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AbSTRACT

background
Real-time differentiation of diminutive polyps (1–5 mm) during endoscopy could replace 
histopathology analysis. According to guidelines, implementation of optical diagnosis into 
routine practice would require it to identify rectosigmoid neoplastic lesions with a negative 
predictive value (NPV) of over 90%, using histologic findings as a reference, and agreement 
with histology-based surveillance intervals for more than 90% of cases. 

Methods
We performed a prospective study with 39 endoscopists accredited to perform colonoscopies 
on participants with positive results from fecal immunochemical tests in the Bowel Cancer 
Screening Program at 13 centers in the Netherlands. Endoscopists were trained in optical 
diagnosis using a validated module (WASP). After meeting predefined performance 
thresholds in the training program, the endoscopists started a 1-year program (continuation 
phase) in which they performed narrow-band imaging analyses during colonoscopies of 
participants in the screening program and predicted histological findings with confidence 
levels. The endoscopists were randomly assigned to groups that received feedback or no 
feedback on the accuracy of their predictions. Primary outcome measures were endoscopists’ 
abilities to identify rectosigmoid neoplastic lesions (using histology as a reference) with 
NPVs of 90% or more, and selecting surveillance intervals that agreed with those determined 
by histology for at least 90% of cases. 

Findings
Of 39 endoscopists initially trained, 27 (69%) completed the training program. During 
the continuation phase, these 27 endoscopists performed 3144 colonoscopies in which 
4504 diminutive polyps were removed. The endoscopists identified neoplastic lesions with 
a pooled NPV of 90.8% (95% CI, 88.6–92.6); their proposed surveillance intervals agreed with 
those determined by histologic analysis for 95.4% of cases (95% CI, 94.0–96.6). Findings did 
not differ between the group that did versus did not receive feedback. Sixteen endoscopists 
(59%) identified rectosigmoid neoplastic lesions with NPVs greater than 90% and selected 
surveillance intervals in agreement with those determined from histology for more than 
90% of patients. 

Interpretation
In a prospective study following a validated training module, we found that a selected group 
of endoscopists identified rectosigmoid neoplastic lesions with pooled NPVs greater than 
90% and accurately selected surveillance intervals for over 90% of patients over the course 
of 1 year. Providing regular interim feedback on the accuracy of neoplastic lesion prediction 
and surveillance interval selection did not lead to differences in those endpoints. Monitoring 
is suggested as individual performance varied. ClinicalTrials.gov no: NCT02516748.
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INTRODUCTION 

Colorectal cancer (CRC) is amongst the most commonly diagnosed cancers worldwide.1 Over 
the last decade, several nationwide screening programs have been implemented aiming to 
reduce CRC-related morbidity and mortality.2, 3 Multiple strategies are available as primary 
screening method, but colonoscopy is considered the reference standard for detecting 
CRC.2, 3 Apart from CRC detection, colonoscopy can also detect and remove precancerous 
polyps, thereby reducing the incidence of cancer.4 However, most polyps detected during 
colonoscopy are only diminutive (≤5mm) in size.5, 6 Although diminutive polyps in particular 
incur a very low risk of harboring cancer,7 they are currently all sent for histopathological 
evaluation.8, 9 Instead of sending these polyps for histology, an optical diagnosis would allow 
diminutive polyps to be resected and discarded without histological evaluation and non-
neoplastic polyps located in the rectum and sigmoid to be left without resection as these 
have no malignant potential.10, 11 Besides, the optical diagnosis of diminutive polyps would 
be used to help the endoscopist assessing the future surveillance interval. Implementation 
of optical diagnosis in clinical practice has important cost-saving potential without 
decreasing the efficacy of both colonoscopy and fecal test based screening programs12, 13 
and is therefore endorsed by several international societies.14-16  

Before this strategy can be safely implemented in clinical practice, a high level of accuracy 
is required to replace histopathology. In 2011, the American Society of Gastrointestinal 
Endoscopy has published the so-called Preservation and Incorporation of Valuable 
Endoscopic Innovation (PIVI) guideline containing performance thresholds.15 For diminutive 
polyps optically diagnosed with high confidence in combination with the outcomes 
of histology assessment of larger polyps and those characterized with low confidence, 
endoscopists should first achieve ≥90% agreement between surveillance intervals predicted 
by optical diagnosis and surveillance intervals based on histology. Secondly, ≥90% negative 
predictive value (NPV) for neoplastic polyps in the rectum and sigmoid should be achieved.15 
Using digital chromoendoscopy techniques as Narrow Band Imaging (NBI), i-Scan and 
Fujifilm intelligent chromoendoscopy (FICE), expert endoscopists are able to achieve these 
thresholds.17-19 Studies with endoscopists working in routine clinical practice have shown 
conflicting results in achieving these thresholds.20-25 Explanations for the variability in 
performance include lack of rigorous training and performance measurement and lack of 
periodic performance feedback. Another shortcoming of these previous studies is that these 
studies solely focused on endoscopic differentiation between adenomas and hyperplastic 
polyps (HPs) and did not include sessile serrated lesions (SSLs). 

The hypothesis of the current study is that endoscopists working in routine practice are 
able to learn optical diagnosis including differentiation of SSLs with NBI using a validated 
training program and are able to achieve the PIVI thresholds. Furthermore, we expect that 
regular measurement and performance feedback will be needed to maintain the quality of 
the optical diagnosis strategy.
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METHODS 

Study design
This trial was conducted as a prospective, randomized, observational multicentre study in 
the Netherlands comparing optical diagnosis using NBI with histopathological assessment 
of polyps. The study consisted of two phases; a training program and a continuation phase. 
The study is reported according to the CONSORT and STARD statements.26, 27 

Study endpoints
The primary endpoint of the study was the pooled NPV for predicting diminutive neoplastic 
histology in the rectum and sigmoid and the surveillance interval agreement for optical 
diagnosis of diminutive polyps during a period of one year, for endoscopists with or without 
regular interim feedback.  

Secondary endpoints of the study included the number of test rounds needed in 
the training program until endoscopists reached an accuracy of at least 90% for predicting 
colorectal polyps using NBI, individual performance in NPV and surveillance interval 
assignment; diagnostic test accuracies (sensitivity, specificity and predictive values) for 
diminutive polyps achieved per time frame and per randomization group; predictors for 
accurate optical diagnosis of diminutive polyps and individual learning curves.   

Dutch bowel Cancer Screening Program, participating endoscopists and 
endoscopy equipment
All consecutive colonoscopies in FIT-positive patients performed by participating 
endoscopists were included. The Dutch Bowel Cancer Screening Program (BCSP) is 
organized by the Dutch government and systematically invites individuals aged between 
55 and 75 years old for FIT-screening. FIT is considered positive at a threshold of 47 μg 
Hb/g faeces (FOB gold, Sentinel, Milan, Italy).28 Participating endoscopists in this study are 
employed by 12 regional hospitals and one academic hospital, and are all accredited for 
performing colonoscopies within in the Dutch BCSP. Per center, all endoscopists accredited 
for performing colonoscopies for the Dutch BCSP were invited to participate in this study. 
During the accreditation process for the Dutch BCSP, practical skills were evaluated, and 
knowledge and achievement of evidence-based quality indicators were measured. All 
procedures were performed with EVIS EXERA II or III video processors (Olympus, Tokyo, 
Japan) with 180- and 190-series colonoscopes containing NBI (Olympus, Tokyo, Japan). 

Training program
Image-based training
Endoscopists willing to participate in this study attended one of the three training meetings 
organized in January 2015. Endoscopists received an interactive training in the previously 
validated Workgroup serrAted polypS and Polyposis (WASP) optical diagnosis classification 



ENDOSCOPISTS PERFORMING OPTICAL DIAGNOSIS OF DIMINUTIVE POLYPS (DISCOUNT 2)

107

6

scheme.29 During these meetings, the background and study rationale were presented by 
the study coordinator. Hereafter, ED or PF held an interactive teaching session using our 
previously validated WASP training with the duration of approximately 1 hour. At the end 
of this meeting, all participants performed an image-based test based with 40 white-light 
images and corresponding NBI images of diminutive and small (6-9mm) adenomas, HPs and 
SSLs, all histologically verified. The test was followed by a plenary discussion of all polyps 
included in the test. If the endoscopists failed the first they received the second and third 
test-set of equal length by mail. The participants had at maximum 3 attempts to pass the test. 
Completion was defined as achieving ≥90% accuracy in differentiating neoplastic (adenomas 
and SSLs) from non-neoplastic polyps (HPs) for high confidence optical diagnosis. 

Real-time training
After completing the image-based training, endoscopists had to complete the real-time 
test in their own routine practice. During this phase and thereafter, endoscopy suites 
in the different hospitals were equipped with posters of the WASP classification.29 High 
confidence histology predictions of at least 20 diminutive and small polyps histology were 
required in consecutive FIT-positive colonoscopies for the Dutch BCSP. The participants had 
3 attempts for training completion and were regarded as test-failures if they were unable to 
achieve ≥90% accuracy in differentiating between neoplastic and non-neoplastic polyps for 
high confidence endoscopic diagnosis before 31 January 2016. 

Continuation phase
Endoscopists who successfully completed the training program entered the continuation 
phase. During this phase, all consecutive colonoscopies for the Dutch BCSP were included. 
For the Dutch BCSP, a standard colonoscopy-reporting system using predefined text-blocks 
is used, ensuring collection of all relevant data including exact data on all aspects of each 
polyp (size, location, morphology, optical diagnosis). Endoscopists were asked to use NBI 
and white-light to evaluate and photograph all polyps identified with white-light and to 
record the confidence level of the predicted histology per lesion, irrespective of its size. 
Participants were advised to size their polyps next to a reference tool of known diameter 
(e.g. snare or biopsy forceps). The type of colonoscope and type of processor used per 
colonoscopy was recorded. Endoscopists were instructed to remove all detected lesions. 
Only when the endoscopists detected multiple (≥3) diminutive HPs in the rectosigmoid, 
these could be left in situ and the endoscopist was instructed to biopsy or remove at least 
one polyp that represented the sample.

Allocation to “feedback” or “observation” group
Endoscopists were randomly allocated to a feedback and no-feedback group.  Randomization 
was performed by block randomization (block sizes of 6) by opening a sealed opaque 
envelop by a study coordinator not involved in the study. Each endoscopist in the “feedback-
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group” received a personal 3-monthly report. This feedback report included the personal 
outcome of high confidence optical diagnosis of diminutive and small polyps, the number 
of included colonoscopies, the NPV for predicting neoplastic histology in the rectosigmoid 
and the agreement in surveillance interval recommendations. It furthermore included 
up to a maximum of 5 white-light and NBI images of wrongly assessed polyps and 
anonymous benchmarking of primary study outcomes compared with other endoscopists 
in the “feedback-group”. The “observation-group” was only monitored and received feedback 
at the end of the study only. 

Histopathology
All resected lesions for the Dutch BCSP were collected in separate numbered containers 
for histopathological assessment. All lesions were assessed by a pathologist with 
expertise in gastrointestinal pathology in the local hospital, accredited for the national 
BCSP. This accreditation process included an e-learning on differentiation of serrated 
polyps, which has been shown to contribute to a more homogeneous practice among 
pathologists in differentiating between HPs and SSLs.30 Histopathologic assessment was 
performed according to the 2010 WHO classification.31 The pathologists were not aware of  
the study protocol.  

Surveillance interval agreement
Predicted surveillance intervals were assigned according to the Dutch surveillance 
guideline (supplemental material 1).32 To examine the impact of optical diagnosis on 
surveillance interval recommendations, the appropriate recommendation was determined 
with and without the information of the optical diagnosis. First, surveillance intervals were 
determined for each patient combining the results from high confidence optical diagnosis 
of diminutive polyps with the pathology diagnosis of all other polyps. Then, surveillance 
intervals were assigned only based on the actual pathology results and this was used as 
reference standard for calculation of the surveillance interval agreement. Patients were 
excluded from surveillance interval agreement if no diminutive polyps were detected, 
histopathology outcome was missing or if only low confidence predictions were made 
for diminutive polyps. Patients were also excluded when they were referred for additional 
treatment of a detected lesion, diagnosed with synchronous CRC, inflammatory bowel 
disease or polyposis syndrome and those in which the surveillance advice was shortened or 
altered because of other clinical reasons. Patients with incomplete bowel examination (i.e. 
no cecal intubation or Boston Bowel Preparation Scale <6) were also excluded. 

Sample size calculation
Endoscopists in the feedback group were assumed to perform better because of ongoing 
performance feedback. For the primary outcome measure a difference of 0.1 was therefore 
anticipated between the pooled NPVs for predicting diminutive neoplastic histology in 
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the rectum and sigmoid of the observation group (0.85) and the feedback group (0.95). Using 
a pooled one-sided Z-test, an intracluster correlation (ICC) of 0.05 and a significance level of 
0.05, a total of 480 diminutive rectosigmoid polyps (240 in each group) should be considered 
as non-neoplastic with high confidence to achieve a power of 81%. These numbers were 
to be obtained by sampling 24 polyps from each of 20 endoscopists randomized in a 1:1 
ratio to the observation or feedback group. The calculation took a high ICC of 0.05 into 
account, considering that each endoscopist would assess multiple polyps and that patients 
may contribute more than one polyp. Furthermore, the number of polyps considered non-
neoplastic by the endoscopist is not the same as the number of polyps to be judged overall. 
Given reasonable sensitivities and specificities for diminutive colorectal polyps and given 
an assumed prevalence of neoplastic polyps of 55%, the number of diminutive polyps 
should be increased from 24 to 66 per endoscopist. Hence, the total number of diminutive 
rectosigmoid polyps to be assessed with high confidence should be 1320 in total. It was 
further expected that 75% of predictions were performed with high confidence and, on 
average, 0.60 diminutive rectosigmoid polyps per procedure would be sampled. Given these 
assumptions, 2,930 colonoscopies were needed to be included in the continuation phase.

Data collection and statistical analysis 
The study coordinator entered all data from structured endoscopy reports into an online 
CastorEDC database. This is a user-friendly, web-based, secure application facilitating data 
collection for research studies. 

The diagnostic test accuracies of optical diagnosis were calculated with 
the histopathological diagnosis as the reference standard. Diagnostic test accuracies 
included sensitivity, specificity and predictive values. For the calculation of the pooled NPV 
for predicting diminutive neoplastic histology in the rectum and sigmoid (primary outcome 
measure), adenomas and SSLs were dichotomized as neoplastic polyps, while HPs and other 
non-neoplastic histology were considered non-neoplastic. In order to calculate the diagnostic 
test accuracy of optical diagnosis for different polyp subtypes (adenoma, SSL or HPs), 
answers were dichotomized to a positive outcome for each histological subtype of interest 
and a negative outcome for the other two histological subtypes. For instance, diagnostic 
test accuracies for optical diagnosis of SSLs were calculated considering histopathology 
diagnosis of SSLs as a positive outcome and histopathology outcome of adenomas and HPs 
as a negative outcome. Generalized estimating equations with nested clusters of patients 
and polyps per endoscopist were used to compare the diagnostic performance between 
the feedback and observation group. Generalized estimating equations were also used to 
compare the diagnostic performance in both groups for polyps that were diagnosed with 
a high level of confidence. Generalized estimating equations modeling using binary logistic 
regression adjusted for clustering of polyps and patients per endoscopist was performed 
to evaluate predictors of accuracy during the continuation phase. The outcome variable of 
the model was accurate endoscopic diagnosis of a diminutive polyp. Potential predictors 
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besides randomization group included confidence level, polyp size, polyp location, polyp 
block, years of endoscopy experience, annual colonoscopy volume, number of tests required 
for qualification, endoscope and processor used. The association between predictors and 
accuracy were summarized as odds ratios (OR), including the 95% confidence interval (CI) 
and corresponding p-value.

For establishing individual learning curves, we used the Learning Curve CUmulative 
SUM method (LC-CUSUM). The LC-CUSUM produces a learning curve for each endoscopist. 
When this learning curve crosses predefined performance thresholds, the endoscopist 
is deemed to have either achieved sufficient competency (alternative hypothesis; H1) or 
needs to be retrained (null hypothesis; H0). If neither performance threshold is crossed, 
continued observation is required as competency has not been demonstrated. Calculation 
of LC-CUSUM scores is described in detail elsewhere and requires predefined setting of four 
parameters to determine performance thresholds; (1) the acceptable failure rate (p0), (2) 
the unacceptable failure rate (p1), (3) probability of rejecting H0 if true (type I error) and (4) 
probability of rejecting H1 if true (type II error). Choices of the latter parameters are often 
based on expert consensus. As the PIVI performance thresholds recommend at least 90% 
surveillance interval agreement and NPV for predicting neoplastic histology, we decided to 
set the acceptable failure rate value at 10% (p0 = 0.1). The unacceptable failure rate value is 
usually set as twice p0, thus p1 = 0.2. For type I and type II errors, values were set at 10% as 
these are typically set equal in performance monitoring. 

SPSS Version 24.0 (IBM SPSS Statistics for Windows, Armonk, New York, USA) was used for 
analysis and a p value <0.05 was considered statistically significant.

Ethical approval and role of the funding source
The Institutional Review Board of the Academic Medical Centre decided that formal revision 
was not required according to the Medical Research Involving Human Subjects Act (WMO) 
because patient data were retrieved during standard care without any interventions. 
Separate approval of the study in all participating centers was received. Participating 
endoscopists provided written informed consent as they were regarded the study subjects. 
All contributing authors had access to the study data and reviewed and approved the final 
manuscript. The study was preregistered (NCT02516748, NTR4635) and was funded by 
the Dutch Digestive Disease Foundation (MLDS-FP13-10). 

RESULTS 

Training program
Of 41 endoscopists invited to participate in this study, 39 endoscopists consented to 
participate and attended a training session organized in January 2015 (flowchart 1). Of 
the 32 endoscopists who completed the image-based test phase, 27 (69%) endoscopists 
succesfully completed the training program (flowchart 1). Fifteen endoscopists failed at least 
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once prior to qualification. Reasons for not completing the training program were declining 
further study participation (N = 7), inability to achieve ≥90% accuracy for differentiating 
between neoplastic and non-neoplastic polyps (N = 2), pregnancy leave (N = 2) and not 
routinely performing FIT-positive colonoscopies for the Dutch BCSP (N = 1). 

For all 32 qualified endoscopists who successfully completed the image-based test, 
the pooled NPV in this phase was 91.8% (95% CI, 87.2-94.9). During successful completion 
of the real-time test phase, the pooled NPV for predicting diminutive neoplastic histology 
in the rectum and sigmoid achieved by the 27 qualified endoscopists was 94.1%  
(95% CI, 85.8-97.7). 

39 certified 
endoscopists 

underwent training

32 endoscopists 
completed the 
image-based 
training test

27 endoscopists 
completed the real-

time training test

Reason for not completing image-based test: 
4 declined further participation after training
2 declined further participation after not qualifying for test
1 pregnancy leave

Reason for not completing real-time test: 
2 did not qualify before deadline
1 declined further participation
1 did not routinely perform FIT-positive colonoscopies
1 pregnancy leave

Observation group
N =  14

Feedback group
N =  13

41 endoscopists 
invited to 

participate

Reason for not participating in study: 
1 no interest in participating in study
1 still in the accredititation process

FLOwCHART 1. Flowchart of endoscopists participating in this study.
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Continuation phase
Endoscopist and polyp characteristics
In the continuation phase, these 27 endoscopists performed 3,144 colonoscopies for 
the national BCSP in which 4,504 diminutive polyps were removed. Table 1 demonstrates 
the baseline characteristics of patients and colonoscopies. Table 2 demonstrates endoscopist 
characteristics of those completing the training program. Per endoscopist, the median 
number of colonoscopies in the study was 111 (range 13-250) and the median number of 
resected diminutive polyps was 141 (range 49-532). 

Of 4,504 diminutive polyps, 40.4% were located in the rectosigmoid and 73.5% (95% CI, 
72.2-74.8) were predicted with high confidence (supplemental material 2). At histopathology, 
none of these were cancer, and 5 were adenomas with high-grade dysplasia (0.1%). Three 
adenomas with high-grade dysplasia were predicted as adenomas with high confidence, 
1 as an adenoma with low confidence and 1 as a hyperplastic polyp with low confidence. 
In total, 89 (2.0%) of all diminutive polyps were histologically diagnosed as SSLs. Of all 
diminutive polyps located in the rectum and sigmoid, 24 (1.3%, 95% CI 0.9-2.1) were SSL  
at histopathology.  

TAbLE 1. Patient and colonoscopy characteristics of study procedures performed in the continuation phase.

Colonoscopies after a positive FIT 
(N = 3,144) 

Sex, n (%) female 1,288 (41%)
Age, median (IQR) 67 (63 – 69)
ASA classification, n (%)
 1 738 (24%)
 2 2261 (72%)
 3 66 (2%)
 Missing 79 (2%)
Cecal intubation rate, n (%) 3,028 (96%)
Boston Bowel Preparation Score, median (IQR) 8 (8-9)
Gloucester comfort score, median (IQR) 2 (1-2)
Total withdrawal time in minutes, median (IQR) 15 (10-25)
Colonoscope used
 HD-190 1,833 (58%)
 HD-180 686 (22%)
 SD-180 333 (11%)
 Missing 394 (9%)
Processor used
 EXERA III 2,277 (72%)
 EXERA II 626 (20%)
 Missing 241 (8%)

FIT=fecal immunochemical test, n=number, IQR=interquartile range, ASA=American Society of Anesthesiologists
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Primary study outcomes (PIVI performance thresholds)
Negative predictive value
At the end of the continuation phase, the pooled NPV for predicting neoplastic histology in 
the rectosigmoid with high confidence was 90.8% (95% CI 88.6-92.6). The NPV in the feedback 
group was 91.7% (95% CI 88.2-94.2) and in the observation group 89.6% (95% CI 85.2-92.8, 
p=0.45). Individually, 9 (69%) out of 13 endoscopists in the feedback group achieved a NPV 
≥90% for predicting neoplastic histology in the rectum and sigmoid, and 8 of 14 (57%) in 
the observation group. Twenty-six (96%) of 27 individual endoscopists crossed the 90% 
threshold in the 95% CI. 

Surveillance interval agreement
The pooled surveillance interval agreement was 95.4% (95% CI 94.0-96.6), and did not differ 
between the feedback and observation group (96.4% versus 94.1%, p=0.10). Individually, 
24 of 27 (89%) endoscopists achieved ≥90% surveillance interval agreement and all 27 
endoscopists crossed the PIVI threshold when taking their 95% CI into account. Of the 50 
assigned surveillance intervals that were incorrect, 24 (48%) intervals were predicted earlier 
and 26 (52%) later compared with histopathological determination of the surveillance 
interval. Of 1,093 colonoscopies in which diminutive polyps influenced the surveillance 
interval, a synchronous polyp sized ≥10mm was detected in 515 (47.1%). In 374 (11.8%) 
colonoscopies, only diminutive polyps were detected. In 230 (61.5%) of these colonoscopies, 

TAbLE 2. Baseline characteristics of gastroenterologists qualified for continuation phase (N=27).

Feedback group 
(N = 13)

Observation group 
(N = 14)

Sex, % female 23% 43%
Working in non-academic hospital, % 92% 93%
Colonoscopy experience in years, median (min-max) 11 (5-27) 9.5 (5-15)
Annual colonoscopy volume, median (min-max) 350 (280-700) 400 (250-700)
Number of tests required, median (min-max) 2 (2-5) 3 (2-4)
Image-based test phase
 Passed after first test, n (%) 9 (62%) 9 (64%)
 Passed after second test, n (%) 11 (85%) 13 (93%)
 Passed after third test, n (%) 13 (100%) 14 (100%)
Real-time test phase
 Passed after first test, n (%) 9 (69%) 10 (71%)
 Passed after second test, n (%) 12 (92%) 14 (100%)
 Passed after third test, n (%) 13 (100%) -
Pooled NPV image-based test phase, % (95% CI) 90.0% (81.9-94.7%) 92.3% (85.2-96.2%)
Pooled NPV real-time test phase, % (95% CI) 93.6% (79.0-98.2%) 94.6% (82.1-98.5%)

N=number, NPV=negative predictive value, CI=confidence interval



ENDOSCOPISTS PERFORMING OPTICAL DIAGNOSIS OF DIMINUTIVE POLYPS (DISCOUNT 2)

114

6

a direct surveillance interval based on high confidence predictions of diminutive polyps 
could be assigned and these were correct in 95.2% (95% CI 91.2-97.2) of predictions. 

Secondary study outcomes
Diagnostic test accuracies of optical diagnosis of diminutive polyps
During the continuation phase, the diagnostic performance of optical diagnosis for high 
confidence predictions of diminutive polyps is shown in table 3. Overall sensitivity for high 
confidence predictions of adenomas was 94.5% (95% CI 93.5-95.4). For SSLs, optical diagnosis 
assigned with high confidence resulted in an overall sensitivity of 48.2% (95% CI 35.7-61.0).  

Predictors of performance
For accurate diminutive polyp histology characterization, high confidence predictions, 
proximal location, assessing 120 or more diminutive polyps and use of HD-scopes were 
independently associated with accurate histology prediction in multivariate analysis in 
the continuation phase (table 4). Providing 3-monthly feedback to endoscopists did not 
lead to differences in performance of NPV and surveillance interval agreement (figure 1). 
The endoscopists that completed both tests the first time, did not perform better during 
the continuation phase. 

TAbLE 3. Diagnostic performance of optical diagnosis of diminutive polyps during the continuation phase 
for high-confidence predictions only.

Proximal to rectum and sigmoid (N = 2085 )

Adenoma  
(N = 1780)

SSL  
(N = 40)

HP and other non-neoplastic histology  
(N = 265)

Accuracy (95% CI) 88.9% (87.4-90.3) 97.2% (96.4-98.9) 89.2% (87.8-90.6)
Sensitivity (95% CI) 94.9% (93.7-95.9) 52.4% (37.5-66.8) 43.4% (37.1-50.0)
Specificity (95% CI) 53.3% (47.4-59.2) 98.3% (97.5-98.8) 95.6% (94.5-96.5)
PPV (95% CI) 92.4% (91.0-93.6) 40.7% (28.5-54.2) 57.6% (50.1-64.7)
NPV (95% CI) 63.7% (57.2-69.7) 98.9% (98.3-99.3) 92.4% (91.1-93.6)

Rectum and sigmoid (N = 1445)

Adenoma  
(N = 737)

SSL  
(N = 13)

HP and other non-neoplastic histology  
(N = 695)

Accuracy (95% CI) 86.5% (84.6-88.3) 98.5% (97.6-99.0) 85.6% (83.6-87.4)
Sensitivity (95% CI) 93.6% (91.5-95.3) 35.7% (15.7-62.4) 76.7% (73.2-79.9)
Specificity (95% CI) 78.7% (75.3-81.8) 99.1% (98.5-99.5) 93.3% (91.2-95.0)
PPV (95% CI) 82.9% (80.0-85.4) 31.3% (13.7-56.7) 90.8% (88.6-92.8)
NPV (95% CI) 91.8% (89.2-93.9) 99.3% (98.7-99.6) 82.2% (79.3-84.7)

SSL=sessile serrated lesions, HP=hyperplastic polyps, CI=confidence interval, PPV=positive predictive value, 
NPV=negative predictive value
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TAbLE 4. Predictors for accurate prediction of histology.

Predictors
Univariate adjusted  
OR (95% CI) p-value

Multivariate adjusted 
OR (95% CI) p-value

Confidence level
Low-confidence Reference category Reference category
High-confidence 5.54 (4.67-6.58) <0.001 5.67 (4.73-6.80) <0.001

Polyp location
Distal Reference category Reference category
Proximal 1.16 (1.00-1.37) 0.057 1.27 (1.02-1.52) 0.025

Polyp size
1 to 2 mm Reference category
3 to 5mm 1.10 (0.90-1.33) 0.35

Polyp block
1-30 Reference category Reference category
31-60 1.02 (0.78-1.33) 0.91 0.96 (0.70-1.31) 0.78
61-90 1.27 (0.95-1.69) 0.11 1.37 (0.99-1.88) 0.072
91-120 1.01 (0.76-1.35) 0.93 1.09 (0.79-1.49) 0.62
121-150 2.06 (1.43-2.96) <0.001 1.85 (1.25-2.76) 0.01
>150 1.52 (1.17-1.96) 0.002 1.45 (1.10-1.91) 0.024

Randomization group
Observation group Reference category
Feedback group 1.02 (0.86-1.22) 0.76

years of endoscopy experience
0-5 years Reference category
5-10 years 0.90 (0.68-1.17) 0.42
10-15 years 0.87 (0.67-1.12) 0.27
15-20 years 0.80 (0.61-1.05) 0.11

Annual colonoscopy number
<400 colonoscopies Reference category
>400 colonoscopies 1.03 (0.87-1.22) 0.73

Number of test rounds required for qualification
2 Reference category
≥3 0.89 (0.75-1.06) 0.19

Scope used
SD-scope Reference category Reference category
HD-scope 1.36 (1.03-1.81) 0.046 1.31 (1.01-1.79) 0.049

Processor used
EXERA II Reference category
EXERA III 0.99 (0.81-1.22) 0.95

OR=odds ratio, CI=confidence interval
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Individual learning curves
By calculating learning curves for the PIVI performance thresholds per endoscopist, 
LC-CUSUM analysis defines whether endoscopists become so accurate in achieving the PIVI 
thresholds such that further monitoring of performance is not required (figure 2). With this 
method, 5 (19%) endoscopists achieved this status for the NPV, 18 (67%) for surveillance 
interval agreement and 5 (19%) for both PIVI thresholds. The outcome of individual LC-CUSUM 
analysis implies that most endoscopists required further monitoring of performance as 
more procedures were needed to determine whether endoscopists become so accurate in 
achieving the PIVI thresholds such that further performance monitoring can be abandoned.

DISCUSSION

This largest optical diagnosis study to date demonstrates that a highly selected group of 
endoscopists, all accredited for performing colonoscopies for the Dutch BCSP, achieved both 
PIVI thresholds. Of 39 endoscopists initially consented to participate in this study, 27 (69%) 
endoscopists successfully completed a training program that included optical differentiation 
of SSLs, and these 27 endoscopists maintained a pooled NPV (90.8%, 95% CI 88.6-92.6) and 
surveillance interval agreement (95.4%, 95% CI 94.0-96.6) of at least 90% over the course of 
1 year. Providing regular interim feedback did not lead to differences in these endpoints. 
Accurate optical diagnosis was independently associated with high confidence predictions, 
proximal polyp location, assessing >120 diminutive polyps in one year and use of HD-scopes.

Previous research has shown variability amongst endoscopists in routine practice to 
achieve acceptable accuracy for optical diagnosis of diminutive polyps using NBI. Our study 
adds to the growing body of evidence that optical diagnosis of diminutive polyps can be 
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FIGURE 1. Performance of optical diagnosis per feedback period divided for the feedback and 
observation group. NPV=negative predictive value.
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implemented in clinical practice if a selected group of endoscopists is adequately trained and 
their performance is measured prior to implementation in practice.22.24 Patel et al. showed 
that 26 academic gastroenterologists, without previous experience in NBI, met both PIVI 
thresholds for NPV for adenomatous histology in rectosigmoid polyps (95%) and surveillance 
interval agreement (91%) after a standardized training protocol that did not include optical 
differentiation of SSLs.24 Contrary to the results of this study, there are several studies that 
argue against the implementation of optical diagnosis in routine clinical practice.20,22,23,25 In 
the United States, Ladabaum et al. evaluated the performance of optical diagnosis using NBI 
of diminutive polyps by 13 community-based endoscopists after a practice-based training 
program. Although participating endoscopists achieved 91% NPV for predicting adenomas, 
surveillance interval agreement between optical diagnosis- and histology-based strategies 
was only 80%.23, Furthermore, the DISCARD 2 study from the United Kingdom, involving 28 
endoscopists, concluded that optical diagnosis using NBI currently falls short of accuracy 
thresholds and cannot be implemented in clinical practice yet.25 Participating endoscopists 
were trained and performance was measured in an image-based test prior to real-time 
characterization. However, the number of observations per participating endoscopist in 
this study was small and this may possibly have prohibited an adequate learning curve for 
individual endoscopists. 

Although both PIVI thresholds were achieved for the group of endoscopists as a whole, 
individual performance per endoscopist fell short as only 16 of 27 (59%) met both criteria. 
This study was however not powered to measure individual performance. Because 

0 20 40 60 80
-10

-5

0

5

CUSUM NPV rectosigmoid

# colonoscopies
0 20 40 60 80 100

-10

-5

0

5

CUSUM surveillance interval agreement

# colonoscopies

FIGURE 2. Individual LC-CUSUM lines plotted against the number of colonoscopies in which 
the outcome of the LC-CUSUM analysis was present. Each unique colour represents an individual 
endoscopist. The upper dark line represents the unacceptable performance threshold (h0), while 
the lower threshold (h1) represents the acceptable performance threshold. If the lower threshold is 
crossed, the endoscopist is deemed to be competent and further monitoring of performance is not 
required. For endoscopists crossing neither threshold, ongoing performance measurement is needed. 
For negative predictive value (NPV), 22 endoscopists needed further performance observation and 9 for 
surveillance interval agreement. Five endoscopists crossed both acceptable performance thresholds.
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the number of colonoscopies per endoscopist for assessment of individual performance 
was small, we also took the 95% CI of individual performance into account. When taking 
the 95% CI of the PIVI thresholds into account, 26 of 27 (96%) endoscopists crossed the 90% 
cut-off margin. According to individual LC-CUSUM analysis, 22 (81%) endoscopists required 
further monitoring of performance of the PIVI thresholds and more procedures were needed 
to determine definite competency. This further underlines the necessity of an auditing and 
performance monitoring system when optical diagnosis will be implemented in routine 
clinical practice, as individual learning curves and performance may vary. The added value 
of feedback is however not supported by the results of our study, as this was not associated 
with improvement in performance over time. Whether feedback should be given more 
frequent or in another format in order to improve performance remains unknown. 

As the cost-savings and gain of efficiency of optical diagnosis are predicted to be 
substantial, implementation of this strategy in clinical practice should become one of 
the top priorities in endoscopy. The advisory committee of the National Institute for Health 
and Care Excellence guideline in the UK recommends using advanced endoscopic imaging 
techniques as NBI, i-Scan or FICE to assess diminutive polyps instead of histopathology to 
determine whether these polyps are adenomatous or hyperplastic if the following conditions 
are met.16 First, optical diagnosis needs to be performed with HD equipment and can only 
replace histopathology if optical diagnosis is made with high confidence. The second 
condition includes training and accrediting of endoscopists in using these advanced imaging 
techniques under a national accreditation service. Furthermore, this service is able to audit 
and provide ongoing performance feedback. The results of our study further underline 
the recommendations from this committee. Training and credentialing for implementing 
optical diagnosis by achieving accuracy thresholds seem of paramount importance for safe 
implementation in clinical practice. Future research should focus on effective auditing and 
monitoring services, patient acceptability of this strategy and whether implementation 
actually does reduce the workload associated with removing diminutive polyps in  
routine practice.  

In the past decade, the understanding of CRC pathways has changed through 
the appreciation of the serrated neoplasia pathway.33, 34 In this pathway, a subset of serrated 
polyps, especially SSLs, are considered to be precursor lesions of CRC. As a result, the US 
Multi-Society Taskforce on CRC has issued a 5-year surveillance advice in 2012 for SSLs of 
any size.9 In the widely used NBI International Colorectal Endoscopic classification (NICE), 
endoscopic differentiation of SSLs is not included which may result in suboptimal practice.35 
First, SSLs characterized as innocuous HPs may be left in situ in the rectosigmoid. Furthermore, 
inability to accurately recognize SSLs may potentially result in underuse of surveillance. In 
the present study, participating endoscopists were trained in the WASP classification, which 
includes endoscopic differentiation between SSLs and HPs.29 The overall NPV for predicting 
neoplastic histology in the rectum and sigmoid exceeded the 90% threshold and seems 
sufficient to leave suspected HPs in situ. The pooled NPV for SSLs in rectum and sigmoid 
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was 99.3%. Furthermore, the 1.4% (95% CI 0.9-2.1) SSL prevalence of all diminutive polyps in 
the rectum and sigmoid in our study is equally low to that found in a recent study (between 
0.6% to 2.1%) with expert pathology review, resulting in a very low possibility of leaving SSLs 
in situ.36 However, overall sensitivity for high confidence predictions of diminutive SSLs was 
disappointingly low at only 48.2% (95% CI 35.7-61.0). Although suboptimal recognition of 
diminutive SSLs by pathologists may also play a role in this low sensitivity, this may not yet 
be sufficient when surveillance for diminutive SSLs is advised in the prevailing guidelines. 
Therefore, alternative approaches for polyps proximal to the rectum and sigmoid may be 
used. East et al. have proposed to count all proximal diminutive polyps as adenomas and 
add these to the adenomas found in the rectum and sigmoid.37 Another approach could 
be to send all non-adenomatous-appearing polyps proximal to the rectum and sigmoid for 
histopathology. Future research should investigate these alternative approaches and help to 
further enhance accurate optical diagnosis of diminutive SSLs.    

This study has several aspects that may limit generalizability. Although the majority of 
endoscopists participating in our study worked in non-academic centers, they still represent 
a highly selected group of endoscopists as all of these were accredited for performing 
FIT-positive colonoscopies for the Dutch BCSP. Moreover, we invited 41 endoscopists to 
participate in our study, 39 accredited endoscopists participated in a training session and of 
these, eventually, only 27 (69%) qualified for implementing optical diagnosis for diminutive 
polyps in practice. This selected group of endoscopists demonstrated strong commitment 
as some endoscopists completed up to 5 test rounds before qualification. Furthermore, 
the endoscopists had to record endoscopic diagnoses using NBI next to the standard 
structured reporting per polyp in consecutive FIT-positive colonoscopies for the Dutch 
BCSP during their busy clinical practice for 1 year. Possibly, through this training process we 
have selected only those with a special interest in the subject as well as in clinical research, 
leading to selection bias. This also suggests that, to ensure high quality and achievement 
of preset accuracy thresholds when optical diagnosis is implemented in clinical practice, an 
accreditation process resembling the qualifying phase as used in this study seems mandatory. 
Another issue that may limited the generalizability is that the study was performed among 
FIT-positive patients only. These patients are a polyp-enriched population as these have 
a higher a priori chance of detecting relevant lesions due to the positive FIT. This selection 
may ease the implementation of optical diagnosis as the endoscopists performing these 
exams will make more endoscopic predictions and presumably have a higher learning curve 
than endoscopists performing primary colonoscopy screening. The higher a-priori chance 
of detecting advanced and larger lesions may also ease accomplishing the 90% threshold of 
surveillance interval agreement. Last, the Dutch surveillance guideline is not comparable to 
prevailing guidelines in the United States or Europe possibly leading to easier achievement 
of surveillance interval agreement between optical- and pathology- based strategies.8,9,32 
The Dutch guideline does not advocate surveillance for a single adenoma found distal 
to the descending colon, and a 5-year interval for 2 or more diminutive adenomas or for 
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a single diminutive adenoma detected proximal to the descending colon. This is a less 
difficult threshold than in the in the United States, in which a single diminutive adenoma 
changes the surveillance interval from 10- to 5-years. 

Several potential limitations of this study should also be mentioned. first, we chose not 
to perform central histopathology review. However, histopathology reading of diminutive 
polyps is associated with variable levels of interobserver agreement.25,38 In our study, every 
pathologist performing histological analysis within the Dutch national screening program 
had to complete and pass an obligatory e-learning module including a test on digital 
slides. Therefore we believe the quality of pathologists participating in the Dutch screening 
program and thus in this study is high. Apart from variability in histopathology reading, 
endoscopic polyp size estimations are also associated with substantial variability.39 To reduce 
this, we advised participants to size their polyps next to a reference of known diameter. 
For safe implementation of the optical diagnosis strategy in routine practice, development 
of accurate sizing tools would be helpful, especially because the proportion of cancers 
increases in small compared with diminutive polyps.7 Last, for our power calculation we 
assumed that 20 instead of 27 endoscopists instead would complete the training program. 
As a result, the total number of diminutive polyps considered non-neoplastic decreased to 
378 due to increased clustering. Individually, not all endoscopists assessed the minimum of 
14 polyps considered as non-neoplastic. However, we are certain that the power of assessing 
the role of feedback is reassured because the number of considered non-neoplastic polyps 
with high confidence in the continuation-phase was 35% (511 vs. 378) higher than required.

 In conclusion, the findings in this prospective, multicenter study suggest that optical 
diagnosis of diminutive polyps can safely replace histopathology when performed by 
a selected group of endoscopists. Providing regular performance feedback did not result in 
differences in these outcomes. As there was variation in individual endoscopist performance, 
ongoing monitoring is advised. The design of this study can be used to implement optical 
diagnosis in clinical practice.  
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Score in index 
colonoscopy

Interval after index 
colonoscopy

Score in surveillance 
colonoscopy

Interval after surveillance 
colonoscopy

0 No surveillance 0 5 year1

1-2 5 year 1-2 5 year
3-5 3 year 3-5 3 year

1For patients without high-risk (score ≥3), colonoscopy surveillance can be stopped after two negative surveillance 
colonoscopies.

SUPPLEMENTAL MATERIAL 1. Dutch post-polypectomy surveillance guideline.32

Polyp characteristics Value Score

Total number of adenomas 0 – 1 0
2 – 4 1
≥5 2

Presence of at least one adenoma sized ≥10mm and/or serrated 
polyp1 ≥10mm

No 0
Yes 1

Presence of at least one villous2 adenoma No 0
Yes 1

Presence of at least one proximal3 adenoma No 0
Yes 1

Total score

1Serrated polyps comprise hyperplastic polyps, sessile serrated polyps and traditional serrated polyps. 2Villous is 
defined as ≥75% villosity. 3Proximal is defined as proximal of colon descendens including splenic flexure.

SUPPLEMENTAL MATERIAL 


