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In the last few years, interest in the optical diagnosis of 
colorectal polyps has increased among gastroenterologists. 
Several studies have shown that the optical diagnosis of 
small colorectal polyps is safe and feasible in routine clinical 
practice and is comparable to histopathology. The Narrow-
band Imaging International Colorectal Endoscopic Classifica-
tion provides a validated criterion for the classification of neo-
plastic and nonneoplastic polyps as well as polyps with deep 
submucosal invasion using narrow band imaging during real-
time colonoscopy. The aim of the present review is to assess 
the current evidence for and limitations of optical diagnosis 
and to propose a systematic approach for transferring re-
search findings to patient care. (Gut Liver 2018;12:385-
392)
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INTRODUCTION

Gastroenterologists are currently debating the possibility of a 
paradigm shift in the colonoscopic management of diminutive 
colorectal polyps. The replacement of routine postpolypectomy 
pathological analysis of diminutive polyps with real time en-
doscopic optical diagnosis, also known as the predict-resect-
and-discard strategy, is an attractive, cost-effective approach to 
colorectal cancer screening which reduces the time associated 
with post-polypectomy specimen retrieval and the cost of histo-
pathology.1,2

A number of studies, including several meta-analyses,3,4 have 
shown that optical diagnosis of small colorectal polyps is safe 
and feasible in routine clinical practice and comparable to the 
current reference standard, histopathology. Experienced endos-
copists have achieved 93% concordance of surveillance intervals 

made by real-time optical diagnosis and pathology, and a >90% 
negative predictive value for rectosigmoid polyps. As the risk 
of malignancy increases with polyps greater than 1 cm in size, 
most studies have evaluated the accuracy of optical diagnosis in 
polyps <10 mm. Furthermore, the American Society for Gastro-
intestinal Endoscopy (ASGE) Technology Committee, in its Pres-
ervation and Incorporation of Valuable endoscopic Innovations 
(PIVI) statement, concentrated exclusively on diminutive polyps 
(≤5 mm), in order to reduce the risk even further.5

The Narrow-band imaging Imaging International Colorectal 
Endoscopic (NICE) Classification provides a validated criterion 
for the classification of neoplastic and nonneoplastic polyps 
as well as those with deep submucosal invasion, using narrow 
band imaging during real-time colonoscopy (Fig. 1).6,7 Other 
classification systems for narrow-band imaging (NBI) and other 
narrow spectrum technologies, as well as chromoendoscopy, 
have also been described for magnified colonoscopy.

Although the resect and discard strategy is still not widely 
used, endoscopists tend to leave in situ diminutive polyps in the 
rectum and sigmoid with typical hyperplastic features. In addi-
tion, the number of endoscopists who describe optical diagnosis 
in their colonoscopy reports is increasing, as it may also be 
useful for unretrieved polyps in which pathological diagnosis 
is not available. However, training is a prerequisite and certain 
concepts should be taken into account before optical diagnosis 
can be used in clinical practice. The aim of the present review 
is to assess the current evidence and limitations of optical diag-
nosis, and to propose a systematic approach for transferring the 
research findings to patient care.
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ARE WE READY TO IMPLEMENT OPTICAL DIAGNOSIS IN 
ROUTINE CLINICAL PRACTICE?

Several studies from both Eastern and Western countries, 
and either with or without magnification, have demonstrated 
a high diagnostic accuracy for distinguishing neoplastic from 
nonneoplastic lesions. A systematic review and meta-analysis 
including 28 studies that used NBI for optical diagnosis of colon 
polyp histology in real-time found a high diagnostic accuracy 
(sensitivity, 91%; specificity, 83%; hierarchical summary re-
ceiver operating characteristic curve, 0.92).3 In addition, a recent 
meta-analysis confirmed that the thresholds established by the 
ASGE PIVI for real-time endoscopic assessment of the histology 
of diminutive polyps had been met, at least with NBI optical 
biopsy, by endoscopists who were expert in using this advanced 
imaging technology and when assessments were made with 
high confidence.4

The NICE classification has shown to be useful in assess-
ing the most clinically relevant approaches: leave hyperplastic 
diminutive polyps of the rectal and sigmoid colon, remove 
adenomas/superficial adenocarcinomas and proximal hyper-
plastic polyps, and biopsy and refer to surgery lesions with deep 
submucosal invasion (Fig. 1). This classification has been widely 
accepted in both Western and Eastern countries and has been 
reproduced in other studies.8-10 The NICE classification has some 
limitations: it does not attempt to distinguish villous elements 
or the grade of dysplasia within adenomas, or to differenti-
ate sessile serrated adenoma/polyps (SSA/P) from hyperplastic 
polyps. However, in polyps <5 mm, the presence of villous and/
or high-grade dysplasia is rare (around 0.2% to 5%)11,12 as is the 

presence of SSA/P (around 0.7%).13

OPTICAL DIAGNOSIS OF SERRATED POLYPS

Clinical interest in serrated polyps has increased in recent 
years, as up to 30% of all colorectal cancers have been shown 
to arise from these polyps.14 SSA/P, traditional serrated adeno-
mas and hyperplastic polyps are included in the serrated lesion 
class. Diagnosis of SSA/P is based on ≥1 unequivocal distorted, 
dilated glands and/or horizontally branched crypt.15 However, 
agreement on diagnosis among pathologists has been shown 
to be suboptimal16,17 and therefore distinguishing SSA/P from 
hyperplastic polyps endoscopically is challenging because of the 
variations in pathologic diagnoses.

A recent study incorporated SSA/P features into the NICE 
classification.18 Without magnification, the NICE criteria were 
combined with four serrated features (clouded surface, indis-
tinctive borders, irregular shape and dark spots inside crypts). 
If a NICE 1 or 2 polyp had at least two serrated features, it was 
considered a SSA/P (Fig. 2). The validation study used still im-
age review and showed that, in polyps <5 mm with a high con-
fidence assessment, the accuracy for distinguishing SSA/P from 
non SSA/P and the NPV for neoplasia (including adenoma and 
SSA/P) both reached 91%.

As mentioned above, the presence of SSA/P in lesions <5 mm 
is very low. According to a prospective study in Japan,13 the 
proportion of SSA/P increases with size (≤5 mm, 0.7%; 6 to 9 
mm, 29%; ≥10 mm, 70%). However, until these endoscopic and 
pathologic distinctions are further described, investigated and 
reproduced, it may be necessary to remove all lesions with SSA/

Type 1

Color Same or lighter
than background

Browner relative to
background (verify
that color arises
from vessels)

Brown to dark brown
relative to background,
sometimes patchy
whiter areas

None or isolated lacy
vessels coursing
across the lesion

Brown vessels
surrounding white
structures

Has area(s) with
markedly distorted or
missing vessels

Type 2 Type 3

Vessels

Surface pattern

Most likely
pathology

Hyperplastic Adenoma Deep submucosally
invasive cancer

Dark or white spots
of uniform size, or
homogeneous
absence of pattern

Oval, tubular, or
branched white
structures
surrounded by
brown vessels

Areas with
distortion or
absence of pattern

Fig. 1. Narrow-band imaging In-
ternational Colorectal Endoscopic 
(NICE) classification. Adapted from 
Hayashi N, et al. Gastrointest Endosc 
2013;78:625-632.7
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P features and send them for pathological analysis.

HOW CAN OPTICAL DIAGNOSIS BE INTRODUCED INTO 
CLINICAL PRACTICE?

The introduction of a systematic approach in order to trans-
fer the research findings into patient care is the next important 
step.19 The suggested measures for implementing the optical 
diagnosis of diminutive colorectal polyps in clinical practice in-
clude:

1. Use of standardized outcomes for optical diagnosis: the 
PIVI statement

The ASGE’s PIVI working group established a priori diag-
nostic thresholds for real-time endoscopic assessment of the 
histology of diminutive colorectal polyps.5 These thresholds 
are intended to define clinically important roles for imaging 
technology and acceptable levels of performance; once met, 
the ASGE supports their use as an alternative paradigm for the 
management of diminutive polyps in clinical practice.

The two proposed thresholds for optical diagnosis are sum-
marized in Table 1. The ASGE PIVI statement recommends:5 

“In order for colorectal polyps ≤5 mm in size to be resected 
and discarded without pathologic assessment, endoscopic tech-
nology (when used with high confidence) and histopathologic 
assessment of polyps ≤5 mm in size should provide a ≥90% 
agreement in the assignment of post-polypectomy surveillance 
intervals when compared to decisions based on pathology as-
sessment of all identified polyps.

 In order for a technology to be used to guide the decision 
to leave suspected rectosigmoid hyperplastic polyps ≤5 mm in 
size in place (without resection), the technology should provide 
a ≥90% negative predictive value (when used with high confi-
dence) for adenomatous histology.”

The rationale for optical diagnosis is that diminutive polyps 
rarely harbor advanced histology,11-13 and that pathologists 
achieve an accuracy of 85% to 95% in polyp histology charac-
terization.17,20

2. Level of confidence should be used

The endoscopist’s level of confidence is a crucial factor in op-
tical diagnosis. Only lesions in which the endoscopist has a high 
level of confidence should be considered for optical diagnosis. 
The level of confidence in optical diagnosis is key for the suc-
cess of the strategy in clinical practice. The use of confidence 
levels allows calibration and standardization between endosco-
pists with varying levels of diagnostic ability (Fig. 3). Thus, if a 
polyp lacks clear endoscopic features which preclude confident 
endoscopic assignment of histology, the endoscopist can still 
resect and submit it for pathologic assessment.

Various criteria have been proposed for defining the confi-
dence level. “High confidence” can be assigned to optical diag-
nosis when a polyp has endoscopic color, surface and/or vessel 
features associated with a specific type of histology in the NICE 
classification, and no features associated with another type.21 
High certainty of diagnosis (≥90%) has also been proposed.6 
Recently, a prospective study found an association between the 
time spent determining the optical diagnosis and diagnostic ac-
curacy (Table 2),22 and proposed the “5-second rule” as a high-
confidence criterion.

The addition of Image-Enhanced Endoscopy can also help 
to evaluate the polyps with high confidence. Both near focus 
and high magnification have proved useful for increasing the 
number of lesions that can be assessed with high confidence, al-
though the diagnostic accuracy of both near focus and standard 
focus reached the PIVI requirements.8,9

- Clouded surface?
- Indistinct border?
- Irregular shape
- Dark spots inside crypts?

WASP classification
>2 of following features of sessile serrated lesion:

Type 1 polyp
hyperplastic

Sessile
serrated polyp

Type 2 polyp
adenoma

NICE classification

Colonic lesion

Type 1 polyp Type 2 polyp

Fig. 2. Workgroup Serrated Polyps and Polyposis (WASP) classifica-
tion for the optical diagnosis of hyperplastic polyps, sessile serrated 
lesions and adenomas based on the Narrow-band Imaging Interna-
tional Colorectal Endoscopic classification and four sessile serrated 
lesion-like features. Adapted from IJspeert JE, et al. Gut 2016;65:963-
970, with permission from BMJ Publishing Group Ltd.18

Table 1. ASGE PIVI Statement Guidelines: Diagnostic Thresholds for Real-Time Endoscopic Assessment of the Histology of Diminutive Colorectal 
Polyps

1. Resect & discard ≤5 mm polyps ≥90% agreement in assignment of postpolypectomy surveillance intervals, 

  using pathology standard

2. Do not resect Rectosigmoid hyperplastic ≤5 mm ≥90% negative predictive value for adenoma
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3. Use of standardized optical diagnostic criteria

To date, the NICE classification6,7 is the only validated crite-
rion for NBI with and without magnification that describes real-
time differentiation of nonneoplastic (type 1) and neoplastic (type 
2) colorectal polyps, as well as lesions with deep submucosal 
invasion (type 3).

As mentioned above, it has been suggested that SSA/P fea-
tures (clouded surface, indistinctive borders, irregular shape 
and dark spots inside crypts) should be integrated in the NICE 
classification.18 However, until such endoscopic and pathologic 
distinctions are further described, investigated and shown to 
be reproducible, it may be necessary to remove all lesions with 
SSA/P features and submit them to pathology.

4. Use of standardized pathological diagnostic criteria

It is important to use standardized diagnostic criteria for 
colorectal polyp histopathology. The World Health Organiza-
tion criteria have been the most used.15 However, it must also be 
recognized that even the accuracy of standardized pathology is 
often less than 100%. In clinical practice, many diminutive pol-
yps are not retrieved following polypectomy, are unsuitable for 
analysis because of diathermy artifacts, or may be misclassified 
due to incorrect orientation or limited sectioning. Furthermore, 
the pathologists’ rate of error in differentiating conventional ad-

enomas from hyperplastic lesions in diminutive polyps may be 
as high as 10%.20 Besides, a well photodocumented polyp may 
sometimes reported by the pathologist as normal mucosa pos-
sibly because they section a part of the tissue surrounding the 
polyp rather than the lesion itself (Fig. 4). Moreover, interob-
server concordance agreement among pathologists evaluating 
serrated lesions is at best moderate.17

5. Use of appropriate technology

Several studies in the literature have convincingly shown 
that white light alone is not sufficient for optical diagnosis, 
since the diagnostic accuracy achieved is significantly lower 
than with histopathology.23 The studies which have shown 
results comparable to histopathology have all used additional 
technology to white light–initially chromoendoscopy, and more 
recently narrow spectra technologies, among which NBI has 
been the most widely studied. High-magnification using CV-
260SL-Spectrum Lucera or CV-290-Lucera Elite videoprocessors 
and light source of Olympus have been shown to increase the 
proportion of high-confidence evaluations,8 but these systems 
are mainly available in Japan and the UK. Near focus view is an 
image enhancement tool available worldwide for CV-190-Exera 
III videoprocessors and light source developed by Olympus; it 
allows the colonoscope to get close to the polyp (2 mm) and still 
remain in sharp focus (Fig. 5). The Veterans Affairs Colorectal 
Lesion Interpretation and Diagnosis (VALID) study has shown 
that this system also increases the number of lesions with high-
confidence assessment.9

The Olympus Pre-Freeze system, which stores the most recent 
image frames in a buffer in the videoprocessor and captures 
the sharpest still image, is also helpful. In addition, optimal 
processor settings for quality view (including enhancement A7 
in white-light endoscopy and A8 in NBI, brightness and iris) 
should be obtained and a high-definition monitor should be in 
place at a suitable distance.

A B C

Fig. 3. (A) Sessile (Is) polyp in a rectum. Both an experienced and a novice endoscopist would evaluate it as an adenoma with high confidence. 
(B, C) Sessile (Is) polyp in a sigmoid colon. An experienced endoscopist would evaluate the image as hyperplastic with high confidence. A novice 
endoscopist may assess it with low confidence, but if the histology is checked, the learning process continues and the number of high confidence 
assessments may increase in the future.

Table 2. Five Seconds Rule

Optical diagnosis  
time (sec)

Accuracy (%)
High-confidence  

determinations (%)

<5 >90 90

6–60 85 77

>60 68 64

Diagnostic accuracy for distinguishing neoplastic from nonneoplastic 
lesions and percentage of high-confidence lesions according to the 
time taken to determine the optical diagnosis. 
Adapted from Gupta N, et al. Gastrointest Endosc 2013;77(5 Suppl): 
AB553-AB554.22



Puig I and Kaltenbach T: Optical Diagnosis for Colorectal Polyps  389

6. Standardized training 

It has been suggested that four steps must be completed be-
fore a clinical skill can be put into practice:24 “knows” (in our 
case, the NICE classification); “knows how” (to image a polyp 
and to interpret its features); “shows” (to demonstrate real-time 
differentiation); “does” (to integrate optical diagnosis into clini-
cal practice). 

The PIVI statement highlights that “endoscopists who are 
expert in using this advanced imaging technology” are qualified 
to use optical diagnosis4 and the European Society of Gastroin-
testinal Endoscopy states that training is a prerequisite for the 
use of advanced imaging technology in clinical practice.25 Much 

like colonoscopy itself, knowledge of optical diagnosis is not 
innate and its use in colonoscopy reports should be avoided by 
endoscopists without previous training and demonstrated ex-
pertise.

There are a number of training modules available.26 Some 
studies have shown significant improvements in accuracy and 
in the proportion of high confidence predictions after a train-
ing module using high-definition photographs or videos of 
polyps.27-29 Although none of these studies used consecutively 
collected images or video content, their findings underscore the 
importance of learning before engagement in a formal study, 
or practice, of optical diagnosis. The formal training should be 
based on a validated tool, should be periodic, and should in-

A B

C D

Fig. 4. (A-D) A 2-mm sessile (Is) 
adenoma was retrieved with a cold 
snare. A 5-mm specimen was re-
ferred for analysis, and histology 
showed normal mucosa. 

AA BB CC

Fig. 5. Dual focus or magnification increases the number of high confidence lesions. (A) Excessively far view (capillary vessels cannot be clearly 
assessed). (B) Close-up view of the polyp without dual focus (capillary vessels and surface are not sharp). (C) Close-up view of the polyp with dual 
focus (capillary vessels and surface are sharp).
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clude an in vivo component.
In addition, endoscopists should receive periodic feedback on 

their optical diagnosis performance. A recent study30 has shown 
that high NPV for the prediction of nonneoplasms with NBI 
was achieved and maintained in a group of endoscopists who 
participated in a standardized, continuous training program. 
Both NPV and surveillance interval agreement indicated high 
performance in the optical diagnosis of colorectal polyps and 
exceeded thresholds. 

The implementation of optical diagnosis requires participants 
to recognize that learning is experiential: “a cyclic process of 
doing, noticing, questioning, reflecting, exploring concepts and 
models (evidence), and then doing again–only doing it better 
the next time (Plan-Do-Study-Act [PDSA] cycle).”31 The iterative 
process of “checking” the correlation of endoscopic diagnosis to 
pathology findings is important. Without it, endoscopists miss 
a significant opportunity to continuously monitor and improve 
the quality of their optical diagnoses (Fig. 3). Optical diagnosis 
can only be implemented into clinical practice when endosco-
pists remain interested in learning, engaged, and committed to 
the process.

7. Photo documentation

The ability to take a clear image of the polyp to be diagnosed 
optically is of paramount importance. The first step is to opti-
mize the processor, monitor, and capture settings. Second, opti-
cal diagnosis should not be attempted if images are deficient (Fig. 

6). The image serves both as the record for the patient and as 
the audit for accreditation and quality assurance. Polyp imaging 
and optical diagnosis should be integrated into the endoscopy 
reporting system in order to ensure efficient real-time relay of 
the information and the reliability of the review. This archiving 
would allow both self and formal audits.

IN SUMMARY

Optical diagnosis of colorectal polyps can improve the cost-
effectiveness of screening colonoscopy. It avoids the cost of 
a pathology examination, improves efficiency related to the 
follow-up care, and reduces patients’ anxiety, as they no longer 
have to wait for the pathology results.

Meta-analyses from centers with experience in optical diag-
nosis of colorectal polyps have shown results similar to those 
obtained with histopathology: an overall concordance of sur-
veillance intervals of 93%, and a negative predictive value for 
small polyps in the rectosigmoid colon of ≥90%.

The implementation of optical diagnosis requires participants 
to recognize that learning is experiential: “A cyclic process of 
doing, noticing, questioning, reflecting, exploring concepts and 
models (evidence), and then doing again–only doing it better 
the next time (PDSA cycle).”

Confidence levels are important in the implementation of 
an optical diagnosis strategy. The use of confidence levels al-
lows calibration and standardization between endoscopists with 

A B

C D

Fig. 6. Optical diagnosis should not 
be performed when image quality is 
low. (A) Too bright; (B) too dark; (C) 
lateral view (not frontal); (D) stool 
over the polyp.
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varying levels of diagnostic ability and reduces interobserver 
variation. Thus, if a polyp lacks clear endoscopic features that 
preclude a confident assignment of histology, the endoscopist 
should resect and submit it for pathologic assessment.

Photo documentation and archiving is a key component in 
both the study and the clinical implementation of optical diag-
nosis for accreditation and quality assurance.

CONFLICTS OF INTEREST

T.K. is a consultant for Olympus, America, and I.P. has no 
disclosures.

REFERENCES

1.	Hassan C, Pickhardt PJ, Rex DK. A resect and discard strategy 

would improve cost-effectiveness of colorectal cancer screening. 

Clin Gastroenterol Hepatol 2010;8:865-869.

2.	Ignjatovic A, East JE, Suzuki N, Vance M, Guenther T, Saunders 

BP. Optical diagnosis of small colorectal polyps at routine colonos-

copy (Detect InSpect ChAracterise Resect and Discard; DISCARD 

trial): a prospective cohort study. Lancet Oncol 2009;10:1171-

1178.

3.	McGill SK, Evangelou E, Ioannidis JP, Soetikno RM, Kaltenbach T. 

Narrow band imaging to differentiate neoplastic and dkneoplastic 

colorectal polyps in real time: a meta-analysis of diagnostic oper-

ating characteristics. Gut 2013;62:1704-1713.

4.	ASGE Technology Committee, Abu Dayyeh BK, Thosani N, et al. 

ASGE Technology Committee systematic review and meta-anal-

ysis assessing the ASGE PIVI thresholds for adopting real-time 

endoscopic assessment of the histology of diminutive colorectal 

polyps. Gastrointest Endosc 2015;81:502.e1-502.e16.

5.	Rex DK, Kahi C, O’Brien M, et al. The American Society for Gas-

trointestinal Endoscopy PIVI (Preservation and Incorporation of 

Valuable Endoscopic Innovations) on real-time endoscopic assess-

ment of the histology of diminutive colorectal polyps. Gastrointest 

Endosc 2011;73:419-422.

6.	Hewett DG, Kaltenbach T, Sano Y, et al. Validation of a simple 

classification system for endoscopic diagnosis of small colorec-

tal polyps using narrow-band imaging. Gastroenterology 

2012;143:599-607.e1.

7.	Hayashi N, Tanaka S, Hewett DG, et al. Endoscopic prediction of 

deep submucosal invasive carcinoma: validation of the Narrow-

Band Imaging International Colorectal Endoscopic (NICE) classifi-

cation. Gastrointest Endosc 2013;78:625-632.

8.	Iwatate M, Sano Y, Hattori S, et al. The addition of high magnify-

ing endoscopy improves rates of high confidence optical diagnosis 

of colorectal polyps. Endosc Int Open 2015;3:E140-E145.

9.	Kaltenbach T, Rastogi A, Rouse RV, et al. Real-time optical diag-

nosis for diminutive colorectal polyps using narrow-band imag-

ing: the VALID randomised clinical trial. Gut 2015;64:1569-1577.

10.	Puig I, López-Cerón M, Pellisé M, et al. Diagnostic accuracy of 

the nice classification for predicting deep submucosal invasion 

in colon lesions assessed in vivo preliminary results. Gastrointest 

Endosc 2016;83 (Suppl 5):AB404-AB405.

11.	Kamiński MF, Hassan C, Bisschops R, et al. Advanced imaging for 

detection and differentiation of colorectal neoplasia: European So-

ciety of Gastrointestinal Endoscopy (ESGE) guideline. Endoscopy 

2014;46:435-449.

12.	Lieberman D, Moravec M, Holub J, Michaels L, Eisen G. Polyp 

size and advanced histology in patients undergoing colonoscopy 

screening: implications for CT colonography. Gastroenterology 

2008;135:1100-1105.

13.	Sano W, Sano Y, Iwatate M, et al. Prospective evaluation of the 

proportion of sessile serrated adenoma/polyps in endoscopically 

diagnosed colorectal polyps with hyperplastic features. Endosc Int 

Open 2015;3:E354-E358.

14.	Snover DC. Update on the serrated pathway to colorectal carci-

noma. Hum Pathol 2011;42:1-10.

15.	Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classifica-

tion of tumours of the digestive system. 4th ed. Lyon: World 

Health Organization, 2010.

16.	Abdeljawad K, Vemulapalli KC, Kahi CJ, Cummings OW, Snover 

DC, Rex DK. Sessile serrated polyp prevalence determined by a 

colonoscopist with a high lesion detection rate and an experienced 

pathologist. Gastrointest Endosc 2015;81:517-524.

17.	Wong NA, Hunt LP, Novelli MR, Shepherd NA, Warren BF. Ob-

server agreement in the diagnosis of serrated polyps of the large 

bowel. Histopathology 2009;55:63-66.

18.	IJspeert JE, Bastiaansen BA, van Leerdam ME, et al. Development 

and validation of the WASP classification system for optical diag-

nosis of adenomas, hyperplastic polyps and sessile serrated adeno-

mas/polyps. Gut 2016;65:963-970.

19.	Kaltenbach T, Rex DK, Wilson A, et al. Implementation of opti-

cal diagnosis for colorectal polyps: standardization of studies is 

needed. Clin Gastroenterol Hepatol 2015;13:6-10.e1.

20.	Cross SS, Betmouni S, Burton JL, et al. What levels of agreement 

can be expected between histopathologists assigning cases to dis-

crete nominal categories? A study of the diagnosis of hyperplastic 

and adenomatous colorectal polyps. Mod Pathol 2000;13:941-

944.

21.	Rex DK. Narrow-band imaging without optical magnification 

for histologic analysis of colorectal polyps. Gastroenterology 

2009;136:1174-1181.

22.	Gupta N, Kaltenbach T, Sato T, et al. Diagnosis time determines 

the accuracy of optical diagnosis of diminutive polyp histology. 

Gastrointest Endosc 2013;77(5 Suppl):AB553-AB554.

23.	Machida H, Sano Y, Hamamoto Y, et al. Narrow-band imaging in 

the diagnosis of colorectal mucosal lesions: a pilot study. Endos-

copy 2004;36:1094-1098.

24.	Miller GE. The assessment of clinical skills/competence/perfor-

mance. Acad Med 1990;65(9 Suppl):S63-S67. 

25.	East JE, Vleugels JL, Roelandt P, et al. Advanced endoscopic im-

aging: European Society of Gastrointestinal Endoscopy (ESGE) 



392  Gut and Liver, Vol. 12, No. 4, July 2018

Technology Review. Endoscopy 2016;48:1029-1045.

26.	American Society of Gastrointestinal Endoscopy (ASGE). Opti-

cal diagnosis of colorectal polyps (OLV004) [Internet]. Downers 

Grove: ASGE; c2013 [cited 2017 Jul 24]. Available from: https://

asge.extendmed.com/index.php?option=com_asge&view=learning

module&id=1309.

27.	Raghavendra M, Hewett DG, Rex DK. Differentiating adenomas 

from hyperplastic colorectal polyps: narrow-band imaging can be 

learned in 20 minutes. Gastrointest Endosc 2010;72:572-576.

28.	Rastogi A, Rao DS, Gupta N, et al. Impact of a computer-based 

teaching module on characterization of diminutive colon polyps 

by using narrow-band imaging by non-experts in academic and 

community practice: a video-based study. Gastrointest Endosc 

2014;79:390-398.

29.	Ignjatovic A, Thomas-Gibson S, East JE, et al. Development 

and validation of a training module on the use of narrow-band 

imaging in differentiation of small adenomas from hyperplastic 

colorectal polyps. Gastrointest Endosc 2011;73:128-133.

30.	McGill SK, Soetikno R, Rastogi A, et al. Endoscopists can sustain 

high performance for the optical diagnosis of colorectal pol-

yps following standardized and continued training. Endoscopy 

2015;47:200-206.

31.	Glasziou P, Ogrinc G, Goodman S. Can evidence-based medicine 

and clinical quality improvement learn from each other? BMJ 

Qual Saf 2011;20 Suppl 1:i13-i17.


