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ABsTrAcT

Background

Advanced imaging techniques need to be assessed for both feasibility and accuracy in order 

to prove their value in daily clinical practice. The current study assessed the feasibility of 

probe-based confocal laser endomicroscopy (pCLE) in acquiring videos of sufficient quality. 

Furthermore, the accuracy of pCLE for the differentiation of colorectal lesions was assessed 

and compared with narrow-band imaging (NBI) and chromoendoscopy (CE).

Methods

Consecutive patients scheduled for surveillance colonoscopy were included. All procedures 

were performed by 2 expert colonoscopists who previously participated in studies evaluat-

ing pCLE, NBI and CE. All lesions were differentiated real-time with NBI for vascular pattern 

intensity (VPI) and with CE and NBI for Kudo pit-pattern.

Subsequently, pCLE videos of each lesion were acquired and biopsies were taken. All pCLE 

videos were assessed post-hoc for the percentage of time demonstrating sufficient image 

quality (i.e. depicting at least one crypt or vessel). Lastly, pCLE videos were assessed post-hoc 

for diagnostic accuracy by two experts.

Results

A total of 154 lesions detected in 64 patients were included. Accuracy of Kudo pit-pattern 

with NBI for predicting neoplasia (88.7%) was significantly better than accuracy of VPI (77.5%, 

p=0.05) but not significantly different from CE (89.3%, p=0.125).

During pCLE, no histology was shown at all on the video in 19 lesions (12%). The mean time 

to acquire a pCLE video of the remaining 135 lesions was 50 seconds (SD 47) per lesion. The 

median percentage demonstrating sufficient quality per video was 40.5% (IQR 21.2 – 67.0). 

Accuracy of pCLE for both observers (66.7% and 71.9%) was significantly lower than accuracy 

of CE (p<0.001) and NBI (p<0.001).

Conclusion

Video acquisition with pCLE could not be achieved in a small number of lesions. The major-

ity of pCLE videos demonstrated insufficient quality in more than half of the time recorded. 

Moreover, post-hoc accuracy of pCLE was significantly lower in comparison with real-time 

accuracy of CE and NBI. Future research should assess whether further increase in experience 

could improve pCLE video acquisition.
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inTroDucTion

Several endoscopic imaging techniques have been developed to improve differentiation of 

colorectal lesions. Accurate differentiation can result in non-neoplastic lesions to remain in 

situ, reducing endoscopy time and risks associated with the removal of these lesions (e.g. 

perforation, bleeding). Moreover, removed polyps could be dispensed without the need for 

formal histopathology, making colonoscopy more efficient and cost effective.1

Chromoendoscopy is a dye-spraying imaging technique making fine mucosal surface 

details more visible and has proven to be associated with a high accuracy for the differentia-

tion of colorectal lesions.2-6 Another imaging technique is narrow-band imaging (NBI), which 

uses optical filters in the light source to highlight the mucosa and is sometimes described as 

‘electronic’ chromoendoscopy. Several studies have demonstrated NBI to have a diagnostic 

accuracy equivalent to that of chromoendoscopy.2, 7, 8

In previous years, advanced endoscopic imaging techniques have evolved to improve dif-

ferentiation of colorectal lesions. A recently developed imaging technique is confocal laser 

endomicroscopy (CLE), using endoscope-based (eCLE) or probe-based (pCLE) devices. During 

CLE, high-magnification images of the gastrointestinal epithelium are provided which are com-

parable to histopathology.9 The advantage of CLE over other imaging modalities such as CE and 

NBI, is that it offers direct microscopy of individual cells, making it in fact in-vivo histology. Conse-

quently, it allows the endoscopist to differentiate lesions without the need for tissue biopsy and 

histopathological evaluation. To prove its clinical value however, CLE should be easy to use and 

have a diagnostic accuracy that is at least similar to other imaging techniques such as NBI and CE.

Previous studies assessing the diagnostic accuracy of pCLE for the differentiation of 

colorectal lesion have shown good results.10-13 Feasibility of pCLE to acquire sufficient quality 

imaging is unknown, however. We therefore performed the current study in which we evalu-

ated the feasibility of pCLE regarding video acquisition and assessed its diagnostic accuracy 

in comparison with NBI and CE for the differentiation of colorectal lesions.

meThoDs

Patients

Consecutive patients scheduled for surveillance colonoscopy at the Academic Medical Cen-

tre were included. Patients were included when they underwent a colonoscopy because of 

a polyposis syndrome, polyp surveillance, colorectal cancer surveillance or a positive family 

history for CRC. Patients were excluded in case of contraindications to fluorescein (e.g. al-

lergy), pregnancy, non-correctable coagulopathy precluding biopsies, age ≤ 18 years or an 

inability to give informed consent. This study was approved by the medical ethical commit-

tee of our institution (NTR 2345).
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Endoscopic equipment

All colonoscopies were performed with the endoscopic tri-modal imaging (ETMI) system 

(Evis Lucera, Olympus Inc., Tokyo, Japan). The light source (CLV-260HP) contains two rotating 

red-green-blue filters; one conventional for white light and one additional for NBI, in which 

the band pass ranges have been narrowed to certain wavelengths (green 530-550 nm and 

blue 390-445 nm). A high-resolution colonoscope (CF-H240FZL, magnification 100x) was 

used. The endoscopist can easily switch between imaging modes by pressing a button on 

the shaft of the endoscope.

For CE, indigo carmine (0.2%) was used as a dye while using the HRE mode of the ETMI 

endoscope. Indigo carmine is a non-absorptive dye which has shown to provide accurate 

staining for determining the Kudo classification.14

Confocal laser endomicroscopy was performed with the probe-based system (Cellvizio-GI, 

Mauna Kea Technologies, Paris, France) in which a laser scanning unit excites light with a 

wavelength of 488nm via a fiberoptic miniprobe (ColoFlex UHD; Mauna Kea Technologies, 

Paris, France). The probe (diameter 2.5mm) can be inserted through the accessory channel 

of every standard colonoscope. Only light of 500-650nm is collected by the probe to create 

optical slices with a field of view of 240µm, at a depth of 60µm below the mucosal surface 

(lateral resolution 1µm). The images are scanned with a rate of 12 frames per second, hence 

demonstrating a real-time video on a second screen that is positioned next to the endoscopy 

monitor. For tissue contrast we used intravenous fluorescein (10%) which has shown to be 

safe in previous CLE studies.15

Colonoscopy protocol

All patients were prepared by 4L of polyethylene glycol solution (Kleanprep; NorgineGmbH, 

Marburg, Germany) or 2L of polyethylene glycol solution containing ascorbic acid (Moviprep; 

NorgineGmbH, Marburg, Germany). The endoscope was advanced to the cecum by using the 

HRE mode of the endoscope. Colonoscopy was performed under conscious sedation with 

midazolam and/or fentanyl at the discretion of the endoscopist. At the start of withdrawal of 

the endoscope, 20 mg butylscopolamine was given intravenously to reduce colonic motility.

During withdrawal, all detected lesions were recorded for size, distance from the anus (in 

cm), location and macroscopic Paris classification.16 Each detected lesion was scored real-time 

during NBI for Kudo pit pattern (NBI-Kudo) in which Kudo pit patterns I-II were considered 

non-neoplastic and Kudo pit patterns III-V were considered neoplastic.17 During NBI, lesions 

were also assessed for vascular intensity pattern (NBI-VPI) scored as paler, similar or darker 

than the surrounding mucosa. A paler or similar VPI was considered non-neoplastic whereas 

a darker VPI was considered neoplastic.18 Thereafter, the lesion was assessed for Kudo pit-

pattern during CE after local application of indigo carmine.

After evaluation with NBI and CE, intravenous fluorescein (10%) was given and each 

detected lesion was inspected with pCLE (optical biopsy)The recording of pCLE frames was 
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started at positioning the probe on the lesion and stopped when removing the probe. The 

probe was removed when the endoscopist thought to have created a video that depicted 

the microscopic mucosal and vascular structures. All pCLE videos were stored on a personal 

computer as MKT-files (proprietary format, Mauna Kea Technologies Software, Paris, France). 

Subsequently, biopsies were taken for histopathology. In case a patient harboured more than 

7 polyps, only the first 7 were inspected according to the study protocol (for time purposes).

Histopathology

Real biopsies were processed using standard procedures and evaluated by an experienced 

GI-pathologist (SvE). Histopathology was classified according to the Vienna criteria of gas-

trointestinal epithelial neoplasia, ranging from no intraepithelial neoplasia to invasive neo-

plasia.19 A sessile serrated adenoma (SSA) was considered non-neoplastic. The histological 

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

Assessment of pCLE videos

All pCLE videos were assessed post-hoc for the percentage of time demonstrating at least 

one crypt or vessel. The length of each part of a video demonstrating no crypt or vessel was 

noted and these parts were subsequently removed. The remaining parts of each video were 

joined together. Patient and time information were removed from the video, but no other 

post-processing was done.

The edited pCLE videos were subsequently scored separately by two observers (ED, FvdB) 

who were blinded for both endoscopy and histology and who participated in previous stud-

ies assessing over 250 pCLE videos of the colon.20, 21 In case more than one video was made 

of the same lesion, the video with the longest recording time was shown. The observers 

were allowed to see a video again at their request. First, the videos were scored for overall 

quality as either moderate (crypt/vessel visualization unsure and unclear), good (crypt/vessel 

visualization sure but unclear) or excellent (visualization sure and clear). Subsequently, all 

videos were scored according to the Mainz classification as normal, regenerative or neoplas-

tic in which normal and regenerative were considered non-neoplastic.22 Lastly, the observers 

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

Outcome measures

The primary outcome measure of this study was the feasibility and accuracy of confocal 

endomicroscopy represented by (a) the percentage of the time recorded with pCLE dem-

onstrating crypts or vessels and (b) the sensitivity and specificity of optical biopsies (using 

final histopathology as gold standard). Secondary outcome measurements were the overall 

quality of the edited pCLE videos as scored by the observers and the accuracies of NBI-Kudo, 

NBI-VPI and CE for the real-time endoscopic differentiation of detected lesions.
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Statistical analysis

Statistical analyses were performed by using SPSS 16.0.2 for Windows. Descriptive statistics 

were used to characterize the study population. Contingency tables were used to calculate 

the accuracy of NBI-Kudo, NBI-VPI, CE and pCLE for the differentiation of polyps, using final 

histopathology as gold standard. Accuracy of pCLE was calculated for both observers sepa-

rately based on the blinded assessment afterwards.

The accuracies of NBI-Kudo, NBI-VPI, CE and pCLE were compared with McNemar’s test 

for paired data. Interobserver variability was determined with kappa statistics that were 

interpreted according to Landis and Koch.23 The manuscript was reported according to the 

STARD statements for diagnostic accuracy studies.24

Sample size

For sample size measurement an overall accuracy for confocal endomicroscopy of 99.2% was 

regarded as baseline, derived from a previous study by Kiesslich et al.22 The exact test for 

non-inferiority was used for sample size measurement, regarding 96.2% as lower acceptable 

limit for accuracy. The α-error was set at 0.05 and β-error at 0.1. Consequently, a total of 170 

polyps were needed.

resulTs

Patient characteristics and detected lesions

Between February 2008 and May 2010 a total of 64 patients were included who underwent 

colonoscopy and signed informed consent. Patient characteristics are described in table 1. All 

procedures were performed by one of two colonoscopists (PF, ED) who had each performed 

over 2000 colonoscopies and previously performed colonoscopies in a study evaluating 

pCLE in IBD.21 No adverse events occurred. In total, 170 lesions were detected of which 16 

were lost for histological examination. Median size of the remaining 154 lesions was 5.0 mm 

Table 1: patient characteristics

Patient demographics
mean age yrs (SD) 59 (12)

male n (%) 34 (53%)

indication
 Polyp surveillance
 Family history CRC
 Hyperplastic polyposis syndrome
 Lynch syndrome
 Attenuated FAP
 Symptoms
 CRC surveillance

21
18
13
5
3
2
2
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(range 1-50 mm), of which 73 (43.5%) were flat (Paris 0-IIa, 0-IIb) and of which 87 (56.5%) were 

located proximal to the splenic flexure.

Feasibility of pCLE

A total of 222 movies were made of 154 lesions of which histopathology was obtained. No 

crypts or vessels were visualized at all in 50 videos that corresponded with 19 lesions (12%), 

which were excluded from post-hoc assessment by the two observers. Excluded videos cor-

responded with polypoid lesions significantly more often than with flat lesions (p=0.023).

The remaining 172 videos corresponded with 135 lesions. The mean acquisition time per 

video was 49.7 seconds per lesion (SD 47.4). The mean percentage of recorded time dem-

onstrating either crypts or vessels was 44.4% (SD 27.7) All videos and their corresponding 

lesions (nonpolypoid vs. polypoid) are described in table 2a and 2b.

Table 2a Assessment all pCLE videos

characteristics pcle videos (n=154)
nonpolypoid Polypoid p value

Excluded videos*
Included videos

4
68

14
67

0.023

* Excluded in case no crypts or vessels were shown

Table 2b Characteristics of included pCLE videos and corresponding lesions

characteristics included pcle videos (n=135)
nonpolypoid (n=68) Polypoid (n=67) p-value

Diameter (mm, median) 4.5 (IQR: 3.8-7.0) 5.0 (IQR:4.0-8.0) 0.350
location
Proximal

Distal
41
28

35
32

0.399

histopathology
No abnormality

Hyperplastic
Sessile serrated adenoma

Tubular adenoma
Tubulovillous adenoma

Villous adenoma
Invasive neoplasia

7
41
11
9
4
1
0

7
27
11
29
4
2
1

0.161

Duration pcle videos in sec (mean, sD) 53.4 (40) 47.1 (45) 0.383
Time demonstrating crypts or vessels

(median %, iQr)
47.8 (IQR 26.0-73.8) 40.9 (IQR 14.7-63.5) 0.143

Diagnostic accuracy of pCLE

The diagnostic accuracies of both observers for predicting neoplasia using the Mainz clas-

sification are described in table 3.

When videos with good or excellent quality were included only, accuracy improved to 

72.0% for observer 1 (p=0.202) and decreased to 68.8% for observer 2 (p=0.142). When high 
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confidence level videos were included only, accuracy further improved to 78.3% (p=0.917) for 

observer 1 and improved to 84.1% (p=1.00) for observer 2.

For observer 1, diagnostic accuracy with pCLE was significantly lower compared with all 

three other imaging modalities; NBI-Kudo (<0.001), CE (<0.001) and NBI-VPI (0.024). For ob-

server 2, diagnostic accuracy with pCLE was also significantly lower compared with NBI-Kudo 

(<0.001) and CE (<0.001), but not significantly lower compared with NBI-VPI (0.222).

Interobserver agreement

The observers had a moderate agreement for the Mainz classification: kappa 0.48 (95% CI: 

0.35 - 0.61) which remained moderate when the classification was simplified to neoplasia 

versus non-neoplasia: kappa 0.50 (95% CI 0.35-0.65)

Diagnostic accuracy of NBI-Kudo, NBI-VPI and CE

With NBI, the endoscopist failed to retrieve a Kudo pit pattern in 12 lesions (8.9%) while a 

VPI was not retrieved in 3 lesions (2.2%). With CE, the endoscopist failed to retrieve a Kudo 

pit-pattern in 4 lesions (3.0%). Sensitivity, specificity and accuracy per imaging technique are 

described in table 4.

Table 3 Characteristics pCLE videos and diagnostic accuracy per observer

Video assessment per observer
observer 1 observer 2 p value

Video quality
Moderate

Good
Excellent

53
59
23

58
65
12

0.222

confidence level
Guess

Moderately sure
Absolutely sure

21
54
60

12
79
44

0.008

Accuracy (all videos)
Sensitivity
Specificity
Accuracy

57.1 (42.2-70.9)
71.0 (61.1-79.2)
66.7 (58.4-74.1)

59.5 (44.5-73.0)
77.4 (67.9-84.7)
71.9 (63.7-78.8)

0.356

Accuracy (high quality videos only*)
Sensitivity
Specificity
Accuracy

(n=82)
62.5 (42.7-78.8)
75.9 (63.5-85.0)
72.0 (61.4-80.5)

(n=77)
54.2 (35.1-72.1)
75.5 (62.4-85.1)
68.8 (57.8-78.1)

0.344

Accuracy (high confidence videos only**)
Sensitivity
Specificity
Accuracy

(n= 60)
73.7 (51.2-88.2)
80.5 (66.0-89.8)
78.3 (66.4-86.8)

(n= 44)
69.2 (42.4-87.3)
90.3 (75.1-96.7)
84.1 (70.6-92.1)

0.462

* Videos assessed as good or excellent quality
** Videos assessed as absolutely sure
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Accuracies of NBI-Kudo and CE were not significantly different (NBI vs CE; p=0.125). Both 

chromoendoscopy and NBI-Kudo had a significantly higher accuracy in comparison with the 

accuracy of NBI-VPI (NBI-Kudo vs. NBI-VPI; p=0.035 and CE vs. NBI-VPI: p=0.05).

Discussion

Before imaging techniques can be implemented in clinical practice, their feasibility as well as 

their accuracy need to be ascertained. The current study reports on the feasibility and accuracy 

of probe-based CLE for the differentiation of colorectal lesions. We demonstrate that nearly a 

quarter of pCLE videos, corresponding with 12% of all lesions, did not demonstrate any crypts 

or vessels and hence could not be used for analysis. In comparison, no Kudo pit-pattern could 

be retrieved in 9% of lesions during NBI while this was 3% during chromoendoscopy. Most of 

the excluded pCLE videos were made of polypoid lesions which might explain for their poor 

quality. The probe has a smooth and round surface and it can be challenging to apply suction 

while the probe is inserted through the working channel of the endoscope. Stabilizing the 

pCLE probe on the surface of a mobile lesion can therefore be difficult. Using a cap on the tip 

of the endoscope might overcome this problem, but no such device was used in the current 

study. Our percentage of poor quality videos is lower than a recent trial in IBD patients show-

ing 32% of lesions were unsuccesful for eCLE examination.25 Other studies, however, have 

demonstrated success rates of 100% in depicting colorectal lesions with pCLE. The difference 

with our results may be attributed to their higher level of experience.10, 26

The mean recording time per lesion was 50 seconds in our study while the experienced 

Mainz research group using the eCLE device demonstrated a mean recording time of 34 

seconds (calculated from their results).27 Previously, our research group described a mean 

recording time of 98 seconds per lesion in patients with IBD.21 These results suggest that a 

reduction in recording time might be achieved with increasing experience resulting in an 

increased efficacy, but more studies are needed to assess whether increased experience also 

leads to a shorter recording time with pCLE.

Crypts or vessels were depicted in 44% of the recording time of all included videos. This 

low percentage might be caused by the fact that both endoscopists were still in their learn-

ing curve of obtaining good quality pCLE images. Some suggest that 10 to 20 procedures 

Table 4: sensitivity, specificity and accuracy per imaging technique

nBi-Kudo nBi-VPi ce cle observer 1 cle observer 2
Sensitivity

(95% CI)
80.8%

(68.1-89.2)
50.9%

(37.9-63.9)
82.4%

(69.7-90.4)
57.1%

(42.2-78.8)
59.5%

(44.5-73.0)

Specificity
(95% CI)

93.3%
(86.2-96.9)

91.8%
(84.7-95.8)

92.9%
(86.1-96.5)

71.0%
(61.1-79.2)

77.4%
(67.9-84.7)

Accuracy
(95% CI)

88.7%
(82.5-92.9)

77.5%
(70.2-83.4)

89.3%
(83.4-93.3).

66.7%
(58.4-74.1)

71.9%
(63.7-78.8)



Chapter 9

126

should suffice to control the manipulation and positioning of the probe on the tissue.28 To 

our knowledge, there has been only one study on the learning curve of pCLE demonstrating 

the ability to acquire high-quality pCLE videos is quickly learned, although all videos in that 

study were obtained by one staff endoscopist with extensive experience.26 Further studies 

on the learning curve for video acquisition with pCLE are warranted to assess the number of 

procedures needed for endoscopists to be able to acquire good quality videos.

The accuracy of NBI and CE in the present study is in concordance with numerous pre-

vious studies, while the accuracy of VPI was somewhat lower than one study previously 

reported.2, 3, 5, 18, 29-32 Regarding the accuracy of pCLE, our findings are in line with a previous 

study including 3 observers that demonstrated a combined accuracy of 75%.33 More recently, 

the same research group performed a study assessing the real-time accuracy of NBI and the 

post-hoc accuracy of pCLE, a study design similar to our study. Interestingly, they found a 

higher sensitivity and specificity for pCLE than NBI although this did not reach statistical sig-

nificance and the number of NBI procedures was small.10 In contrast, the diagnostic accuracy 

of pCLE in our study was significantly lower than that of NBI and CE, although accuracy of 

the latter might have been overestimated since all assessments with CE were preceded by 

differentiation with NBI.

A number of factors can be put forward to explain for the accuracy of pCLE in our study. First, 

a substantial number of videos (16.3%) were made of sessile serrated adenomas (SSAs). Since 

these lesions are difficult to distinguish from other polyps including conventional adenomas, 

SSAs might have caused a decrease in accuracy of pCLE.34 However, pCLE accuracy would 

not have altered if SSA’s would have been considered neoplastic or excluded from analysis 

(results not shown). Second, one could argue the pCLE accuracy is caused by the observers’ 

level of experience. We believe this level of experience to be sufficient however, considering 

both observers previously participated in a number of pCLE studies assessing over 250 pCLE 

videos.20,  21 Nevertheless, it needs to be stressed that pCLE videos were assessed post-hoc 

without the complementary endoscopic image present, which does not reflect clinical prac-

tice and may lead to an underestimation of its accuracy. The higher accuracy of NBI and CE 

in this study might therefore be explained by the fact that both NBI and CE were assessed 

real-time, during which endoscopic characteristics are present.

In order not to leave any premalignant adenomas in situ, sensitivity of imaging techniques 

should approach 100%. In the current study, sensitivity of pCLE was approximately 60%, 

which means that 40% of all adenomas would not have been removed. Recent studies 

have shown sensitivity of imaging techniques can be increased through the introduction 

of confidence levels.1, 35 Sensitivity of pCLE would have been 80%-90% in the current study 

when high confidence level videos were included only. Even though that seems a reason-

able level of sensitivity, it remains arguable whether that is deemed clinically acceptable. 

Again however, it needs to be emphasized that the post-hoc assessment of pCLE might have 

decreased its accuracy.
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With regards to the interobserver agreement of pCLE, this was moderate using the Mainz 

classification and remained moderate when the classification was simplified to neoplasia 

versus non-neoplasia. These findings appear acceptable and are consistent with the find-

ings of a collaboration group that recently demonstrated a moderate to good agreement 

(kappa 0.55) for the classification of neoplasia in 75 lesions.33 A number of other studies in 

which the eCLE system was used, have demonstrated higher kappa values of interobserver 

agreement compared to our results.36, 37 This could well be due to the extensive experience 

of the participating observers. On the other hand, the different image depicted on the eCLE 

system (i.e. field of view and lateral resolution) could also be a cause for the higher level of 

agreement. It would be interesting to compare pCLE with eCLE but no such studies have 

been performed yet.

In conclusion, our results show that pCLE accounted for a considerable increase in colonos-

copy time while a substantial part of recorded videos displayed insufficient quality. Possibly, 

video acquisition is improved with further experience but more studies are needed to assess 

the learning curve for acquiring good quality imaging with pCLE. Similarly, the learning curve 

of pCLE for accurate prediction of histopathology needs to be assessed further. The accuracy 

of pCLE in the current study was limited although this could be a result of its post-hoc assess-

ment. Future studies should not only aim to assess the real-time accuracy of pCLE but also 

assess its additional value in combination with other imaging modalities.
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