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ABsTrAcT

Background & aims

The endoscope-based confocal laser endomicroscopy (eCLE) system allows in vivo imaging 

of colorectal epithelium. Little is known about the learning curve for accurate interpretation 

of confocal images acquired with eCLE. The aim of this study was to determine the learning 

curve of eCLE, its diagnostic accuracy and the intra- and interobserver agreement for the 

differentiation of colorectal lesions.

Methods

Three endoscopists received a short introduction on eCLE prior to evaluating 90 images. Ob-

servers assessed all eCLE images using the Mainz classification. After each set of 30 images, 

accuracy of each observer was assessed. The same procedure was repeated 6 months later 

using the same set of images.

Results

There were no significant changes between the first set of 30 images and the two consecu-

tive sets (p=0.08 and p=0.180, respectively). Overall accuracy was 85.6%, 95.6% and 92.2% 

for each observer.

Kappa-values of the intraobserver agreement were 0.68, 0.84 and 0.77 for each observer. 

Kappa-value for interobserver agreement was 0.73 during the first and 0.72 during the sec-

ond assessment.

Conclusions

Accurate post-hoc interpretation of eCLE confocal images can be learned quickly. High di-

agnostic accuracy was achieved by all 3 observers during the initial stage of the assessment, 

which remained high thereafter. Intra- and interobserver agreement was substantial for all 3 

observers. Future studies should focus on the real-time assessment of eCLE images.
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inTroDucTion

Several new imaging techniques have been developed in the past decade, aiding the en-

doscopist in the differentiation of colorectal lesions.1-3 Accurate differentiation of colorectal 

lesions can result in removed polyps to be dispensed without the need for formal histopathol-

ogy, making colonoscopy more efficient and cost effective.4 Also, non-neoplastic lesions can 

be left in situ, thereby reducing time and risks associated with the removal of these lesions.5

Confocal laser endomicroscopy (CLE) is a system that can provide images of the gastro-

intestinal epithelium at subcellular resolution which is comparable to conventional histo-

pathology.6 Currently, there are two different CLE systems available: the endoscope-based 

(eCLE) and the probe-based (pCLE) device. With eCLE the endomicroscope is incorporated 

into the distal tip of a conventional endoscope (Pentax EC-3870CIFK; Pentax, Tokyo, Japan), 

whereas a probe is passed through the accessory channel of an endoscope in pCLE (Cellvizio, 

Mauna Kea Technologies, Paris, France). The image-acquisition rate of pCLE is higher than 

that of the eCLE system, which allows in vivo imaging of capillary flow. Instead, the eCLE 

system offers a higher resolution and larger field of view than pCLE and imaging depth can 

be adapted in eCLE whereas imaging depth is fixed in pCLE.

One of the essential elements for any new imaging technology is that its images are 

categorized and can be interpreted easily and accurately. This can be achieved through 

the establishment of a classification that is widely applicable and easy to learn. In CLE, the 

Mainz classification is frequently used, consisting of three categories (normal, regenerative 

or neoplastic), which was established after assessment of 134 colorectal lesions with eCLE.7 

Recently, Buchner and colleagues demonstrated that accurate interpretation of pCLE images 

using the Mainz classification can be learned rapidly, but no studies on the learning curve of 

eCLE have been performed thus far.8

The primary aim of our study was to evaluate the learning curve and accuracy for differen-

tiating colorectal lesions using eCLE. Additionally, the intra- and interobserver agreement for 

interpretation of confocal images was assessed.

meThoDs

Procedure

A total of 254 colonoscopies were performed between 2009 and 2010 under conscious seda-

tion by one experienced endoscopists (RK) and performed with the Pentax colonoscope (EC-

3870 CIFK, Tokyo, Japan). All procedures (screening and surveillance for colorectal cancer) 

were approved by the medical ethical committee and informed consent was obtained from 

all patients prior to the colonoscopy. In case of one or more detected lesions, 5mL intrave-

nous fluorescein 10% (Alcon Laboratories, Texas, USA) was administered which has shown to 
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be safe in previous studies.9 Subsequently, CLE was performed (EG-3870CIK, Pentax, Tokyo, 

Japan). Several confocal images (≥5) were taken at different depth of each detected polyp in 

order to achieve high quality images which were stored as BIN files. After images were taken, 

all polyps were removed for histological evaluation. All images were entered in a database 

and linked to the corresponding patient and polyp data, including histopathology.

Data collection set

A research fellow hand-searched the eCLE image database to select the best images, based 

on highest quality regarding sharp and motionless images. Ninety images were selected in 

order to obtain a set of images that was feasible to assess within two hours. These images 

were derived from 47 patients (15 male; mean age 66 ± 10 years) who underwent surveillance 

colonoscopy for a personal history of adenomas (n=28), cancer (n=2), ulcerative colitis (n=14) 

or symptoms (n=2).

Out of the selected 90 images, 37 corresponded with normal mucosa, 4 with hyperplastic 

polyps, 16 with adenomas, 7 with colorectal cancer, 12 with colitis-associated dysplasia and 

14 with inflammation. After the selection process, it was checked whether the selected im-

ages represented the known distribution of adenomatous and non-adenomatous lesions in 

the colon.10, 11

All images were made equal in size and incorporated into a slideshow (Microsoft PowerPoint 

2003; Microsoft Inc, Redmond, WA). Except for removing patient name and chart number 

from the image, no other post processing was done. The slideshow was presented separately 

to 3 experienced endoscopists (ED, PF, and CP) who were blinded for the endoscopic image. 

Two out of the three observers previously participated in studies assessing the accuracy of 

pCLE, but none of the observers had any experience in the interpretation of eCLE images.12, 13

Image evaluation process

Before starting the image evaluation process, a short systematic training was provided to 

each endoscopist regarding the Mainz classification in CLE. This training included a detailed 

description of the Mainz classification (i.e. normal, regenerative and neoplastic lesions) and 

CBA

Figure 1: eCLE images of (A) normal mucosa (Mainz normal), (B) hyperplastic polyp (Mainz regenerative) and (C) tubular adenoma (Mainz 
neoplasia)
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corresponding eCLE images (figure 1). Hereafter, a learning set of 10 images was shown and 

assessed by each endoscopist, giving the single observer feedback immediately after scoring 

each image. The images in the learning set corresponded with normal mucosa (n=3), inflam-

mation (n=2), hyperplastic polyp (n=1), adenoma (n=3) and carcinoma (n=1). All images used 

for this training were not included in the final image evaluation process.

All 90 eCLE images were consequently shown to the three observers without any time 

restriction. First, the images were scored for overall quality as either moderate (crypt/ves-

sel visualization unsure and unclear), good (crypt/vessel visualization sure but unclear) or 

excellent (visualization sure and clear). Subsequently, all images were scored according to 

the Mainz classification as normal, regenerative or neoplastic.7 Lastly, the observers noted 

whether they were unsure, moderately sure or absolutely sure on their differentiation. In 

order to assess a learning curve, the set of 90 images was subdivided in 3 groups of 30 im-

ages. After scoring each set of 30 images, the correct histopathology was revealed to the 

endoscopist and each incorrect answer was discussed.

The same procedure was repeated 6 months later using the same images which were 

shown in a different order to each observer separately.

Reference standard

Histopathology was assessed by an expert gastrointestinal pathologist according to the 

revised Vienna criteria, ranging from no intraepithelial neoplasia to invasive neoplasia.14 The 

histological diagnosis of all biopsies was used as the reference standard diagnosis.

Statistical analysis

Descriptive statistics were used to characterize the study population. Normal distributed 

data were described with the mean and the standard deviation. Proportions were compared 

with the chi-square test. The learning curve of each observer was assessed comparing each 

set of images (1 to 3) using a chi-square test for linear trend.

The sensitivity and specificity for differentiating adenomatous from non-adenomatous 

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

standard diagnosis. The part on the accuracy of eCLE was reported according to the STARD 

statements for diagnostic accuracy studies.15

The intraobserver agreement was calculated per observer using Cohen’s kappa for the 

agreement between the first and second session.16 The interobserver agreement was calcu-

lated using the Fleiss kappa (more than two observers).17 Interpretation of κ-values was done 

according to Landis and Koch.18 SPSS for Windows software (Chicago, IL, USA) version 15.0.1 

was used for analysis.



Chapter 7

96

resulTs

Learning curve and accuracy per set of 30 images

During the first session, accuracy of the first 30 images ranged from 90.0% to 93.3% between 

the three observers. There was no significant change in accuracy for any of the observers 

in the consecutive sets of images (observer 1 p=0.465, observer 2 p=0.213 and observer 3 

p=0.632).

During the second session, accuracy of the first 30 images ranged from 90.0% to 96.7% 

between the observers. There was no significant change in accuracy for any of the observers 

in the consecutive sets of images either (observer 1 p=0.683, observer 2 p=0.652 and observ-

Table 1a Accuracy of observer 1 per set of images

sensitivity, specificity and accuracy observer 1
Images 1-30 Images 31-60 Images 61-90

Session 1
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
88.2 (65.7-96.7)
90.0 (74.4-96.5)

64.3 (38.8-83.7)
75.0 (50.5-89.8)
70.0 (52.1-83.3)

87.5 (52.9-97.8)
100.0 (85.1-100.0)

96.7 (83.3-99.4)

Session 2
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

76.9 (49.7- 91.8)
100.0 (81.6-100.0)

90.0 (74.4-96.5)

71.4 (45.4-88.3)
93.8 (71.7-98.9)
83.3 (66.4-92.7)

87.5 (52.9-97.8)
95.5 (78.2-99.2)
93.3 (78.2-99.2)

Table 1b Accuracy of observer 2 per set of images

sensitivity, specificity and accuracy observer 2
Images 1-30 Images 31-60 Images 61-90

Session 1
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
94.1 (73.0-99.0)
93.3 (78.7-98.2)

85.7 (60.0-96.0)
93.8 (71.7-98.9)
90.0 (74.4-96.5)

87.5 (52.9-97.8)
90.9 (72.2-97.5)
90.0 (74.4-96.5)

Session 2
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
88.2 (65.7-96.7)
90.0 (74.4-96.5)

92.9 (68.5-98.7)
93.8 (71.7-98.9)
93.3 (78.7-98.2)

100.0 (85.1-100.0)
100.0 (67.6-100.0)
100.0 (88.7-100.0)

Table 1c Accuracy of observer 3 per set of images

sensitivity, specificity and accuracy observer 3
Images 1-30 Images 31-60 Images 61-90

Session 1
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

84.6 (57.8-95.7)
100.0 (81.6-100.0)

93.3 (78.7-98.2)

71.4 (45.4-88.3)
100.0 (80.6-100.0)

86.7 (70.3-94.7)

87.5 (52.9-97.8)
100.0 (85.1-100.0)

96.7 (83.3-99.4)

Session 2
Sensitivity (%, 95 CI)
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

92.3 (66.7-98.6)
100.0 (81.6-100.0)

96.7 (83.3-99.4)

71.4 (45.4-88.3)
93.8 (71.7-98.9)
83.3 (66.4-92.7)

62.5 (30.6-86.3)
95.5 (78.2-99.2)
86.7 (70.3-94.7)
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ers 3 p=0.220). Sensitivity, specificity and accuracy of each observer per set of 30 images per 

session are described in table 1a, b and c.

Overall accuracy per observer

Overall sensitivity, specificity and accuracy of all 3 observers for the first and second session 

are described in table 2. During the first session, the accuracy of observer 2 was significantly 

higher than accuracy of observer 1 (p=0.04). Accuracy of observers 1 and 3 (p=0.24) or ob-

servers 2 and 3 (p=0.35) did not differ significantly. During the second session, there was 

no difference in accuracy between any of the 3 observers (observer 1 vs 2 p=0.631, 2 vs 3 

p=0.631 and 1 vs 3 p=1.00).

Table 2 Overall accuracy per observer

sensitivity, specificity and accuracy all observers
Observer 1 Observer 2 Observer 3

Session 1
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

80.0 (64.1-90.0)
89.1 (78.2-94.9)
85.6 (76.9-91.4)

94.3 (81.4-98.4)
96.4 (87.7-99.0)
95.6 (89.1-98.3)

80.0 (64.1-90.0)
100.0 (93.5 -100.0)

92.2 (84.8-96.2)

Session 2
Sensitivity (%, 95 CI )
Specificity (%, 95 CI)
Accuracy (%, 95 CI)

77.1 (61.0-87.9)
96.4 (87.7-99.0)
88.9 (80.7-93.9)

88.6 (74.1-95.5)
90.9 (80.4-96.1)
90.0 (82.1-94.7)

77.1 (61.0-87.9)
96.4 (87.7-99.0)
88.9 (80.7-93.9)

Accuracy and quality of confocal images

Observer 1 rated 72 out of 90 images (80%) as good or excellent quality during the first ses-

sion. If this group of images was included only, accuracy improved from 85.6% to 87.5% (p= 

0.720) for observer 1.

Observer 2 rated 49 out of 90 images (54%) as good or excellent quality during the first 

session. If this group of images was included only, accuracy of observer 2 decreased from 

95.6% to 95.1% (p= 0.912).

Observer 3 rated 46 out of 90 images (51%) as good or excellent quality during the first 

session. If this group of images was included only, accuracy of observer 3 improved from 

92.2% to 93.5% (p= 0.791).

Accuracy and confidence level

None of the observers significantly improved their accuracy when images differentiated with 

100% certainty were included only during the first session. Accuracy improved to 96.2% for 

observer 1 (p=0.051), accuracy of observer 2 improved to 100.0% (p=0.302) and accuracy 

improved to 95.9% for observer 3 (p=0.493).
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Interobserver and intraobserver agreement

During the first session, all observers had a substantial agreement for the Mainz classification 

with a kappa value of 0.67 (95% CI: 0.58 - 0.75). Agreement remained substantial when the 

classification was simplified to adenomatous versus non-adenomatous with a kappa value of 

0.73 (95% CI: 0.61-0.85).

During the second session, the observers also had a substantial agreement for the Mainz 

classification with a kappa value of 0.67 (95% CI: 0.59 - 0.76). Agreement remained substan-

tial when the classification was simplified to adenomatous versus non-adenomatous with a 

kappa value of 0.72 (95% CI 0.60-0.84).

Intraobserver agreement was substantial for all three observers using the Mainz classifica-

tion with a kappa-value of 0.73 (95% CI: 0.61 - 0.85) for observer 1, 0.69 (95% CI: 0.56-0.82) for 

observer 2 and 0.67 (95% CI: 0.54-0.80) for observer 3. When the classification was simplified 

to adenomatous versus non-adenomatous , intraobserver agreement remained substantial 

for observer 1 and observer 3 with a kappa value of 0.68 (95% CI: 0.52-0.84) and 0.77 (95% CI: 

0.63-0.91), respectively. Agreement became almost perfect for observer 2 with a kappa value 

of 0.84 (95% CI: 0.72-0.96).

Discussion

The use of confocal imaging is not routine in clinical practice and many gastroenterologists 

are not familiar with its use. Wide acceptance of any new technology requires that sufficient 

diagnostic accuracy can easily be achieved. Our results suggest accurate interpretation of 

eCLE images can be learned quickly. Using a short introduction and training set of images, 

high diagnostic accuracy was achieved by all 3 observers during the initial stage of the as-

sessment, which remained high thereafter. Previously, the learning curve of probe-based CLE 

was assessed amongst a wide range of GI specialists.8 Similar to our study design, all observ-

ers received a short training session and a review of standardized images prior to the start of 

the study. Accurate interpretation of pCLE images was achieved rapidly in this study as well, 

although their learning curve was less steep in comparison to ours. Nonetheless, results from 

both studies suggest that accurate interpretation of confocal images can be learned rapidly 

after a short training.

Overall accuracy of all three observers proved to be high, both during the first and second 

session, ranging from 85.6% to 95.6%. Previous studies assessing the accuracy of eCLE for the 

prediction of neoplasia have found even higher accuracies, ranging from 95.7% to 99.2%.7, 19, 20 

These higher numbers might be a result of the extensive expertise of the participating 

observers. In comparison, the accuracy of probe-based CLE has been slightly lower in most 

studies, ranging from 74.6% to 92.4%.8, 12, 21, 22 On the other hand, the image depicted with 

pCLE differs substantially from the image depicted with eCLE (i.e. field of view and lateral 
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resolution), making comparison between the two modalities difficult. Nevertheless, it would 

be interesting to compare the accuracy of pCLE with eCLE within one study, but no such 

studies have been performed yet.

By introducing confidence levels for endoscopic interpretation, recent studies assessing 

narrow-band imaging have shown this allows for improvement of diagnostic accuracies.4, 23 

This implies that accuracy is increased when lesions are differentiated with high confidence 

by the endoscopist. In the current study, accuracy also increased when all low confidence 

level images were excluded, although this did not reach statistical significance for any of the 

observers, which is likely due to the fact that accuracy was already high when all images were 

included. Nevertheless, accuracies ranged between 95.9% to 100% for all highly confident 

differentiated lesions, suggesting introduction of confidence levels can benefit accuracy in 

CLE as well.

With regards to the interobserver agreement, this was substantial using the Mainz clas-

sification and remained substantial when the classification was simplified to neoplasia versus 

non-neoplasia. Likewise, reproducibility ranged from substantial to nearly perfect with 

intraobserver kappa values ranging between 0.68 and 0.84. These findings are in agreement 

with the results of a collaboration group that also demonstrated substantial interobserver 

agreement (kappa 0.72) amongst gastroenterologists with some or high experience in CLE.24 

In comparison, Sanduleanu et al. found a kappa-value of 0.88 between 2 endoscopists assess-

ing eCLE images.25 Similarly, another study from the UK found an agreement of 0.81 between 

two endoscopists assessing 1000 eCLE images.19 Again, the expertise of participating observ-

ers in these studies can explain for the somewhat higher kappa-values in comparison to our 

results.

Because all confocal images in this study were selected by a research fellow one can 

argue whether our results represent a ‘realistic’ situation in comparison to what would be 

encountered in clinical practice. Similarly, it can be argued that post-hoc assessment by itself 

might not reflect true clinical practice. However, we believe that post-hoc assessment is more 

likely to underestimate the ‘true’ accuracy of any imaging technique as the complementary 

endoscopic image is not present. Furthermore, post-hoc assessment appears appropriate for 

initial evaluation of new colonoscopic techniques with respect to their ability to differentiate 

lesions because this study design is easy to execute and can be performed amongst several 

endoscopists. Once it is established that sufficient accuracy can be achieved through post-

hoc assessment, the next step would be to perform a real-time assessment. Simultaneously, 

the learning curve for image acquisition can then be assessed.

In conclusion, our results demonstrate that correct post-hoc interpretation of eCLE images 

can be achieved rapidly by several observers after a short training session. High accuracy 

was achieved at the initial stage of our study which remained high thereafter. Future studies 

should assess the real-time accuracy of eCLE as well as the learning curve of eCLE for acquir-

ing sufficient quality images.
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