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Abstract
AIM: To evaluate the diagnostic accuracy of confocal 
laser endomicroscopy (CLE) for the detection of dyspla-
sia in long-standing ulcerative colitis (UC). 

METHODS: We prospectively performed a surveillance 
colonoscopy in 51 patients affected by long-standing 
UC. Also, in the presence of macroscopic areas with 
suspected dysplasia, both targeted contrasted indigo 
carmine endoscopic assessment and probe-based CLE 
were performed. Colic mucosal biopsies and histology, 
utilised as the gold standard, were assessed randomly 

and on visible lesions, in accordance with current guide-
lines. 

RESULTS: Fourteen of the 51 patients (27%) showed 
macroscopic mucosal alterations with the suspected 
presence of dysplasia, needing chromoendoscopic and 
CLE evaluation. In 5 macroscopically suspected cases, 
the presence of dysplasia was confirmed by histology 
(3 flat dysplasia; 2 DALMs). No dysplasia/cancer was 
found on any of the outstanding random biopsies. The 
diagnostic accuracy of CLE for the detection of dys-
plasia compared to standard histology was sensitivity 
100%, specificity 90%, positive predictive value 83% 
and negative predictive value 100%. 

CONCLUSION: CLE is an accurate tool for the detec-
tion of dysplasia in long-standing UC and shows opti-
mal values of sensitivity and negative predictivity. The 
scheduled combined application of chromoendoscopy 
and CLE could maximize the endoscopic diagnostic ac-
curacy for diagnosis of dysplasia in UC patients, thus 
limiting the need for biopsies. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The risk of  colorectal cancer (CRC) is increased in pa-
tients affected by inflammatory bowel disease (IBD), even 
if  the exact magnitude of  the risk is difficult to quantify 
because of  several biases and methodological shortcom-
ings[1,2]. According to the well-known meta-analysis by 
Eaden et al[3], the overall prevalence of  CRC in patients 
with ulcerative colitis (UC) is approximately 3.7% and 5.4% 
for those with pancolitis, with a pooled estimate of  cumu-
lative CRC incidence of  2% at 10 years, 8% at 20 years, 
and 18% after 30 years of  disease[3,4]. 

On the basis of  these assumptions, patients affected 
by long-standing UC (and colic Crohn’s disease) are can-
didates for surveillance colonoscopy/histology and this 
issue has been clearly underlined in a variety of  clinical 
and endoscopic practice guidelines[5-7].

In particular, UC patients should undergo a screen-
ing colonoscopy 8 years after the onset of  symptoms 
and every other year after that (every 5 years for distal 
colitis)[6]. At present, the main goal of  the surveillance 
program remains the recognition of  flat dysplasia, usu-
ally detected microscopically in random biopsies from 
unremarkable mucosa. It has been calculated that when 
random biopsies are performed, 33 biopsy specimens are 
needed in order to exclude dysplasia with a sensitivity of  
90%[8,9]. However, this diagnostic approach is considered 
time-consuming and of  doubtful utility in terms of  cost-
efficacy[10].

More recently, chromoendoscopy has successfully 
been applied in this diagnostic field. Indeed, since the 
first study by Kiesslich et al[11], many reports have shown 
a clear diagnostic gain using the dye spray enhancement 
with indigo carmine (and methylene blue), with a 3 to 
5-fold increased probability of  detection of  dysplasia in 
this context[11-14]. In accordance with these results, the 
European Crohn’s and Colitis Organisation (ECCO) 
guidelines define chromoendoscopy as an alternative 
procedure to random biopsies for appropriately trained 
endoscopists due to its superiority in the detection rate 
of  neoplastic lesions[6].

In the last 5 years, confocal laser endomicroscopy 
(CLE) has been widely used for the diagnosis of  super-
ficial and early colorectal neoplasia, in view of  its high 
agreement with the histopathology[15-17]. In addition, a 
small number of  studies have recently suggested a pos-
sible role for this procedure in the diagnostic work-up of  
IBD[18,19]. In particular, a pilot study by Kiesslich et al[20] has 
shown the excellent diagnostic accuracy of  CLE (sensitiv-
ity 95%; specificity 98%) in detecting dysplasia/neoplasia 
in UC patients. 

On the basis of  these considerations, we aimed to 
evaluate the diagnostic accuracy of  CLE for the diagno-

sis of  dysplasia in a group of  patients affected by long-
standing UC.

MATERIALS AND METHODS
From March 2009 to March 2011, we prospectively per-
formed a surveillance colonoscopy in patients affected by 
long-standing UC who were consecutively examined at 
our IBD Unit. The indication for the endoscopic exami-
nation was based on the ECCO guidelines[6]. Also, in the 
presence of  macroscopic areas suspected for dysplasia 
(on flat mucosa or mass), both targeted contrasted indigo 
carmine endoscopic assessment and probe-based CLE 
(pCLE) were performed. Colic mucosal biopsies and 
histology, utilised as the gold standard, were carried out 
randomly, as well as on visible lesions.

Patients
Consecutive patients with clinically inactive, longstanding 
UC (minimum duration 8 years) were recruited from the 
outpatient clinic of  our IBD Unit. Potential participants 
were identified using the previously reported inclusion 
and exclusion criteria[20]. In addition, the presence of  dif-
fuse pseudo-polyps was added as an exclusion criterion.

The potential participants were thus identified, their 
primary care physicians were invited to participate in 
the study and informed consent was obtained from all 
participants. The study was approved by the local ethical 
committee (prot.653/08).

CLE equipment
CLE was performed using the Cellvizio® Endomicrosco-
py System (Mauna Kea Technologies, Paris, France) using 
a Coloflex UHD-type probe (1 μm lateral resolution; 12 
frames/s).

This system uses a 2.5mm catheter probe (Coloflex 
UHD-type probe) that is inserted through the endoscope 
working channel to obtain dynamic imaging of  the mu-
cosa. This probe has a field of  view of  240 μm × 200 μm, 
with a lateral resolution of  1 μm. pCLE imaging data were 
collected at a scan rate of  12 frames/s with a scanning field 
of  30 000 pixels. Single video frames were reconstructed 
into a single larger static image (4 mm × 2 mm) by a spe-
cial computer software (‘‘mosaicing’’ Mauna Kea Technol-
ogies). Five-ten millilitres of  10% sodium fluorescein were 
injected intravenously as a contrasting agent before CLE 
image acquisition.

Procedure
An experienced endoscopist, who had performed over 
100 CLE procedures before index patient recruitment, 
performed all examinations. Twenty-four hours prior to 
the procedure, participating patients underwent colon 
preparation with 4 L of  hypertonic polyethylene glycol 
solution. Conscious sedation with midazolam (5-10 mg iv) 
was administered at the patient’s request. Lesions and sus-
pected areas were identified using white-light endoscopy 
(colonscope Olympus CF-Q145I), followed by targeted 
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chromoendoscopic enhancement with indigo carmine 
0.1% according to the SURFACE guidelines[21]. The mu-
cosal areas with the suspected presence of  dysplasia were 
studied by CLE. After localization of  each lesion/area, a 
10-20 mg intravenous bolus of  Buscopan (hyoscine-N-
butyl-bromide) was administered in order to limit peri-
staltic artifacts; 10 mL of  10% sodium fluorescein were 
also administered for CLE image acquisition. CLE im-
age acquisition was performed by placing the tip of  the 
probe in direct contact with the target tissue site using an 
endoscopic cap to stabilize the mucosa. CLE images of  
each observed lesion were stored digitally in specific fold-
ers in a database. CLE images were defined diagnostic for 
neoplastic tissue in presence of  “dark” cells, with mucin 
depletion and goblet cell/crypt density attenuation, with 
irregular architectural pattern and epithelial thickness, vil-
liform structures and “dark” epithelial border[15]. 

Endoscopically resected lesions and/or target biopsy 
specimens were evaluated by an experienced pathologist 
(SS) in a blinded fashion and graded in accordance with 
the Vienna modified classification of  gastrointestinal epi-
thelial neoplasia[22].

Statistical analysis
The diagnostic accuracy of  CLE for the prediction of  
dysplasia when compared to standard histology was as-
sessed by using Stats Direct statistical software.

RESULTS
By the end of  the study, 55 patients affected by longstand-
ing UC had been enrolled. Four patients were excluded 
from the investigation due to the presence of  diffuse 
pseudo-polyposis and therefore the final analysis com-
prised of  51 patients (Table 1).

Fourteen of  the 51 patients (27%) showed macro-
scopic mucosal alterations with the suspected presence 
of  dysplasia, requiring targeted chromoendoscopic and 
CLE evaluation. 

In 5 of  these 14 macroscopically suspected cases (35%), 
the presence of  dysplasia was confirmed by both histol-
ogy and CLE examination. In 3 cases, the diagnosis of  flat 
dysplasia (1 low-grade; 2 high-grade) was made (Figure 1), 

while the other 2 cases were diagnosed as dysplasia associ-
ated with lesion/mass (DALM) (Figure 2). All the cases of  
dysplasia were confirmed at subsequent surgery.

All five cases with dysplasia had an UC lasting at least 
10 years. All patients were in maintenance treatment with 
5-ASA derivates. Four of  these 5 patients had a history of  
steroid-dependency. In the dysplastic group, 3 UC patients 
were affected by an extensive colitis, while the remain-
ing two subjects suffered from a distal colitis. The two 
DALMs were both located at the sigmoid colon, while the 
other 3 cases of  dysplasia were sited at the ascending co-
lon, transverse colon and sigmoid colon, respectively. 

When compared with standard histology, the targeted 
chromoendoscopy/CLE combination enabled the detec-
tion of  dysplasia in 5 patients (true positive: 5; false posi-
tive: 1) and the ruling out of  neoplastic complications in 
9 subjects (true negative: 9; false negative: 0).

Finally, the diagnostic accuracy of  CLE for the detec-
tion of  dysplasia compared to standard histology was 
sensitivity 100%, specificity 90%, positive predictive value 
83% and negative predictive value 100% (Table 2).

In three cases, we detected the presence of  an isolated 
and irregular polypoid lesion which we then proceeded 
to resect (performing multiple biopsies around the base 
of  the polyp). In one of  these three cases, the diagnosis 
of  DALM was made, while the other two cases were di-
agnosed as inflammatory pseudo-polyps. In all these cir-
cumstances, the CLE evaluation correctly predicted the 
histological outcome that followed (Figures 2 and 3).

With regards to the routine histological sampling, no 
dysplasia/cancer was found on any of  the outstanding 
random biopsies. 

DISCUSSION
Patients affected by long-standing UC have high relative 
risk of  CRC and are candidates for endoscopic surveil-
lance[1-4]. In the present study, the combined use of  chro-
moendoscopy and pCLE led to the diagnosis of  dysplasia 
in 5 of  51 patients affected by UC (3 cases of  flat dys-
plasia, 2 of  DALMs). The high percentage of  dysplasia/
cancer (9%) in our population is probably related to the 
presence of  important risk factors for neoplastic com-
plication (all cases of  dysplasia in pancolitis; mean UC 
duration: 18 years; 1 case in PSC; UC patients afferent to 
a third-level IBD Unit). At present, the main aim of  this 
surveillance scheme is the early diagnosis of  dysplasia, 
which in many cases represents the indication for proc-
tocolectomy[6]. However, the endoscopic and histological 
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Table 1  Features of ulcerative colitis patients

Variable UC

Number 51
Age (yr) 52 (24-66)
Gender (M/F) 28/23
Extension (E1-E2-E3) 0-23-28
Length of disease (yr) 18 (10-29)
Primary sclerosing cholangitis   1
Drugs 
   5-ASA 37
   Immunosuppressors   9
   Anti-TNF   2

E1: Proctitis; E2: Distal colitis; E3: Extensive colitis; UC: Ulcerative colitis; 
TNF: Tumor necrosis factor.

Table 2  Diagnostic accuracy of confocal laser endomicroscopy 
compared to standard histology

% 95% CI

Sensitivity 100   70-100
Specificity   90 65-98
Positive predictive value   83 43-96
Negative predictive value 100   70-100
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surveillance of  UC patients is difficult, time-consuming 
and is considered of  doubtful clinical significance[23] due 
to its inadequate profile of  cost-efficacy. Hence, there is a 
need for more accurate and practical approaches. 

One of  the most important diagnostic goals in the 
management of  patients with UC, especially of  those 
who present risk factors for cancer development, should 
be the “real-time” endoscopic identification and diagno-
sis of  dysplasia/neoplasia, as this would reduce the num-
ber of  unnecessary biopsies with their associated time 
and costs. In view of  this, recent studies on the use of  
dye spray chromoendoscopy have underlined the efficacy 
of  this procedure in diagnosing dysplasia in UC patients, 

with a 4-5 fold diagnostic gain when compared with the 
standard procedure[24]. Furthermore, Kiesslich et al[20] have 
shown for the first time that the diagnosis of  dysplasia/
neoplasia in UC could be maximized by using both chro-
moendoscopy and CLE, with high values of  diagnostic 
accuracy (sensitivity 94%, specificity 98%). This result has 
been recently confirmed, although with less remarkable 
diagnostic values, by van den Broek et al[25], who reported 
a diagnostic accuracy of  81% when comparing CLE with 
narrow-band imaging (NBI) plus high-definition endos-
copy (HDE) (diagnostic accuracy 92%).

Our study mainly focused on the combined applica-
tion of  chromoendoscopy and CLE, confirming the high 
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20 μm

Figure 1  Low-grade dysplasia on flat mucosa after chromoendoscopy and confocal laser endomicroscopy.

20 μm

Figure 2  Dysplasia associated with a lesion/mass. Better detection of the lesion after chromoendoscopy (arrow) and confocal laser endomicroscopy evaluation

Figure 3  Inflammatory pseudo-polyp. The confocal laser endomicroscopy evaluation was negative for dysplasia/neoplasia.
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diagnostic potential of  these procedures (sensitivity and 
negative predictive values of  100%). The striking diag-
nostic performance of  pCLE in our hands compared 
to that observed in other studies is probably related to 
the experience of  our first operator. Indeed, as shown 
in previous papers, the operator’s endoscopic expertise 
and learning curve represent the crucial issues and main 
limitation for the routine application of  this endoscopic 
technique[15-17]. However, a recent report has highlighted 
that the ability to accurately interpret CLE images for 
predicting neoplastic lesions can be learned rapidly by a 
range of  GI specialists[26]; similarly, the ability to acquire 
high-quality CLE images can also be learned quickly[26]. 

Some studies have investigated the utility of  using 
NBI in endoscopic follow-up of  UC. The majority of  
these reports have shown conflicting outcomes, most 
likely as the result of  the confounding effect of  baseline 
inflammation[27]. On the basis of  this evidence, we de-
cided to exclude NBI evaluation from our protocol.

The introduction of  magnified HDE, and therefore 
the possibility to accurately analyze the “pit-pattern” of  
the colic glands, has significantly improved the diagnos-
tic and prognostic accuracy of  endoscopy in the study 
of  sporadic polyps and colic neoplasms. However, data 
about the use of  this method in the context of  IBD are 
still lacking and it is not clear whether the pit-pattern 
evaluation will prove to be of  the same significance in 
the presence of  diffuse mucosal inflammation. In this 
field of  research, a recent study has highlighted a possible 
role for this procedure, showing that HDE was highly ac-
curate in the diagnosis of  dysplasia in cases of  UC (sen-
sitivity 100%, specificity 82%)[25]. However, we decided 
not to routinely perform the high definition endoscopic 
examination (with magnification) in our patients in or-
der to avoid introducing further diagnostic variables and 
therefore to simplify, as far as possible, the data on the 
combined use of  CLE and chromoendoscopy. Neverthe-
less, one of  the most significant aims of  future studies 
should be the evaluation of  the diagnostic efficacy of  
CLE in comparison with HDE with magnification, with 
a view to accurately define the value of  new endoscopic 
technologies in this field of  research.

Our results show that chromoscopy-guided pCLE is a 
procedure that could enable a rapid diagnosis of  dyspla-
sia in patients with long-standing UC, combining the ad-
vantages of  both the above mentioned techniques. In our 
hands, CLE showed sensitivity and negative predictive 
values of  100%, with high specificity (90%). In particu-
lar, the combined use of  the two procedures led to the 
diagnosis of  dysplasia in 5 of  51 patients affected by UC 
(3 cases of  flat dysplasia, 2 of  DALMs), all confirmed by 
histology and subsequent surgery (proctocolectomy). In 
the future, the remarkable negative predictive value of  
this technique might enable us to avoid performing un-
necessary biopsies and endoscopic resections in cases of  
CLE-negative suspected lesions/areas. We found 1 false 
positive case of  dysplasia in the presence of  high back-
ground inflammation; this issue should always be consid-
ered when performing CLE evaluation. In addition, this 

diagnostic approach proved effective in predicting histol-
ogy after endoscopic resection of  polypoid lesions. In all 
three cases of  polypectomy, the pCLE evaluation (of  the 
polyp and the surrounding mucosa) clearly predicted the 
diagnosis (1 case of  DALM, 2 of  inflammatory pseudo-
polyps; Figures 2 and 3). In view of  this result, chromo-
endoscopy/CLE evaluation could probably be used to 
better differentiate “adenoma-like mass” (ALM) from 
DALM lesions, confirming our previously reported expe-
rience in in vivo characterization of  DALM in UC[28]. 

Our study presents some limitations. Firstly, the 
number of  patients with the final diagnosis of  dysplasia 
is quite small. However, this is a “real life” study and 
reflects the number of  UC patients with dysplasia well 
that a third-level IBD Unit can diagnose during a 2 years 
period; so this shows the usefulness of  such a procedure, 
even in every day clinical practice. According to the small 
number of  patients with dysplasia, the 95% confidence 
intervals of  the sensitivity, specificity and predictive val-
ues of  CLE are likely wide. Furthermore, our study was 
mainly aimed at defining the diagnostic accuracy of  using 
chromoendoscopy/CLE in the context of  UC and did 
not focus on issues of  feasibility; hence, several technical 
variables which have already been investigated in depth 
by other authors (e.g., time of  endoscopic/chromoen-
doscopic procedure; total time of  CLE imaging required 
to produce a video; proportion of  total imaging time in 
which crypts/vessels were visible on the CLE images; 
and CLE video quality) were not fully recorded. Howev-
er, about these concerns, our results would be not signifi-
cantly different from those previously reported by other 
groups with well-known expertise[20,26]. Another critical 
issue in the present study is the small number of  cases of  
patients with “low-grade dysplasia” in our UC popula-
tion. Undoubtedly, this is an important issue if  we aim to 
establish useful criteria for the endoscopic/histological 
surveillance of  these patients. In effect, in the presence 
of  this type of  dysplastic lesion, the overall diagnostic 
accuracy of  CLE could be less remarkable, even if  in the 
Kiesslich’s experience this type of  dysplastic lesions did 
not influence the diagnostic outcome of  CLE[20,29]. How-
ever, starting from these considerations, our future aim 
will be a multicenter study able to significantly increase 
the number of  this kind of  lesions.

In conclusion, in view of  its remarkable values of  
sensitivity and negative predictivity, confocal fluores-
cence microscopy could prove an accurate tool for the 
detection of  dysplasia in cases of  long-standing UC. The 
scheduled combined use of  chromoendoscopy and CLE 
could maximize the endoscopic diagnostic accuracy for 
the diagnosis of  dysplasia in UC patients. Further studies 
examining a wider population are needed to confirm our 
suggestion.
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Background
Patients affected by long-standing ulcerative colitis (UC) need a surveillance 
colonoscopy in view of the increased risk of colon cancer. Previous studies on 
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confocal laser endomicroscopy (CLE) have shown that detection of dysplasia 
is significantly increased in sporadic colon cancer with good agreement with 
standard histology. However, data about the use of CLE in detecting dysplasia 
in UC are still scarce.
Research frontiers
This study provides further results in favor of the use of high-tech endoscopy in 
detecting dysplasia in patients affected by UC. 
Innovations and breakthroughs
The results of this study show that chromoscopy-guided probe-based confocal 
laser endomicroscopy (pCLE) is a procedure that could enable a rapid diagno-
sis of dysplasia in patients with long-standing UC. In our hands, CLE showed 
sensitivity and negative predictive values of 100%, with high specificity (90%). 
In the future, the remarkable negative predictive value of this technique might 
enable us to avoid performing unnecessary biopsies and endoscopic resections 
in cases of CLE-negative suspected lesions/areas.
Applications
Chromoscopy-guided pCLE can be utilized as an accurate tool for defining the 
presence of dysplasia in patients affected by UC.
Terminology
Chromoscopy-guided pCLE refers to CLE performed at the level of suspected 
areas after targeted application of colorant (indigo carmine) during the endo-
scopic procedure. 
Peer review
This study evaluated the diagnostic accuracy of CLE for the detection of dys-
plasia in long-standing UC. The paper is of interest to readers of the journal and 
the comments are satisfactorily.
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