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Abstract

Endoscopic Imaging has progressed tremendously
over the last few decades. Novel imaging technologies
such as high-resolution and high-magnification white
light endoscopy, narrow band imaging, optimal band
imaging, autoflourescence imaging and optical coherence
tomography not only aid the endoscopist in detecting
malignant or pre-malignant lesions but also assist
in predicting histology. Recently, the introduction of
Endocytoscopy (EC) and Confocal Endomicroscopy has
taken us into a new realm of diagnostic endoscopy. With
the ability to magnify up to 1000 x, cellular structures
can be visualized in real-time. This advance in technology
could potentially lead to a paradigm shift negating the
need to obtain biopsies. EC is, however, still in the early
stages of development and further research needs to be
carried out before it can be accepted as standard practice.
This review will focus on the diagnostic utility of the
Endocytoscope.
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INTRODUCTION

Recent advances in endoscopic technology have pushed
the boundaries of diagnostic endoscopy further, en-
abling more accurate and better lesion recognition
and characterization. Endocytoscopy (EC) is the latest
innovation in the ever-expanding armamentarium of
devices available to the endoscopist. This technology uses
the principles of light microscopy, producing a clear and
in-focus image of a thin layer of tissue located within a
biologically thick sample. This is possible using a high-
power fixed focus objective lens that provides ultra-high
magnification images of surface morphology at cellular
resolution.

EQUIPMENT AND TECHNIQUE

The EC device manufactured by Olympus Medical
Systems Co., Tokyo, Japan either comes as a probe-based
system or one that can be incorporated into the endoscope.
Both devices are prototypes and ate currently not available
commercially. The probe-based Endocytoscope consists of
a cathetet-type device 380 cm in length, measuring 3.2 mm
in diameter and is available at 2 levels of magnification.
The lower magnification, the XEC 300 Endocytoscope,
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Figure 1 The various endocytoscopic images seen in the gastrointestinal tract. A: Normal esophageal mucosa on endocytoscopy (EC): Squamous cells can
be seen with nuclei that have a regular shape and size. There is good nuclei:cytoplasm ratio; B: Normal Barrett's mucosa on EC: Regular glandular structure can be
observed with homogenous intestinal metaplasia cells containing uniform appearing nucleus bordering the glands; C: EC in Barrett's esophagus with intramucosal
cancer: There is total loss of the glandular pattern and markedly increased cellular density. The nuclei appear pleomorphic and enlarged; D: EC in normal mucosa
in the duodenum: The villi can be clearly visualized with presence of regular appearing villous capillaries. Numerous nuclei can also be seen within each villi; E: In a
patient with Marsh 3 biopsy-proven celiac disease, the mucosa appears atropic with complete absence of any villous structure. There is a “cracked mud” appearance
and capillaries are distinctly absent in contrast to the normal pattern; F: EC performed on normal colonic mucosa reveals uniform appearing glands which are regularly

arranged. Each gland is lined by epithelium and they are arranged in a radial fashion with the colonic crypt seen centrally.

has a magnification capability of 450 X and a field of view
of 300 um X 300 um whilst the higher magnification, the
XEC120 Endocytoscope, enables magnification up to 1125
X with a field of view of 120 um X 120 pm; both based
on a 19-inch-high resolution monitor. These instruments
should be passed into the working channel of a therapeutic
endoscope which has a channel diameter of 3.7 mm
(Olympus GIF-1T240). Alternatively, the integrated-type
device incorporates the Endocytoscope into the endoscope
itself. This system also comes in 2 different configurations,
the upper (103 cm), (XGIF-Q260EC1) endoscope and
the lower (133 cm) (XCF-Q260EC1) endoscope. Both
of these devices have a magnification capability of 580 %
and a field of view of 400 pm X 400 pm. The depth of
penetration of both the probe-based and integrated device
is limited to 30 um.

Similar to the endoscope, the Endocytoscope is
connected to a light source and a video processor. Thus,
for visualization of images in real-time, it is necessary to
utilise 2 processors simultaneously. As in conventional
histopathology, vital staining is used to further elucidate
cellular detail. Prior to staining, the mucosal surface
should be vigorously flushed with water and a mucolytic
agent (such as 10% N-acetyl cysteine). To maintain
stability of the Endocytoscope when it approximates an
area of interest, a plastic cap is attached to the tip of the
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endoscope prior to commencement of the procedure.
Various dyes have been used to stain the mucosa. In a
recent study regarding the optimal dye and concentration
needed, 60 s of exposure of the mucosa to 1% methylene
blue for the esophagus and 0.25% toluidine blue for the
stomach and the colon were found to be the best staining
techniques'’. Recently, another technique aptly called the
double staining technique which utilizes 1% methylene
blue (to stain the nucleus) and 0.1% crystal violet (to
stain both the nucleus and the cytoplasm) has been used
to approximate hematoxylin and cosin staining seen in
conventional histology.

OBSERVATIONS

Esophagus

In the esophagus, staining is optimal with methylene blue.
With the low power Endocytoscope (XEC 300), two to
three layers of cells can be observed. The nuclei are regular
in size and shape and exhibit a low nuclear to cytoplasmic
ratio (Figure 1A). With the high power Endocytoscope
(XEC 120), nucleoli can also be observed. In an ex-vivo
pilot study of esophageal squamous cell carcinomas
(SCC), EC images closely correlated with histologic results
for both cancerous and normal esophageal squamous
cells although the quality of some images was deemed
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inferior'”. In another study on in-vive diagnosis, EC
demonstrated increased density of the cells with loss of
cellular uniformity in esophageal SCC™. The nuclei in SCC
were also of different shapes and sizes. Prominent nucleoli
were noted on the higher magnification Endocytoscope
and the nucleus to cytoplasm ratio appeared altered. In
Barrett’s esophagus, the nuclei are uniform and the cell
density is low. These cells are arranged radially forming
a regular glandular and crypt structure (Figure 1B). In
cancer, the cell density is high with loss of the glandular
pattern whilst the crypts are destroyed and the nuclei may

appear pleomorphic' (Figure 1C).

Stomach

The gastric mucosa with its multiple folds is generally
more difficult to observe with EC. Benign gastric mucosa
exhibits regularly arranged tubules and nuclei. In gastric
cancer, irregular branched and destroyed tubules are noted
and cells show nuclear pleomorphism. EC has also been
successful in ex-vivo demonstration of Helicobacter pylori
(H. pylor)®. This study was performed after preparing
cultures from gastric mucus obtained from patients with
gastric ulcers. Live H. pylori could be observed directly
using the Endocytoscope.

Duodenum

EC can cleatly visualize the villi in the duodenum with
the presence of regular capillaries and regularly placed
nuclei (Figure 1D). In Celiac disease, the mucosa appears
atrophic with complete absence of the villi. There is a
“cracked mud”-like appearance and capillaries are distinctly
absent (Figure 1E). EC at 450 X magnification has been
shown to accurately identify mucosal histopathology in
advanced Celiac disease!”. The investigators identified
four criteria which were significant predictors of Marsh
Il pathology: low number of villi per visual field (< 3),
confluence of villi, irregular epithelial lining and inability
to delineate loop capillaries. They were, however, unable
to identify any salient features which were good predictors
of early morphological changes in Celiac disease.

Colon

EC allows clear visualization of the mucosa and micro-
vasculature of the colon!”. The EC images of normal
mucosa reveal uniform glands arranged neatly in a radial
or hexagonal fashion around crypts with borders which
are demarcated by microvasculature observed as red
blood cells circulating through the arterioles (Figure 1F).
In hyperplastic polyps, the glands are serrated with foamy
changes in the cytoplasm and star-like pits. In low grade
adenomatous polyps, homogenous tubular glands with
regular fusiform nuclei which have uniform polarity can
be visualized. High grade adenomas have nuclei on the
luminal side of the gland with disordered polarity. The
glands also tend to be irregulatly branched. Sasajima ez al”
reported that it was possible to distinguish neoplastic from
non-neoplastic lesions with EC. Conventional histology
and EC had high concordance values in the diagnosis of
colorectal neoplasia with accuracies of 93.3% and a k
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score of 0.91, suggesting substantial agreement. EC also
allows in-vivo real-time visualization of blood flow in rectal
microvasculature” and clear visualization of the dysplasia
in aberrant crypt foci (ACF) in the colon and rectum!”,
In dysplastic ACFE, crypt contours are polygonal, the
lumen is linear and the nuclei are elongated with pseudo-
stratification toward the luminal half of the crypt. In this
study, histology confirmed low grade dysplasia with a
sensitivity of 91.4% and specificity of 100%.

DISCUSSION

Recent promising developments in wide field technologies
such as Narrow Band Imaging, Optimal Band Imaging
and High-Resolution High-Definition White Light En-
doscopy have increased the capability of the endoscopist
for visualizing and detecting pathology. EC and Confocal
Endomicroscopy (CLE) are novel techniques which en-
able lesions which are already detected to be investigated
further, thus allowing real-time visualization of cellular
detail. Both of these are in essence ‘point biopsy’ tech-
niques. Apart from using a totally different technology,
CLE differs from EC in that it requires different staining
agents (intravenous fluorescein and occasionally topical
acriflavin). The resolution of the images is, however, su-
petior although they do appear in black and white unlike
those of the EC. CLE also enables the mucosa to be as-
sessed up to a depth of 250 um. Similar to the EC, it is
available either as a probe-based system or integrated into
the endoscope.

There are some key challenges which need to be
addressed before EC can be accepted into routine practice.
Extensive preparation is required prior to Endocytoscope
assessment such as intensive washing of the mucosa, as
well as staining which can be very labour intensive. The
area to be assessed by the Endocytoscope is very small and
the time spent studying it has not yet been looked into.
Peristalsis, respiratory and cardiac movement artefacts can
also make the assessment of lesions technically challenging,
Being a new technique, standardized criteria describing the
various morphological appearances of the different lesions
encountered should be set in place. Systematic training
for the novice endoscopist in recognition of these new
patterns should then follow.

The future, though, does appear to be bright for the
Endocytoscope. Whilst histopathology remains the gold
standard for diagnosis of lesions, it involves a multi-
step process which may take a few days before the final
conclusion(s) can be reached. EC simulates histology
in real-time and has potential to ultimately replace con-
ventional histopathology. In the shorter term however,
this technology may assist the endoscopist in targeting
biopsies based on some of the characteristic features de-
scribed above. It may have the capability of having a very
high negative predictive value which could be clinically
relevant, especially in patients undergoing surveillance for
Barrett’s esophagus or ulcerative colitis where random
biopsies normally have a very poor yield. Real-time histo-
logic diagnosis may ultimately allow endoscopists to make
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decisions in a one stop approach, where lesions can be
assessed and management decisions made depending on
findings all in a single session. This may ultimately lead to
an overall reduction in cost.

In conclusion, EC is a promising novel technology
which enables 7 vivo assessment of cellular detail. Further
large scale multicentre randomized controlled trials are
needed to confirm the true utility of this technology.
Issues such as training, reproducibility as well as cost-
effectiveness need to be addressed before EC can be
accepted into routine clinical practice. Numerous studies
are presently underway assessing this exciting new
technology and results with regard to its true clinical
benefit are eagerly awaited.
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