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Abstract 
Confocal LASER endomicroscopy (CLE) is a new 

endoscopic technique which allows subsurface in vivo 
microscopic analysis during ongoing endoscopy, using 
systemically or topically administered fluorescent agents. It 
allows targeted biopsies to be taken, potentially improving 
the diagnostic rate in certain gastrointestinal diseases. 
Worldwide experience with CLE for upper gastrointestinal 
malignant and premalignant lesions is still reduced. Potential 
clinical aplications are presented, including diagnosis 
of NERD, Barrett’s esophagus, atrophic gatritis, gastric 
intestinal metaplasia and dysplasia, gastric adenomatous or 
hyperplastic polyps, gastric cancer. 
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Introduction
The main goals of cancer research nowadays are the 

development of new diagnostic tools which allow the 
diagnosis of the disease early in its carcinogenesis sequence, 
as well as the developing of new therapeutic targets based 
on the molecular pathogenesis of cancer. The digestive 
tract is responsible for a substantial number of cancer 
deaths. Endoscopy is the gold standard procedure for the 
early detection of (pre)malignant lesions of the digestive 
tract and biopsy is still required for the accurate diagnosis. 

There are two general conditions which favor early and 
accurate diagnosis of neoplasia in the gastrointestinal 
tract: 1) the digestive tract is accessible to endoscopic 
examination and 2) it is the site of important premalignant 
conditions, allowing the development of screening and 
surveillance programs. “The cornerstone” of all screening 
and surveillance programs employed to detect the 
premalignant conditions and to prevent the development of 
malignancies by adequate curative therapies is represented 
by the endoscopic examination of high-risk individuals, 
followed by histopatological examination of the identified 
lesions. Histopathological analysis is nowadays the gold 
standard of diagnosis for all these lesions but there are many 
difficulties related to the identification of premalignant 
lesions in normal mucosa and the prelevation of adequate 
biopsy specimens. For example, the key for detection of 
Barrett’s esophagus is the ability to get targeted biopsies 
from the areas with intestinal metaplasia. In the absence of 
targeted biopsies, the number of biopsies required in order 
to diagnose Barrett’s esophagus-associated dysplasia is high 
and introduces a factor of difficulty and error. 

Modern endoscopy has encountered many major 
technical improvements, in order to optimize the detection 
rate of premalignant and early malignant lesions. They 
include the development of magnification endoscopes, the 
narrow band imaging technique (NBI) which improves the 
visualization of the vascular and foveolar pattern of mucosal 
lesions and the trimodal endoscopic imaging technique, 
which allows the use of tissue autofluorescence, NBI and 
magnification endoscopy. However, none of these techniques 
allows in vivo microscopic histological analysis of both 
vascular and glandular patterns. This article provides an 
overview and personal data of the role of a new promising 
technology – confocal endomicroscopy - for the diagnosis of 
upper gastrointestinal tract premalignant and early malignant 
lesions such as Barrett’s esophagus, atrophic gastritis with 
intestinal metaplasia, gastric adenomas, gastric ulcer, and 
early esophageal and gastric cancer. The identification of 
(pre)malignant lesions in early stages such as high grade 
dysplasia or in situ gastric cancer are important diagnostic 
issues with prognostic implications.
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Technical background
Several efforts have been made previously to develop 

alternative devices for subsurface imaging; laser scanning 
confocal microscopy was used to obtain microscopic 
images of untreated biopsy specimens ex vivo. However, 
because of technical limitations, the sensitivity to predict 
high-grade dysplasia or cancer in the colon and rectum was 
only 60%. First experiences in healthy volunteers using an 
endomicroscope passed through the working channel of 
the endoscope were promising, but hampered by the low 
image quality [1]. Further efforts were made to achieve 
miniaturization of confocal laser microscope systems. 
Specifically, the use of fiber bundles has enabled some 
cellular imaging in vivo, albeit at a compromised resolution 
because of fiber bundle pixilation artifacts, but full-resolution 
point-scanning confocal endomicroscopy in vivo was 
not achieved in these studies. With the newly developed 
technique, confocal laser endomicroscopy, subsurface 
analysis of the gut mucosa and in vivo histology during 
ongoing endoscopy becomes possible in full resolution by 
point-scanning laser analysis. For the upper digestive tract 
the experience with confocal endomicroscopy is nowadays 
less extensive as for the lower digestive tract, but the different 
epithelial structures can be easily distinguishable during the 
endomicroscopic examination also for this segment [2].

The confocal endomicroscope developed by Pentax® 
and Optiscan® represents a regular endoscope which has 
integrated in the distal tip a miniature confocal microscope. 
It allows the performance of confocal endomicroscopy 
procedure during ongoing endoscopy, by placing the distal 
tip of the endoscope (the endomicroscope) in intimate contact 
with the mucosal surface. An argon ion blue LASER delivers 
an excitation beam wavelength of 488 nm with a maximum 
power output at the surface of the mucosa of less than 1 mW, 
allowing targeted endomicroscopic images to be captured. 
There are multiple images recorded at different depths of the 
mucosal layer, which range between 0-250 μm (z axis). The 
optical slices are parallel with the mucosal surface and have 
a 7 μm thickness, with a lateral resolution of 0.7 μm. The 
field of view is 475/475 μm [3]. The position of the focal 
plane (the depth of the captured image) can be controlled 
by two additional buttons placed on the control unit of the 
confocal endoscope - one button automatically resets the 
focal plane at the mucosal surface and the other can advance 
the focal plane towards deeper or more superficial layers, 
with a step of 4μm.

In order to obtain the confocal endomicroscopy 
images, an exogenous fluorescence technique has to be 
used; there are several agents that can be used, some of 
them being administered systemically (fluorescein) other 
topically (acriflavin, tetracycline, cresyl violet) [4]. The 
most extensively used are acriflavine hydrochloride 0.05% 
in saline solution for topical application and fluorescein 
sodium 5-10 ml 10% solution for intravenous injection. 
Acriflavine stains only the superficial layers of the mucosa, 
including the cells nuclei, whereas fluorescein is distributed 
from the capillaries through the entire mucosa, showing the 

microvascular network and the connective tissue architecture 
[3].

Clinical applications

The prevalence of gastroesophageal reflux disease 
(GERD) and Barrett’s esophagus is increasing in the 
western world. The majority of patients with symptoms 
of gastroesophageal reflux have no endoscopic evidence 
of esophagitis although, until recently,  the major focus 
has been on erosive esophagitis and its complications, 
strictures and Barrett’s esophagus. Today we know that 
patients with endoscopy-negative reflux disease are similar 
to patients with endoscopy-positive reflux disease. They 
have a similar pattern of reflux, have similar symptom 
severity and impairment of quality of life, and require 
similar levels of treatment and expertise. Non-erosive reflux 
disease (NERD) is the most frequent finding in patients with 
GERD. Histological features which allow NERD diagnosis 
are: elongated papillae, basal cell proliferation and dilated 
intercellular spaces within the squamous cells epithelium of 
the distal esophagus. There are some pilot studies which have  
aimed to identify endomicroscopic features of NERD. In one 
study [5], endomicroscopy was performed in 68 patients with 
GERD of which 30 patients were diagnosed with NERD. 
Confocal images from macroscopic normal apparent mucosa 
were obtained from every quadrant at the Z line and 2 cm 
above. The degree of dilated intercellular spaces as well as 
the amount of capillary loops within the upper third of the 
mucosal layer were evaluated during endomicroscopy. The 
capillary loops within elongated papillae were visible due 
to the high contrast of the fluorescein within the vascular 
structures (Fig. 1). More than 5 capillary loops within the 
endomicroscopic field of view and dilated intercellular 
spaces (≥7μm) predicted microscopic changes with high 
sensitivity and specificity. Targeted biopsies in NERD 
patients can be taken, usually microscopic changes being 
located 2 cm above the Z line at 3 o’clock position. In future 
studies the role of confocal endomicroscopy in the evaluation 
of PPI efficacy or PPI response rate can be evaluated, as well 
as the correlations of the endomicroscopic features with the 
type of reflux (acid, alkaline etc) as identified by intralumenal 
impedance and pHmetry testing, devising new diagnostic and 
therapeutic regimens in patients with GERD, for prevention 
of Barrett’s occurence. Associations of endomicroscopic 
features with immunohistochemical markers of inflammation 
and proliferation have never been performed so far, but they 
might be of prognostic value for the development of Barrett’s 
esophagus in NERD patients.

Barrett’s esophagus represents a well recognized 
premalignant condition in GERD patients and its association 
with esophageal adenocarcinoma is an established fact. 
The currently accepted definition of Barrett’s esophagus is 
based on the histological detection of specialized columnar 
epithelium with goblet cells in the lower esophagus. The 
detection of Barrett’s esophagus requires protocol biopsies 
to be taken, increasing patient discomfort, the workload of 
both the endoscopist and the pathologist, with a low rate 
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of detection for intestinal metaplasia. By using the NBI 
technique as previously described [6], areas suspicious for 
intestinal metaplasia can be macroscopically identified and 
targeted biopsies taken. Recent studies have shown that 
endomicroscopy can guide targeted biopsies for the detection 
of Barrett’s esophagus in a similar manner, with comparable 
sensitivity and specificity [7]. During endomicroscopy, the 

columnar lined lower esophagus can be easily identified 
macroscopically; goblet cells appear as dark cells within 
the intestinal type epithelium (Fig. 2). The distinction from 
the gastric type epithelium can be easily made and targeted 
biopsies taken from the identified lesions. A confocal 
endomicroscopic classification for detection of Barrett’s 
esophagus and associated neoplasia has been proposed, 
comprising of criteria for vessel and crypt architecture 
classification [8].

Atrophic gastritis with intestinal metaplasia, following 
Helicobacter pylori (HP) infection, represent a precancerous 
condition. HP is considered a range one carcinogen. Using 
acriflavine guided endomicroscopy, HP was for the first 
time detected in a 70 years old man in 2005 [9]. The 
bacteria appear as white dots within the superficial gastric 
epithelium, and the distinct shape and size of the pathogen 
including the flagella can be recognized. Magnification 
endoscopy has also been reported to be useful for identifying 

Fig.1a. Vasodilation in the intrapapillary capillary 
loops in a patient with GERD, increased intercellular 
spaces.

Fig.1b. Normal aspect of intrapapillary capillary 
loops in the lower esophagus.

Fig.1c. Histological aspect of intrapapillary capillary 
loops in the lower esophagus

Fig2a. Gastric type metaplasia in a patients with 
GERD and endoscopically suspected Barrett’s

Fig.2b. Columnar epithelial metaplasia with 
presence of focal goblet cells (white arrows) in 
the same patient, which allowed targeted biopsy to 
confirm Barrett’s esophagus. Marked vasodilation 
in the lamina propria.
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HP-associated gastritis and gastric atrophy [10-12]. The 
magnified endoscopic findings in the gastric body mucosa 
are categorized into four types which are proposed for 
evaluation also in endomicroscopic examinations (Fig. 3): 
type 1, honeycomb subepithelial capillary network (SECN) 
with regular arrangement of capillary vessels (CVs) and 
regular round pits; type 2, honeycomb-like SECN with 
regular, round pits but loss of CV; type 3, loss of normal 
SECN and CVs, with enlarged white pits surrounded by 
erythema and type 4, loss of normal SECN and round pits 
together with an irregular arrangement of CVs [11]. Type 1 
is highly predictive for normal gastric mucosa with negative 
findings for HP infection. Types 2 or 3 pattern are predictive 
for HP gastritis and type 4 is predictive for gastric atrophy. 
Endomicroscopy can easily identify in vivo, during ongoing 
endoscopy, areas with intestinal metaplasia suggested by the 
presence of dark goblet cells within the glandular epithelium 
(Fig. 4), in contrast to all the other high-tech endoscopic 
techniques, which cannot achieve this goal. In a pilot study, 
confocal endomicroscopy examinations performed in vivo 
and ex vivo on surgical resection specimens, 2766 images 
from 132 diferent gastric locations were analysed and 

compared with 44 biopsy specimens [13]. 
Diagnostic confocal features were established for 

Fig.3a. Normal superficial endomicroscopic aspect 
of gastric mucosa. Regular foveloar structures.

Fig.3b. Normal endomicroscopic aspect of gastric 
mucosa (medium depth). Normal glandular and 
microvascular aspect.

Fig.4. Endomicroscopic aspect of gastric intestinal 
metaplasia. Dark goblet cells are visible.

Fig.5a. Endomicroscopic aspect suggestive for 
gastric cancer (superficial). Disorganized papillary 
aspect with presence of athipical “dark cells”, massive 
flourescein leak.

Fig.5b. Endomicroscopic aspect of gastric cancer 
(medium depth). Disorganized glandular structures, 
vascular pattern distortion, fluorescein leak.
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normal gastric mucosa, chronic gastritis (presence of 
chronic inflammatory cells), intestinal metaplasia (goblet 
cells) and cancer (architectural atypia, vascular pattern 
derangement, increased nuclear-citoplasmatic ratio, 
chromatin condensation, the presence of athipical “dark 
cells” – Fig. 5). Diagnosis of intestinal metaplasia and 
gastric carcinoma can be made using the above criteria, with 
a reliable level of interobserver agreement [13]. Cellular 
diagnosis is thus facilitated during ongoing endoscopy, 
whereas intestinal metaplasia was previously only capable 
of being diagnosed on histopathological specimens. These 
findings might lead to future potential clinical applications 
of endomicroscopic screening for gastric neoplasia and 
preneoplasia using endomicroscopy as the preferred 
endoscopic technique.

The detection of gastric cancer by targeted biopsies in 
patients with atypical gastric ulcers is another possible area 
of clinical interest for endomicroscopy. Gastric dysplasia 
or neoplasia can be identified in vivo and biopsies guided 
to specific areas for maximum diagnostic yield (Fig. 6). 
Difference between gastric hyperplastic or adenomatous 
polyps might be detected endomicroscopically (Fig. 7) but 
further studies are needed.

Conclusion 
Confocal endomicroscopy is a revolutionary new 

technology that produces a virtual histology of the mucosal 
layer. In the future, the improvement of this newly developed 
technique could potentially enable the diagnosis of pathology 
during endoscopic examination, which would allow 
immediate therapeutic decisions.
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