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Abstract

The ability to visualize in vivo microscopic areas of neoplasia within gastrointestinal mucosa has
been a major quest of modern gastroenterology. The attainment of this goal could revolutionize
the diagnosis and treatment of neoplastic disease. Potential benefits could include the elimination
of random biopsies for surveillance of mucosal disease and increasing time intervals between
surveillance endoscopy, elimination of sampling error issues, decrease inter-procedural
discrepancies regarding the presence and magnitude of dysplasia present and ultimately to
improve patient outcomes with at risk neoplasia. Recent advances in endocytoscopy can help
guide the early detection of malignancy and lead to earlier treatment. Endocytoscopy is a new
imaging and magnification technology classified as one of the “contact devices”, has been
developed for observation of cellular structure in vivo with particular application in the esophagus.
The technology can provide accurate targeting of lesions with an in vivo “virtual histological
diagnosis” and could enhance endoscopic surveillance by decreasing biopsies of normal appearing
mucosa. The purpose of this review is to survey the technology available and examine the
literature to date regarding its clinical usage. We will also conclude this review with potential
future directions.
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Background

Esophageal cancer has one of the highest cancer mortality rates in the Unites States. It is
estimated that there will be 16,470 new patients diagnosed with esophageal cancer and
14280 deaths from it in 2008 (1). Rapidly increasing incidence of esophageal
adenocarcinoma especially among white men have been reported in the United States
although squamous cell carcinoma of the esophagus have been declining in recent decades.
In fact, recent report shows esophageal adenocarcinoma incidence rates rose from 1975
through 2004 among white men and women in all stage and age groups. The incidence of
esophageal adenocarcinoma among white men increased 463%, from 1.01 per 100000
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person-years in 1975-1979 to 5.69 per 100000 person-years in 2000-2004. A similar rapid
increase was also apparent among white women, with an increased incident of 335% from
0.17 per 100000 person-years to 0.74 person-years (2). This increase was not clear in earlier
reports because of the rarity of esophageal adenocarcinoma among women. Recent data
indicate that the incidence in esophageal adenocarcinoma is a growing health problem for
white Americans. The known risk factors for esophageal adenocarcinoma are chronic
gastroesophageal reflux disease and Barrett’s esophagus (3.). Persons with recurring
symptoms of reflux have an eightfold increase in the risk of esophageal adenocarcinoma (4).
Among patients with Barrett’s esophagus, annual rate of neoplastic transformation is
reported approximately 0.5% (5).

Barrett’'s esophagus and esophageal adenocarcinoma

Barrett’s esophagus is a condition in which normal squamous epithelium of the esophagus is
replaced by metaplastic columnar mucosa. This phenomenon is a complication of
esophageal mucosal damage caused by gastroesophageal reflux disease. It is thought that
histological intestinal metaplasia in Barrett’s esophagus progresses sequentially and at a
relatively slow pace from no dysplasia to low grade dysplasia, then to high grade dysplasia,
and eventually to esophageal adenocarcinoma. Although Barrett’s esophagus is recognized
as premalignant lesion that may progress to esophageal adenocarcinoma, it does not produce
any symptoms. Another considering factor is the dismal prognosis of esophageal
adenocarcinoma. Because the esophagus receives lymphatic supply into the lamina propria,
lymph node metastasis is common even in early disease. The prognosis of esophageal
adenocarcinoma is dependent on the stage of the disease. Early neoplastic lesions have an
excellent prognosis and the prognosis of most advanced lesions is dismal. Therefore we
should focus on early recognition of Barrett’s esophagus and continuous surveillance for
esophageal adenocarcinoma among patients of Barrett’s esophagus.

The goal of surveillance is to diagnose early stages of esophageal adenocarcinoma in
patients with known Barrett’s esophagus and to intervene so as to prevent progression to
fatal cancer (6).

The current recommendations for management of Barrett’s esophagus are based on updated
guidelines by the Practice Parameters Committee of the American College of
Gastroenterology (7). This guideline consists of two distinct components, screening and
surveillance. The diagnosis of Barrett’s esophagus should be made with endoscopy and
biopsy of columnar lined esophagus only. Histological changes of intestinal metaplasia
(goblet cells) are needed for the diagnosis prior to recommendations for surveillance. Once
we enroll patients with Barrett’s esophagus in a surveillance program, the vast majority of
surveillance is done with endoscopies until now. Four quadrant biopsies every 2 cm of the
Barrett’s mucosa are recommended in order to recognize the evidence of dysplasia in the
Barrett’s mucosa. And the grade of dysplasia determines the appropriate surveillance
interval. The more advanced the disease in terms of dysplasia, the more frequently
surveillance is needed. Although histological evidence of metaplasia for diagnosis and
evidence of dysplasia for surveillance are currently used, these programs are problematic.
There are issues with sampling errors, interobserver interpretation variability between
endoscopists (8) and need for frequent endoscopies. Although sampling errors is minimized
by a very vigorous biopsy protocol, such a protocol is unrealistic in general practice and
difficulty to follow makes a low compliance The purpose of management of Barrett’s
esophagus is to diagnose malignancy at an early stage and to prevent advanced lesion rate.
In terms of detecting malignancy, any nodular areas within the Barrett’s segment, especially
if high grade dysplasia has previously been found, are associated with a higher frequency of
malignancy (9). However, occult malignancy may still be present despite of careful
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endoscopic surveillance. Lacking mucosal abnormalities and malignancy under normal
esophageal mucosa are likely causes in such cases.

Though Barrett’s esophagus is an excellent target for optical imaging strategies like
endocytoscopy, this technology can be applied to several difference organ systems including
the colon and the biliary system. The problems are similar although factors such as the
limited length of Barrett’s esophagus helps with the use of imaging devices in this condition.
In addition, ease of access and the relative cleanness of the mucosa are also advantages.

Endocytoscopy

In recent years, new techniques have been introduced in order to improve endoscopic
recognition of abnormal lesions within Barrett’s esophagus. Since the esophagus is easily
accessible using endoscopy and the length of required observation is limited, many different
types of new optical modalities have been attempted and they have been showing very
promising data. Those different techniques can be divided into two categories depending on
its purposes (10). The first one is for primary detection of lesion using imaging of the entire
mucosal surface (e.g. high resolution endoscopy, chromoendoscopy and autofluorescence
imaging). The second is for the point inspection of Barrett’s lesions after primary detection
(e.g. spectroscopic devices, optical coherence tomography). Endocytoscopy, though it
involves a mini-endoscope falls into the second of these categories.

Endocytoscopy is based on the technology of light-contact microscopy. This imaging tool
was first introduced in the field of otolaryngology. After application of methylene blue stain
the surface epithelium with light-contact endoscopy was visible and cytological details of
the vocal cord was directly visualized during observation (11.12). However the endoscopic
system used in these studies was a rigid instrument, which is not practical for the
gastrointestinal tract. A novel endocytoscopy system is available and termed the
Endocytoscope (Prototype, Olympus, Japan). Prototype 1 gives a low-magnification
(XEC300) with a maximal 450x magnification and a field of view covering a 300 x 300 ym.
Prototype 2 provides a high-magnification (XEC120) with a maximal 1,100x magnification
and a field of view covering a 120 x 120um. The outer diameter of the endoscope is 3.4mm
that can pass through a working channel with a diameter of 3.7mm of a mother endoscope.

This usually requires a therapeutic endoscope. Recently this new imaging modality has been
used for observation of in vivo mucosal surface of the gastrointestinal tract. (13. 14).
Kumagai et al. reported the in vivo application of contact endocytoscopy to 12 patients with
superficial esophageal squamous cell carcinoma (15). In this initial study, approximately
10ml of 1 % methylene blue stain was applied to the mucosa prior to the procedure. The
mucosa also must be cleaned of any mucous to allow uptake of the dye. Usually this is done
using a low concentration of N-acetylcysteine at a dilute concentration such as 1%. Using
the low-power magnifying endoscope (XEC-300), the image showed the density of the cells
in all of the cancer lesions was much higher than that of the normal squamous lesions. Using
the high-power magnifying endoscope, irregularities in cell distribution, extreme
heterogeneity of the cells with the nuclei showing different staining, size and shape
characteristics as well as an irregular nucleus/cytoplasm ratio were visualized. Inoue et al.
reported applying endocytoscopy to gastrointestinal tract of 87 patients at the same period
(16). In their study, high-quality images were acquired in 83 cases (95.4%) and insufficient
images of 4 cases were stomach lesions in which gastric mucous secretions prevented clear
staining of the nucleus with methylene blue. In these two initial studies, catheter-based
endoscopy system in which a prototype endocytoscope was passed through into the working
channel of the mother endoscope with a short transparent distance cap was placed at the
distal end of the endsocope. A new endocytoscopy was then introduced which was
integrated into a regular endoscopy with substantial extending imaging spectrum was

Gastrointest Endosc Clin N Am. Author manuscript; available in PMC 2013 November 03.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tomizawa et al.

Page 4

introduced in a different study (17). The new prototype upper gastrointestinal instrument
(Olympus XGIF-Q260EC1, Olympus Medical Systems Corp., Tokyo, Japan) includes a
conventional video endoscope with low-power magnification (maximum80x) and a high-
power magnifying endocytoscope with 450x magnification on a 14-inch monitor. The
observation area of the epithelial surface is 400 x 400um?2. The outer diameter of the scope
is 11.6mm and it has a 2.8-mm working channel. The video processor allows narrow-band
imaging. The images are displayed on the monitor at a rate of 30 frames per second, the
same frame rate as in routine video endoscopy. The two endoscopy system mounted in a
single forward-viewing endoscope and observation can be used either with a regular
magnifying endoscopy system or with an endocytoscopy. Inoue et al. reported in vivo
observation of the esophageal lesions with this integrated endocytoscope (17). 28 patients
with specific esophageal lesions that were detected by chromoendoscopy or narrow-band
imaging, or both, were further evaluated by using endocytoscopy, followed by tissue biopsy
or resection. They reported the overall accuracy of endocytoscopy in differentiating between
nonmalignant and malignant pathology was 82 % with the mean examination time of 9
minutes for a complete upper gastrointestinal endoscopy. The author proposed a
classification of the endocytoscopic images of atypia into 5 grades based on the shape and
size of the cells and nuclei. Eberl et al. confirmed those data by conducting prospective
study (18). An endoscopist who is aware of the endocytoscopic image analyzed 25 patients
with esophageal lesions and biopsy specimen were taken within the suspicious lesions. The
diagnosis derived from the endocytoscopic images were compared with histological findings
as the gold standard. The sensitivity and specificity for the evaluation of the blinded
pathologist was 81%, and 100%, respectively in the esophagus. If an endoscopist evaluated
the endocytoscopic images in combination with the macroscopic endoscopic images,
sensitivity and specificity increased significantly. Pohl et al. assessed the accuracy of
endocytoscopy in correlation with histology in the patients with Barrett’s esophagus (19).
Endocytoscopic images were recorded from areas in Barrett’s segment without visible
lesions and biopsies were taken from the same area for precise comparison with histology.
166 biopsy sites from 16 patients were analyzed. Adenocarcinoma was histologically
diagnosed in 4.2% of biopsy sites, high grade intraepithelial neoplasia in 16.9%, and low
grade intraepithelial neoplasia in 12.1%. Adequate assessment of endocytoscopic images
was impossible in 49% of the area with magnification x450 and in 22% with magnification
x1125. Only 23% of images with lower magnification were interpretable to identify
characteristics of neoplasia, and 41% with higher magnification. Interobserver agreement
was fair. Positive and negative predictive values for high grade intraepithelial neoplasia or
cancer were 0.29 and 0.83, respectively, for magnification x450 and 0.44 and 0.83,
respectively, for magnification x1125. They concluded that when not supported by
macroscopic evidence, endoscopic histology using endocytoscopy lacks sufficient image
quality to be currently of use in identifying neoplastic areas. This study is the first
systematic evaluation of the endocytoscopy in terms of applying it for the surveillance
purpose in which macroscopically normal mucosa were assessed. Pohl’s study indicated that
endocytoscopy is still not ready for general surveillance tool and it seems important to
improve the accurate detection rate of the malignant lesions with low magnification within
Barrett’s segment. Endocytoscopy enables the direct visualization of living cells during
endoscopy, however only a limited area could be visualized each time. It may be more
useful when we use this modality for a target inspection of the lesion after primary detection
using other techniques such as narrow-band imaging or autofluorescence imaging, which
provide a wider overview. There are other challenges lying ahead before endocytoscopy is
to become clinically applicable, which are image stabilization, standardization of
terminology and reproducibility of classification systems and required use of methylene blue
stain which can potentially cause DNA damage in the tissue (20). Another potential
limitation would be the inability to visualize beyond the superficial layer of the epithelium.
Image quality will be problematic during especially in vivo observation because motility and
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cardiac impulses makes it difficult to maintain adequate contact of the surface and to obtain
interpretable clear images. In our current experience, we have succeeded in obtaining clear
interpretable still images from endoscopically resected specimen of the Barrett’s esophagus
(Fig. 3,4). Our experiences imply that the problem of imaging quality during observation is
not associated with modality itself because qualified still images were taken even from small
endoscopically resected specimen. We could see architectural characteristics of the Barrett’s
mucosa between their stages with magnification x 450 and see different characteristics
regarding cellular level with magnification x 1125. In other word, low magnification
provide more like histological insight into the tissue comparing to high magnification
showing more like cytological clues. We also faced difficulties of distinguishing between
low grade dysplasia and high grade dysplasia, and high grade dysplasia and
adenocarcinoma, especially with low magnification view. It will be essential to establish a
usable classification technique before this technique can be implemented in practice.
Cellular level observation with endoscopy is an important step and being able to acquire a
“virtual histology” is could greatly advance the care of patients with mucosal neoplastic
disease.
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Figure 1. Esophageal mucosa
This is an image of an early esophageal cancer. The muscularis mucosae is intact indicating

this is a T1a or early staged cancer. Once there is penetration into the submucosa, the risk of
metastatic disease increases significantly.
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Figure 2.
Endocytoscopy instrument in channel of therapeutic endoscope (arrow)
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A. Barrett’s esophagus without dysplasia
Glands appearance with uniform architecture
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B. Barrett’s esophagus with low-grade dysplasia

Crowd glands appearance with maintained architecture
Mild increased cellularity
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C. Barrett’s esophagus with high-grade dysplasia
Crowd glands appearance with disordered architecture
Moderate increased cellularity.

D. Esophageal adenocarcinoma
Total loss of glands appearance and architecture
Severe increased cellularity.

Fig. 3.
Classification of endocytoscopic images of Barrett’s esophagus with magnification x 450
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A. Barrett’s esophagus without dysplasia
Normal nucleus (N)/cytoplasm (C) ratio (hallo appearance)

B. Barrett’s esophagus with low-grade dysplasia
Mild increased N/C ratio and mild disordered polarity.
Mitotic division appearance may be seen.
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C. Barrett’s esophagus with high-grade dysplasia

Moderate increased N/C ratio and moderate disordered polarity.
Mitotic division appearances are more prominent.

D. Esophageal adenocarcinoma
Severe increased N/C ratio and total loss of polarity.

Fig. 4.
Classification of endocytoscopic images of Barrett’s esophagus with magnification x 1125
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