a period of ‘on demand’ supervision. ‘On demand supervi-
sion’ means that a consultant is present whenever the fellow asks for supervision, e.g. 
when the fellow has difficulty reaching the cecum, and always when polypectomy is 
performed. The polyp is demonstrated to the consultant and therapeutic options are 
discussed as well as possible difficulties removing the polyp caused by location, size or 
morphology. The consultant offers advice or intervenes when the fellow experiences 
difficulties during the polypectomy. This supervision is provided by most members of 
the academic staff of our department, all of whom are experienced in colonoscopies and 
polypectomies and some of them are experts in advanced polypectomies.

Only GI-fellows who had performed at least 100 colonoscopies and performed at least 
20 polypectomies were invited to participate in this study. For the purpose of the study, 
the supervisor present during polypectomy did not intervene or advise the fellow. In 
cases where the supervisor felt it was in the patients’ best interest to intervene, the case 
was not used for analysis.

The fellows were asked to video-record five polypectomy procedures of polyps <15 
mm at baseline. After all participating fellows had obtained the videos, they participated 
in a training course based on three lectures. To participate in the study they were required 
to attend all training lectures. After this course they recorded another five polypectomy 
procedures. The videos were arranged in random order and assessed by three expert 
endoscopists. The experts independently scored all videos using DOPyS.

Polypectomy videos

All fellows recorded five consecutive polypectomies before and five after the lectures, re-
sulting in 40 pre- and 40 post-training videos. Only polyps <15 mm without any suspicion 
of malignancy were recorded for the study. During colonoscopy all quality indicators as 
well as polyp features were recorded in a standardized colonoscopy reporting system.18 
Polyp features were: morphology (pedunculated, sessile, flat or depressed according to 
the Paris classification19), estimated size, optical diagnosis and polypectomy technique. 
All videos were edited to include the endoscopic view of the entire procedure, from de-
tection to polypectomy and polyp retrieval. The segment of the colon was not included 
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because it was impossible to assess this from the endoscopic view. The duration of the 
final videos ranged from 30 seconds to 1.40 minutes, with an average of 1.10 minutes.

Training

After recording five polypectomies, the fellows attended a training course of three lec-
tures presented by three expert endoscopists specialized in colonoscopy and advanced 
polypectomy (E.D., B.B. and P.F.). To stimulate interaction, these lectures were given for 
a small group of fellows only. The first lecture was on optical diagnosis of polyps. All as-
pects of polyp characterization and observation were discussed; location, size, morphol-
ogy, Kudo pit pattern, endoscopic assessment of histology, signs of invasive growth, on 
site decision-making on therapy and surveillance intervals. The second lecture was on 
effective and safe removal of polyps. Different polypectomy techniques were discussed, 
and video examples with correct and incorrect techniques were shown. The final lecture 
discussed the most common complications of colonoscopy and polypectomy. The 
fellows were taught how to recognize symptoms of complications, how to treat and 
prevent them.

DOPyS assessment

After all 80 videos were recorded and edited, the same expert endoscopists indepen-
dently assessed the videos that were placed in a file at random order. The assessors 
were blinded for the endoscopist’ identity and timing of polypectomy (before or after 
training). Each video was scored with DOPyS. Before the start of the study the experts 
had experience with DOPyS, but had not discussed the assessment criteria or assessed 
a selection of videos together. Each of the 34 parameters of the DOPyS, as well as the 
overall competency, was scored as 1 (standards not met), 2 (some uncorrected errors), 3 
(competent and safe performance), or 4 (highly skilled performance). Scores less than 3 
implied that part of the procedure was not adequately performed, and thus “failed”. Only 
parameters that could be scored with a video were assessed (excluding all underlined 
items on the original DOPyS assessment form4,5).

Study outcomes and statistical analysis

The primary study aim was to evaluate whether the polypectomy skills of GI-fellows had 
improved after the training course. Three expert endoscopists assessed the polypecto-
mies with the DOPyS and the median score of the three assessments was used for further 
analysis. Comparisons were made for the overall competency score per polypectomy, 
and for each individual parameter of the DOPyS. A Wilcoxon signed rank test was used 
to evaluate the differences in these parameters on a 1-4 scale (1= standards not met, 
4= highly skilled performance) before and after the training course using the median of 
the five polypectomy scores per fellow per occasion as unit of analysis. The differences 
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in overall competency and for each individual DOPyS parameter before and after train-
ing were also calculated across the pass/fail divide: the scores were grouped into 1s 
and 2s (i.e., suboptimal performance / fail) and 3s and 4s (i.e., competent performance / 
pass). A linear mixed model was used to evaluate this difference with the separate scores 
per polypectomy as unit of analysis, where a random intercept on the fellow-level was 
entered to account for the correlation between polyp scores from the same fellow.

Secondary aims were to evaluate the differences in overall competency among fellows, 
and the interobserver agreement between the three assessors. The Chi square test was 
used to compare the scores among the fellows. The interobserver agreement among 
the three experts was calculated with an Intraclass Correlation Coefficient (ICC) (ordinal 
scale), and a Fleiss kappa (pass/fail divide, > 2 observers). Interpretation of kappa values 
was done according to Landis and Koch.20,21

results

Fellows

Initially eight GI-fellows were invited to participate in the study in October 2012 (see 
flowchart of the study, Figure 1). Four of the eight fellows dropped out. Reasons for fail-
ing to finish the study were: inability to record enough polypectomy videos before the 

8 fellows invited to participate

5 fellows recorded 5 videos &
attended lectures

4 fellows recorded 5 videos &
completed study

(40 polypectomy videos)

6 fellows invited to participate

4 fellows recorded 5 videos &
attended lectures

4 fellows recorded 5 videos &
completed study

(40 polypectomy videos)

Jan 2013-Feb 2013

March 2013-July 2013

Oct 2012-Jan 2013

Fellow drop outs:
2 did not make enough videos

1 pregnancy leave 

Fellow drop outs:
1 �nished fellowship before end 

study

Fellow drop outs:
1 did not make enough videos

1 was not able to attend lectures

May 2013-Sept 2013

Nov 2013-Dec 2013

Jan 2014-April 2014

8 fellows completed the training
40 polypectomy videos before lectures
40 polypectomy videos after lectures

3 experts assessed 80 videos with DOPyS

Aug-Sept 2014

figure 1. Study flowchart
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scheduled lectures (2), end of fellowship before enough procedures after the lectures 
were recorded (1) and pregnancy leave (1). In the first group the average time between 
the videos before and after was three and a half months, and in those months the lec-
tures were attended. In May 2013 a second group consisting of six fellows was invited to 
participate. Of those fellows four completed the study. The average time between the 
polypectomy videos before and after the lectures in the second group was longer, eight 
months. A total of eight fellows completed the entire study.

Polyp characteristics

Table 1 shows the polyp characteristics of the polyps that were removed before and 
after training, as described by the fellow in the colonoscopy report. The mean polyp size 
before training was 5.8 mm (range 2-15 mm) and after training 5.0 mm (range 2-10 mm, 
n.s.). Polyp morphology was mostly sessile, also not significantly different before and 
after training.

table 1. Polyp characteristics

Before training (N=40) After training (N=40) P value
(Chi square)

Size
1-5 mm
6-9 mm
>15 mm

25
9
6

27
9
4

0.788

Morphology*
Flat
Sessile
Pedunculated

6
29
5

9
27
4

0.676

*According to the Paris Classification of superficial neoplasia19

Polypectomy technique

Before training, the majority of the polyps (23/40, 58%) was removed by lifting with 
saline and snare diathermy (Table 2). However, after training significantly more polyps 
were removed by the cold snare technique (28/40, 70%) (p=0.032).

table 2. Polypectomy methods

Before training (N=40) After training (N=40) P value
(Chi square)

Polypectomy technique
Cold snare alone
Lift and cold snare
Snare diathermy alone
Lift and snare diathermy

11
6
0

23

14
14
1

11

0.032



Chapter 7

104

table 3. DOPyS overall competency scores before and after training

Overall Competency score
Median of three observers

Polypectomies before 
training

Polypectomies after 
training

Fellow 1 1
2
3
4

2
3

5

Fail (1 or 2)
Pass (3 or 4)

2
3

5

Fellow 2 1
2
3
4

1
4

1
2
2

Fail (1 or 2)
Pass (3 or 4)

5 3
2

Fellow 3 1
2
3
4

5 3
2

Fail (1 or 2)
Pass (3 or 4)

5 3
2

Fellow 4 1
2
3
4

1
4

1
3
1

Fail (1 or 2)
Pass (3 or 4)

5 4
1

Fellow 5 1
2
3
4

5
1
4

Fail (1 or 2)
Pass (3 or 4)

5 5

Fellow 6 1
2
3
4

3
2

2
3

Fail (1 or 2)
Pass (3 or 4)

3
2

2
3

Fellow 7 1
2
3
4

1
2
2

1

4

Fail (1 or 2)
Pass (3 or 4)

3
2

1
4

Fellow 8 1
2
3
4

2
3

1
1
2
1

Fail (1 or 2)
Pass (3 or 4)

2
3

2
3



105

Polypectomy skills of gastroenterology fellows

Overall DOPyS scores

Table 3 demonstrates the overall scores for polypectomy before and after training for the 
8 GI-fellows that completed the study on the 1-4 scale. There was no significant differ-
ence in the median overall competency scores before and after training: before training 
25% (10/40) of the polypectomies were scored as “passed”, compared to 37.5% (15/40) 
after training (p=0.56, Table 4). The mixed model assessing the difference in passed and 
failed on the polypectomy level showed an odds ratio of 1.91 (95% CI 0.69 to 5.31) for 
a “pass” score after training when compared to before training. The estimated number 
of “passed” polypectomies, accounting for the correlation of polypectomy scores from 
the same fellow, were 22% before training vs. 36% after training, which approximates 
the observed numbers. The increase in “passed” polypectomies was not statistically 
significant (p=0.21).

table 4. Difference in overall competency

Overall competency Wilcoxon Signed rank test

Before training
(median)

After training
(median)

Fellow 1 3 2 P=0.56

Fellow 2 2 2

Fellow 3 2 2

Fellow 4 2 2

Fellow 5 2 2

Fellow 6 2 3

Fellow 7 2 3

Fellow 8 3 3

Individual DOPyS parameter scores

The median scores given for each individual DOPyS parameter (on the 1-4 scale with 
the Wilcoxon singed rank) that could be scored with a video per fellow were compared 
before and after training (Supplementary material on-line only, Table S1). None of the 
parameters differed significantly before and after training, except for parameter 30 
“Identifies and appropriately treats residual polyp”, which had a lower median score 
after training when compared to before (2.3 vs. 1.5, p=0.01). We used the mixed models 
method to assess the difference in passed and failed polypectomies on the different 
parameters (odds ratios per parameter shown in Table S1). The differences between 
“passed” individual polypectomy parameters before and after training were not statisti-
cally significant.
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Differences in overall scores among fellows

The difference in overall competency scores among the fellows was evaluated. Before 
the training, the overall competency score across the pass/fail levels differed signifi-
cantly (Table 5, p<0.05). After training the difference was no longer significant.

table 5. Difference among the fellows in overall competency scores across pass/fail divide

before training fail Pass p-value

Fellow 1 2 3 0.045

Fellow 2 5 0

Fellow 3 5 0

Fellow 4 5 0

Fellow 5 5 0

Fellow 6 3 2

Fellow 7 3 2

Fellow 8 2 3

after training fail Pass p-value

Fellow 1 5 0 0.08

Fellow 2 3 2

Fellow 3 3 2

Fellow 4 4 1

Fellow 5 5 0

Fellow 6 2 3

Fellow 7 1 4

Fellow 8 2 3

Interobserver agreement among three experts

Analysis of the interobserver agreement of the three expert endoscopists showed a fair 
agreement for overall DOPyS competency (ICC of 0.34, 95% CI 0.14-0.52). Sensitivity 
analyses showed that this moderate agreement was caused by a deviation in assess-
ment by expert 3; the agreement between expert 1 and 2 was also fair (kappa 0.32), 
however between observer 1 and 3 and observer 2 and 3 there was only a slight agree-
ment (kappa 0.05 and kappa 0.15 respectively). The interobserver agreement among the 
overall competency scores across pass/fail divide was also fair, with a Fleiss kappa of 0.28 
(95% CI 0.15-0.40). For most individual DOPyS parameters the interobserver agreement 
was slight, fair or moderate (data not shown).
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dIsCussIon

In most countries, GI-fellows acquire endoscopic skills through experiential learning and 
training programs lack structured training in polypectomy. Although endoscopy simula-
tors can be helpful for training in simple endoscopic interventions (e.g. polypectomy), 
they are not ideal and not available in many teaching hospitals. In this study we aimed to 
improve polypectomy skills by a training interaction consisting of 3 dedicated lectures 
concerning polyps and polypectomy, a simple and inexpensive method that could easily 
be applied in any training center. To evaluate its effect, we assessed the polypectomy 
skills of eight GI-fellows with the DOPyS-method before and after they attended this 
training. Regrettably, our study did not show an improvement of overall competency 
scores of the fellows, nor of any of the individual parameters of the DOPyS. Besides, the 
overall quality of polypectomy techniques of the fellows was considered low. The num-
ber of polypectomies that were scored as “pass” increased from 25.0% to 37.5% after 
training, but did not reach statistical significance (p=0.56). The interobserver agreement 
of overall competency scores among the three expert endoscopists that assessed the 
videos was only fair (ICC 0.34).

Based on our results we conclude that a short, lecture-based curriculum is insufficient 
to improve polypectomy skills of GI-fellows. After training only a small, non-significant 
increase in “passed” polypectomies from 25.0% to 37.5% was observed. All fellows in our 
study independently performed polypectomies, but the level of experience between 
the fellows was different. Interestingly, the two fellows who did improve their skills after 
the course recorded their first set of polypectomy videos very early in their training. 
As the learning curve is steepest in the beginning of the training, this could explain 
their improvement over time.22–24 We also compared the techniques for polypectomy 
that fellows used before and after training. After training significantly more polyps were 
removed with the cold snare technique (70%) when compared to the procedures before 
training, when most (58%) were removed with diathermy snare. Surprisingly, this did not 
result in different scores for the DOPyS parameter “appropriate technique”.

This study has several limitations. We only included a limited study group of 8 fel-
lows. Initially more fellows started the training course, but dropped out for reasons not 
related to their skills. We therefore believe this has not resulted in a bias in our study. 
Secondly, the time between the lectures and the second set of videos was relatively 
long (6 months). We observed a small, non-significant increase in “passed” polypec-
tomies. This improvement could also be the result of the expected learning-curve of 
fellows from experiential learning and receiving feedback from their supervisor in the 
endoscopy suite over time, and thus be independent of the training lectures. This study 
was designed to test our hypothesis that increasing basic knowledge on assessing and 
removing polyps could improve endoscopic skills. Although polypectomy skills of the 
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fellows did not significantly improve after the training, their knowledge actually might 
have been improved but this was not measured. Although the assessors were familiar 
with the DOPyS, they were actually not trained in using the DOPyS, and the scores of 
the observers for the GI-fellows varied widely. Observer 3 was harsher than the other 
two, resulting in a median score per fellow as “fail” for all fellows by this observer, while 
observer 1 scored the majority of the polypectomies as a “pass”. The assessors in our 
study might have been too harsh, which resulted in many failed polypectomies. The 
expectations might have been too high and our assessors may have been overly critical, 
as if those expert endoscopists may have been looking for expert fellows, instead of GI-
fellows using competent and safe techniques. In line with the data by Gupta et al, in our 
study the interobserver agreement among assessors who were not trained with DOPyS 
was low.5 Several ways that would optimize the actual scoring in such a study should be 
considered. Training observers in using the DOPyS might have resulted in more equal 
scores, or feedback to the scorers during the course of the study might have acted as a 
benchmark and balance the ‘hawk-dove’ phenomenon (a harsh observer vs a generous 
observer).25,26 Finally, the fellows independently performed polypectomies with a super-
visor present in the room (according to local protocol). Although the research-fellow 
was usually also present to make a video of the polypectomy, this could have resulted 
in verbal or non-verbal instructions not visible in the endoscopy-video. However, as the 
DOPyS-scores in our study were still remarkably low, we do not think this has caused an 
important bias in our study.

Our study suggests that the fellows in our academic center lack competence to 
perform therapeutic colonoscopy. We believe there are two potential explanations for 
these disappointing results. Firstly, competency scores of our fellows could have been 
low because the assessors were very harsh. However, these disappointing scores can 
also be the result of an insufficient training program in our center, requiring improve-
ment. We have learned that it is important to provide fellows with more direct feedback 
in the endoscopy-suite. To improve polypectomy skills, hands-on training by trained 
trainers should be provided.24,27,28 Therefore, we should also assess the teaching skills of 
our staff-endoscopists and give them tools to optimize their competences as a teacher, 
for example with a “teach-the-teacher program”. Such dedicated training courses aim-
ing to develop teaching skills are developed and available in the UK (UK National Joint 
Advisory Group for Gastrointestinal Endoscopy, JAG Endoscopy Training system), and 
aim to improve the effectiveness of clinical training.22,29–31 In this study, the DOPyS was 
used as a form of summative assessment. However, the DOPyS might have been better 
used as a formative assessment tool used to structure teaching and providing immedi-
ate feedback to the trainee. A future study is planned to address this way of teaching, 
utilising the DOPyS as a training platform to aid training and define a learning curve for 
polypectomy.
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Worldwide, training in colonoscopy and polypectomy varies widely, reflecting un-
certainties on the optimal design of such training programs.27 For a standardized pol-
ypectomy training program, several elements are important. First, as currently limited 
guidelines are available, evidence-based polypectomy guidelines should be developed. 
Secondly, dedicated gastroenterologists who provide training to fellows should be 
advised on their teaching skills in a “teach-the-teacher program”. Last but not least, a 
standardized program for colonoscopy training including regular assessments with 
DOPS (Direct Observation of Procedure or Skills) and DOPyS, should be designed. Future 
studies could then evaluate the effect of implementation of standardized colonoscopy 
and polypectomy training programs on actual polypectomy skills.
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suPPleMentary table 1.

table s1. Comparison of individual DOPyS parameter scores for polypectomy across the pass/fail divide

DOPyS
parameter

Parameter description Polypectomies before 
training, median [IQR] 

no. (% pass)

Polypectomies after 
training, median [IQR] 

no. (% pass)

Wilcoxon Signed rank 
test

/ Linear mixed model

1 Optimizes polyp position 2.5 [2;3]
19/40 (47.5%)

2 [2;3]
20/40 (50%)

0.66
OR 1.1, p=0.82

2 Optimizes view 2 [2;2.8]
17/40 (42.5%)

2 [2]
14/40 (35%)

0.32
OR 0.72, p=0.49

3 Visualizes full extent of 
polyp

2 [2]
12/40 (30%)

2 [2]
11/40 (27.5%)

1.00
OR 0.88, p=0.80

4 Appropriate technique 2.5 [2;3]
21/40 (52.5%)

3 [3]
23/40 (57.5%)

0.32
OR 1.2, p=0.65

11 Prophylactic haemostatic 
measures

3 [2.4;3]
6/8 (75%)

2 [1;2]
1/4 (25%)

0.10
OR 0.10, p=0.16

12 Appropriate snare size 2.75 [2.4;3]
5/8 (62.5%)

2.5 [2;2.5]
2/4 (50%)

1.00
OR 0.6, p=0.69

13 Directs snare over head 2.25 [2;2.7]
2/8 (25%)

1.5 [1;1.5]
2/4 (50%)

0.41
OR 11.5, p=0.27

14 Selects en-bloc or 
piecemeal removal

3 [2.8;3]
7/8 (87.5%)

2 [2]
2/4 (50%)

0.32
OR 0.07, p=0.26

15 Snare to stalk 2 [1.9;2.5]
1/8 (12.5%)

1.5 [1;1.5]
2/4 (50%)

0.41
OR 9.1, p=0.23

16 Snare position on stalk 2.25 [1.4;2.6]
3/8 (37.5%)

1.5 [1;1.5]
2/4 (50%)

1.00
OR 3.5, p=0.49

17 Mobilises polyp amount 
tissue

2.4 [1.9;2.9]
3/8 (37.5%)

1.5 [1;1.5]
2/4 (50%)

0.59
OR 1.7, p=0.69

18 Applies appropriate 
diathermy

3 [2;3]
6/8 (75%)

1 [1]
2/4 (50%)

0.18
OR 0.15, p=0.36

19 Adequate submucosal 
injection

2 [1.6;2.2]
6/29 (20.7%)

2 [1.1;3.4]
6/27 (22.2%)

0.40
OR 1.1, p=0.89

20 Only proceeds if lesion 
lifts adequately

2.5 [2.1;3]
16/29 (55.2%)

2.8 [2.5;3]
14/25 (56%)

0.34
OR 1.1, p=0.89

21 Appropriate snare size 3 [3]
28/38 (73.7%)

3 [3]
34/39 (87.2%)

0.32
OR 2.4, p=0.15

22 Directs snare over lesion 2.3 [2;3]
14/38 (36.8%)

2.5 [2;3]
18/39 (46.2%)

0.32
OR 1.5, p=0.41

23 Selects en-bloc or 
piecemeal removal

3 [3]
35/38 (92.1%)

3 [3]
37/39 (94.9%)

0.89
OR 1.4, p=0.71

24 Positions snare over 
lesion as snare is closed

2 [2;2.4]
8/38 (21.1%)

2 [2;2.8]
11/39 (28.2%)

1.00
OR 1.6, p=0.44

25 Traps appropriate amount 
of tissue

2 [2]
9/38 (23.7%)

2 [2]
7/39 (17.9%)

0.71
OR 0.69, p=0.52

26 Tents lesion away from 
mucosa

2.5 [2;3]
18/38 (47.4%)

2.8 [2;3]
16/39 (41%)

1.00
OR 0.78, p=0.58
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table s1 (continued)

DOPyS
parameter

Parameter description Polypectomies before 
training, median [IQR] 

no. (% pass)

Polypectomies after 
training, median [IQR] 

no. (% pass)

Wilcoxon Signed rank 
test

/ Linear mixed model

27 Chooses diathermy or 
cold snare

2.8 [2;3]
18/38 (47.4%)

3 [2.4;3]
25/39 (64.1%)

0.39
OR 2.0, p=0.15

28 Ensures adequate 
haemostasis prior to 

further resection

3 [2;3]
5/7 (71.4%)

2.5 [2;3]
3/6 (50%)

0.32
OR 0.35, p=0.43

29 Examines remnant stalk/
polyp base

2 [2;3]
18/40 (45%)

2 [2]
13/40 (32.5%)

0.58
OR 0.59, p=0.26

30 Identifies and treats 
residual polyp

2.3 [2;3]
14/30 (46.7%)

1.5 [1;1.9]
4/30 (13.3%)

0.01
or 0.18, p=0.01

31 Identifies and treats 
bleeding

2.6 [2;3.4]
14/29 (48.3%)

2.5 [2;2.5]
10/23 (43.5%)

0.40
OR 0.82, p=0.73

32 Retrieves or attempts 
retrieval of polyp

2 [1.1;2]
12/39 (30.8%)

2 [1.1;2.4]
14/40 (35%)

0.68
OR 1.2, p=0.69
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thesIs suMMary

Colorectal cancer (CRC) is one of the most commonly diagnosed cancers in the western 
world. High quality colonoscopy has the potential to reduce CRC mortality by detecting 
carcinomas in early, treatable stages and reduce its incidence by detecting and remov-
ing its main precursor lesions, adenomas. However, colonoscopy will never completely 
prevent CRC. Besides accelerated progression of polyps into cancer, variability in quality 
of colonoscopies can lead to colonoscopy interval carcinomas, which are carcinomas 
that are detected within a proposed surveillance-interval. In an effort to optimize the 
quality of colonoscopy and reduce the incidence of interval carcinomas, several qual-
ity indicators have been established. Reporting on these quality parameters should be 
used for feedback and benchmarking, and will be helpful to target quality improvement. 
The research reported in this thesis covers a wide range of issues, all related to reporting, 
monitoring and improving the quality of colonoscopy.

The quality of colonoscopy can only be assessed if colonoscopy reports are complete 
and include all quality parameters. In chapter 2 we describe the development of a new, 
structured colonoscopy reporting system, EndoALPHA documentation (Endobase) ver-
sion 11.6. The aim of this reporting system was to generate standardized and complete 
colonoscopy reports, including all key quality indicators and endoscopic findings. 
Because all items in the reports are coded, this system can be used for statistical analysis 
to measure the quality indicators for both the colonoscopy unit as well as for individual 
endoscopists. To create reliable quality reports, all colonoscopies should be reported 
using the fixed, structured terminology. In 2011, all endoscopists in our colonoscopy 
center were trained for adequate use of the reporting system. From 2012, 94% of all 
colonoscopies performed in our center were completely reported using the coded ter-
minology, facilitating reliable reporting of the cecal intubation rate and ADR. The cecal 
intubation rate of all colonoscopies performed in 2012 was 98% and the ADR was 35%. 
The colonoscopy reporting system is currently used to provide feedback to individual 
endoscopists about their quality and also for benchmarking.

In chapter 3 we assessed the interobserver agreement of the Paris classification of 
colonic polyps among Western expert endoscopists. We created 85 short video clips 
depicting polyps. Seven endoscopists assessed each video and scored the Paris clas-
sification with categories pedunculated, sub-pedunculated, sessile, slightly elevated, 
completely flat, slightly depressed and excavated. After a digital training module on 
the optimal use of the Paris classification, the same 85 polyps were assessed again. The 
interobserver agreement of the initial assessment was moderate with a Fleiss kappa 
of 0.42, and after the training the interobserver agreement had not improved and was 
fair (Fleiss kappa of 0.38). We concluded that the Paris classification seems unsuitable 
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for comparative research on polyp morphology. Also the use of the Paris classification 
in daily practice is questionable and we therefore suggested a simplified classification 
system which has to undergo the same testing before its general use.

In chapter 4 we compared adenoma detection in colonoscopy with the use of an 
Endocuff, a new endoscope cap with two circular rows of plastic “hairs”, with conven-
tional colonoscopy. The Endocuff is a special cap that is placed on the tip of a standard 
colonoscope, and the plastic projections straighten the colonic folds when the scope 
is pulled back, thereby potentially revealing more polyps located behind those folds. 
We demonstrated that Endocuff increased the mean number of adenomas detected per 
patient with 21.4% compared to conventional colonoscopy, which were mainly diminu-
tive and flat adenomas. The ADR was high (53%) in our population, and Endocuff did not 
further increase this parameter. In 4.2% of Endocuff-assisted colonoscopies, intubation 
beyond the sigmoid was impossible. After removing the cuff, cecal intubation was pos-
sible in 86% of those procedures. Cecal intubation time was reduced by 1.5 minutes 
with Endocuff, probably by facilitating easier straightening of the endoscope and loop-
prevention. We concluded that Endocuff-assisted colonoscopy increases the yield of 
colonoscopy and could therefore play a role in reducing interval carcinomas.

Because ADR is known to vary largely among endoscopists, in chapter 5 we evaluated 
whether this variance is already present during colonoscopy training of gastroenterol-
ogy fellows (GI-fellows). We also assessed if ADRs during training can predict ADR in 
later practice as a consultant. During training, the ADR of the fellows ranged from 
13.5%-36.1%, and differed significantly between the fellows (p<0.001). After adjusting 
for patient’s age, gender and colonoscopy indication, the odds to detect an adenoma for 
each fellow ranged from 0.64-0.29 when compared to the fellow with the highest ADR. 
In other words, the lowest detecting fellow had an OR of 0.29 for detecting an adenoma 
compared to the highest detector. After registering as GI-consultants, their ADR ranged 
from 19.8%-40.2%. Only 2 fellows significantly improved their ADR after registering as 
a consultant, the ADR of the other fellows did not change after finishing the training. 
Another observation from our study was that the fellow that had an ADR below 20% 
during the training period, also had a low ADR during consultancy. Our study suggested 
that the ADR of a GI-consultant can already be predicted during their training. This sug-
gests that feedback and benchmarking of all quality indicators, including ADR, should 
be implemented early during training hopefully resulting in optimal performance as a 
consultant.

Adenomas are not the only precursor lesions of CRC. Research from the last decade 
suggests that serrated polyps (SPs) are responsible for 15-30% of all CRCs.1 Based on 
these findings, additional quality indicators besides ADR are necessary to assure high 
quality colonoscopy. Previous studies evaluated the proximal SP detection rate (PSPDR; 
the percentage of patients with at least 1 proximal SP) among different endoscopists 
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and found a broad range. In chapter 6 we compared the PSPDR among endoscopists, 
and additionally the rate of relevant SPs (RSPDR) and the association between both 
new parameters and ADR. We observed a range in ADR from 23%-49%, PSPDR ranged 
from 2.9%-18.6%, and RSPDR from 4.3%-20.9%. We demonstrated significant correla-
tions between the PSPDR and the ADR (ρ 0.55, p=0.03) and between the RSPDR and the 
ADR (ρ 0.48, p<0.05). The correlation between PSPDR and RSPDR was very high (ρ 0.94; 
p<0.001). We concluded that besides a variation in the prime quality indictor ADR, also 
the PSPDR is widely variable among endoscopists, indicating a high miss-rate for low 
detectors. Because the PSPDR and RSPDR are so strongly correlated, we suggested that 
PSPDR, that is easier to assess, should be used as quality indicator.

A recent study from the USA demonstrated that 10% of all neoplastic lesions are 
incompletely resected.2 This study confirms that besides missed precursor lesions or 
carcinomas, incomplete resection of neoplastic polyps is another important cause for 
interval carcinomas. To measure quality of polypectomy technique, the Direct Observa-
tion of Polypectomy Skills (DOPyS) was developed for the purpose of formal training 
and assessment of basic and advanced polypectomy.3,4 In most countries systematic 
training in polypectomy for GI-fellows is currently not provided, and skills are acquired 
through apprenticeship and experiential learning. In chapter 7 we evaluated the effect 
of a lecture-based training course about colonic polyps and polypectomy techniques on 
polypectomy skills of GI-fellows in training, measured with the DOPyS. For the purpose 
of this study, 8 GI-fellows recorded five polypectomy videos before, and five videos after 
attending the course. Before training 25% of the polypectomies were scored as “passed”, 
compared to 37.5% after training, a non-significant difference (p=0.56). None of the 
individual DOPyS competency parameters improved after training. Based on these 
results we concluded that a short lecture based curriculum is insufficient to improve 
polypectomy skills. We concluded that direct feedback and hands-on training in the 
endoscopy-suite are needed, preferably provided by well-trained teachers.

future PersPeCtIves

In January 2014, a national CRC screening program was started in the Netherlands. 
Asymptomatic persons aged 55-75 years are invited biannually to perform a fecal im-
munochemical test (FIT) at home and send it by postal mail to a central laboratory. The 
participants with a positive test-result are invited to undergo colonoscopy. Because FIT 
is used to preselect participants with advanced adenomas and carcinomas, a large num-
ber of polyps are detected in these FIT-positive participants, and some of the polyps are 
quite large. Therefore, screening participants often undergo a therapeutic colonoscopy. 
Quality of colonoscopy should always be high, however this is especially important if 
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asymptomatic persons are invited to a screening program and undergo a burdensome 
and invasive examination with potential complications. If persons are offered screening 
they should be able to expect a safe and high quality examination that protects them 
from developing CRC.

Several years ago, the benefit of an accreditation process for screening colonoscopists 
has been demonstrated in the UK. In 2004, before the start of a national British FOBT-
screening program, the shortcomings of colonoscopies were revealed. An analysis of 
colonoscopies that were performed in daily practice demonstrated a disappointing 
adjusted cecal intubation rate of only 56%, clearly demonstrating the urgent need 
for quality improvement.5 After this national audit, several measures were introduced 
aiming to improve the quality of colonoscopy. These included an organized national 
training programme for endoscopy, defined targets for endoscopy training and the 
establishment of national endoscopy standards (defined by the Joint Advisory Group).6,7 
Besides, an accreditation process for colonoscopists in the FOBT-based bowel cancer 
screening was developed. In 2012 an audit of colonoscopy quality indicators within 
the NHS Bowel Cancer Screening Program was performed and demonstrated great 
improvement compared to 2004 with a cecal intubation rate of 95% and had a high 
mean ADR of 46.5%.6

In line with results from the UK, scarce data before the start of the Dutch screening 
program demonstrated a large variance in colonoscopy quality in the Netherlands.8 In 
an effort to ascertain quality, a formal accreditation process for endoscopy units and 
endoscopists for FIT-positives in the screening program was implemented.9 The estab-
lishment of this accreditation process already increased awareness on the importance 
of high quality colonoscopy in the Netherlands. Besides, regular audits are organized 
and to provide data, participating screening centers and endoscopists are obliged to 
deliver all screening data, including colonoscopy data, to a national screening database 
(ScreenIT).9 The set-up of this database facilitates quality monitoring of all participating 
endoscopists. Besides the national screening program, the Dutch Society of Gastroen-
terologists (NVMDL) has started an initiative to collect key quality indicators of all other, 
non-screening colonoscopies in our country. This will enable auditing and benchmark-
ing of quality of colonoscopy and hopefully result in improvement of quality where 
necessary.

The Dutch national FIT-based CRC screening program will in all probability lead to a 
reduction in CRC related mortality, and eventually also to a decrease in incidence of 
CRC. However, screening will never be perfect and will never lead to a 100% reduc-
tion in CRC mortality. First of all, FIT is not perfect in preselecting participants that 
should undergo colonoscopy. The sensitivity of FIT for detecting advanced neoplasia 
is well below 100%, and approximately a quarter of all advanced lesions are missed. 
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Besides, FIT is not very sensitive to detect either non-bleeding adenomas or serrated 
lesions, also a known precursor of CRC. To overcome this flaw, another option is to 
offer a colonoscopy to everyone. In other western countries, for example the United 
States and Germany, primary colonoscopy is the screening method of choice. This way, 
the risk of missing cancers with the use of a preselecting screening test is avoided. If 
every screening invitee would accept this offer, if no colonoscopy capacity problems or 
financial barriers would exist, and if colonoscopy was perfect: CRC might be eradicated 
within the screening population. The final step in this scenario is that colonoscopy 
should be perfect and unfortunately we know it is not. In the last decade many studies, 
including those described in this thesis, have been conducted to improve the quality of 
colonoscopy. Besides improving quality of colonoscopy, e.g. optimal bowel preparation 
and performing complete colonoscopies, many new endoscopic imaging techniques 
and devices have been studied for their potential to improve polyp detection. Currently, 
polyp detection reflected by the ADR is the only quality indicator that has an established 
association with interval cancer. Therefore, in the recent years the main aim of many 
studies in the field of colonoscopy has been to improve ADR. Several new technical tools 
(e.g. cap-assisted colonoscopy, Third-Eye Retroscope, etc.) and new colonoscopes with 
improved image quality (e.g. high definition resolution, narrow band imaging, etc.) were 
developed in order to improve detection rates. These techniques aim to improve image 
quality during colonoscopy and enable colonoscopists to detect subtle, small and flat 
adenomas. However, it is unknown if these techniques indeed result in a lower number 
of interval carcinomas in the long term.

Current colonoscopy capacity in the Netherlands precludes the option of offering 
colonoscopy to all screening participants. However, it can be debated whether the effort 
of offering everyone a colonoscopy is worthwhile, as in a substantial part of colonosco-
pies no relevant lesions are detected and thus will not influence the risk for CRC of those 
persons. The ultimate goal of screening and colonoscopy is to protect from CRC. It is 
important to keep in mind that colonoscopy is not a harmless procedure, and complica-
tions might occur after colonoscopy and polypectomy. Improved quality and improved 
techniques will lead to an increase in ADR, but this will mainly reflect increased detec-
tion of small adenomas and not many advanced adenomas. As these small adenomas 
have a low risk to develop into cancer, the additional value of detecting these extra 
non-advanced adenomas might be questioned. If those small adenomas ultimately de-
velop into cancer, this progression will usually take many years (estimated 10-15 years) 
with a long period in which the polyps could be detected. Besides, according to current 
surveillance guidelines, increased adenoma detection rates will result in more patients 
who are advised to undergo a surveillance colonoscopy.10 This in turn will increase the 
demand for colonoscopies, while capacity is already limited by the screening program. 
Rather than offering repeated surveillance to each patient with non-advanced adeno-
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mas, only patients that would benefit most should receive a colonoscopy. If the quality 
of colonoscopy is sufficient, with optimal detection and resection of all relevant polyps, 
occurrence of interval carcinomas will hopefully be prevented. We then would also be 
able to safely expand surveillance intervals. Regrettably, prospective randomized trials 
on optimal surveillance strategies are lacking and just now being initiated.

A possible solution to colonoscopy capacity problems, are nurse endoscopists. In 
1977 nurse endoscopists already performed flexible sigmoidoscopies in the UK, and 
currently many nurse endoscopists have been trained to perform colonoscopies. Nurse 
endoscopists can perform colonoscopies as safely and accurately as physicians and 
substantially reduce costs.11–14 While studies revealed a similar ADRs for nurses and 
gastroenterologists, some studies even concluded that nurses received better pain 
and satisfaction scores by patients.15 If screening participants in a primary colonoscopy 
screening program receive a colonoscopy performed by a nurse, this could be used 
to preselect patients with advanced neoplasia. Only patients with multiple lesions or 
lesions larger than 2 cm should be referred for a gastroenterologist-performed colonos-
copy for resection of already detected lesions.

One of the most important factors in the quality of colonoscopy, is the endoscopist 
him/herself. The wide variation in detection rates among different endoscopists suggests 
a high miss-rate for low detectors. Tandem studies showed that 10% of all advanced 
adenomas are missed, which in time could lead to interval cancers. Another potential 
cause of interval carcinomas is incomplete resection of colorectal lesions. A recent 
study demonstrated that 10% of all neoplastic lesions are not completely resected.2 As 
currently little is known about optimal polypectomy techniques, future studies should 
focus on this aspect of colonoscopy. To prevent a false sense of security, all lesions 
should be resected completely.

Monitoring, feedback and benchmarking are the basis for continuous quality im-
provement of endoscopists. Inadequate quality should be detected so specific actions 
for improvement of underperformers can be taken. It might be possible to improve the 
quality of underperformers by stricter rules, for example by making it obligatory for 
those endoscopists to perform at least 1000 colonoscopies per year, or to exclude them 
from practice. However, it is unlikely that such measures will create only perfect colonos-
copists, who detect all colonic lesions. Maybe we should acknowledge that colonoscopy 
might never be perfect. Are there any other options?

Less invasive imaging such as CT and MR colonography techniques are able to detect 
polypoid lesions with a similar accuracy as colonoscopy.16–18 These methods could also 
be helpful in preselecting participants for colonoscopy. An important disadvantage of 
those radiologic techniques is their inaccuracy for the detection of flat lesions, and es-
pecially those flat lesions have a high risk of being an early cancer. The current radiologic 
imaging techniques are able to estimate the size of lesions, but cannot predict if lesions 
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contain high-grade dysplasia or villous features, both also features of advanced neopla-
sia. Also, radiologic imaging techniques are still quite labour-intensive and expensive. 
The perfect imaging technique would be patient-friendly and safe, without the need for 
any bowel preparation and without exposure to ionizing radiation. MR-colonography 
could be a candidate, preferably faster than current MR-systems. Sensitivity for CRC 
and advanced adenomas should be approximately 100%, and ideally MR-colonography 
should also be able to discriminate between advanced and non-advanced adenomas, so 
that only patients with advanced adenomas are referred for colonoscopy. Maybe it could 
be possible to use a biomarker that highlights any advanced lesion at MR-colonography, 
regardless of its size or morphology. Then only those patients could be referred for a 
therapeutic colonoscopy. And at the time of the advised surveillance interval, instead of 
a repeat colonoscopy, a new MRI with biomarker could then be performed.

An even more patient-friendly screening method than MRI, would be a fecal test that 
can be performed at home. In contrast to FIT, this fecal test should be able to detect 
all advanced neoplasia (optimal sensitivity). It should also have a specificity of 100%, 
indicating that there are no false positive tests leading to ‘unnecessary’ colonoscopies 
in participants that appear to have non-advanced lesions only. Recent studies have 
evaluated the yield of fecal biomarkers, for example DNA-tests, in detecting CRC and 
advanced adenomas. A fecal biomarker that would detect all advanced lesions and 
furthermore could be performed at home, would be a perfect method to select par-
ticipants that should undergo colonoscopy. If only participants with an advanced lesion 
are scoped, detection rates will increase to nearly 100% and no more unnecessary diag-
nostic colonoscopies will be performed. Unfortunately, the perfect fecal biomarker does 
yet not exist. Nevertheless, the quest for a highly sensitive and specific stool marker 
for advanced neoplasia is important and could save many persons from undergoing 
unnecessary colonoscopies. Another exciting development is the e-nose (electronic 
nose, Cyranose 32019), a method in which analysis of gaseous carbon-based chemicals 
originating from breath and feces are used to detect CRC and advanced adenomas. The 
scarce data available have shown that this analysis can discriminate between patients 
with and without CRC and advanced adenomas with promising accuracy.20,21 Future 
research should further explore the possibilities of this novel screening method for early 
detection of advanced neoplasia.

Most screening methods aim to reduce CRC-related mortality by early detection. Colo-
noscopy has the potential to prevent the occurrence of CRC by detecting and resecting 
its precursor lesions. However, an even better approach would be to stop the growth of 
adenomas or even their occurrence at all. Recent studies have described an association 
between aspirin/NSAID use and a lower risk of CRC, and also statins have been sug-
gested to protect for CRC.22,23 In the last decades, a number of other chemopreventive 
drugs have been tested, including sulindac, celecoxib, and mesalazine, but are still 
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controversially discussed.24,25 The idea that a drug, that ideally should be cheap and have 
negligible side-effects, might be able to prevent CRC and maybe even other cancers, is 
very tempting. Persons with a high risk at CRC, for example patients with Familial Adeno-
matous Polyposis or Lynch Syndrome, could start at an early age using this medicine. 
Persons with an average risk for CRC would only have to participate in one screening 
round at e.g. age 50, with a non-invasive test like MR-colonography, fecal biomarker or 
e-nose, if necessary followed by a therapeutic colonoscopy. If advanced adenomas are 
resected they would start taking the medicine and would be relieved from surveillance 
and screening, and from their risk for CRC. Future research will hopefully provide us with 
more insight of the possibilities of pharmacologic prevention of CRC.

Regrettably, the scenario that I described above will not yet be feasible in the near future. 
Until then, colonoscopy will remain the gold standard for the detection of CRC and its 
precursors. To optimize its quality, continuous monitoring, feedback and benchmarking 
is essential. A reporting system that facilitates both standardized reporting as well as 
systematic delivery of quality indicators is the basis for continuous quality monitoring. 
Such systems should be widespread available and used in all colonoscopy centres in the 
Netherlands, ideally even in Europe. This will allow for benchmarking on a larger scale 
and colonoscopy will gradually become a quality-focussed practice.



125

Thesis summary and future perspectives

referenCes

 1. Rex DK, Ahnen DJ, Baron J a, Batts KP, Burke C a, Burt RW, et al. Serrated lesions of the colorectum: 
review and recommendations from an expert panel. Am J Gastroenterol. 2012; 107: 1315–29; quiz 
1314, 1330.

 2. Pohl H, Srivastava A, Bensen SP, Anderson P, Rothstein RI, Gordon SR, et al. Incomplete polyp 
resection during colonoscopy-results of the complete adenoma resection (CARE) study. Gastro-
enterology. AGA Institute American Gastroenterological Association; 2013 Jan; 144(1): 74–80.e1.

 3. Gupta S, Anderson J, Bhandari P, McKaig B, Rupert P, Rembacken B, et al. Development and 
validation of a novel method for assessing competency in polypectomy: direct observation of 
polypectomy skills. Gastrointest Endosc. Elsevier Inc.; 2011 Jun; 73(6): 1232–9.e2.

 4. Gupta S, Bassett P, Man R, Suzuki N, Vance ME, Thomas-Gibson S. Validation of a novel method for 
assessing competency in polypectomy. Gastrointest Endosc. Elsevier Inc.; 2012 Mar; 75(3): 568–75.

 5. Bowles CJ a. A prospective study of colonoscopy practice in the UK today: are we adequately 
prepared for national colorectal cancer screening tomorrow? Gut. 2004 Feb 1; 53(2): 277–83.

 6. Lee TJW, Rutter MD, Blanks RG, Moss SM, Goddard AF, Chilton A, et al. Colonoscopy quality mea-
sures: experience from the NHS Bowel Cancer Screening Programme. Gut. 2012 Jul; 61(7): 1050–7.

 7. Logan RF a, Patnick J, Nickerson C, Coleman L, Rutter MD, von Wagner C. Outcomes of the Bowel 
Cancer Screening Programme (BCSP) in England after the first 1 million tests. Gut. 2012 Oct; 
61(10): 1439–46.

 8. De Jonge V, Sint Nicolaas J, Cahen DL, Moolenaar W, Ouwendijk RJT, Tang TJ, et al. Quality evalu-
ation of colonoscopy reporting and colonoscopy performance in daily clinical practice. Gastroin-
test Endosc. Elsevier Inc.; 2012 Jan; 75(1): 98–106.

 9. National Institute for Public Health and the Environment. Protocol for the authorization and 
auditing of colonoscopy centres and endoscopists. The Netherlands [Internet]. 2012; (June). 
Available from: http://www.rivm.nl/dsresource?objectid=rivmp: 247328&type=org&disposition=
inline&ns_nc=1

 10. Bretthauer M. More adenomas – less cancer? Advanced imaging in colonoscopy. 2015; 396–7.
 11. Limoges-Gonzalez M, Mann NS, Al-Juburi A, Tseng D, Inadomi J, Rossaro L. Comparisons of 

screening colonoscopy performed by a nurse practitioner and gastroenterologists: a single-
center randomized controlled trial. Gastroenterol Nurs. 2011; 34(3): 210–6.

 12. Tursi A. Colonoscopy by nurse endoscopists: the right answer for the growing demand for colo-
noscopy in clinical practice? Endoscopy. 2013; 1978210.

 13. Massl R, van Putten PG, Steyerberg EW, van Tilburg AJP, Lai JYL, de Ridder RJJ, et al. Comparing 
quality, safety, and costs of colonoscopies performed by nurse vs physician trainees. Clin Gastro-
enterol Hepatol. Elsevier, Inc; 2014 Mar; 12(3): 470–7.

 14. Putten PG Van. Nurse endoscopists perform colonoscopies according to the international stan-
dard and with high patient satisfaction. Endoscopy. 2012; 1127–32.

 15. Hui AJ, Lau JY, Lam PPY, Chui AOM, Fan ASH, Lam TYT, et al. Comparison of colonoscopic perfor-
mance between medical and nurse endoscopists: a non-inferiority randomised controlled study 
in Asia. Gut. 2014 Dec 18; 1–5.

 16. Stoop EM, de Haan MC, de Wijkerslooth TR, Bossuyt PM, van Ballegooijen M, Nio CY, et al. Par-
ticipation and yield of colonoscopy versus non-cathartic CT colonography in population-based 
screening for colorectal cancer: a randomised controlled trial. Lancet Oncol. 2012 Jan; 13(1): 
55–64.



Chapter 8

126

 17. Van Der Paardt MP, Stoker J. Magnetic resonance colonography for screening and diagnosis of 
colorectal cancer. Magnetic Resonance Imaging Clinics of North America. 2014. p. 67–83.

 18. Van der Paardt MP, Zijta FM, Boellaard TN, Jensch S, Baak LC, Depla a CTM, et al. Magnetic 
resonance colonography with automated carbon dioxide insufflation: Diagnostic accuracy and 
distension. Eur J Radiol. Elsevier Ireland Ltd; 2014 May; 83(5): 743–50.

 19. De Meij TG, Larbi I Ben, van der Schee MP, Lentferink YE, Paff T, Terhaar Sive Droste JS, et al. 
Electronic nose can discriminate colorectal carcinoma and advanced adenomas by fecal volatile 
biomarker analysis: proof of principle study. Int J Cancer. 2014 Mar 1; 134(5): 1132–8.

 20. Westenbrink E, Arasaradnam RP, O’Connell N, Bailey C, Nwokolo C, Bardhan KD, et al. Develop-
ment and application of a new electronic nose instrument for the detection of colorectal cancer. 
Biosens Bioelectron. Elsevier; 2015 May 15; 67: 733–8.

 21. De Boer NKH, de Meij TGJ, Oort F a, Ben Larbi I, Mulder CJJ, van Bodegraven A a, et al. The scent of 
colorectal cancer: detection by volatile organic compound analysis. Clin Gastroenterol Hepatol. 
Elsevier, Inc; 2014 Jul; 12(7): 1085–9.

 22. Nan H, Hutter CM, Lin Y, Jacobs EJ, Ulrich CM, White E, et al. Association of Aspirin and NSAID 
Use With Risk of Colorectal Cancer According to Genetic Variants. Jama. 2015 Mar 17; 313(11): 
1133–42.

 23. Lochhead P, Chan AT. Statins and colorectal cancer. Clin Gastroenterol Hepatol. Elsevier Inc.; 2013 
Feb; 11(2): 109–18; quiz e13–4.

 24. Hachem C, Morgan R, Johnson M, Kuebeler M, El-Serag H. Statins and the risk of colorectal car-
cinoma: a nested case-control study in veterans with diabetes. Am J Gastroenterol. 2009; 104: 
1241–8.

 25. Lang M, Gasche C. Chemoprevention of colorectal cancer. Dig Dis. 2015 Jan; 33(1): 58–67.



Nederlandse samenvatting en 
toekomstperspectieven





129

Nederlandse samenvatting en toekomstperspectieven

saMenvattInG

Dikke darmkanker is een van de meest voorkomende kankers in de westerse wereld. 
Coloscopie, mits van hoge kwaliteit, kan de mortaliteit door dikke darmkanker verlagen 
door carcinomen in een vroeg, nog te behandelen stadium te detecteren. Ook kan co-
loscopie de incidentie verlagen door het detecteren en het verwijderen van adenomen, 
de belangrijkste voorlopers van dikke darmkanker. Coloscopie zal echter nooit compleet 
beschermen tegen dikke darmkanker. Naast versnelde progressie van poliep naar kan-
ker, kan de variabiliteit in de kwaliteit van coloscopieën leiden tot interval carcinomen; 
carcinomen die gediagnosticeerd worden tijdens het voorgestelde surveillance interval. 
In een poging de kwaliteit van coloscopie te optimaliseren en de incidentie van interval 
carcinomen te verlagen, zijn verschillende kwaliteitsindicatoren vastgesteld. De rappor-
tage van deze kwaliteitsparameters kan gebruikt worden voor feedback en benchmar-
king (het vergelijken van kwaliteit tussen verschillende afdelingen of endoscopisten), 
wat kan bijdragen aan het verbeteren van de kwaliteit. Het onderzoek dat gepresenteerd 
wordt in dit proefschrift betreft een breed scala aan onderwerpen, allen gerelateerd aan 
het rapporteren, monitoren en verbeteren van de kwaliteit van coloscopie.

De kwaliteit van coloscopie kan alleen worden beoordeeld als coloscopie verslagen 
compleet zijn en bovendien alle kwaliteitsparameters bevatten. In hoofdstuk 2 
beschreven we de ontwikkeling van een nieuw, gestructureerd coloscopie verslagleg-
gingssysteem, EndoALPHA documentatie (Endobase) versie 11.6. Het doel van dit ver-
slagleggingssysteem was het creëren van gestandaardiseerde en complete coloscopie 
verslagen, die de belangrijkste kwaliteitsindicatoren en endoscopische bevindingen 
bevatten. Omdat alle items in de verslagen gecodeerd zijn, kan dit systeem gebruikt 
worden voor statistische analyses om zo de kwaliteitsindicatoren bij te houden voor zo-
wel de gehele coloscopie afdeling als voor individuele endoscopisten. Om betrouwbare 
kwaliteitsrapporten te kunnen genereren moeten alle coloscopie verslagen gemaakt 
worden met vaste, gestructureerde terminologie. In 2011 werden alle endoscopisten 
in ons coloscopie centrum getraind in het adequaat gebruik van het verslagleggings-
systeem. Vanaf 2012 werd 94% van alle coloscopieën die verricht werden in ons centrum 
volledig gerapporteerd met de gecodeerde terminologie, waardoor het mogelijk was 
om de coecum intubatie ratio (percentage coloscopieën waar het coecum werd geïn-
tubeerd; complete coloscopieën) en de ADR (adenoom detectie ratio; het percentage 
coloscopieën waar tenminste 1 adenoom wordt gevonden) betrouwbaar te rapporte-
ren. De coecum intubatie ratio van alle coloscopieën verricht in 2012 was 98% en de 
ADR was 35%. Het coloscopie verslagleggingssysteem wordt momenteel gebruikt om 
individuele endoscopisten van feedback te voorzien over hun kwaliteit, en tevens voor 
benchmarking.
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In hoofdstuk 3 hebben we de interobserver overeenkomst van de Paris classificatie 
voor de morfologie (vorm) van colon poliepen onder westerse expert endoscopisten 
geëvalueerd. We maakten 85 korte video’s waarin poliepen te zien waren. Zeven en-
doscopisten beoordeelden elke video en scoorden de Paris classificatie bestaande uit 
de volgende categorieën: gesteeld, sub-gesteeld, sessiel, iets verheven, compleet vlak, 
iets onder niveau van de mucosa gelegen en geulcereerd. Na een digitale training over 
hoe de Paris classificatie optimaal gebruikt dient te worden, werden dezelfde 85 video’s 
geëvalueerd. De interobserver overeenkomst van de eerste beoordeling was redelijk 
met een Fleiss kappa van 0.41. Na de training was de interobserver overeenkomst niet 
verbeterd en was matig (Fleiss kappa van 0.38). We concludeerden dat de Paris clas-
sificatie ongeschikt is voor vergelijkend onderzoek van poliep morfologie. De waarde 
van de Paris classificatie in de dagelijkse praktijk is ook twijfelachtig en daarom stelden 
wij een versimpeld classificatiesysteem voor, dat voor gebruik in de praktijk eerst op 
eenzelfde manier getest moet worden.

In hoofdstuk 4 vergeleken we de adenoom detectie  coloscopie met gebruik van 
een Endocuff, een nieuwe endoscopische cap met twee circulaire rijen plastic haartjes, 
met conventionele coloscopie. De Endocuff is een speciale cap die op de tip van een 
standaard coloscoop geplaatst wordt. De plastic haartjes van de Endocuff strijken 
tijdens het terugtrekken van de scoop de dikke darmplooien glad, zodat er mogelijk 
meer poliepen worden gevonden die achter de plooien gelokaliseerd zijn. We toonden 
aan dat de Endocuff het gemiddeld aantal adenomen per patiënt verhoogde met 21.4% 
vergeleken met conventionele coloscopie, en dit waren voornamelijk kleine en vlakke 
adenomen. De ADR was hoog in onze populatie (53%) en werd niet verder verhoogd 
met Endocuff. In 4.2% van de coloscopieën met Endocuff was het niet mogelijk om de 
coloscoop verder dan het sigmoïd te intuberen. Na het verwijderen van de Endocuff was 
coecum intubatie mogelijk in 86% van deze procedures. De coecum intubatie tijd was 
1.5 minuut sneller met Endocuff, waarschijnlijk door het makkelijker positioneren van 
de endoscoop en door het voorkómen van loops in de scoop. We concludeerden dat 
coloscopie met Endocuff de opbrengst van coloscopie verhoogt en daardoor mogelijk 
een rol kan spelen bij het verminderen van interval carcinomen.

Omdat bekend is dat de ADR erg verschilt onder endoscopisten, onderzochten we 
in hoofdstuk 5 of deze variatie al ontstaat tijdens de opleiding van arts-assistenten in 
opleiding tot MDL-arts. We bekeken ook of de ADR tijdens de opleiding kan voorspellen 
hoe de ADR later als MDL-arts zal worden. Tijdens de opleiding varieerde de ADR van de 
arts-assistenten van 13.5%-36.1%, en was significant verschillend tussen de assistenten 
(p<0.001). Na correctie voor patiënt leeftijd, geslacht en coloscopie indicatie, varieerden 
de odds voor het detecteren van een adenoom per arts-assistent van 0.64-0.29, als 
dit werd vergeleken met de arts-assistent met de hoogste ADR. Met andere woorden, 
de arts-assistent die het minst detecteerde had een OR van 0.29 om een adenoom te 
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detecteren als hij werd vergeleken met de arts-assistent die het meest detecteerde. Na 
de opleiding varieerden de ADR van de MDL-artsen van 19.8%-40.2%. Slechts 2 arts-
assistenten hadden na het afronden van de opleiding een significant hogere ADR als 
MDL-arts. De ADR van de overige arts-assistenten veranderde niet na de opleiding. 
Een ander resultaat van onze studie was dat de arts-assistent die tijdens de opleiding 
een ADR lager dan 20% had, ook na de opleiding een lage ADR had. Onze studie re-
sultaten suggereerden dat de ADR van een MDL-arts al tijdens de opleiding voorspeld 
kan worden. Dit zou betekenen dat het geven van feedback en benchmarking van alle 
kwaliteitsindicatoren, onder andere de ADR, al vroeg in de opleiding geïmplementeerd 
moeten worden, met hopelijk als resultaat optimaal presterende MDL-artsen.

Adenomen zijn niet de enige voorlopers van dikke darmkanker. Uit onderzoek uit 
de laatste 10 jaar is gebleken dat geserreerde poliepen (serrated poylps; SPs) verant-
woordelijk zijn voor 15-30% van alle carcinomen in de dikke darm.1 Op basis van deze 
bevindingen zijn er aanvullende kwaliteitsindicatoren nodig naast de ADR om hoge 
kwaliteit coloscopie te garanderen. In eerdere studies is beschreven dat de proximale 
SP detectie graad (proximal serrated polyp detection rate; PSPDR, het percentage pa-
tiënten waar ten minste 1 proximale SP wordt gevonden) varieert onder verschillende 
endoscopisten. In hoofdstuk 6 vergeleken we de PSPDR onder endoscopisten en we 
vergeleken de detectie van relevante SPs (RSPDR). Ook evalueerden we de associatie 
tussen beide nieuwe kwaliteitsparameters en de ADR. We zagen een variatie in ADR van 
23%-49%, de PSPDR varieerde van 2.9%-18.6% en de RSPDR van 4.3%-20.9%. We toon-
den een significante correlatie aan tussen de PSPDR en de ADR (ρ 0.55, p=0.03) en ook 
tussen de RSPDR en de ADR (ρ 0.48, p<0.05). De correlatie tussen PSPDR en RSPDR was 
erg hoog (ρ 0.94; p<0.001). We concludeerden dat naast een variatie in de belangrijkste 
kwaliteitsindicator ADR, ook de PSPDR sterk varieert onder endoscopisten, wat aangeeft 
dat er veel gemist wordt door endoscopisten met een lage detectie. Omdat de PSPDR en 
de RSPDR zo sterk correleren, stelden wij voor dat de PSPDR, die makkelijker te meten is, 
als kwaliteitsindicator gebruikt zou moeten worden.

Een recente studie uit de VS liet zien dat 10% van alle neoplastische poliepen incom-
pleet verwijderd worden.2 Deze studie bevestigde dat naast gemiste voorloper laesies 
en carcinomen, incomplete resectie van neoplastische poliepen een andere belangrijke 
oorzaak is voor interval carcinomen. Om de kwaliteit van poliepectomie techniek te 
meten werd de Direct Observation of Polypectomy Skills (DOPyS) ontwikkeld. Het doel 
van de DOPyS is het geven van formele training en het kunnen beoordelen van basis en 
gevorderde poliepectomieën.3,4 In de meeste landen wordt geen systematische training 
in poliepectomieën gegeven tijdens de opleiding tot MDL-arts en worden deze vaardig-
heden verkregen door ervaring op te doen in de praktijk. In hoofdstuk 7 hebben we ge-
keken naar het effect van een training bestaande uit een reeks interactieve colleges over 
colon poliepen en poliepectomie technieken op de poliepectomie vaardigheden van 
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arts-assistenten. De vaardigheden werden gemeten met de DOPyS. Tijdens deze studie 
namen 8 arts-assistenten vijf poliepectomie-video’s op voor en na het bijwonen van de 
training. Van de poliepectomieën voor de training werd 25% als “voldoende” gescoord, 
vergeleken met 37.5% van de poliepectomieën na de training, een niet-significant 
verschil (p=0.56). Geen van de individuele DOPyS competentie parameters verbeterde 
na de training. Op basis van deze resultaten concludeerden we dat een korte training 
bestaande uit colleges onvoldoende is om poliepectomie vaardigheden te verbeteren. 
We concludeerden dat directe feedback en praktische training tijdens coloscopieën 
nodig zijn, bij voorkeur door goed getrainde leraren.

toekoMstPersPeCtIeven

In januari 2014 werd in Nederland gestart met een landelijk bevolkingsonderzoek 
(BVO) voor dikke darmkanker. Asymptomatische personen tussen de 55-75 jaar oud 
worden hierin elke 2 jaar uitgenodigd om thuis een fecale immunochemische test (FIT) 
te doen en per post op te sturen naar een centraal laboratorium. De deelnemers met 
een positieve test uitslag worden uitgenodigd om een coloscopie te ondergaan. Omdat 
de FIT gebruikt wordt om deelnemers met geavanceerde adenomen en carcinomen 
te selecteren, worden er veel poliepen gedetecteerd in deze FIT positieve deelnemers, 
en sommige van deze poliepen zijn vrij groot. Om deze reden ondergaan veel deel-
nemers van het BVO een therapeutische coloscopie. De kwaliteit van coloscopie moet 
altijd hoog zijn, maar dit is extra van belang als asymptomatische personen worden 
uitgenodigd deel te nemen aan een screeningsprogramma en een belastend en invasief 
onderzoek ondergaan met potentiele complicaties. Als screening wordt aangeboden 
aan personen moeten zij erop kunnen vertrouwen dat ze een veilig onderzoek van hoge 
kwaliteit zullen krijgen, dat hen zal beschermen tegen dikke darmkanker.

Een aantal jaar geleden werd de waarde van een accreditatie proces voor screenings-
coloscopisten aangetoond in Engeland. In 2004, voor de start van een landelijk Britse 
FOBT-screening (fecal occult blood test), werden de tekortkomingen van coloscopieën 
geopenbaard. Een analyse van coloscopieën die in de dagelijkse praktijk werden 
uitgevoerd liet een teleurstellende gecorrigeerde coecum intubatie ratio van slechts 
56% zien, wat de noodzaak voor kwaliteitsverbetering benadrukte.5 Na deze landelijke 
audit, werden maatregelen getroffen met als doel kwaliteitsverbetering. Dit bevatte 
onder andere landelijk georganiseerde endoscopie trainingsprogramma’s, met duidelijk 
omschreven doeleinden voor endoscopie training en landelijke endoscopie standaar-
den (gedefinieerd door de Joint Advisory Group).6,7 Daarnaast werd er een accreditatie 
proces voor coloscopisten voor het FOBT- BVO ontwikkeld. In 2012 werd een audit van 
coloscopie kwaliteitsindicatoren binnen het NHS (National Health Service) Bowel Cancer 
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Screening Program (dikke darmkanker BVO) uitgevoerd en hieruit bleek een grote ver-
betering t.o.v. 2004 met een coecum intubatie ratio van 95% en een hoge gemiddelde 
ADR van 46.5%.6

Uit de beperkte data van voor de start van het Nederlandse BVO bleek dat ook in Ne-
derland sprake was van een grote variatie in de coloscopie kwaliteit, vergelijkbaar met 
Engeland.8 In een poging om de kwaliteit vast te stellen, werd een formeel accreditatie 
proces voor endoscopie afdelingen en endoscopisten voor FIT-positieven in het BVO ge-
implementeerd.9 Dit proces verhoogde de bewustwording van het belang van hoge kwa-
liteit coloscopieën in Nederland. Hiernaast worden er regelmatig audits georganiseerd 
waarbij deelnemende screeningscentra en endoscopisten verplicht zijn alle data uit het 
BVO aan te leveren, inclusief de coloscopie data, aan een nationale screeningsdatabase 
(ScreenIT).9 Door de opzet van deze database is het mogelijk om de kwaliteit van alle 
deelnemende endoscopisten te monitoren. Naast het landelijke BVO is de Nederlandse 
Vereniging van Maag-Darm-Leverartsen (NVMDL) gestart met het verzamelen van alle 
belangrijke kwaliteitsindicatoren van alle andere coloscopieën buiten het BVO in ons 
land. Dit zal auditing en benchmarking van de kwaliteit van coloscopie mogelijk maken 
en zal hopelijk ook leiden tot een verbetering van de kwaliteit waar nodig.

Het Nederlandse landelijke FIT-BVO zal naar alle waarschijnlijkheid leiden tot een vermin-
dering van mortaliteit door dikke darmkanker en uiteindelijk ook tot een vermindering 
van de incidentie van dikke darmkanker. Screening zal echter nooit perfect zijn en zal 
nooit tot een 100% reductie in mortaliteit door dikke darmkanker leiden. Ten eerste is 
de FIT niet perfect in het selecteren van deelnemers die een coloscopie zouden moeten 
ondergaan. De sensitiviteit van FIT voor de detectie van geavanceerde neoplasie ligt ver 
onder de 100% en ongeveer een kwart van alle geavanceerde laesies worden gemist. 
Daarnaast is de FIT niet heel gevoelig voor de detectie van niet-bloedende adenomen 
en geserreerde laesies, een andere belangrijke voorloper van dikke darmkanker. Om 
deze tekortkoming te ondervangen is een andere optie iedereen een coloscopie aan te 
bieden. In sommige westerse landen, bijvoorbeeld de Verenigde Staten en Duitsland, 
wordt primaire coloscopie aangeboden als screening. Op deze manier wordt elk risico 
om kanker te missen door het gebruik van een selecterende screeningstest vermeden. 
Als elke persoon die wordt uitgenodigd voor screening dit aanbod zou accepteren, als 
er geen coloscopie capaciteitsproblemen of financiële belemmeringen zouden bestaan 
en als coloscopie perfect zou zijn: dan zou dikke darmkanker in de screeningspopulatie 
uitgeroeid kunnen worden. De laatste stap in dit scenario is dat coloscopie perfect 
zou moeten zijn en helaas weten we dat dat niet het geval is. In de laatste laren zijn 
veel studies uitgevoerd, inclusief de studies die in dit proefschrift worden beschreven, 
waarbij het doel was om de kwaliteit van coloscopie te verbeteren. Naast het verbeteren 
van de kwaliteit van coloscopie, bijvoorbeeld door optimale darmvoorbereiding en het 
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uitvoeren van complete coloscopieën, zijn er veel nieuwe endoscopische beeldvor-
mingstechnieken en hulpmiddelen onderzocht op hun potentieel om poliepdetectie 
te verbeteren. Momenteel is poliep detectie, weerspiegelt in de ADR, de enige kwali-
teitsindicator met een aangetoonde associatie met interval kanker. Daarom was het 
doel van veel studies op het gebied van coloscopie uit de laatste jaren het verbeteren 
van de ADR. Er zijn veel verschillende nieuwe technische hulpmiddelen (bijvoorbeeld 
cap-geassisteerde coloscopie, Third-Eye Retroscope, etc.) en nieuwe coloscopen met 
verbeterde beeldkwaliteit (bijvoorbeeld hoge resolutie, narrow band imaging, etc.) ont-
wikkeld om de detectie te verbeteren. Deze technieken hebben als doel het verbeteren 
van de beeldkwaliteit tijdens coloscopie en maken het mogelijk voor endoscopisten om 
ook subtiele, kleine en vlakke adenomen te detecteren. Het is echter onbekend of deze 
technieken ook daadwerkelijk zullen leiden tot een lager aantal interval carcinomen op 
de lange termijn.

De huidige coloscopie capaciteit in Nederland sluit de optie om alle screeningsdeelne-
mers een coloscopie aan te bieden uit. Het nut om iedereen een coloscopie aan te bieden 
is echter discutabel, omdat in een aanzienlijk deel van de coloscopieën geen relevante 
laesies worden gevonden en het risico op dikke darmkanker van deze personen dus 
niet beïnvloed wordt. Het uiteindelijke doel van screening en coloscopie is bescherming 
tegen dikke darmkanker. Het is belangrijk om in gedachte te houden dat coloscopie 
geen ongevaarlijk onderzoek is en dat er complicaties kunnen optreden na coloscopie 
en poliepectomie. Verbeterde kwaliteit en verbeterde techniek zullen leiden tot een 
hogere ADR, maar dit zal met name een verhoogde detectie van kleine adenomen zijn 
en niet zoveel geavanceerde adenomen. Omdat deze kleine adenomen een laag risico 
hebben te ontwikkelen tot kanker, is de toegevoegde waarden van de detectie van deze 
extra niet-geavanceerde adenomen discutabel. Als deze kleine adenomen uiteindelijk 
uitgroeien tot kanker, zal deze progressie meestal vele jaren duren (ingeschat 10-15 
jaar), een lange periode waarin de poliepen gedetecteerd kunnen worden. Daarnaast, 
uitgaande van de huidige surveillance richtlijnen, zullen hogere adenoom detectie 
ratio’s leiden tot meer patiënten die het advies krijgen een surveillance coloscopie te 
ondergaan.10 Dit zal de vraag naar coloscopieën verder vergroten, terwijl de coloscopie 
capaciteit al beperkt is door de screening. In plaats van het aanbieden van herhaalde 
surveillance aan elke patiënt met niet-geavanceerde adenomen, zouden alleen patiën-
ten die er het meest baat bij hebben een coloscopie moeten krijgen. Als de kwaliteit van 
coloscopie voldoende is, met optimale detectie en resectie van alle relevante poliepen, 
zal het vóórkomen van interval carcinomen hopelijk voorkómen worden. We zullen 
dan in staat zijn om op een veilige manier de surveillance intervallen uit te breiden. 
Helaas zijn er weinig prospectieve gerandomiseerde studies over optimale surveillance 
strategieën en worden die op dit moment pas geïnitieerd.
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Een mogelijke oplossing voor de coloscopie capaciteitsproblemen, zijn verpleeg-
kundig endoscopisten. in 1977 werden er in Engeland al sigmoïdoscopieën uitgevoerd 
door verpleegkundig endoscopisten, en momenteel zijn in Engeland veel verpleeg-
kundigen opgeleid om coloscopieën te doen. Verpleegkundig endoscopisten kunnen 
coloscopieën net zo veilig en accuraat uitvoeren als artsen en dit kan de kosten aan-
zienlijk verminderen.11–14 Terwijl een aantal studies al aantoonden dat verpleegkundig 
endoscopisten net zo’n hoge ADR hebben als MDL-artsen, laten sommige studies zelfs 
zien dat verpleegkundigen betere pijn en tevredenheidsscores krijgen van patiënten.15 
Als screeningsdeelnemers in een primair coloscopie screeningsprogramma een colo-
scopie krijgen van een verpleegkundige, kan dit gebruikt worden om patiënten met 
geavanceerde neoplasie te selecteren. Alleen patiënten met meerdere laesies of met 
laesies groter dan 2 cm hoeven dan verwezen te worden voor een coloscopie door een 
MDL-arts voor resectie van de reeds gedetecteerde laesies.

Een van de belangrijkste factoren van de kwaliteit van coloscopie is de endoscopist 
zelf. De grote variatie in detectie ratio’s onder verschillende endoscopisten suggereert 
dat er veel gemist wordt door endoscopisten met een lage detectie. Tandem studies 
toonden aan dat 10% van alle geavanceerde adenomen gemist worden, wat op lange 
termijn kan leiden tot interval carcinomen. Een andere potentiele oorzaak van interval 
carcinomen is incomplete resectie van colorectale laesies. Een recente studie toonde 
aan dat 10% van alle neoplastische laesies incompleet verwijderd wordt.2 Omdat er nog 
maar weinig bekend is over optimale poliepectomie technieken, zouden toekomstige 
studies dit aspect van coloscopie moeten onderzoeken. Om schijnveiligheid te voorko-
men zouden alle laesies compleet verwijderd moeten worden.

Monitoren, het geven van feedback en benchmarken vormen de basis voor continue 
kwaliteitsverbetering van endoscopisten. Inadequate kwaliteit moet worden gede-
tecteerd om specifieke acties te kunnen ondernemen om onvoldoende presterende 
endoscopisten te verbeteren. Misschien is het mogelijk de kwaliteit van achterblijvers te 
verbeteren door strengere regels, bijvoorbeeld door het deze endoscopisten verplicht 
te stellen minstens 1000 coloscopieën per jaar te doen, of om deze endoscopisten uit 
te sluiten van de praktijk. Het is echter onwaarschijnlijk dat zulke maatregelen zullen 
leiden tot slechts perfecte coloscopisten, die alle colon laesies detecteren. Misschien 
moeten we erkennen dat coloscopie wellicht nooit perfect zal zijn. Zijn er nog andere 
mogelijkheden?

Minder invasieve beeldvorming zoals CT en MR colonografie technieken zijn in staat 
polypoïde laesies te detecteren met een vergelijkbare nauwkeurigheid als colosco-
pie.16–18 Deze methoden kunnen ook gebruikt worden om deelnemers voor coloscopie 
te selecteren. Een belangrijk nadeel van deze radiologische technieken is hun onnauw-
keurigheid om vlakke laesies te detecteren, en juist deze vlakke laesies hebben een hoog 
risico een vroegcarcinoom te zijn. De huidige radiologische beeldvormingstechnieken 
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zijn in staat de grootte van laesies juist in te schatten, maar kunnen niet voorspellen 
of laesies hooggradige dysplasie of villeuze kenmerken bevatten, beide tekenen van 
geavanceerde neoplasie. Ook zijn radiologische beeldvormingstechnieken nog steeds 
erg arbeidsintensief en duur. De perfecte beeldvormingstechniek zou patiëntvriendelijk 
en veilig moeten zijn, zonder dat er darmvoorbereiding nodig is en zonder blootstel-
ling aan röntgenstralen. MR-colonografie zou een kandidaat kunnen zijn, bij voorkeur 
sneller dan de huidige MRI-scans. De sensitiviteit voor dikke darmkanker en geavan-
ceerde adenomen zou ongeveer 100% moeten zijn, en idealiter zou MR-colonografie 
ook in staat zijn om geavanceerde adenomen van niet-geavanceerde adenomen te 
onderscheiden, zodat alleen patiënten met geavanceerde adenomen verwezen worden 
voor coloscopie. Misschien zou het mogelijk kunnen zijn een biomarker te gebruiken 
die alle geavanceerde laesies tijdens MR-colonografie doet oplichten, ongeacht hun 
grootte of morfologie. Dan zouden alleen deze patiënten verwezen worden voor een 
therapeutische coloscopie. En na het geadviseerde surveillance interval, zou in plaats 
van een controle coloscopie, opnieuw een MRI met biomarker gedaan kunnen worden.

Een nog patiëntvriendelijkere screenigsmethode dan MRI, is een ontlastingstest die 
thuis kan worden uitgevoerd. In tegenstelling tot FIT, zou deze ontlastingstest in staat 
zijn om alle geavanceerde neoplasieën te detecteren (optimale sensitiviteit). Ook zou 
het een specificiteit van 100% hebben, wat inhoudt dat er geen vals-positieve testen 
zullen leiden tot ‘onnodige’ coloscopieën van deelnemers die alleen niet-geavanceerde 
laesies blijken hebben. Recente studies hebben de opbrengst van fecale biomarkers 
onderzocht, bijvoorbeeld van DNA-testen, in de detectie van dikke darmkanker en 
geavanceerde adenomen. Een fecale biomarker die in staat is alle geavanceerde laesies 
te detecteren en bovendien thuis uitgevoerd kan worden, zou de perfecte manier zijn 
om deelnemers te selecteren die een coloscopie zouden moeten ondergaan. Als alleen 
deelnemers met een geavanceerde laesie gescopieerd zouden worden, zullen detectie 
ratio’s oplopen tot bijna 100% en zullen er geen onnodige diagnostische coloscopieën 
meer uitgevoerd worden. Helaas bestaat de perfecte fecale biomarker nog niet. De 
zoektocht naar een hoog sensitieve en specifieke ontlastingstest voor geavanceerde 
neoplasie is echter zeer belangrijk en zou veel personen voor een onnodige coloscopie 
kunnen behoeden. Een andere spannende ontwikkeling is de e-nose (elektronische 
neus, Cyranose 32019), een methode waarin analyse van gasvormige op koolstof geba-
seerde chemicaliën uit ademtests en ontlasting gebruikt wordt voor de detectie van 
dikke darmkanker en geavanceerde adenomen. De beperkt beschikbare data tonen aan 
dat deze analyses onderscheid kunnen maken tussen patiënten met en zonder dikke 
darmkanker en geavanceerde adenomen, met een veelbelovende nauwkeurigheid.20,21 
Toekomstige studies zouden de mogelijkheden van deze nieuwe screenigsmethode 
voor vroege detectie van geavanceerde neoplasieën verder moeten onderzoeken.
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De meeste screenigsmethoden streven naar een vermindering van mortaliteit door 
dikke darmkanker door vroege detectie. Coloscopie heeft de potentie om ook de inci-
dentie van dikke darmkanker te verminderen door detectie en resectie van voorloper 
laesies. Het zou echter nog beter zijn als de ontwikkeling en de incidentie van adeno-
men helemaal gestopt kan worden. Recente onderzoeken hebben de associatie tussen 
aspirine en NSAID gebruik en een lager risico op dikke darmkanker beschreven, en het 
is ook gesuggereerd dat statines beschermend werken tegen dikke darmkanker.22,23 In 
de laatste jaren zijn een aantal chemo-preventieve medicijnen uitgetest, onder andere 
sulindac, celecoxib en mesalazine, maar dit is nog wel omstreden.24,25 Het idee dat een 
medicijn, dat idealiter goedkoop is en verwaarloosbare bijwerkingen heeft, zou kunnen 
voorkomen dat dikke darmkanker en misschien zelfs andere kankers ontstaan, is erg 
verleidelijk. Personen die een hoog risico hebben op dikke darmkanker, zoals patiënten 
met Familiaire Adenomateuze Polyposis of Lynch Syndroom, zouden op vroege leeftijd 
kunnen starten met het slikken van dit medicijn. Personen met een gemiddeld risico op 
dikke darmkanker zouden slechts één keer mee hoeven doen aan screening rond de 
leeftijd van 50 jaar, met een non-invasieve test zoals MR-colonografie, fecale biomarker 
of e-nose, zo nodig gevolgd door een therapeutische coloscopie. Nadat vervolgens alle 
geavanceerde adenomen zijn verwijderd zouden ook deze personen starten met het 
slikken van dit medicijn en zouden ze verlost zijn van surveillance, screening en van hun 
risico op dikke darmkanker. Toekomstig onderzoek zal hopelijk meer inzicht geven in de 
mogelijkheden van farmacologische preventie van dikke darmkanker.

Helaas is het scenario dat ik hierboven beschrijf nog niet mogelijk in de nabije toekomst. 
Tot die tijd, zal coloscopie de gouden standaard blijven voor de detectie van dikke 
darmkankers en zijn voorlopers. Om kwaliteit te optimaliseren zijn continue monitoring, 
feedback en benchmarking essentieel. Een verslagleggingssysteem dat endoscopisten 
in staat stelt om zowel gestandaardiseerde verslagen en systematische rapportage van 
kwaliteitsindicatoren te creëren vormt de basis voor continue kwaliteitsmonitoring. 
Zo’n verslagleggingssysteem zou overal verkrijgbaar moeten zijn en gebruikt moeten 
worden in alle coloscopie centra in Nederlands, idealiter zelfs in Europa. Dit zal het 
mogelijk maken om op grotere schaal te benchmarken waardoor coloscopie geleidelijk 
een kwaliteit gerichte praktijk zal worden.
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blik (hoe irritant ik dat soms ook vond). Maar vooral bedankt voor alle steun in de afge-
lopen jaren, dat je altijd positief bent en kortom, dat je er altijd voor me bent.
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