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Abstract. Magnified endoscopic observation of the gastrointestinal
tract has become possible. However, such observation at the cellular
level remains difficult. Laser-scanning confocal microscopy �LCM� is a
novel, noninvasive optical imaging method that provides instant mi-
croscopic images of untreated tissue under endoscopy. We compare
prototype catheter-based reflectance-type LCM images in vivo and
histologic images of early gastroesophageal cancer to assess the use-
fulness of LCM in diagnosing such cancer. 20 sites in the esophagus
and 40 sites in the stomach are examined by LCM under endoscopy
prior to endoscopic or surgical resection. A prototype catheter LCM
system, equipped with a semiconductor laser that oscillates at
685 nm and analyzes reflected light �Mauna Kea Technologies, Paris,
France; Fujinon, Saitama, Japan� is used in vivo without fluorescent
agent. In all normal esophageal mucosa and esophageal cancers, the
nuclei are visualized. In nine of the ten normal esophageal mucosa,
cell membranes are visualized, and in five of the ten esophageal can-
cers, cell membranes are visualized. In all normal gastric mucosa,
nuclei and cell membranes are not visualized, but in ten of the 20
gastric cancers, nuclei are visualized. This novel method will aid in
immediate diagnosis under endoscopy without the need for biopsy.
© 2008 Society of Photo-Optical Instrumentation Engineers. �DOI: 10.1117/1.2983674�
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Introduction
etailed endoscopic observation of the esophagus, stomach,

nd colon has become possible due to advances in magnifying
ndoscopy and conventional endoscopy.1,2 However, magni-
ed observation at the cellular level remains difficult under
ndoscopic examination, thus often making histopathologic
xamination via biopsy a necessity. Laser-scanning confocal
icroscopy �LCM� provides in-vivo images that are close in

uality to histopathologic images. This technology is cur-

ddress all correspondence to Shigeto Yoshida, Hiroshima University Hospital,
ep’t. of Endoscopy, 1-2-3 Kasumi, Minami-ku, Hiroshima, 734-8551 Japan;

el. 81 82 257 5193; E-mail: yoshida7@hiroshima-u.ac.jp
ournal of Biomedical Optics 054043-
rently being applied clinically in the field of gastroenterology.
Most reports are of fluorescence-type LCM, which require a
fluorescent agent.3–11 Reflectance-type LCM, which does not
need fluorescence, is in the investigational stage, and most
reports are of in-vitro studies.12 We compared in-vivo LCM
images and histologic images of early gastroesophageal can-
cer and normal mucosa to assess the usefulness of a newly
developed prototype catheter-based reflectance-type LCM
system �Mauna Kea Technologies, Paris, France; Fujinon,
Saitama, Japan� for diagnosing gastroesophageal cancer.

1083-3668/2008/13�5�/054043/5/$25.00 © 2008 SPIE
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Materials and Methods
.1 Instrument Specifications
e used a prototype LCM system equipped with a pulsed

emiconductor laser centered at 685 nm. The combination of
ulsed illumination �15-ns pulse width, 80-ns repetition pe-
iod� with a time-gated detection of the reflected light �15-ns
etection window, 40-ns delay� permits us to overcome the
ack-reflections onto the proximal optics by means of light
ravel-time differentiation.13 The flexible catheter probe was
.6 mm in outer diameter and 3876 mm long �Fig. 1�. The
canning field was 30,000 pixels—the number of fibers in the
undle—and the frame rate was 12 images per second �Fig.
�. An objective with a numerical aperture of 1.2 was placed
n contact with the tissue, with a focus of 30 �m from the
bjective lens, a lateral resolution of less than 1 �m, and an
bservation area 160 �m in diameter. The catheter probes
ere connected to the laser scanning unit and introduced un-

ig. 1 Catheter-based reflectance-type laser-scanning confocal micro-
cope �Mauna Kea Technologies, Paris, France; Fujinon, Saitama,
apan�.

Fig. 2 Schema of the catheter-based reflec
ournal of Biomedical Optics 054043-
der direct endoscopic visualization. LCM was performed after
the flexible confocal catheter probe was introduced through
the instrument channel of the endoscope �Fig. 3�. All images
of the LCM examinations were inspected, recorded, and
stored digitally as real-time video sequences with the use of
software on a PowerMac G5 Dual 1.8-GHz personal com-
puter �Apple Computer, Cupertino, California�. In addition,
still LCM images were saved for future review.

2.2 Patients and Comparison of Laser-Scanning
Confocal Microscopy Images

Ten patients with esophageal cancer and 20 patients with gas-
tric cancer underwent reflectance-type LCM examination after
white-light endoscopic examination at Hiroshima University
Hospital during the period April through July 2007. Clinical
characteristics of the lesions are presented in Table 1. The
distal tip of the LCM catheter was placed gently against the
mucosa, and an endoscopist captured LCM images of normal
mucosa near the cancer and images of the cancer in the

type laser-scanning confocal microscopy.

Fig. 3 LCM examination for early gastric cancer under endoscopy.
tance-
September/October 2008 � Vol. 13�5�2
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sophagus �normal mucosa, n=10; cancer, n=10� or stomach
normal mucosa, n=20; cancer, n=20�. After endoscopic ex-
mination, a gastroenterologist �author Yoshida, who had ana-
yzed LCM images previously� judged whether the cell nuclei
nd membranes were visible on the LCM images.12 After
hese procedures, patients underwent endoscopic mucosal re-
ection �EMR�, endoscopic submucosal dissection �ESD�, en-
oscopic aspiration mucosectomy �EAM�, or surgery. The re-
ected specimens were fixed in formalin, embedded in
araffin, sliced with a microtome, deparaffinized, and stained
ith hematoxylin-eosin for light microscopic examination.
fter these procedures, the histologic diagnosis was con-
rmed. The endoscopic system used in this study was a VP-
400 endoscope processor and an EG-590WR or EG-450D
pper gastrointestinal endoscope �Fujinon�. The study proto-
ol conformed to the tenets of the Declaration of Helsinki and
as approved by our institutional ethics committee.

Results
ith the distal tip of the catheter placed gently against the
ucosa and the cancer, real-time LCM images of the normal
ucosa and of the cancer of the esophagus and stomach were

btained safely and easily, and the influence of slight motion
as ignored. Even if water or blood existed in the normal

Table 1 Clinical characteristics of the lesions.

Esophagus Stomach

umor size �mm� Tumor size �mm�

Mean 22.8±7.5 Mean 16.3±10.5

Range 8 to 35 Range 10 to 35

ocalization of
umor

Localization of tumor

Esophagus 10 Antrum 6

Angle 0

Corpus 12

Cardia 2

epth of invasion Depth of invasion

Mucosa 10 Mucosa 13

Submucosa 0 Submucosa 7

istologic type Histologic type

Squamous cell
arcinoma

10 Well 10

Moderately 6

Papillary 1

Poorly 1

Signet ring cell 2
ournal of Biomedical Optics 054043-
mucosa and cancer, the influence of them was also ignored.
The time required for scanning each normal and cancer site
ranged between 16 and 390 sec.

3.1 Normal Esophageal Mucosa
In LCM images of normal esophageal mucosa, high-
reflectivity spots were observed near the center of
honeycomb-like structures of high reflectivity. These high re-
flectivity spots and structures in the LCM images appeared to
correspond to nuclei and cell membranes, respectively, in the
histologic images of hematoxylin-eosin-stained sections
�Fig. 4�.

3.2 Esophageal Cancer
In LCM images of esophageal cancer, high-reflectivity spots
that were considered nuclei were observed. The nucleus-to-
cytoplasm �N/C� ratio was much increased, and honeycomb-
like structures of high reflectivity, considered cell membranes,
were not observed �Fig. 5�.

3.3 Normal Gastric Mucosa
In LCM images of normal gastric mucosa, cell membranes
and nuclei were not visualized. However, the crypt cells were
arranged like flower petals surrounding the gastric pit �Fig. 6�.

3.4 Gastric Cancer
In LCM images of differentiated adenocarcinoma of the stom-
ach, cell membranes were not visualized, and a disorganized
configuration of glands with high-reflectivity spots that were
considered nuclei was observed �Fig. 7�. In LCM images of
undifferentiated adenocarcinoma, no ductal structure was rec-
ognized; only an amorphous structure was seen. Cell mem-
branes and nuclei were not visualized �Fig. 8�.

Fig. 4 Images of normal esophageal mucosal: �a� laser-scanning con-
focal microscopy image, and �b� hematoxylin-eosin-stained tissue
from the same specimen.

Fig. 5 Images of esophageal cancer: �a� laser-scanning confocal mi-
croscopy image, and �b� hematoxylin-eosin-stained tissue from the
same specimen.
September/October 2008 � Vol. 13�5�3
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Visualization of nuclei and cell membranes in LCM im-
ges in relation to histologic diagnoses is shown in Table 2. In
ll normal esophageal mucosa and esophageal cancers, the
uclei were visualized. In nine of the ten �90%� normal
sophageal mucosa, cell membranes were visualized, and in
ve of the ten �50%� esophageal cancers, cell membranes
ere visualized. In all normal gastric mucosa, nuclei and cell
embranes were not visualized, but in ten of the 20 �50%�

astric cancers, nuclei were visualized. The storoma was visu-
ized as high reflectivity. In some case, low-reflectivity spots
ere also observed in the LCM images, which was considered
ucin in goblet cells in the hematoxylin-eosin-stained speci-
en.

Discussion
ecent advances in endoscopic technology have afforded
igh-quality, detailed diagnosis of gastrointestinal diseases.
o confirm the presence of malignancy, however, snip biopsy

s often performed under endoscopy when endoscopic exami-
ation reveals an abnormality. Thus, biopsy is performed for
any lesions that are subsequently determined not to be ma-

ignant. Histologic analysis of biopsy material remains the
old standard for the final diagnosis of a gastrointestinal le-
ion. Histologic diagnosis via biopsy involves the following
rocess: formalin fixation of the specimen, cutting the speci-
en into small columns, paraffin embedding, ultrathin slicing,

eparaffinization, staining, glass slide, mounting, and finally
ight microscopic observation. Moreover, it takes several days
o obtain a diagnosis. Also, snip biopsy is associated with
leeding, apparent endoscopic disappearance of cancer cells
fter biopsy, and artificial ulceration, which make endoscopic
reatment, e.g., EMR, ESD, and EAM, difficult. In addition,
ecause of the bleeding, biopsy cannot be easily performed in
atients taking anticoagulants.

ig. 7 Images of differentiated adenocarcinoma of the stomach: �a�
aser-scanning confocal microscopy image, and �b� hematoxylin-
osin-stained tissue from the same specimen.

ig. 6 Images of normal gastric mucosa: �a� laser-scanning confocal
icroscopy image, and �b� hematoxylin-eosin-stained tissue from the

ame specimen.
ournal of Biomedical Optics 054043-
Being able to accurately image a lesion in vivo at the time
of endoscopic examination without biopsy allows for prompt
diagnosis and treatment. Fluorescence-type LCM is reported
to be a promising tool for in-vivo histopathologic examination
during endoscopy, and might overcome the disadvantages as-
sociated with conventional biopsy.3–11 In recent years, there
have been several reports describing the ability to obtain an
LCM image that corresponds precisely to the histopathologic
tissue diagnosis in cases of gastrointestinal tract disease.3–12

However, many of the reports were based on observations
made on excised specimens or with fluorescence-type LCM.
We also have previously used probe-based reflectance-type
LCM to obtain images that are close to histopathologic speci-
mens in vitro.12 In the present study, however, we conducted
examinations in vivo using catheter-based reflectance-type
LCM, which enabled us to insert the microscope through the
instrument channel of the endoscope and to capture images at
a single depth of 30 �m below the tissue surface. In our LCM
observations of the esophagus, nuclei were detected at both
sites of normal mucosa and cancer. In our LCM observations
of the stomach, nuclei were not recognized in normal mucosa
but were recognized in 50% of cancer sites. Because the slice
of LCM was very thin, we assumed that the nuclei in the
normal esophageal mucosa were easily visualized because the
cells were composed of stratified squamous epithelial cells.
Likewise, because the N/C ratio increased, we assumed that
the nuclei of the esophageal cancer and gastric cancer were

Fig. 8 Images of undifferentiated adenocarcinoma of the stomach: �a�
Laser-scanning confocal microscopy image, and �b� hematoxylin-
eosin-stained tissue from the same specimen.

Table 2 Visualization of nuclei and cell membrane in LCM images in
relation to histologic diagnoses. Number �and percentage� of samples
are shown.

Histologic diagnosis Nucleus Cell membrane

Normal esophageal mucosa �n=10� 10 �100� 9 �90�

Esophageal cancer �n=10� 10 �100� 5 �50�

Normal gastric mucosa �n=20� 0 �0� 0 �0�

Gastric cancer: well �n=10� 6 �60� 0 �0�

moderately �n=6� 4 �66.7� 0 �0�

papillary �n=1� 0 �0� 0 �0�

poorly �n=1� 0 �0� 0 �0�

signet ring cell �n=2� 0 �0� 0 �0�
September/October 2008 � Vol. 13�5�4
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isualized, whereas the nuclei of the normal gastric mucosa
ere not visualized. Although further prospectives and more

tudies, e.g., immediate diagnosis of neoplasia versus inflam-
ation, is needed, we have shown that catheter-based

eflectance-type LCM can provide images at the cellular level
n vivo, suggesting the possibility of immediate cancer diag-
osis under endoscopic observation without the need for
iopsy.

A fluorescence-type LCM system that uses a catheter was
ecently developed by Mauna Kea Technologies.3–8 This LCM
ystem has the capability to provide dynamic
12 frames /sec� ultrahigh resolution images at the cellular
evel on a field of view as wide as 260�260 �m with 1.5-
ateral and 10-�m axial resolutions, at 60-�m working depth.
o overcome the limits of the field of view, an image recon-
truction algorithm that uses video mosaicing has been
eveloped.3

One advantage of catheter-based LCM is that it allows the
apture of an image during conventional endoscopic exami-
ation without changing to a specialized scope. The catheter-
ased reflectance-type LCM used in this study is of a size and
exibility to pass through the endoscopic instrument channel
nd to be placed accurately on the mucosa with guidance from
he white-light endoscopic image. Furthermore, there is a re-
ort of in-vivo acquisition of real-time and dynamic histologic
mages of the peritoneum, liver, and spleen during a novel,

inimally invasive transgastric approach to surgery, termed
atural orifice transluminal endoscopic surgery �NOTES�.4

ompared to reflectance-type LCM, fluorescence-type LCM
an provide images with higher signal-to-noise ratios �al-
hough a fluorescence agent is needed�. The fluorescence-type
CM device can be used for diagnosing cancer,11 visualizing

ymphoepithelial lesions in gastric mucosa-associated lym-
hoid tissue-type lymphoma,5 detecting angiodysplasia,6 visu-
lizing Helicobacter pylori,9 diagnosing lymphocytic colitis,7

iagnosing a dysplasia-associated lesional mass or adenoma-
ike mass in patients with ulcerative colitis,10 and for func-
ional examinations that provide moving images with visual-
zation of blood flow through microvessels.8 Unlike
uorescence-type LCM systems, reflectance-type LCM col-

ects and counts the reflective laser beam and therefore re-
uires no staining process. The fluorescence-type LCM re-
uires some staining to obtain clear images, but the acquired
mage is of high quality, and the signal-to-noise ratio is better
han with the reflectance-type LCM. Further comparison of
he two systems is needed, but we believe that these two
nstruments complement each other.

In summary, this feasibility study shows that catheter-
ased reflectance-type LCM can be used in clinical practice to
rovide instant images that correspond well with
ematoxylin-eosin-stained microscopic images. Therefore, we
ournal of Biomedical Optics 054043-
expect that this novel method will aid in immediate diagnosis
under endoscopy without the need for biopsy.
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