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ABsTrAcT

Background & aims

When small colorectal lesions are accurately characterized, adenomas can be removed and 

discarded without formal histopathology. Previous studies in an academic setting showed 

that many lesions can be managed accurately based on their endoscopic image (optical 

diagnosis). We assessed the accuracy of optical diagnosis in a non-academic setting using 

high-resolution endoscopy (HRE) and narrow-band imaging (NBI).

Methods

During colonoscopy one of three non-academic endoscopists characterized small lesions 

and declared whether this was done with low or high confidence. In case of high confidence, 

the endoscopist decided whether lesions should be removed and discarded or whether they 

could be left in situ. Furthermore, a surveillance interval was recommended on-site.

Results

Out of 215 participating patients, 108 patients were included who demonstrated 281 small 

lesions. Of these, 231 were differentiated with high confidence using HRE or NBI with a 

corresponding sensitivity of 77.0 (95% CI: 68.4-83.8) and a specificity of 78.8% (95% CI: 70.6-

85.2). Of these, 164 lesions were assigned to be removed and 67 assigned to remain in situ 

including 9 adenomas. In 54 patients a surveillance interval could be recommended on-site, 

which proved to be in line with Dutch guidelines in 44 patients.

Conclusions

Even though many lesions were characterized with high confidence, optical diagnosis in a 

non-academic setting proved to be disappointing with a sensitivity of 77.0% and a specificity 

of 78.8%. Many lesions were accurately assigned to be removed or remain in situ, although 

few adenomas were assigned to remain in situ. Also, 19% of on-site recommendations for a 

surveillance interval proved to be inaccurate.



65

Advancements in colorectal imaging

ch
ap

te
r 5

inTroDucTion

Over the past years several endoscopic imaging techniques have been developed in order 

to improve characterisation of colorectal lesions. Accurate characterisation of small lesions 

(<10mm) can result in adenomatous lesions to be removed and hyperplastic polyps in the 

rectosigmoid to remain in situ, reducing the risks associated with the removal of these le-

sions.1 More importantly, removed lesions will not have to be sent for formal histopathology. 

As most detected lesions during colonoscopy are small, this strategy of resect and discard 

would result in more efficient and cost-effective colonoscopies.2-4

While standard white light endoscopy has shown to be associated with a limited accuracy, 

more advanced techniques such as chromoendoscopy and narrow-band imaging (NBI) are 

associated with a high accuracy in expert hands.5-11 Accuracy can be increased even further 

through the introduction of confidence levels, which implies that the endoscopist differenti-

ates a lesion while designating a confidence level (i.e. high or low).7, 12 By doing so, lesions that 

are differentiated with low confidence are removed and sent for histopathology while high 

confidence lesions are managed on their endoscopic image alone (optical diagnosis). Recent 

studies have shown that a substantial number of lesions could be accurately managed with 

optical diagnosis.7, 12 Furthermore, accurate surveillance intervals based on optical diagnosis 

were recommended in a high number of patients.7

The abovementioned surveillance strategy based on optical diagnosis appears suitable 

for incorporation in future guidelines but has only been assessed in an academic setting. 

This study aimed to assess the accuracy of optical diagnosis in a non-academic setting, using 

high resolution endoscopy (HRE) and NBI. Furthermore, the accuracy of surveillance intervals 

recommended on-site was assessed.

meThoDs

Patients

This study was performed in two non-academic centres in the Amsterdam region (Kennemer 

Gasthuis in Haarlem and Onze Lieve Vrouwe Gasthuis in Amsterdam). Eligible patients were 

invited to participate in this study, which is registered at the Netherlands Trial Registry (NTR 

2795). Patients were eligible when they underwent colonoscopy because of adenomatous 

polyp surveillance, colorectal cancer surveillance, a positive family history or symptoms. 

Patients were excluded when they had poor bowel preparation, polyposis syndrome, cancer 

detected during colonoscopy, lesions >9mm only or a history of inflammatory bowel disease.



Chapter 5

66

Endoscopic equipment

All colonoscopies were performed using a non-sequential (EXERA II, Olympus Medical Sys-

tem, Tokyo, Japan) endoscope containing NBI. The video colonoscope (EXERA CF-H180 AL, 

Olympus, Tokyo, Japan) contains a ‘color chip’ or color CCD technology. During NBI, a narrow-

band light filter is placed in front of the lamp located in the light source. The endoscopist can 

easily switch between the two imaging modes of HRE and NBI.

Endoscopic procedure

All patients were prepared by 4L of polyethylene glycol solution or 2L of polyethylene 

glycol solution containing ascorbic acid (Kleanprep and Moviprep; NorgineGmbH, Marburg, 

Germany). After introduction into the cecum, the endoscopist assessed the quality of bowel 

preparation as good (able to achieve 100% vision), moderate (greater than 90% visualization) 

or poor (less than 90% visualization). Patients were excluded in case of poor bowel prepara-

tion.

Location, size and morfology (Paris classification) of all detected lesions were noted.13 The 

size of each lesion was estimated using an open biopsy forceps. All lesions with a size of 

10mm or greater were excluded for analysis. Each detected lesion was examined with HRE 

first and the endoscopist predicted histopathology while stating whether he had low confi-

dence (and would thus send the polyp for histopathology) or high confidence. In case of high 

confidence, the endoscopist stated whether he would resect and discard the lesion or leave 

it in situ. Subsequently, all lesions were examined with NBI for determination of the Kudo 

pit pattern.14 Again, the endoscopist stated whether characterisation was done with high or 

low confidence. Finally, the endoscopist made a recommendation for a surveillance interval 

based on endoscopic characterisation alone.

Endoscopists

All procedures were performed by 3 endoscopists (JJ, WM, EvS) who had each performed 

over 2000 colonoscopies and do not use NBI on a daily basis. Each endoscopist previously 

participated in two studies evaluating NBI.15,  16 In the first study they received a short sys-

tematic training on NBI before assessing 100 NBI images post-hoc. In the second study each 

endoscopist characterized lesions real-time. Prior to the start of the current study, each 

endoscopist received a short training on characterisation with NBI, consisting of ten images 

displaying each Kudo classificiation.

Histopathology

All biopsies were processed using standard procedures and the histopathologist was blinded 

to the endoscopic findings. Each lesion was sent for histopathology in a separate specimen 

jar. Histopathology was classified according to the Vienna criteria of gastrointestinal epithe-

lial neoplasia.17 The histological diagnosis of all biopsies was used as the reference standard 
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diagnosis. For the purpose of analysis, all sessile serrated lesions (SSL) were considered non-

adenomatous.

Outcome measures

The primary outcome measure was the accuracy of optical diagnosis, (i.e. diagnostic accuracy 

in small lesions characterized with high confidence using either HRE or NBI). Secondary out-

come measures were (I) the percentage of lesions differentiated with high confidence using 

either HRE or NBI and (II) the percentage of patients in whom recommended surveillance 

interval could be made on-site as well as its corresponding accuracy.

Statistical analysis

Statistical analyses were performed using a statistical software package (Statistical Package 

for the Social Sciences 12.0.1; SPSS Inc, Chicago, Ill). Normal distributed data were described 

with the mean and standard deviation, data with a skewed distribution were described us-

ing the median and the inter-quartile range. Sensitivity and specificity of HRE and NBI were 

assessed by comparison with histopathology which was used as the reference standard 

diagnosis and reported according to the STARD statements for diagnostic accuracy studies.18 

Proportions were compared with the chi-square test. The accuracy of HRE and NBI were 

compared with McNemar’s test for paired data.

Sample size

Sample size was defined for lesions differentiated with high confidence, which was 84% for 

non-expert endoscopists in the DISCARD trial.7 The sample size calculation was based on the 

study by Rex et al, in which 54% of all detected lesions smaller than 10mm were adenomatous 

(49% in lesions smaller than 5mm and 59% in lesions 6-9 mm in size).19 A successful endo-

scopic protocol was defined as a sensitivity of 87% with a lower limit of the 95% confidence 

interval set at 82%.20 The calculated sample size was 272 polyps.

resulTs

Patient characteristics

Between September 2010 and September 2011, 215 eligible patients underwent colonos-

copy. No adverse events occurred. A total of 107 patients were excluded because they did 

not meet the inclusion criteria (figure 1). Characteristics of included patients are described 

in table 1.
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Lesion characteristics

A total of 308 lesions were detected in the 108 included patients. Of these lesions, 27 were 

excluded because they were larger than 9mm (n=22) or lost for histopathology (n=5). The 

281 included lesions had a median size of 4 mm (IQR 3-6), 74 (26%) were flat in morfology 

(Paris 0-IIa, 0-IIb) and 142 (51%) were located proximal to the splenic flexure. Histopathology 

showed 36 lesions with normal histology, 9 inflammatory polyps, 91 hyperplastic polyps, 4 

sessile serrated lesions and 141 adenomas. None of these lesions demonstrated high-grade 

dysplasia or carcinoma on histopathology.

215 patients undergoing colonoscopy

107 patients excluded:
no lesions (n=71)
poor bowel preparation (n=11)
synchronous carcinoma (n=11)
all lesions ≥10mm (n=10)
colonoscopy ceased (painful) (n=4)

57 patients surveillance interval on-site
(optical diagnosis in all lesions)

51 patients (optical diagnosis not made in all lesions):
≥ one lesion low confidence level (n=33) 
≥ one lesion larger than 9mm (n=16)
≥ one lesion lost for PA (n=2)

108 patients included

Figure 1: flow diagram of patient inclusion

Table 1 Characteristics of included patients

included patients (n=108)
male n (%) 62 (57%)

mean age yrs (SD) 62 (12)

indication
 Symptoms 66 

 Polyp surveillance 23 

 Family history CRC 12 

 CRC surveillance 7 

colon preparation
 Good 73 

 Moderate 35 
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Confidence level differentiation of lesions

Of the 281 included lesions, 178 (63%) were characterized with high confidence during 

HRE, while 231 (82%) lesions were characterized with high confidence using NBI. All lesions 

that were characterized with high confidence using HRE were characterized similarly and 

with high confidence also using NBI. Sensitivity, specificity and accuracy per modality are 

described in table 2.

Table 2 Sensitivity, specificity and accuracy per modality

hre All lesions (n=281) high confidence (n= 178)
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

72.5 (64.5-79.2)
79.7 (72.2-85.6)
76.1 (70.7-80.7)

79.0 (68.9-86.5)
84.5 (76.1-90.4)
82.0 (75.7-87.0)

nBi (Kudo) All lesions (n=281) high confidence (n= 231)
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

69.7 (61.7-76.7)
74.5 (66.6-81.0)
72.0 (66.5-76.9)

75.2 (66.4-82.4)
76.0 (66.9-83.2)
75.6 (69.4-80.9)

Algorithm (hre/nBi) high confidence (n=231)
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

77.0 (68.4-83.8)
78.8 (70.6-85.2)
77.9 (72.1-82.8)

An algorithm of HRE and NBI (i.e. lesions differentiated with high confidence by either one 

of the modalities) included all 231 lesions and its sensitivity, specificity and accuracy is de-

scribed in table 2. Of the 231 lesions, 164 were assigned to be discarded of which 29 proved 

to be hyperplastic polyps situated in the rectosigmoid. No proximally situated lesions were 

assigned to remain in situ by any of the endoscopists. Of the remaining 67 lesions assigned 

to remain in situ, 9 demonstrated to be adenomatous on histopathology.

In 54 of the 108 patients all lesions were characterized with high confidence and a surveil-

lance interval could be recommended on-site. After histopathology was obtained, 44 (81%) 

of these recommendations proved to be in line with Dutch guidelines. Nine (17%) patients 

had a longer interval recommended after histopathology while one (2%) patients had a 

shorter interval recommended after histopathology. Each patient with an incorrect surveil-

lance interval is described in table 3.

Accuracy per observer

More than half of all included lesions (n=145) was characterized by one endoscopist while 

the other two endoscopist characterized 93 and 43 lesions, respectively. The endoscopist 

who characterized most lesions also characterized them with high confidence significantly 

more often compared with the other two (77% vs. 40% and 53%, p<0.001). Accuracy between 

endoscopists for high confidence lesions did not differ significantly (p=0.461).
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There was no significant difference in accuracy between the first and second half of the 

study for any of the endoscopist; endoscopist 1 (p=0.475), endoscopist 2 (p=0.287) and 

endoscopist 3 (p=0.111).

Discussion

The current study reports on optical diagnosis of small colorectal lesions in a non-academic 

setting. As small adenomas carry a very small risk of developing into cancer, they can safely 

be removed and discarded without formal histopathology.19 Previously, studies performed 

in tertiary referral centres demonstrated that histopathology was safely dispensed in a large 

number of small colorectal lesions.7, 12 There is a need to ascertain that similar results can also 

be achieved in a non-academic setting before this strategy can be widely implemented. Our 

results illustrate that non-academic endoscopists felt they were able to characterise many le-

sions with high confidence using HRE or NBI. However, corresponding accuracy and accuracy 

of on-site recommended surveillance intervals were disappointing.

To our knowledge, the current study is the first to report on the strategy of optical diagno-

sis in a non-academic setting. Overall accuracy of lesions characterised with high confidence 

was moderate being 78% for an algorithm of HRE and NBI. A previously conducted study in 

our region amongst 8 non-academic endoscopists found a similar accuracy of 75% for char-

Table 3 Patients with a different surveillance interval based on optical diagnosis compared with histopathology

Age (yrs) sex indication 
colonoscopy

recommend surveillance interval 
optical Diagnosis

recommended surveillance interval 
histopathology

40 M Symptoms 6 years (1 hyperplastic polyp and 1 
adenoma)

10 years (2 hyperplastic polyps)

63 M Polyp surveillance 3 years (3 adenomas) 6 years (2 adenomas, 1 hyperplastic 
polyp)

81 M Symptoms 3 years (5 adenomas) 10 years (5 hyperplastic polyps)

63 M Symptoms 3 years (3 adenomas) 6 years (2 adenomas and one 
hyperplastic polyp)

53 F Symptoms 6 years (1 adenoma and 1 hyperplastic 
polyp)

10 years (2 hyperplastic polyps)

81 M Polyps surveillance 3 years (3 adenomas) 6 years (2 adenomas and one normal 
lesion)

70 F Symptoms 6 years (1 adenoma and 1 hyperplastic 
polyp)

10 years (1 hyperplastic polyps and 1 
inflammatory polyp)

55 M Symptoms 6 years (1 adenoma and 1 hyperplastic 
polyp)

10 years (2 hyperplastic polyps)

79 F Symptoms 6 years (2 adenomas and one 
hyperplastic polyp)

3 years (3 adenomas)

32 F Symptoms 10 years (2 hyperplastic polyps) 6 years (one adenoma and one 
hyperplastic polyp)
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acterising lesions with NBI.16 Another study amongst non-academic endoscopists found an 

accuracy of 85% using NBI for all lesions when characterised with high confidence, although 

this was achieved through post-hoc assessment of selected, high-quality images.15

While accuracy of NBI amongst non-academic endoscopists appears to be moderate at 

most, expert endoscopists have shown better results. A recently published study including 

more than 1200 lesions found an accuracy of 86.0% using NBI.21 The DISCARD study found 

an accuracy of 93% using a combination of white light and NBI.7 Similarly, accuracy for 

characterising colorectal lesions was 94% in the study by Rex.12 This seems to suggest that 

a high accuracy can be achieved with progressing NBI experience, which is confirmed by 

the significantly higher accuracy of experts in comparison with non-experts in the DISCARD 

study.7 Nevertheless, the learning curve of NBI and its duration remain to be determined. A 

number of studies have demonstrated NBI to have a short learning curve, implying accurate 

characterisation of colorectal lesions can be achieved within hours or even minutes.22-24 These 

have all been performed in a post-hoc setting, however. The learning curve of NBI for real-

time differentiation appears to be longer.25 Consequently, the moderate accuracy of NBI in 

our study may have been caused by the level of experience of the participating endoscopists. 

Despite participation in two previous studies, their level was lower compared with academic 

endoscopists who are more specialized in performing colonoscopies with new imaging tech-

niques. Also, the moderate accuracy could be explained by an insufficient NBI training given 

prior to the start of the study. Possibly, a more extensive and intensified training programme 

could have increased the accuracy. In this regard, it would be interesting to compare the 

accuracy of academic and non-academic endoscopists after such a training programme.

A remarkable finding of our study was the higher accuracy of HRE compared with the ac-

curacy of NBI for high confidence lesions. Even though this difference was not significant, it is 

opposite to several previous studies that demonstrate NBI to have a higher accuracy.9, 10, 26-28 

Again however, the expertise of endoscopists in these trials was higher in comparison to 

the endoscopists in our study. Also, each lesion in our study was initially evaluated with HRE 

followed by NBI. Because of this fixed order, the endoscopist could have been hesitant to 

make any change in the subsequent differentiation with NBI. This seems to be confirmed by 

the fact that less than 4% of lesions were differentiated differently with NBI after assessment 

with high confidence using HRE.

One of the basic requirements of optical diagnosis is for lesions to be correctly assigned 

(i.e. leave in situ or remove and discard). While endoscopists designated correct polyp man-

agement in the majority of lesions, a total of 9 adenomas were assigned to remain in situ. The 

size of these adenomas ranged between 1 and 3 mm, which may explain for their incorrect 

characterisation. Nevertheless, potential savings in workload and costs associated with opti-

cal diagnosis should by no means be accompanied by a higher risk of leaving premalignant 

adenomas in situ. Conversely, 29 hyperplastic polyps in the rectosigmoid were incorrectly 

characterized with high confidence as adenomas and consequently removed. However, the 
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Dutch guidelines do not cover the therapy of non-adenomatous polyps and as a consequence, 

there is no consensus on their endoscopic treatment. Even though all three endoscopists had 

a similar approach to the assignment of non-adenomatous lesions (i.e. only distally located 

lesions could remain in situ), this was not based on the Dutch Guidelines. Consequently, our 

results cannot not be regarded as a nationwide approach to this group of lesions.

A recommendation for follow-up could be made on-site in 54 patients of which 81% proved 

to be in line with Dutch guidelines.29 The Dutch guidelines do not take severity of dysplasia 

into account, but rely on the number of detected adenomas. In our study, 9 patients were 

given a shorter-than-recommended surveillance interval based on optical diagnosis while 1 

patient was given a longer interval with optical diagnosis. This means consecutive colonos-

copies in the first group would have been performed too early, while the interval would have 

been too long in the latter. Recently, an ASGE PIVI (Preservation and Incorporation of Valuable 

Endoscopic Innovations) was developed, in which any endoscopic technology was required 

to provide at least 90% agreement in assignment of post-polypectomy surveillance intervals 

when compared to decisions based on pathology assessment of all identified polyps, should 

diminutive polyps be resected and discarded without pathologic assessment.30 Agreement 

in our study was only 81%, although this number is derived from patients in whom both 

diminutive and small lesions were characterized with high confidence. Naturally, this level of 

agreement is a direct result of the moderate diagnostic accuracy with HRE and NBI in lesions 

differentiated with high confidence. Again, surveillance intervals could accurately be recom-

mended on-site in a higher number of patients once diagnostic accuracy is further improved.

In conclusion, our study demonstrates that the principle of optical diagnosis has a disapp-

pointing accuracy amongst non-academic endoscopists who use HRE and NBI. Furthermore, 

agreement between surveillance intervals recommended on-site and surveillance intervals 

based on pathologic assessment proved to be insufficient. As a consequence, this strategy 

cannot yet be recommended in a non-academic setting. Potentially, diagnostic accuracy of 

NBI amongst non-academic endoscopists could improve with more training and experience. 

Future studies assess whether optical diagnosis can safely be implemented in the community 

setting once non-academic endoscopists have finalized their NBI learning curve.
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