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ABSTRACT 

Background and aims
Patients with longstanding colitis have an increased risk for developing CRC. 

Although the risk for ulcerative colitis is well established, for Crohn’s disease data 

are contradictory. This study aims to determine the number Crohn’s patients 

with dysplasia undergoing surveillance, and assess the diagnostic accuracy of 

chromoendoscopy (CE) combined with integrated confocal laser endomicroscopy 

(iCLE) for differentiating dysplastic versus non-dysplastic lesions.

Methods
Patients with longstanding Crohn’s colitis undergoing surveillance colonoscopy 

were  included in this multi-centre, prospective, cohort study. Surveillance was 

performed with CE and lesions were assessed with iCLE for differentiation. All 

lesions were removed and send in for pathology as reference standard. 

Results
Between 2010 and 2014, 61 Crohn’s patients were included in 5 centres. Seventy-

two lesions, of which 7 dysplastic, were detected in 6 patients (dysplasia detection 

rate: 9.8%), none included high-grade dysplasia or cancer. iCLE for differentiating 

neoplastic from non-neoplastic lesions, had an accuracy of 86.7% (95% CI: 78.1-

95.3), sensitivity of 42.9% (95% CI 11.8-79.8) and specificity of 92.4% (95% CI 80.9-

97.6). For CE alone this was 80.3% (95% CI: 70.7-89.9), 28.6% (95% CI 5.1-69.7) and 

86.4% (95% CI 80.9-97.6). The study terminated early due to frequent failure of the 

endoscopic equipment.

Conclusion
This study shows a low incidence of dysplastic lesions found during surveillance 

colonoscopy in longstanding extensive Crohn’s colitis. The accuracy of both CE 

and in combination with iCLE was relatively good, although the sensitivity for both 

was poor. Due to frequent failure iCLE has limited applicability in daily practice as 

a surveillance strategy. 
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INTRODUCTION

Longstanding colitis increases the risk of developing colorectal dysplasia and 

colorectal cancer (CRC). Although this risk is well-established for ulcerative colitis 

(UC), conflicting data exist on this risk of extensive colitis in Crohn’s disease (CD). 

The risk estimates in CD differ considerably from no increase in CRC risk to a relative 

risk of up to 3.3 for developing CRC.1-3 

A potential explanation for this heterogeneity in CRC risk, might be selection bias. 

Previous studies analysing CRC risk in CD included patients with different disease 

extent. Studies including CD patients with colitis showed however a significant 

increase of CRC risk. 2-3 Besides disease extent, several other risk factors, such 

as disease duration, family history of colon cancer and concomitant primary 

sclerosing cholangitis (PSC), are known to increase the risk of developing dysplasia 

and cancer in patients with CD.4-6 

Colonoscopic surveillance of patients with IBD is associated with an early  

detection of premalignant lesions and subsequently to an improved prognosis.7 

Guidelines therefore recommend surveillance in patients with IBD.8-10 It is known  

that dysplasia in IBD patients can be subtle and flat and therefore more  

difficult to detect than dysplasia in an average risk population.11 In addition,  

post-inflammatory mucosal changes such as scarring and inflammatory  

pseudo-polyps, complicate detection of dysplasia in these patients further.  

Until recently, surveillance was performed using white-light endoscopy with 

four quadrant biopsies every 10 cm. However, recent studies have proven that 

chromoendoscopy (CE) significantly increases lesion detection in IBD surveillance 

colonoscopies compared to white light endoscopy with quadrant random 

biopsies every 10 centimeters.12 Current guidelines recommend the use of CE in 

surveillance of patients with longstanding colitis.8-10 

During CE, a dye spray (eg. methylene blue or indigo carmine) is used to  

highlight the mucosal surface and to enhance the delineation of (early) dysplastic 

lesions. Although CE improves detection, it has not yet been proven that  

CE improves differentiation. Even expert IBD-endoscopists show a great 

interobserver variation in differentiating lesions found during IBD surveillance 
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colonoscopy, reflecting the difficulty in distinguishing dysplastic from  

non-dysplastic lesions.13

Confocal laser endomicroscopy (CLE) is an advanced imaging technique 

providing high-magnified images of gastrointestinal epithelium comparable to 

histopathology. Due to visualization of a limited surface area, CLE is specifically 

used for differentiation, rather than for detection. CLE can be integrated into a 

colonoscope (Pentax, Japan), iCLE, or can be applied as a probe system that 

passes through the working channel of any endoscope (Mauna Kea Technologies, 

France), pCLE. A recent meta-analysis showed that CLE has the highest accuracy 

of all commercially available imaging techniques in differentiation neoplastic from 

non-neoplastic lesions in an average risk population, although mainly by experts.14

The aim of this study was to determine the number of patients with dysplasia 

undergoing surveillance colonoscopy due to longstanding extensive Crohn’s  

colitis and to assess whether the combination of CE and iCLE improves 

differentiation of lesions found during surveillance colonoscopy. 

 
METHODS

Patients
This study was performed in five academic medical centres. Patients with 

Crohn’s colitis undergoing surveillance colonoscopy were included in the study 

if they were 18 years and older, diagnosed with greater than 50 cm of colonic 

disease, and if they were in clinical remission. Patients were excluded if they 

had undergone colonic resections with less than 50% of their colon in situ, 

incomplete colonoscopy due to poor bowel preparation, disease activity or 

stenosis, contraindications for iCLE (allergy for intravenous fluorescein, pregnancy 

or breastfeeding, severe cardiopulmonary disease or pre-existent renal disease) 

or non-correctable coagulopathy that precludes taking biopsies. This study was 

approved by the medical ethics committees of all participating centers (NTR2293).

Endoscopic equipment
For chromoendoscopy and for confocal laser endomicroscopy, the endoscope-

integrated system (Pentax, Tokyo, Japan; and Optiscan, Melbourne, Australia), 
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iCLE, was used. In this system, the confocal laser unit is integrated into the distal  

tip of a standard video endoscope enabling iCLE imaging on a second monitor. 

The diameter of both the distal tip and the insertion tube is 12.8 mm. The iCLE 

imaging plane depth relative to the mucosal surface (i.e. z-axis) can be controlled 

using 2 buttons on the hand piece of the endoscope. During iCLE, a single line 

laser beam with an excitation wavelength of 488 nm is delivered at the tissue. 

Confocal image data are collected at a scan rate of 0.8 frames per second. The CLE 

images have a lateral resolution of 0.7 µm. The field of view is 500 µm, and the 

range of the z-axis is 0–250 µm below the surface.

Endoscopic procedure
All patients were prepared with either 4L of polyethylene glycol solution or 2L 

of polyethylene glycol solution plus ascorbic acid (Moviprep or Kleanprep). 

The procedures were performed under conscious sedation using intravenous 

midazolam and fentanyl or propofol at the discretion of the endoscopist. At the 

discretion of the endoscopists butylscopolamine was given intravenously to 

reduce colonic motility. During withdrawal the entire colon was stained with a 

0.1% methylene blue solution. Bowel preparation was determined as good (100% 

mucosa visible), moderate (>90% mucosa visible) or poor (<90% mucosa, even 

after extensive cleaning). Each colonic segment was scrutinized for the presence 

of suspicious areas, mucosal irregularities, unusual ulcers and strictures. All 

detected lesions were classified according to the macroscopic classification (Paris 

Classification) of early gastrointestinal dysplasia15, scored for size, location in the 

colon, and distance from anus. All lesions were assessed for Kudo pit pattern.16 

The colonic mucosa 1 cm adjacent to each detected lesion was also scored for 

Kudo pit pattern. The location of all detected lesions with respect to the extent of 

colitis (proximal to or within the inflammatory changed colon on endoscopy) was 

noted. Digital still images of all detected lesions were taken. Subsequently, after 

intravenously injection of fluorescein (10%), all lesions as well as their adjacent 

‘normal’ mucosa were inspected by iCLE and scored by the endoscopist as normal, 

regenerative, or dysplastic, according to the previously described Mainz criteria.17 

Hereafter, targeted biopsies of detected lesion and 4 random biopsies of the 

adjacent colonic mucosa were taken for histopathological evaluation. 
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Endoscopists
All procedures were performed by experienced endoscopists who have 

participated in previous studies with CE and iCLE in Amsterdam, Mainz, Leuven, 

Copenhagen and Sydney.17-19 Therefore, all endoscopists were familiar with the 

techniques and should perform beyond their learning curve.

Outcome measures
The primary outcome measure of this study was the number of patients with 

dysplasia detected in a Crohn’s colitis surveillance group, expressed as dysplasia 

detection rate. The secondary outcome measure was diagnostic accuracy of CE 

and iCLE for the differentiation of dysplastic and non-dysplastic mucosa, using 

final histopathology as reference standard diagnosis. 

Histopathology
Histological samples are processed using standard procedures and evaluated 

by one gastrointestinal expert in each center. In case of discrepancy, discussion 

between two pathologists would lead to a consensus diagnosis. The pathologists 

were not aware of the detection technique and the findings on iCLE. Biopsies were 

classified according to the Vienna criteria of gastrointestinal epithelial neoplasia.20 

The histological diagnosis of all biopsies served as the golden standard.

Statistics
Normal distributed data was described with the mean and the standard deviation, 

and data with a skewed distribution was described using the median and the 

interquartile range. The diagnostic accuracy of CE and iCLE for differentiation 

was calculated by creating a 2´2 table comparing the index test result with the 

reference standard (i.e. dysplastic or non-dysplastic according to histopathology). 

A positive index test result on CE and iCLE was defined as a dysplastic appearance 

during iCLE. The sensitivity, specificity and overall accuracy were calculated and 

represented by a point estimator with the 95%-confidence interval. The difference 

in performance of CE and iCLE was compared with the Fisher’s exact test.

Study design
This was a multi-centre, prospective, cohort study. The sample size calculation was 

based on the analysis by Friedman et al, in which the prevalence of dysplasia or 

cancer in patients with Crohn’s disease affecting at least one third of the colon was 
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7% on screening examination.1 A successful endoscopic surveillance protocol will 

be defined as a similar dysplasia incidence of 7% and an upper limit of the 95% 

confidence interval of 12%. The calculated sample size was 101 patients. 

 
RESULTS 

Patient characteristics
Between February 2010 and June 2014 82 patients with Crohn’s disease were 

recruited of whom 61 patients were included. (Figure 1) The mean age was 

48 years and participants had a mean disease duration of 22 years by the time 

that they were included in this study. In two patients circumscribed dysplasia 

were detected in previous colonoscopies and endoscopically resected and two 

patients had concomitant PSC. Bowel preparation was considered as ‘good’ 

in 60.7% of the cases, all other cases scored ‘moderate’. Four patients had to be 

excluded due to poor bowel preparation. Other patients had to be excluded due 

to active inflammation (n=10), impassable stenosis (n=3) or technical failure of the 

endoscope (n=4). (figure 1) Due to frequent technical failure of the equipment the 

study terminated early and the calculated sample size was not reached. In four 

out of five centres the lens of the endomicrosope broke and the equipment had 

to be sent to the manufacturer. Each repair took several weeks to months, which 

hindered patient recruitment and inclusion.  

Figure 1 Flow diagram of patient inclusion
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The mean total procedural time was 40 minutes. The mean total inspection time 

including iCLE acquisition was 30 minutes, and without iCLE assessments, this was 

10 minutes. Out of all included patients, 34 patients had at least one lesion. In total 

72 lesions were detected. Of these lesions, 66 were examined by CE and 60 by iCLE. 

Seven dysplastic lesions were found in six patients, which accounts for a dysplasia 

detection rate of 9.8%. (table 1)

Table 1 Patient characteristics (N = 61)

Male n (%) 29 (47,5%)

Mean age at diagnosis -years (SD) 26 (±9.9)

Mean age at colonoscopy -years (SD) 48 (±11.5)

Duration of colitis - years (mean) 22 (±7.8)

PSC (%) 2 (3.3%)

Previous dysplasia n (%) 2 (3.3%)

Colon preparation n (%) Good 37 (60,7%) 
Moderate 24 (39,3%)

Total procedural time (min) 40 (±17)

Inspection time without iCLE – min (mean) 10 (±7)

Inspection time with iCLE – min (mean) 30 (±14)

Lesions detected (n) 72 

Adenomas detected (n) 7

Patients with lesions (n) 34 

Patients with dysplasia (n) 6

Dysplasia Detection Rate 9.8%

 
Lesion characteristics
The mean diameter of the detected lesions was 6.8mm. Lesions were categorised 

as flat (Paris IIa / IIb) in almost half of the cases, none of the lesions were depressed. 

The lesions were equally distributed throughout the colon. None of the dysplastic 

lesions contained high-grade dysplasia or cancer (table 2).   

Diagnostic accuracy
In total, 66 of the 72 lesions were assessed by CE and 60 of the 72 were also 

assessed by iCLE. The overall diagnostic accuracy of CE for predicting dysplasia 

was 80.3% (95% CI 70.7%-89.9%) with a sensitivity of 28.6% (95% CI 5.1%-69.7%), 

and specificity of 86.4.2% (95% CI 74.5%-93.6%). The positive predictive value was 

20.0% (95% CI 3.5%-55.8%) and the negative predictive value was 91.1% (95% CI 

79.6%-96.7%) (table 3).
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Table 2 Lesion characteristics (N =72) Table 2 Lesion characteristics (N =72)

Size –mm (mean) 6.8 (±4.7)

Paris classification (%) Is
Isp
Ip
IIa
IIb
IIc
IIa+c 
Unknown

22.2%
9.7%
1.4%
38.9%
9.7%
0%
0%
18.1%

Location Caecum
Ascending
Transverse
Descending
Sigmoid
Rectum
Unknown

13.9%
11.1%
19.4%
11.1%
23.6%
18.1%
2.8%

Histopathology (%) Normal
Hyperplastic
Inflammatory
Dysplasia
- LGD
- HGD
- CRC

21.8%
43.9%
24.6%
9.7%
100%
0%
0%

Table 3 Diagnostic accuracy of CE alone 

CE

Histopathology
Dysplastic Non-dysplastic

Dysplastic 2/7 8/59 PPV 20.0%

Non-dysplastic 5/7 51/59 NPV 91.1%

Sensitivity 28.6% Specificity 86.4% Accuracy 80.3%

The overall diagnostic accuracy of iCLE in combination with CE for differentiating 

dysplasia from non-dysplastic lesions was 86.7% (95% CI 78.1%-95.3%) with a 

sensitivity of 42.9% (95% CI 11.8%-79.8%), and specificity of 92.4% (95% CI 80.9%-

97.6%). The positive predictive value was 42.9% (95% CI 11.8%-79.8%) and the 

negative predictive value was 92.5% (95% CI 80.9%-96.6%) (table 4). The difference 

in diagnostic accuracy between CE and iCLE in combination with CE was not 

statistically significant (Fisher’s exact test, p=0.47, 95% CI 0.92-1.26)
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Table 4 Diagnostic accuracy of iCLE in combination with CE 

CLE

Histopathology

Dysplastic Non-dysplastic

Dysplastic 3/7 4/53 PPV 42.9%

Non-dysplastic 4/7 49/53 NPV 92.5%

Sensitivity 42.9% Specificity 92.5% Accuracy 86.7% 

DISCUSSION

Due to frequent mechanical failure of the iCLE equipment this study had to be 

aborted early, therefore the calculated sample size was not reached. This cohort 

showed that the dysplasia detection rate in patients with longstanding Crohn’s 

colitis, is only 9.8%. In 61 patients with a mean disease duration of 22 years and  

with previously proven colitis, only seven dysplastic lesions were found in six 

patients. None of the lesions contained high-grade dysplasia (HDG) or cancer. 

In all patients endoscopic resection of the lesion was considered as sufficient. In 

addition, we have shown that the sensitivity of both CE and iCLE is insufficient 

to differentiate neoplastic from non-neoplastic changes in this low prevalence 

setting.

Our findings confirm the results from previous studies showing a low prevalence 

of dysplasia in patients with Crohn’s colitis.2,3. 21, 22 Patients included in this study  

had extensive colon involvement of Crohn’s disease and should therefore be 

considered as the group with the highest risk on developing CRC. Although limited 

in size, our data concurs with recent epidemiological analysis of a large Danish 

database including more than 45.000 IBD patients and reporting on the incidence 

of CRC. Unlike patients with ulcerative colitis, the incidence of CRC for patients  

with CD was actually lower than the risk for non-IBD individuals. The authors 

suggested that this may be due to better surveillance and improved disease 

management.3 Another recent study also showed that surveillance in IBD patients 

diminishes the risk on developing CRC.7 

It should be emphasized that the calculated sample size was not reached, what 

might have distorted the outcome of this study. Therefore no firm conclusions 

on the dysplasia prevalence can be made due to the limited number of included 
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patients. Larger cohort studies have shown that the cumulative risk of detecting 

high-grade dysplasia or cancer after a negative screening colonoscopy is 7%.1 

Further prospectively collected data is necessary to make a better estimation of the 

prevalence of dysplastic lesions developing in patients with Crohn’s disease and to 

sort out the apparent contradiction in the currently available epidemiological data. 

The secondary outcome measure of this study focused on the diagnostic accuracy 

for the differentiation of dysplastic and non-dysplastic lesions. The overall accuracy 

was 80.3% for CE and not significantly different from iCLE (86.4%), Although the 

accuracy was relatively good, the sensitivity was poor for both CE and iCLE. A 

sensitivity of 42.9% means that still 57.1% of the dysplastic lesions are incorrectly 

diagnosed as non-dysplastic by iCLE. 

Comparable outcomes were found in the pilot study by van den Broek et al, 

assessing the diagnostic accuracy of probe-based CLE in patients with longstanding 

ulcerative colitis undergoing surveillance.23 A possible explanation for this lower 

sensitivity in contradiction with the results from a recent meta-analysis, could be 

that previously inflamed mucosa might be difficult to distinguish from dysplasia.11 

The endoscopists assessing the images are not as well trained as pathologists to 

distinguish inflammation from dysplasia. In particular it has not been very well 

assessed how regenerative changes can be distinguished from dysplastic changes. 

In the pilot study by Kiesslich et al the overall diagnostic accuracy for distinguishing 

dysplastic from non-dysplastic changes is very good, but it is not clear in how 

many cases a regenerative pattern was found.24 Given the average small size of 

the lesions in our study, another explanation for the poor sensitivity could be 

inaccurate positioning of the tip of the endomicroscope, hereby generating 

a false-negative image. The latter also raises the issue to what extend the final 

diagnosis by iCLE is influenced by the endoscopic appearance of the lesions. If 

the lesion looks diminutive, the endoscopist may be more prone to call it a non-

dysplastic lesion. With this respect, the lower resolution of the iCLE system may 

also exert a negative effect on the diagnostic accuracy during chromoendoscopy.

The main reason why this study was early terminated was frequent technical failure 

of the endoscopic equipment in four of the five participating centres. Initially, the 

study protocol intended to include 101 patients within one year after the start 

of the study (February 2010). After more than four years only 61 patients were 
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included. During the study period the endoscopic equipment failed several times 

in four out of five research centres, with lens distortion being the most common 

reason. Every time when the equipment was away for repair, no patients could be 

included in this study, which was the main reason for delay in this study.  

Although previous CLE results looked promising differentiating lesions in an  

average risk population, we believe that due to the technical limitations, iCLE in 

colitis surveillance has little additive clinical value in daily endoscopy practice.14 

Besides the technical limitations, CLE in itself requires specialized skills for 

interpretation, positioning the scope onto the lesions and even more robust 

bowel cleansing than other endoscopic surveillance techniques as faecal 

remnants highly interfere with image acquisition and interpretation. In addition 

it requires a longer inspection time than a surveillance colonoscopy with solely 

CE.  It is unclear what the exact future of this high-end technical achievement 

will be, but maybe applications of the technique to predict disease relapse are a 

more promising clinically relevant application if it can help to tailor therapeutic 

strategies in patients.25,26 

In conclusion, this study shows a low incidence of dysplastic lesions found during 

surveillance colonoscopy in longstanding extensive Crohn’s colitis. The accuracy 

of both CE and iCLE was relatively good, although the sensitivity was poor. Due to 

frequent technical failure, prolonged procedural time and insufficient sensitivity, 

iCLE has limited applicability in daily practice as surveillance strategy in patients 

with longstanding Crohn’s colitis. 
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