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Preface

Since the introduction of the flexible endoscope, physicians
have been able to explore the images of the gastrointestinal
(GI) tract in health and in disease, and use this information to
make diagnoses and direct therapies. Over time, endoscopists
have steadily been able to reach more locations and visualize
the mucosa with increasing clarity.

Despite these advances, the advent of disruptive technolo-
gies is now raising uncertainty about the future of purely
diagnostic endoscopy. In this context, the development of high-
resolution endoscopy (HRE) and narrowband imaging (NBI)
promises to breathe critically needed new value to the endo-
scopic examination of the GI tract. To survive as more than a
solely therapeutic modality, endoscopy must evolve not only to
provide better quality images than available by other new tech-
nologies, but also to reveal more useful diagnostic information
than heretofore possible with standard optical imaging.

HRE and NBI stand out among new imaging modalities in a
few ways. First, the incorporation of high-definition TV capabil-
ity to endoscopy carries the prospect of general improvement in
visualization throughout endoscopic practice. HRE alone may
increase the detection rate of various pathologic findings, and
the benefit of this advance to the average endoscopist should
be immediate. NBI also has great promise in enhancing the spe-
cific diagnosis of certain conditions, and a number of studies
that confirm this will be reviewed in the following chapters.
What is most striking is how accessible this technology is likely
to be for the general gastroenterologist to learn and incorporate
into his or her practice.

While it will be relatively easy for endoscopists to purchase
and start using HRE and NBI right away, it is clear that a com-
prehensive atlas of these images will be essential for them to
fully understand what they are looking at and to maximize the
benefit of this enhanced imaging capability.

This desire to provide a thorough guide to accelerate the
learning curve for individuals wishing to adopt NBI HRE was
the primary motivating force behind this volume. Emphasis is
naturally placed on those conditions for which NBI is consid-
ered particularly useful, such as finding dysplasia in Barrett’s
mucosa and ulcerative colitis, and detecting adenomatous colon
polyps. However, since HRE and NBI generate such dramatic
new images throughout the GI tract, we aimed to provide a
comprehensive look at the bowel using this lens. It is intended
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that the images selected for this volume will generate the excite-
ment that resulted at each of the earlier major steps forward in
endoscopic imaging technology. The reader will note that this
atlas contains many images both from Japan and the UK using
the LUCERA system and from throughout Europe and North
America using the EXERA 1II system. Contributing centers will
be noted for all photos, and differences between the two sys-
tems will be explained within the introductory chapters.

This book begins with a series of introductory chapters to
review the theoretical framework for HRE and NBI, the his-
torical development of this technology, the way it actually
works, and the essential practical information needed to start
using these endoscopes. The following section includes chap-
ters looking at some of the proposed clinical applications of
HRE and NBI along with preliminary supportive data, organ-
ized by organ system. Finally, the atlas contains color plates of
images in high resolution white and narrowband light, in low
and high magnification, along with correlating histopathology,
to illustrate normal and abnormal pathology throughout the
GI tract. For images shown without corresponding pathology
photos, the pathology reports were reviewed by the contribut-
ing authors to ensure the accuracy of the descriptions within
the captions. Particularly for those conditions in which NBI is
felt to facilitate diagnosis, the atlas includes multiple examples,
where possible, to illustrate the range of endoscopic findings.
The accompanying DVD contains 55 video clips of diagnostic
and therapeutic procedures to provide a more complete sense
of how NBI works and looks in real time. This is fitting as this
imaging modality is geared to enhance endoscopic decision-
making in real time, to facilitate therapeutic maneuvers and to
make tissue sampling more precise.

Admittedly, this field is in its early stages. The technology
is still evolving and much investigation is ongoing to eluci-
date the usefulness of the findings. Many of the contributing
authors to this volume are pioneers in developing this technol-
ogy and in discovering the clinical implications of the patterns
that are revealed. I am indebted to their efforts to collaborate
on this project and help generate this atlas to rapidly dissemi-
nate their expertise and demonstrate the way endoscopy will
look in the years to come.

Jonathan Cohen MD, FASGE, FACG
Clinical Professor of Medicine
NYU School of Medicine
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Narrowband imaging:
historical background and
basis for its development

Shigeaki Yoshida

In Japan where the incidence of gastric cancer is very much
higher than the rest of the world, greater attention has been
paid to early diagnosis since the beginning of 1950s when the
“gastrocamera” was first introduced. In those days, the find-
ing of early gastric cancer (EGC) was not frequent and most of
these lesions were identified from the differential diagnosis of
deeply ulcerated (type III) or polypoid (type I) lesions, which
can be easily detected. In 1970s, early diagnosis progressed and
it became possible to detect those cancers showing the appear-
ance of ulcer scar (type Ilc) and plateau-like elevation (type
IIa). In the beginning of 1980s, furthermore, early diagnosis of
gastritis-like malignancy (IIb-like type) became more readily
possible following the results of retrospective studies of rapidly
growing advanced cancer [1]. With this increased appreciation
of the appearance of early superficial lesions, widespread use
of biopsy together with careful scrutiny of the mucosa using
dye spraying techniques, EGCs which appear just as a faint
mucosal irregularity or discoloration came to be the most fre-
quent EGC that were being diagnosed by late in the 1980s [2].

Such results were applied also to esophageal and colorec-
tal malignancies, and there has been a general acceptance in
Japan that early malignancies in the alimentary tract may not
appear polypoid or ulcerative. The desire to better recognize
such malignancies, which may be difficult to distinguish from
nonspecific inflammation or trauma, had prompted us to envi-
sion new endoscopic technology capable of revealing cancer-
specific images in the surface structure of the mucosa. It is
within this context that the field of narrowband imaging (NBI)
was developed as a promising way to facilitate the endoscopic
diagnosis of early neoplastic and pre-cancerous lesions in the
alimentary tract.

NBIis an optical image enhancement technology that enhances
vessels in the surface of mucosa and patterns of the surface of
mucosa by employing the characteristics of light spectrum.
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CHAPTER 1

The development of NBI goes back to the study of spectros-
copy in 10 years ago. The national project “Second Term Com-
prehensive 10-Year Strategy for Cancer Control” started in 1994.
Together with Prof. N. Oyama of Tokyo Institute of Technology
and Olympus Medical Systems Corp., we received funding
from the project and started the study in which we intended to
digitalize the color and structure of mucosa for the establish-
ment of more objective/quantitative pathological diagnosis,
hence for better diagnostic yield. At that time, multiple facilities
and industries had conducted studies to realize optical biopsy
using the characteristics of light spectrum. We aimed to achieve
differentiation of normal and abnormal mucosa using a custom-
made spectrophotometer developed by Olympus Medical
Systems Corp.

By the method described in Figure 1.1, we obtained and
analyzed more than 2,000 samples from esophagus, stomach
and colon. However, we faced multiple challenges to establish
a stable diagnostic standard. The spectrum showed different
patterns in normal vs. abnormal tissues. But, the spectrum pat-
tern differed from patient to patient, so that stable classification
between normal and abnormal was quite difficult to summa-
rize. Furthermore, spectrum data was not stable by the measur-
ing conditions.

However, through the study, we noticed the specific pattern
of spectrum when choosing certain narrow band wavelengths
(Figure 1.2). To highlight the specific pattern, we shifted our
study from qualitative data from spectroscopy to qualitative
imaging that enhances details of the mucosal surface. As a
result, when employing a narrow band filter, we found excel-
lent light enhancement deep in the mucosa at red light wave-
length, shallow mucosal surface at blue light wavelength and in
between levels at green light wavelength [3]. Based on the find-
ings, we continued study with the research and development
group of Olympus and finally found that narrow band blue
light wavelength matched the light absorption characteristics
of blood hemoglobin and enhanced details of the mucosal
surface.

In December 1999, we obtained the world’s first clinical
images using NBI in our facility (Figures 1.3-1.6). The original
technology only generated black and white monochrome color
with limited information for diagnosis, making it impractical
for clinical applications. The challenge was shortly solved by
the introduction of newer improved filters and the development
of a prototype incorporating a circuit board exclusively for NBI
color display.

Since these first clinical NBI pictures were achieved, we
actively expanded the study in cooperation with multiple
research facilities. As a result of this collaborative investigation,
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the application of NBI diagnosis expanded rapidly [4,5]. Start-
ing with the diagnosis of colonic tumor and squamous cell
carcinoma of esophagus, the applications of NBI were estab-
lished in other fields such as superficial carcinoma in pharynx,
Barrett’s esophagus and adenocarcinoma, stomach cancer, and
inflammatory bowel disease. Multiple studies were published
in these areas; the results have been published in academic
society proceedings, research committee reports and clinical
papers in peer reviewed journals. Much of this data will be
discussed in detail in subsequent chapters in this text.

In December 2005, the NBI system became commercially
available from Olympus, and the technology and diagnosis
expanded further, not only in Japan, but also worldwide.

In summary, endoscopic diagnosis has been rapidly progress-
ing. Beyond technical advancement such as chromoendoscopy
and improvement of image quality, endoscopic diagnosis is
now advanced to the area of pathology. This is possible because
the imaging technology now allows assessment of the three-
dimensional architecture of tissue by fine examination of the
mucosal surface with magnifying endoscopy. In the coming
years, special light observation such as NBI may further be able
to provide even more information about a targeted lesion, in
order to clarify the indication of new cancer therapies.

Such endoscopic diagnosis through special light observation
holds great promise. None of these advances could have been
achieved without great contribution by Prof. H. Niwa, Board
Chairman of the Japan Gastroenterological Endoscopic Society,
and his colleagues who have devoted themselves to the devel-
opment of multiple modalities of optical diagnosis, such as
ultraviolet gastrocamera, infrared and auto-florescence imag-
ing, since the project was first initiated while working together
at Tokyo University in the past decade. We must recognize
the history of endoscopic diagnosis and the contribution and
diligences of these individuals in bringing the field to where
it is today. I hope that special light diagnosis through NBI
will become an increasingly reliable tool with more clinical
evidence to support its applications. As this occurs, this tech-
nology should make important contributions to improve and
facilitate diagnosis in clinical practice.
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Ordinary filter Magnifying observation

NBI filter

Figure 1.3 Normal gastric mucosa. Mucosal crypt pattern of the stomach could be observed
without dye spraying by blue-filtering of NBI (Copyright S.Yoshida).
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Figure 1.4 Gastric ulcer scar. Capillary network could be observed without dye spraying by
blue-filtering of NBI (Copyright S.Yoshida).
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Figure 1.5 Flat adenoma of sigmoid colon. Crypt pattern of the depressed area could be
observed without dye spraying by blue-filtering of NBI (Copyright S.Yoshida).
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Figure 1.6 Esophageal cancer (type 0-IIc). The margin of lesion is clearly detected by
blue-filtering of NBI (Copyright S.Yoshida).



An introduction to high-
resolution endoscopy and
narrowband imaging

Kazuhiro Gono

INTRODUCTION

The development of NBI (narrowband imaging) started in
May 1999. To confirm the idea of NBI, a study using a multi-
spectrum camera capable of producing spectroscopic images
and high-power light source was conducted, with this author
volunteering as a test subject. The study revealed that the
use of 415nm narrow band light can improve the contrast of
capillary images which are difficult to observe under con-
ventional white light. The first image of living tissue ever
produced on NBI is shown in Figure 2.1. Then, the develop-
ment of an NBI endoscopy system proceeded in cooperation
with Dr. Sano of National Cancer Center Hospital East. On
December 14, 1999, based on a study using the NBI prototype,
we confirmed that the technology was promising for endo-
scopies of colon, stomach and esophagus.

Since this time, we have developed products in cooperation
not only with Japanese, but also endoscopists from around
the world in an effort to expand the capacity of the prototype.
EXERA 1I, the next generation system equipped with both
HDTYV and NBI, was introduced in December 2005.

At present, Olympus has two types of video endoscopy
systems in use worldwide. The difference between both sys-
tems is based on how a color image is produced. One is based
on a color CCD chip which has several tiny color filters in each
pixel. This system is the 100 series and is branded as EVIS
EXERA II. The second system is based on a black and white
CCD, in which color separation is achieved through the use
of an RGB color filter wheel equipped within the light source
unit. This system is the 200 series and is branded as EVIS
LUCERA SPECTRUM. Both systems possess NBI technology.
Research and development for NBI was first attempted with
the EVIS LUCERA SPECTRUM system, the system predomi-
nant in Japan, UK, and Asian countries. Once success was
achieved with that system, research and development was
focused on the use of NBI with the color CCD system or EVIS

NIT.



CHAPTER 2

EXERA II. Both systems possess the same optical filter in the
light source, which enables the illumination of two narrow-
bands within the visible spectrum of light for NBI. As such,
both systems are “optically” identical. However, since both
technologies are fundamentally different, there are actually
some minor differences in image reproduction. But for NBI,
both systems are the same, as they both provide improved
image contrast when viewing micro-vessel patterns within the
superficial mucosa. If both systems images were compared
simultaneously without magnification, some observers may
notice slight differences. However, these differences are quite
minor and have not been shown to be clinically significant.

Apart from these optical features, the two systems do differ
in the method of magnification incorporated into the endo-
scopes and the resulting capability to magnify the images
observed. In the EXERA II system, the endoscope currently has
digital zoom at 1.2 and 1.5 times magnification. The HDTV for-
mat also possesses “physical zoom” properties which allow the
scope tip to be advanced up to 2mm away from the mucosal
surface without losing resolution. This combined feature results
in a capacity for at least a 50-fold magnification. In contrast,
the LUCERA system utilizes an optical zoom system, similar to
that used in previous non-high-resolution zoom magnification
endoscopes, that allows for magnification of the image up to
80 times. However, these numbers for mucosal magnification
are somewhat limited in reliability, as there are a number of
variables that may affect the actual magnification of tissue that
is observed, such as the size of the monitor that is used.

HDTV is a video format that provides clear and high-
resolution images while NBI offers high-contrast image of
blood vessels. In theory, combining these technologies will give
the best performance in the close observation of the mucosa.
Knowing the design concept of the functions equipped with
EXERAT]I, its technical limitations and how to read NBI images
should be helpful in learning the practical use of HDTV
and NBL

There are many “High Definition” TV formats. At the time
of product development, 1080i and 720p were the most popu-
lar as they still are today. Olympus had to consider which for-
mat would provide the highest level of resolution for motion
and still imaging, as well as maintain its popularity within the
market so current and future peripheral devices such as moni-
tors, printers and digital recorders would remain compatible.
As the result, 1080i was selected and has proven to be the most
popular high definition broadcast format to this day.

Unlike conventional image processing, NBI is a technology
in which an image is emphasized by light. Designing such
light requires an in-depth understanding about optical char-
acteristics of the living tissue. As an introduction, this chapter
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first discusses characteristics of light, including wavelength
and color, as well as the interaction between the living tissue
and light, such as absorption and scattering. Next, it describes
the value offered by HDTV and NBI in terms of image quality
and the method for designing chromatic image on NBI. Finally,
this chapter will explain how typical endoscopic findings such
as fine mucosal pattern and blood vessel images look on NBI
and why they look that way, using illustrations.

LIGHT AND BIO-OPTICS

Light and wavelength

Light is an electromagnetic wave having both characteristics of
wave and particle. When seeing light as a wave, the distance
from peak to peak in each wave is called “wavelength” (Figure
2.2). Visible wavelength ranges from 400 to 700 nm. A different
wavelength is perceived as a different color. Although colors
look different depending on the psychological state of each
individual, 400 nm, on average, is perceived as blue, 550nm as
green and 600nm as red. Generally, saturation decreases when
light contains more wavelengths. In other words, blue light
having narrow bandwidth looks more vivid compared with
that having broad bandwidth. Light having a broad bandwidth
within the range between 400 and 700 nm looks white.

Color, absorption and reflection

When white light illuminates the surface of an apple, pigment
in apple skin absorbs light ranging from 400 to 550nm. The
absorbed light is converted to heat. In other words, energy in
the blue-green range from the white light is converted to heat.
Unabsorbed light ranging from 550 to 700 nm is reflected. The
reflected light reaches our eyes and the apple is perceived to be
red. How would an apple look if cyanic colored light, instead
of white, illuminates it? Cyanic colored light mainly consists
of blue and green light, and because such light is absorbed by
pigment and almost no light is reflected, the apple looks black.
That is to say, white light is needed to perceive natural color of
an object. Contrarily, the light does not need to be white if it is
not intended to reproduce appearance of an object in natural
color. NBI is based on this idea and developed for the purpose
of highlighting blood vessels, not reproducing natural colors.
Therefore, light other than white is used for NBI.

Light scattering

In relation to light propagation in an optical turbid medium
such as diluted milk, light scattering needs to be taken into
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consideration in addition to reflection and transmission. Milk
contains a number of fat globules of various sizes (1-100 pm).
When light strikes such small particles, it diffuses three-
dimensionally. This is called light scattering. When there are a
multitude of particles, multiple scattering occurs as scattered
light scatters again by striking another particle. Light propa-
gates diffusively due to this light scattering even when a flux
of light such as laser beam is injected into milk.

Absorption and scattering in tissue

A schematic diagram of the interaction between light and liv-
ing tissue is shown in Figure 2.3. When light enters biological
tissue, some reflects on the surface and some diffuses within
the body. Multiple scattering occurs among light and small par-
ticles such as cell nuclei, cell organelles and nucleoli in the tis-
sue. As a result, light propagates diffusively through the tissue.
The propagation of light is determined by its wavelength. Red,
having a long wavelength, diffuses widely and deeply, while
blue, having a short wavelength, diffuses in a smaller range.
This is shown in Figure 2.4.

A part of scattered light is absorbed by blood. To be accu-
rate, hemoglobin absorbs blue and green light. Hemoglobin
is a type of chromophore. Components in the gastrointestinal
mucosa apart from hemoglobin, such as cell nuclei and fiber
tissue, do not have colors. Therefore, the color of the gastroin-
testinal mucosa is mainly determined by hemoglobin.

The interaction between light and living tissue is character-
ized by hemoglobin, which strongly absorbs blue and green
light and multiple scattering in biological tissue.

RESOLUTION AND CONTRAST

Resolution and contrast are terminologies to describe image
quality. Figure 2.5 shows a relationship between resolution
and contrast. A good quality image cannot be provided when
resolution is high but poor in contrast. Image quality is the best
when the level of both resolution and contrast is high.

Resolution is a term that describes a capacity to present
minute patterns. Using the resolution chart in Figure 2.5 can
define the capacity of an optical device, which is to reveal the
fineness of detail in the chart. Resolution is determined by
pixel numbers of CCD, signal processing and lens character-
istics. Resolution of an endoscope capable of producing HDTV
standard images is significantly greater than that attained using
conventional endoscopes.
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Contrast is defined as the ratio of density or brightness
between a pattern and its background. The word describes
clarity — how vividly the subject stands out against the back-
ground or the other way around. As shown in Figure 2.5, a pat-
tern cannot be seen clearly when it is low in contrast, though
superior in resolution. NBI is a technology capable of improv-
ing the contrast of blood vessels selectively. Resolution is
enhanced by HDTV while NBI improves contrast. As a result,
the combination of HDTV and NBI can offer a high-quality
image of blood vessels analogous to the illustration in the above
right of Figure 2.5.

BASIC PRINCIPLES AND SYSTEM DESIGN

Basic principles

Figure 2.6 is a schematic diagram of NBI. Two blood vessels
running in living tissue are named BV(A) and BV(B), respec-
tively. Broad band light composed of wavelengths of X1, \2
and X3 is injected into BV(A) and narrow band light consists
of wavelength \2 is injected into BV(B). The degree of absorp-
tion into blood is X2 >> X1, X3. X1 and X3 diffuse more
widely and deeply within the tissue compared with X\2. When
X2 strikes the blood vessel, most of its energy is absorbed by
blood. On the other hand, when X1 and X3 light rays strike the
blood vessel, some of the energy transmits to the blood vessel
and scatters deeply and widely. As a result, some of the scat-
tered light rays of X1 and X3 re-transmit to the blood vessel or
go around the blood vessel and exit from the mucosal surface.
When the vessel is observed with an illumination containing
light that is rarely absorbed by blood and scatters widely and
deeply like X1 and X3, a blurry image as shown in VI(A) is pro-
duced. This is the conventional light source of endoscopes. On
the other hand, when X2 strikes the peripheral mucosa, the light
is observed at the mucosal surface as scattered light without
going around the blood vessel. As a result, the contrast of the
blood vessel is improved as the vessel is indicated in black due
to its strong absorbing capacity and in brighter colors for other
parts as shown in VI(B). Figure 2.7(a) is an image of the blood
vessel pattern of the underside of the human tongue mucosa
illuminated by conventional broad band blue light. Figure
2.7(b) is an image produced by narrow band blue light. By
changing the illumination to narrowband, we can see that the
contrast of the capillary patterns of Figure 2.7(a) is improved in
Figure 2.7(b). NBI is a technology to observe biological tissue
with narrow band light, created by extracting wavelengths that
are strongly absorbed by blood and do not diffuse widely and
deeply from the conventional broad band light.
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System design

Figure 2.8 shows blood vessel images of the underside of the
human tongue mucosa produced by narrow band light of 415,
500, 540 and 600nm. A very fine pattern of the blood vessel is
reproduced by the 415nm light and a thicker pattern is indi-
cated by the light with a longer wavelength. Blood vessels in the
tongue mucosa are believed to become finer at the superficial
layer of the mucosa as shown in lower figure of Figure 2.8. The
relationship between blood vessel images and these narrow
band illuminations is provided in the figure. It is most appro-
priate, by the principle of NBI, to choose 415nm to observe
capillaries on the surface and 540 nm for thicker vessels. On the
other hand, blood vessels in the deeper part are reproduced in
the 600 nm image. However, considering the fact that early can-
cer develops on the superficial layer and changes the blood ves-
sel structure there, using 600 nm images in NBI can only make
a small contribution to medical applications. Therefore, NBI
system uses two narrow band illuminations of 415 and 540 nm.

Figure 2.9 shows the configuration of the NBI system in the
EVIS EXERA II system. A xenon lamp is installed in front of an
optical filter for NBI. It is a double-band filter (415 and 540nm)
as described previously. When observing with NBI, the filter
is placed on the light path. Under normal observation, the fil-
ter is removed from the optical axis. Under NBI observation,
the light from the xenon lamp splits into two bands (415 and
540nm) and the split light illuminates the mucosa.

As shown in Figure 2.9, two narrow band images of 415 and
540nm are reproduced when the NBI filter is placed. However,
in order to create color images, we need three images to be out-
putted to R, G and B channels of the monitor. There are vari-
ations as to which bandwidth goes to which channel, but in
order to achieve high visibility of blood vessels, first, the capil-
lary patterns on the superficial layer of the mucosa need to be
reproduced as a black and white pattern, and second, the rela-
tively thick vessels in the deeper part of the mucosa need to be
highlighted with a color different from that of the capillary pat-
tern. Therefore, colors are allocated according to human visual
perception.

Man finds it easier to perceive a very fine pattern with lumi-
nance (Figure 2.10 Pattern A) rather than colors (Figure 2.10
Pattern B). Thicker vessels can be perceived easily with a color
pattern (Figure 2.10 Pattern C). Considering such characteris-
tics, 415nm is allocated to B and G channels so that the blood
vessels on the surface are reproduced in a brownish pattern
much like black and white pattern, and 540 nm is allocated to R
channel so that the vessels in the deeper part are indicated in a
cyanic color pattern (Figure 2.11).
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Blood vessels and bleeding

When observing the mucosal surface closely with an HDTV
scope, capillaries on the superficial layer of the mucosa are
seen as brownish pattern on NBI (Figure 2.12(a) lower figure).
When a blood vessel is thin and CCD is unable to produce
its image clearly, it is reproduced as a blurry, brownish spot.
Relatively thick blood vessels located in the deeper part of the
mucosa are reproduced in cyanic hue.

On the other hand, bleeding is shown in black, tar-like color,
because light rays of 415 and 540 nm are absorbed by blood on
the mucosal surface and not reflected.

In many tumors, blood vessel density on the superficial layer
of the mucosa becomes high. In case of esophageal squamous
cell carcinoma, for example, expansion, growth and meandering
of intrapapillary capillary loops (IPCLs) are findings charac-
teristic of the disease. These are visibly perceived as brown-
ish areas when observed by NBI from middle-long distance
(Figure 2.12(a) upper figure).

Fine mucosal pattern

Figure 2.12(b) shows a cross-sectional diagram of the colonic
mucosa. Micro-vessels running in the tissue between the crypt
foci are reproduced in brownish hue since they are the same as
capillaries on the mucosal surface shown in Figure 2.12(a). On
the other hand, no materials around the crypt foci absorb light
except cells surrounding the gland. Therefore, a significant
amount of light is reflected and the crypt foci are presented
in a white pattern. As a result, the fine mucosal pattern of the
large bowel is reproduced as a brown-white pattern. Gastric
mucosa and Barrett’'s mucosa, both having a similar gland
structure, are also presented in the same way. NBI is expected
to produce an effect similar to chromoendoscopy. NBI can
highlight the fine mucosal pattern as long as mucus is trans-
parent, which does not exert influence over observation. On
the other hand, when capillaries are not developed in the tis-
sue between the crypt foci as seen in hyperplastic polyps, the
fine mucosal pattern is not highlighted on NBI.

Squamo-columnar junction

Stratified squamous epithelium of the normal esophageal
mucosa has few blood vessels and reflects light strongly when
seen optically. Therefore, it is presented as a bluish white
image on NBI. On the other hand, for the surface of the gastric
mucosa, having a number of blood vessels, the whole mucosa
is observed in brownish hue. Therefore, the esophageal mucosa
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and gastric mucosa at the SCJ are reproduced in a strong
contrast of white and brown (Figure 2.12(c)). The extent of
Barrett’s mucosa, like normal squamo-columnar junction (5CJ),
can be detected easily with the contrast of the normal esopha-
geal mucosa. Detecting the normal esophageal epithelium
surrounded by Barrett’s mucosa would especially be easier
compared with the normal observation.

Residue and bile

Residue and bile in the large bowel are reproduced in yellow
hue under white light. The yellow pattern is presented in red
(as if bleeding) on NBI. Residue and bile strongly absorb the
415nm light while reflecting the 540nm light strongly. Since
NBI produces 540 nm images on R channel and 415nm images
on B and G channels of the output monitor, images on B and G
channels become darker while those on R get brighter on the
monitor. Therefore, residue and bile are indicated in the color
of blood red.

Figure 2.1 The 415nm narrow band image of human
tongue mucosa. The 415nm narrow band image reflects fine
capillary pattern on the mucosa which has been hard to be vis-
ualized under conventional white light (Copyright K. Gono).
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Figure 2.2 Wavelength and related color. Wavelength

is defined as the distance from peak to peak in each wave.
Longer wavelength has the appearance of reddish and shorter
one shows bluish appearance (Copyright K. Gono).
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Figure 2.3 Interaction between light and biological tissue (Copyright K. Gono).
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Figure 2.4 Diffusively light propagation in turbid medium.
Red light diffuses in the turbid medium widely and

deeply, while blue light does not diffusively propagate
(Copyright K. Gono).

Resolution

i

Contrast

v

Figure 2.5 Contrast vs. resolution. Resolution in here means
the resolution of CCD used for imaging resolution chart
(Copyright K. Gono).
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Scattering

Figure 2.6 Contrast of blood vessel (Copyright K. Gono).

Figure 2.7 Blood vessels of human tongue. (a) Image under conventional broad band blue
light. (B) Image under narrow band blue light (Copyright K. Gono).
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Figure 2.8 Endoscopic images of human hypoglottis mucous membrane (Copyright K. Gono).
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Figure 2.9 Structure of NBI system (Copyright K. Gono).
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Pattern A Pattern B Pattern C

Figure 2.10 Human visual perception to black and white pattern and color pattern (Copyright
K. Gono).

Figure 2.11 Appearances of endoscopic findings on NBI endoscopy. Fine superficial
capillaries appear brown whereas the deeper vessels appear cyanic in color. Image courtesy of
Jonathan Cohen (NYU Medical Center).
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(b) Mucosal fine pattern

(a) Micro-vascular in close view and

brownish color area in distant

(c) SCJ

Figure 2.12 Application of NBI (Copyright K. Gono).
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Getting started with high-
resolution endoscopy and
narrowband imaging

Ajay Bansal and Prateek Sharma

INTRODUCTION

The advent of newer imaging modalities such as high-resolution
endoscopy (HRE) and narrowband imaging (NBI) represents an
immense improvement over the current standard white light
endoscopy. HRE is a technologically advanced method of endo-
scopic imaging that provides a high-quality image by using a
much higher number of pixels (1 million) than the conventional
endoscopes. NBI uses narrow spectra of blue light (440-460nm)
and green light (540-560nm). This results in good visualization
of superficial details of the mucosa. The detailed mechanisms of
these two technologies are discussed elsewhere. However excit-
ing the new technology, there will be a significant but not insur-
mountable learning curve associated with familiarizing oneself
with the working visualization and interpretation of findings
provided by the new imaging techniques. The following few
sections will introduce the endoscopist to the basic use of HRE/
NBI technology, but the only way to improve recognition of pat-
terns is initial training and then regular performance of HRE/
NBI endoscopy.

THE HRE/NBI ENDOSCOPES

The HRE/NBI endoscopes are similar to the currently used
endoscopes with the same tactile feel except for novel functions
of various buttons on the endoscope. These cannot be used with
a standard processor and require a special processor to be fully
functional. HRE endoscopes function similar to the conven-
tional endoscopes differing only in the quality of the image. The
NBI endoscopes have a few specific features the user needs to
be acquainted with (Figure 3.1). This chapter will refer prima-
rily to the 180 series EVIS EXCERA II system utilized in the US
and Europe. By the switch of a button, it can convert white light
images to NBI images and vice versa. Depress another switch
and the image can be digitally magnified. Each press of the
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switch changes the magnification with a maximum magnifica-
tion of 1.5X. The magnification function in endoscopes is iden-
tical to the optical and digital zoom functions of commercially
available cameras where the quality of a magnified image will
be maintained by the optical zoom where a new set of lenses
come into play while the digital zoom will artificially magnify
the already captured image. On the 240 and 260 series LUCERA
endoscopes utilized in Japan, optical magnification is achieved
via a continuous elevator-like dial on the endoscope head. The
LUCERA prototype NBI system does therefore have an optical
zoom capability but the 180 series endoscopes provide only dig-
ital zoom. This digital magnification may not be always useful
as the resolution of the image does not improve commensurate
with the magnification. It remains to be seen whether or not
such digital magnification makes a clinically relevant difference
to the visualization of the mucosal and vascular details.

PREPARING THE PATIENT

During regular white light endoscopy, macroscopic abnormal-
ities are examined whereas during NBI, the mucosal pattern
and subtle changes are sought. Observing these finer minute
details of the mucosa and the blood vessels with HRE and
NBI requires a great deal of patient cooperation, much more
so than with standard white light endoscopy. This requires a
well-trained and experienced nurse who can keep the patient
adequately sedated through the entire duration of the proce-
dure. This may seem like a minor issue but occasionally, agita-
tion on part of the patient makes it harder to maintain the NBI
image in focus and prolongs the procedure. Effective com-
munication with the sedation staff is a key to ensure adequate
sedation and cooperation of the patient.

THE CAP TECHNIQUE

Ideally NBI of the esophagus should be performed by affixing
a cap to the distal tip of the endoscope (Figure 3.2). The cap
is a distal attachment (Olympus, disposable distal attachment;
# D-201-1180) that is transparent and maintains a distance of
2-3mm between the mucosa and the tip of the endoscope.
This helps obtain a well-focused image. Secondly, it helps keep
the area of the mucosa in the field of vision for the details to be
evaluated by the endoscopist. The cap will give the tip of the
endoscope a wider dimension that may sometimes make the
esophageal intubation tricky, but with practice and patience,
the endoscope with the fitted cap can be advanced into the
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esophagus with fair ease. The procedure can be performed
without a cap but the mucosal and vascular details may be
difficult to appreciate, especially when starting.

PREPARING THE ESOPHAGUS

A major challenge in performing and evaluating the esophagus
is that of mucus/oral secretions within the esophagus that may
interfere with obtaining clear images. This can be tackled by
adequate washes with water to clear the surface of the mucosa.
If water rinses do not get rid of the mucus, then 10-20ml of
50% N-acetylcysteine can be sprayed with the help of the spray
catheter to clear the mucus. It is critical that the esophagus is
as clean as possible before detailed inspection is carried out.

Peristalsis of the esophagus can make the performance of
HRE/NBI difficult as the image can get in and out of focus.
The cap technique may help with this. Also, use of an anti-
peristaltic agent may diminish esophageal motility but has to
be balanced against the potential side effects of the drug. At
present, we do not use any anti-peristaltic agent in our practice.
One such agent is butylscopolamine that has been approved
for use in Europe and has been extensively used with confocal
endoscopy that requires a still esophagus[1]. Butylscopolamine
has a similar mechanism of action as scopolamine but a much
shorter half-life (20 minutes vs. 2-3 hours with scopolamine).
The potential side effects are primarily anticholinergic such as
glaucoma exacerbation, urinary retention, blurry vision, dry
mouth and confusion, but such significant side effects related
to the drug have not been reported. With time and experience,
esophageal motility may prove to be a minor issue with NBL
Nevertheless, the effect of this drug on visualization during
NBI has never been studied.

EXAMINING THE ESOPHAGUS

Initially, a high-resolution white light examination should be
performed to identify any visible lesions such as nodules, ulcers
and plaques. All of these lesions will be highlighted during
NBI but their visualization under white light may help per-
form a more focused NBI examination. Another reason to do
a thorough examination under white light is to ensure that no
obvious lesions are missed since we are all familiar with white
light and using NBI will definitely have a learning curve to
appreciate things under blue light. During this part of the pro-
cedure with white light, the mucosal surface should be thor-
oughly washed using multiple rinses of water to expedite the
subsequent NBI portion that is more technically challenging.
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An important issue is that all biopsies should be deferred to the
end of the procedure, as presence of blood will interfere with
the NBI examination.

Once the white light examination of the esophagus, stom-
ach and duodenum is performed in the standardized manner,
the user switches to NBI. This is accomplished by pushing a
button on the top of the handle of the endoscope. The initial
NBI examination should be performed with the optical mag-
nification of 1X to ensure that there is no loss of resolution
of mucosal architecture. The duodenal mucosa (Figure 3.3),
antrum, body and fundus can then be examined followed by
gradual withdrawl from the stomach till the circular pattern of
the cardia (Figure 3.4) at the gastroesophageal junction is visu-
alized. While focusing on this cardiac pattern and taking a cue
by the proximal margin of the gastric folds, the endoscopist
will notice a distinct change in the mucosal pattern that should
coincide very closely to the end of the gastric folds. In a patient
with Barrett’s Esophagus (BE), this change in the mucosal pattern
would be a transition into a ridge/villous pattern, suggestive
of intestinal metaplasia. The identification of the proximal mar-
gin of the gastric folds is the traditional way of identifying the
distal aspect of BE segment. But, in fact, although not formally
reported, the change in the mucosal pattern from circular to
ridge/villous may be better at identifying the extent of BE seg-
ment distally.

The first step is to examine the entire BE segment looking
for macroscopic lesions not visualized on HRE and making
a note of the abnormality by describing the level in centime-
tre and the quadrant of the esophagus. This will help revisit
the lesions for subsequent biopsies. Under white light, blood
appears red but during NBI, it looks pitch black and hence,
a biopsy prior to a complete NBI examination will affect the
assessment of the patterns adversely due to the introduction
of blood. After the initial overview examination of BE is com-
pleted, then is the time to pay attention to the mucosal and
vascular details that are seen due to the contrast provided
by NBI, as well as the magnification function of the endo-
scope. Mentally, the examiner should try to focus on the two
aspects of the examination — mucosal surface and vascular
pattern. Finding an abnormal mucosal pattern should prompt
search for abnormal vascular patterns and vice versa and it is
possible that in the same area, either one of the pattern is
clearer and distinct from the other. Every abnormal area
should be noted in terms of location and biopsied separately
to permit later correlation and mapping of the extent of dys-
plasia. After the NBI examination is complete, targeted as
well as random biopsies can be obtained [see DVD video
clip 11].
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EXAMINING THE STOMACH, DUODENUM
AND COLON

Like the esophagus, the duodenum and colon present rela-
tively narrow lumen environments in which there is sufficient
light to perform a complete visual survey of the mucosa under
NBI light. This kind of examination mainly takes advantage
of the contrast afforeded by the NBI image to facilitate detec-
tion of abnormalities that might appear subtle on white light
examination. In the duodenum and colon, the novice quickly
learns to recognize the appearance of bilious fluid and residual
stool as pink in color. Limitations of a poor colon prep create
the same difficulties for a NBI examination as with a standard
colonoscopy:.

Unlike these narrow lumen organs, the stomach has a rela-
tively wide lumen, and there often is not enough light to per-
form a proper initial scan for abnormalities under NBI light
but could be used for close up study of areas of interest.

As with the esophagus, after the initial scan to detect possible
abnormalities, any suspicious lesion elsewhere in the gastroin-
testinal tract can be viewed by NBI to examine the mucosal
pattern and the microvessels in an attempt to characterize the
lesion and determine its extent. In this regard, motility can be
an issue, as with the esophagus.

VARIOUS PATTERNS OBSERVED BY NBI

The following few paragraphs will discuss the patterns of NBI
in BE patients as an example of how specifically NBI is applied
in the gastrointestinal tract. The reader is referred to individual
chapters for detailed NBI patterns of the esophagus, stomach
and colon, and preliminary data supporting the utility of this
imaging modality in detecting lesions and making endoscopic
diagnoses in these organs.

Normal patterns

What are the “normal” patterns visualized in a BE segment
without dysplasia? The intestinal metaplasia within the BE seg-
ment appears as a regular ridge/villous pattern (Figure 3.5).
This appears as alternate longitudinal bands of dark and light
areas. Some areas of the BE segment appear to have a circular
pattern and these areas have a higher likelihood of harboring
cardiac-type mucosa [2]. The normal vascular pattern on NBI
in BE is comprised of regularly branching, uniformly organ-
ized small vessels. This should be differentiated from the larger
caliber palisading vessels in the distal esophagus that are usu-
ally well visualized under white light examination.
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Abnormal patterns

Knowing the normal patterns will help the endoscopist diag-
nose abnormal lesions. The most worrisome pathology in flat
BE mucosa is high-grade dysplasia/esophageal adenocarci-
noma (HGD/EAC). This is manifested by irregular mucosal
patterns characterized by patterns of varying shapes, lengths
distributed unevenly giving a non-uniform look to the mucosa
(Figure 3.6). This is obviously a subjective description and is
the primary reason for the initial training. The BE segment
may need to be examined multiple times before the beginner
achieves a reasonable degree of skill to detect the most clini-
cally relevant lesions of HGD/early EAC. Numerous examples
of both non-dysplastic and dysplastic Barrett’s appearance on
NBI can be found within Chapter 6 and in the Atlas section in
Chapter 11. [see DVD video clip 13].

The vascular pattern is comparatively harder to decipher
than the mucosal pattern presumably as the process of angio-
genesis may result in various sizes and shapes of vessel forma-
tion. Nevertheless, abnormal vascularity appears as increased
number, tortuous, dilated, corkscrew-type small blood vessels
of varying caliber. Others have described abnormal vascularity
in multiple ways with two descriptions that particularly cor-
relate well with presence of HGD - spiral vessels of varying
caliber and small isolated blood vessels [3]. For the future, a
uniform classification system of mucosal and vascular patterns
needs to be devised.
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Figure 3.1 Function of the various switches on the NBI
endoscopes: (1) switch to NBI from white light, (2) digital
magnification (1X to 1.5X) and (3 and 4) to freeze and capture

the image.

Figure 3.2 NBI endoscope with disposable distal
attachment (inset shows a close up view).

Figure 3.3 Duodenal villi (white) in the background
of red (bile).
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Figure 3.4 Circular pattern of the cardiac-type mucosa.

Figure 3.5 Ridge/villous pattern comprised of alternating
longi-tudinal darker and lighter areas. This is suggestive of
intestinal metaplasia.

Figure 3.6 Irregular/distorted pattern of high-grade
dysplasia.
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Detection of superficial
cancer in the oropharyngeal 4
and hypopharyngeal mucosal

sites and the value of NBI at
qualitative diagnosis

Manabu Muto, Atsushi Ochiai and
Shigeaki Yoshida

WHY IS A DIAGNOSIS OF PHARYNX
NECESSARY?

The clinical care of the pharynx is generally carried out by
otolaryngologists. For this reason, many gastrointestinal (GI)
physicians do not fully inspect and make diagnoses in the area
of the oropharynx and hypopharynx during routine endos-
copy. At the same time, it has been recognized difficult to detect
an early cancer in the oropharyngeal and hypopharyngeal
mucosal sites, because most cancer in this region is found in an
advanced stage with several symptoms such as dysphagia and
severe pains. The organ of the pharynx is essential to life and
daily life by transferring food and liquid, and by breathing and
phonation. Once the cancer is found in progress, patients lose
these functions and patients” quality of life becomes indeed
remarkably poor. Needless to say, detection of cancer in early
stage is very much appreciated.

NBI (narrow band imaging) is a new technology developed
in the field of GI endoscopy. Since we reported the value of
NBI in combination with magnifying endoscopy for the detec-
tion of cancer in oropharyngeal and hypopharyngeal mucosal
sites at first, importance in the diagnosis of the oropharyngeal
and hypopharyngeal mucosal sites are more and more recog-
nized [1]. In other words, a momentum for the detection of
cancer in oropharyngeal and hypopharyngeal mucosal sites in
early stage has been gained during upper GI endoscopy. And,
the diagnosis of cancer in early stage is expected to contrib-
ute to patients” quality of life and improve their prognosis by
enabling minimally invasive therapy to spare the organs, and
thereby preserve function.
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CANCER IN THE AREA OF PHARYNX AND
ITS RISK FACTOR

According to the report in 2003 by the Japan Foundation for
Promotion of Cancer Research, new cancer cases in Japan exceed
500,000 in all areas [2]. The number of new cancer cases in the
area of oral cavity and pharynx is 8,687 (1.7% of total cases) that
is, approximately 1/12 of the cases of gastric cancer (101,379;
20.1% of total cases). Most of the cancers generated in oropha-
ryngeal and hypopharyngeal mucosal sites are squamous cell
carcinoma. Alcohol drinking and smoking have been recognized
as two major risk factors as well as in the esophagus. In a recent
study, it is implied that accumulation of acetaldehyde, the
first metabolite of ethanol, is closely linked to carcinogenesis.
Especially, in Asian people including Japanese, there is genetic
polymorphism in aldehyde dehydrogenase type 2 (ALDH2),
an enzyme responsible for the elimination of acetaldehyde.
Heterozygotes for inactive gene (ALDH2-2) will have a higher
risk of carcinogenesis when they keep drinking [3]. In other
words, the one with a tendency of blushing at drinking (flush-
ing response) is at higher risk for esophageal and pharyngeal
cancer.

SUPERFICIAL CANCER IN OROPHARYNGEAL
AND HYPOPHARYNGEAL MUCOSAL SITES

Current guidelines for head and neck cancer do not include an
exact definition of superficial cancer [4]. In Japan where there
is a high incidence of squamous cell carcinoma, the guideline
for esophageal cancer considers a cancer up to submucosa as
“superficial cancer” and a cancer invading beneath muscula-
ris propria as “advanced cancer” [5]. Among superficial can-
cers, one up to epithelium or lamina propria mucosae without
lymph node involvement or metastasis is defined as “cancer
in early stage”. There is no definition of invasion in the field
of pharyngeal cancer except for carcinoma in situ (Tis) that
reflects pathological invasion. According to statistics by Japan’s
Head and Neck Cancer Society in 2001 with 29 hospitals, carci-
noma in situ counted only 1 case among 218 cases of hypopha-
ryngeal cancer and no cases among all cases of oropharyngeal
cancer [6]. Accordingly, it is recognized as extremely difficult to
detect carcinoma in situ in oropharyngeal and hypopharyngeal
mucosal sites. Generally, carcinoma in situ is recognized as
a tumor with no risk of lymph node metastasis. When prog-
nosis is taken into consideration, a definition linked to lymph
node metastasis should be necessary. Histological diagnosis in
this area should be studied further. Therefore in this chapter,
high-grade intraepithelial neoplasia as defined in World Health
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Organization (WHO) classification is regarded as “carcinoma
in situ” and a cancer slightly invaded beneath epithelium as
“superficial cancer”(Figures 4.1-4.4).

DIAGNOSIS OF SUPERFICIAL
CANCER IN OROPHARYNGEAL AND
HYPOPHARYNGEAL MUCOSAL
SITE BY NBI

It is now safe to say that the era of GI endoscopy has changed
from realistic diagnosis with white light and dye to the diagnosis
of biological change using special light observation. Especially
for neoplastic lesions, in the past, diagnosis had relied on the
buildup between lesions and the surrounding area, and the
change in color representing reddening and orange tone. Now
using the properties of special light, the rationale of diagnosis
has been changing, supported by the observation of biological
change. NBI employs selectively filtered bandpass at 415nm
that is well absorbed by hemoglobin. Therefore, NBI provides
endoscopic images with fine capillary patterns and detailed
observation of changes in the mucosal surface, especially when
combined with high-resolution imaging and magnification
(Figures 4.5-4.9).

We have studied NBI images of superficial head and neck
cancer in aspects of “visibility” and “character of image” in
combination with magnified endoscopy [7,8]. In terms of vis-
ibility, NBI displays cancerous areas as having a brownish
appearance, so that a border between the lesion and normal
mucosa can be clearly identified. In contrast, it is difficult to
identify the border by normal white light observation. NBI
clearly displays abnormal angiogenesis in a speckled form that
is distinctively found in the lesion. In histology, this abnormal
angiogenesis is similar to the morphological changes of intra-
papillary capillary loop (IPCL) within squamous epithelium
used to improve diagnosis in the esophagus, as will be described
in detail in Chapter 5 of this volume [9].

1 Change in color defining areas at NBI observation (brown-
ish area)

Superficial cancer tends to be displayed as brownish area at
NBI observation. Superficial cancer with reddening can be
identified under normal white light observation. However, NBI
can display the border between a lesion and normal mucosa
with or without reddening. The surface of normal squamous
epithelium is seen as whitish with luster. In contrast, NBI
displays lesions with tumorous change as a brownish area and
shows a clear border between the lesion and the normal sur-
rounding mucosa.
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Benign lesions such as inflammation and basal cell hyperpla-
sia often appears as a slight extension and generation of subtle
vessels, but its interspersion do not comprise a well demarcated
area. For example, a lesion with an abnormal change in IPCL
but more diffuse interspersion is less likely to be cancerous.
Conversely, a lesion that is seen as occupying a wide area but
with a blurry IPCL change and a ground glass appearance also
tends to have a benign etiology such as inflammation.

2 Change in IPCL shape

The size of the IPCL in normal epithelium is about 10 um. But,
its size turns to 100pm in cases of cancerous lesions. IPCL
changes by extension, prolongation and meandering. Extension
and prolongation reaches to the surface of epithelium so that
they are clearly observed endoscopically. The number of ves-
sels also increases within the lesion and beneath the epithe-
lium. However, there are multiple patterns of changes in IPCL
shape even within a lesion. Within carcinoma in situ, there are
multiple patterns in angiogenesis among lesions. There are
studies about the IPCL patterns in the esophageal field for the
relationship to cancer invasion and histological staging which
will be discussed in Chapter 5. But, the field of oropharynx and
hypopharynx would tend to be different from the esophagus
because the muscularis mucosae does not exist in the pharyn-
geal area. Further study is needed regarding the implications
of IPCL patterns in the pharynx [see DVD video clips 1-8].
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Figure 4.1 Carcinoma in situ in left piriform sinus. (a, b) Lesion exists in left piriform sinus
with intensive reddening (white light observation). (c, d) Compared to normal white light obser-
vation, the lesion is displayed clearly as a brownish area by NBI. Intensive speckle-like angiogen-
esis is clearly seen by NBI combined with zoom endoscopy. Intensive angiogenesis is clearly seen
by NBI combined with zoom endoscopy.



40 CHAPTER 4

Figure 4.1 (Continued) (e) Iodide-dyed specimen obtained by endoscopic resection

under general anesthesia. Carcinoma in situ is identified in area not stained by iodide. (f)
Stereomicroscopic view of angiogenesis in area not stained by iodide. Angiogenesis unevenly
extends and the mucosal lesion not stained by iodide represents “pinky color”. Angiogenesis
appears pink and clearly extends unevenly and displays a meandering, serpiginous shape. (g, h)
H&E view of specimen obtained by EMR. (g) Low magnification of squamous cell carcinoma in
situ. (h) High magnification extended IPCL is identified within carcinoma in situ (Copyright M.
Muto, A. Ochiai, S. Yoshida).



Figure 4.2 Carcinoma in situ in left lateral wall of oropharynx. (a, b) Lesion exists in left
lateral wall of the oropharynx. Area with slight reddening can be identified but, it is hard to
identify its dimension. Partially, melanotic change is observed. It is a general tendency to see this
in the area around superficial cancer in head and neck. Slight dot-type reddening identified by
zoom endoscopy. (¢, d) Compared to white light observation, this lesion can be clearly identified
using NBI as a brownish area. Especially, the border in melanosis is clearly seen. NBI frequently
displays melanotic change as brownish area. In such cases, careful observation is needed. Zoom
endoscopy clearly shows extension and prolongation of angiogenesis. (e, f) H&E view of speci-
men obtained by EMR. (e) Low magnification. Squamous carcinoma in situ. (f) High magnifica-
tion — Partially, melanin pigment is identified (Copyright M. Muto, A. Ochiai, S. Yoshida).
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Figure 4.3 Carcinoma in situ at right side of vallecula epiglottica. (a, b) Lesion exists at right
side of vallecula epiglottica. Vanishing vessels, slight reddening in the area and whitish mucosa
at right base of tongue are identified. Reddening with luster in the area of vessel vanishes at
zoom endoscopic view. (¢, d) Area displayed in brownish by NBI matches with area vessel van-
ished in the right side of the vallecula epiglottica. At the right base of the tongue, a short slight
whitish elevation is identified. Dot-like angiogenesis in a brownish area is identified under zoom
endoscopy. (e, f) H&E view of specimen obtained by EMR. (e) Low magnification squamous
carcinoma in situ within epithelium. (f) High magnification (Copyright M. Muto, A. Ochiai,

S. Yoshida).
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Figure 4.4 Carcinoma in situ at right piriform sinus. (a, b) Lesion exists at right side of
piriform sinus. Slight reddening is identified. Angiogenesis and vessel extension in reddening
area is identified under zoom endoscopy. (¢, d) Lesion is clearly identified as a brownish area
by NBI. Uneven prolongation and extension in brownish are identified under zoom endoscopy.
(e) H&E view of specimen obtained by EMR. Squamous carcinoma in situ. The lesion is 5mm in
diameter and stays within the epithelium (Copyright M. Muto, A. Ochiai, S. Yoshida).
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Figure 4.5 Superficial cancer at right piriform recess. Comparison between normal white light
and NBI observation. (a) Lesion exists in right piriform recess. But, it is difficult to identify with
normal white light observation. (b) Brownish area clearly separated by border is seen by NBI
observation. (c) Uneven angiogenesis identified in brownish area under zoom endoscopy. (d)
H&E view of specimen obtained by EMR. Squamous carcinoma in situ slightly invading beneath
epithelium. Depth of tumor is 200 pm from the surface (Copyright M. Muto, A. Ochiai,

S. Yoshida).
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Figure 4.6 Carcinoma in situ at right piriform sinus. (a) Lesion exists at right piriform sinus.
Short flat protrusion and easy friability. (b) Angiogenesis is identified under zoom endoscopy.

(c) Identification of brownish area is difficult by NBI, but intensive dot-like pattern is identified.
(d) Uneven angiogenesis with prolongation and extension like frog eggs are identified under
zoom endoscopy. (e, f) H&E view of specimen obtained by EMR. (e) Squamous carcinoma in situ
within epithelium. (f) High cell density. Angiogenesis is not remarkable (Copyright M. Muto,

A. Ochiai, S. Yoshida).
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Figure 4.7 Small inflammatory lesion at vallecula epiglottica. (a) Slight reddening with vanish-
ing vessel identified by normal white light observation. (b) Only reddening and erosion are iden-
tified under zoom endoscopy. (c) Color change to brown is identified by NBI. (d) Angiogenesis is
not identified under zoom endoscopy. (e, f) H&E view of specimen. Concluded to be squamous
epithelium with inflammatory infiltration (Copyright M. Muto, A. Ochiai, S. Yoshida).
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Figure 4.8 Small lesion at posterior wall of oropharynx. (a) Dimple-like lesion with rough
surface somehow identified. (b) Dimple-like lesion with rough surface is identified by NBL
Difference from surrounding normal mucosa is not remarkable. Only shows slight thickness.
(c) H&E view of specimen. Concluded to be squamous epithelium with low-grade papilla-like
growth (Copyright M. Muto, A. Ochiai, S. Yoshida).



Figure 4.9 Papilloma at posterior wall of oropharynx. (a) Whitish pine-cone-like elevated
lesion is identified. (b) Surface pattern and slight prolongation is identified under zoom endos-
copy. (c) Papillary pattern is clearly identified from distance. Angiogenesis with prolongation
inside papilloma slightly identified. (d) Fern-leaf-like prolonged angiogenesis is identified within
papillary pattern under zoom endoscopy. (e, f) H&E view of specimen. Papillary propagation in
squamous epithelium. Concluded to be a papilloma (Copyright M. Muto, A. Ochiai, S. Yoshida).
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BACKGROUND

As methods to improve the prognosis of pharyngeal and
esophageal cancer patients, we are conducting the follow-
ing two strategies. One is detecting them in early stage and
treating them by EMR/ESD (endoscopic mucosal resection/
endoscopic submucosal dissection) [1,2]. In other words, our
goal is to detect early stage carcinoma during the endoscopic
screening [3]. If you have an ability to detect a 1 mm neopla-
sia, then you would hardly overlook the 5 or 10 mm neoplasia.
The other strategy is to conduct minimally invasive treat-
ments according to the stage in which the lesion was detected.
Once the lesion is detected, accurate diagnosis for the stage
is performed, and the minimally invasive treatment which is
not detrimental to the therapeutic effort is selected. The cur-
rent standard medical guideline for the esophageal cancer is
summarized in the “esophageal cancer treatment guideline in
Japan”. It states that for cases of mucosal carcinoma without
lymph node metastasis, EMR should be applied. According to
the strategy of “en bloc resection”, we apply EMR to the lesion
which is less than 2cm and ESD using a triangular-tip knife
to the lesion which is more than 2cm in diameter. As to the
lesion in which cancer invasion is deeper than sm2 (200 pm
or more), we would select surgical esophageal resection and
reconstruction due to the significant increased risk of lymph
node involvement in such cases [4]. We would like to improve
the prognosis for the esophageal cancer patient through early
stage detection and to keep the quality of life high level by
selecting the appropriate less invasive treatment according to
disease staging.
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It has been widely accepted that performing a standard endo-
scopic examination is mandatory for estimating the invasion
depth of a lesion roughly which is either mucosal cancer or sm
invasive cancer before the treatment. Furthermore, magnifying
endoscopic observation is an additional tool that can support
depth diagnosis with regular endoscopic diagnosis. On the
other hand, the strongest argument for magnifying endoscopy
is the diagnosis of irregular micro-vascular patterns within flat
lesions (more likely an early stage lesion).

Stratified squamous epithelium in the pharynx and esopha-
gus has no pit pattern which is routinely observed in glandu-
lar epithelium in stomach and colon. Magnifying endoscopy
allows an observation of micro-vascular structure in the squa-
mous epithelium. In the squamous epithelium, intra-epithelial
papillary capillary loop (IPCL) is observed by magnifying
endoscopy [5]. IPCL demonstrates characteristic changes in
its figure according to the tissue atypism and cancer invasion
depth [6]. IPCL type classification is directly related to the tis-
sue characterization of a minute lesion [7].

When the lesion is diagnosed by biopsy specimen as a low-
grade intraepithelial neoplasia (category III in Vienna clas-
sification [8]), careful follow-up has been recommended. In
contrast, high-grade intraepithelial neoplasia (category IV in
Vienna classification) endoscopic resection by EMR/ESD is
recommended. For tiny lesions, endoscopic bite biopsy is dif-
ficult to perform.

MAGNIFICATION OF NORMAL
ESOPHAGEAL MUCOSA

We describe the superficial capillary pattern of the normal
esophageal mucosa and submucosa in Figure 5.1. When you
approach normal mucosa without magnification, branching
vessel network is observed which appears most commonly
in the plane immediately above the muscularis mucosae.
The IPCL (Figure 5.2), which rises perpendicularly from the
branching vessel, is barely recognizable under normal obser-
vation of normal epithelium. By using the magnifying scope
such as GIF-Q160Z and GIF-Q240Z, which has magnification
capability up to 80 times, the normal mucosa of the IPCL is
identified as red dots.

Narrowband imaging (NBI) enables more vivid observation
of the IPCL. Branching vessels which are located at the rela-
tively deeper layer are observed as green, and IPCL, which is
located at more superficial layer, is observed as brown loops
(brown dots) (Figure 5.5).
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DIAGNOSTIC PROCESS OF MIUCOSAL
CANCER

Screening for mucosal cancer

Early cancer detection is directly related to less invasive treat-
ment. If a lesion is found as mucosal cancer instead of submu-
cosal cancer, it can be treated by EMR/ESD rather than surgery
because mucosal cancer usually has no risk of lymph node
metastasis. Therefore, the purpose of screening endoscopy is
to find mucosal cancer.

We have been reporting that the changing pattern of the
IPCL through magnifying endoscopic observation in the squa-
mous esophagus is extremely useful for tissue characterization
and diagnosis of carcinoma invasion depth. In the esophageal
squamous epithelium, we consider that the change in the IPCL
pattern reflects the structure irregularity (shape change of epi-
thelial papilla) caused by carcinoma. NBI enhances blood ves-
sels sharply.

MAGNIFYING ENDOSCOPIC DIAGNOSIS
OF IPCL PATTERN IRREGULARITY

IN THE ESOPHAGEAL SQUAMOUS
EPITHELIUM

In carcinoma of the esophageal squamous epithelium, four
characteristic changes in IPCL pattern are found in the non-
iodine-stained part. Those are dilation, meandering, caliber
change and uneven form in each IPCL (Figure 5.3). Changes
in the IPCL progress start from healthy mucosa, inflammation,
dysplasia and finally to cancer.

Actual diagnosis consists of two steps. The first step is to
detect the lesion as a brownish area or as non-iodine-stained
lesion. The next step is to observe the suspected area with high
magnification and then evaluate the IPCL pattern (Figure 5.4).

It is categorized from Type I (normal mucosa) to Type V
(carcinoma). Type II is often equivalent to regenerative tissue
or inflammation, Type III is a border line lesion which is often
related to low-grade intraepithelial neoplasia, Types IV and V
are equivalent to high-grade intraepithelial neoplasia, and Type
V-1 is reflecting carcinoma (Figures 5.5-5.9). We consider that
this reflects the structural irregularity of the tissue. In Type 1V,
changes in IPCL are simple in structure, when compared to the
significant changes in Type V-1. However, under newly devel-
oped NBI processing, IPCL change is more easy to observe and
differentiate because NBI creates a noticeable contrast of vas-
cular system from background tissue.
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It is significant that the endoscopic diagnosis of flat mucosal
lesions is possible by classifying the IPCL pattern in the mag-
nified image. We have been judging that endoscopically the
IPCL Type III needs to be surveyed periodically, while tissue
with higher than IPCL Type IV needs to be treated through
EMR/ESD.

INVASION-DEPTH DIAGNOSIS STANDARDS
FOR SUPERFICIAL CARCINOMA
(BASED ON THE CHANGE IN IPCL)

In standard endoscopy without magnification, depth diagno-
sis is estimated mainly by observation of the concavity of the
lesion and/or the degree of the uplift, change of color tone and
change in the shape by air insufflation. Because diagnosis of sm
massive invasive cancer is actually sufficient by normal obser-
vation alone, the depth diagnosis for the cancer by magnifying
endoscopy is considered as supplemental information to these
above-mentioned conventional criteria.

In the depth diagnosis by magnifying endoscopy, changes
in the IPCL and the appearance of neoplasm blood vessels
become the criteria for assessing depth. Although IPCL shows
changes that include four characteristic factors at ml, as it
advances to m2 and m3, destruction of IPCL advances gradu-
ally (Type VN) and these changes are further extended into the
submucosa through the proper mucosal layer (Figure 5.4). The
appearance of neoplasm blood vessels in sm cancer is roughly
divided under two very characteristic observations. Although
IPCL pattern V-3 (irregular vessels) is seen a lot in m3/sm1
cancer, it is observed near the superficial layer of the lesion
under magnifying observation. On the other hand, IPCL pat-
tern VN (new tumor vessels) is characteristic to sm deep inva-
sive carcinoma (sm invasion depth is 200 pm and more), and is
thicker than the blood vessel of IPCL pattern V-3 under mag-
nifying observation, and is observed within the deep portion
of the lesion (Figure 5.11).

DIFFERENCES SEEN FROM CAPILLARY
PATTERNS (IPCL PATTERN CLASSIFICATION)
BETWEEN “M1/M2” AND “CANCER

THAT IS DEEPER THAN M3/SM1”

IPCL pattern classification of a superficial vessel is based on
serial changes to the IPCL in normal epithelium. Therefore,
changes that occur from IPCL Type II to Type V-2 take place
within the mucosal layer keeping the original IPCL structure.
The resulting changes to the IPCL exist within a vertical plane.
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On the other hand, irregularly arranged IPCL in m3/sml
involves the advance destruction of the original IPCL and runs
in a horizontal plane (Figure 5.10(g)). It is recognized as running
across abnormal blood vessels (Figure 5.10(h)). In IPCL Type VN,
original IPCLs are totally destroyed, and a large-caliber new
tumor vessel runs in a horizontal direction (Figure 5.11(e)).

IPCL Types V-1 and V-2 which often corresponds to m1/m?2
lesion in histology, a changed IPCL still runs perpendicular. In
IPCL Types V-3 and VN which closely relates to sm cancer in
histology, IPCL runs in a horizontal direction.

The diagnostic difference between IPCL Types V-3 and VN is
based upon the caliber of the new tumor vessels, and the his-
tological depth where it appears. Tumor vessel which appears
in IPCL Type VN is around 10 times larger than irregular ves-
sel which appears in IPCL Type V-3.

We performed upper gastrointestinal endoscopy using mag-
nifying endoscopy for 648 consecutive cases. Among them 250
cases received NBI magnifying endoscopy. The correct diagno-
sis ratio was 78%. All inconsistencies except one were in one
category only.

One case of m1 lesion was over-estimation of submucosal
invasive cancer during magnifying endoscopic survey. By
reviewing the videotape, magnifying observation of previous
biopsy scar looked like the finding of sm massive invasive
cancer.

“PINK-SILVER SIGN” IN NBl OBSERVATION

Recognition of “pink color sign” in the non-iodine-stained
lesions confirms the existence of carcinoma in situ or a deeper
invasive lesion. “Pink color sign” is emphasized with NBI sys-
tem and is recognized as “shiny silver sign” (Figures 5.10(c),
(d) and 5.11(c), (d)). This is an additional useful finding for
NBI observation. “Shiny silver sign” starts appearing around
7 minutes after iodine staining. This process will be shortened
by spraying of sodium thiosulfate solution immediately after
iodine staining. Combination of both phenonena is called
“pink-silver sign”.

THE ROUTE TO DETECT 1 MM CANCEROUS
LESION

Recently, even the super-minute 1mm neoplasia can be
detected. We have observed isolated 22 lesions out of 17 cases
in the esophagus. You need to be careful not to overlook the
minute lesion, which presents the same endoscopic findings as
an intraepithelial spreading portion of esophageal submucosal
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invasive cancer. When the mucosa is observed under normal
endoscopic observation, first attention needs to be paid to
reddening areas. A novel developed NBI system allows us to
detect this type of lesion as brown spot much easier (Figure
5.12). We suspected cancer when we found the following four
conditions while performing magnifying endoscopic observa-
tion of a reddening spot white light or a brown spot in NBI
enhanced image:

1 Area formation.

2 Loss of visibility of the green branching vessels in the lesion.
3 Marginal elevation of surrounding mucosa.

4 Change in vascular pattern to IPCL Types IV and V-1.
Whenever all of the above four factors being recognized, we
strongly suspect carcinoma in situ (category IV of the Vienna
classification).

Although the initial nine cases we detected the minute
cancerous lesion through regular white light endoscopy, the
remaining cases (majority of cases) were detected by observing
brown spots under NBI observation. Through the emphasis of
NBI imaging a detection of a minute cancer becomes easier.

CONCLUSIONS

In the pharynx and esophagus, which are covered with strati-
fied squamous epithelium, NBI-magnified imaging allows us
to observe IPCL micro-vascular structure well. IPCL pattern
classification is corresponding well to histological changes in
the squamous epithelium [see DVD video clips 9 and 10].
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Figure 5.1 Schematic drawing of magnifying endoscopic findings for superficial blood vessels
in the squamous esophagus. Superficial blood vessels in the esophageal mucosa consist of branch-
ing vessels which extend to the horizontal plane and exist immediately above the lamina muscu-
laris mucosae. IPCL rises from a branching vessel perpendicularly. The blood vessel, which can
be observed under regular non-magnifying endoscopy, is the branching vessel. When esophageal
squmaous mucosa is magnified up to around 100 times through magnifying endoscopy, looping
vessels (IPCL) are observed, as shown in Figure 5.2. IPCL is demonstrated as brown dots under
NBI enhanced observation, as shown in Figure 5.5(b) (80-fold magnification). IPCL demonstrates
characteristic changes in shape in carcinoma in situ (Figure 5.3). Through changes in the shape of
the IPCL, the histological nature of the flat epithelial lesion and depth of cancer invasion can be
possibly assessed (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).
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Figure 5.2 [IPCL (intra-epithelial papillary capillary loop). (a) Magnified image of IPCL, using
a prototype magnifying endoscope from Olympus with 150 times view. (b) Conventional histo-
logical image of normal mucosa in the esophagus. A part of lamina propria mucosae bulges up into
stratified squamous epithelium as a papilla. This surface of papilla is covered with the epithelial
basal layer. In this papilla, blood vessels of lamina propria mucosae rise in the shape of the papil-
lary loop in the squamous epithelium, which is named the IPCL (Copyright H. Inoue,

M. Kaga, Y. Sato, S. Sugaya, S. Kudo).

150X Prototype Olympus
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Figure 5.3 In normal epithelium, IPCL is observed as a smooth running small-diameter capil-
lary vessel (IPCL Type I). In carcinoma in situ IPCL demonstrates characteristic changes in its
figure. The abnormal IPCL pattern for m1 lesion (carcinoma in situ) becomes IPCL Type V-1,
which shows the following four patterns; dilation, meandering, irregular caliber, and form
variation (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).
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Figure 5.4 IPCL pattern classification includes two sets of diagnostic criteria. IPCL pattern
classification from IPCL Type I to Type V-1 demonstrates the tissue characterization for flat lesion
(square with red line). IPCL pattern classification from IPCL Type V-1 to Type VN reflects cancer
infiltration depth (square with blue line). IPCL Type III corresponds to borderline lesion which
potentially includes esophagitis, low-grade intraepithelial neoplasia. IPCL Type III should be
considered for a further follow-up study. In IPCL Type IV, high-grade intraepithelial neoplasia

or carcinoma in situ appears, and then further treatment with EMR/ESD should be considered.
EMR/ESD should be also considered for IPCL Types V-1 and V-2 as they are definite m1 or m2
lesion with no risk of lymph node metastasis. To IPCL Type V-3 lesion which corresponds to m3
lesion, diagnostic EMR/ESD should be applied as a complete biopsy to decide treatment strategy.
Furthermore, IPCL Type VN corresponds to a new tumor vessel, which is the cancer often associ-
ated with sm2 invasion with significantly increasing risk of lymph node metastasis, and the surgi-
cal treatment should be recommended (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).

Local treatment
through EMR/ESD

Definitely applied:
V-1, V-2

Relatively applied:
V-3

Comprehensive
treatment through
surgery: VN




Figure 5.5 The IPCL image of normal mucosa (IPCL Type I). A commercially available high-definition
magnifying endoscope has 80-fold magnification power and it allows us to observe IPCL pattern clearly
particularly with NBI enhanced imaging (LUCERA system, optical zoom). (a) Magnifying observation
under normal white light. The IPCL is a capillary vessel positioned upright from a branching vessel and
is observed as a red dot in 80-fold magnification. (b) Magnification with NBI enhancement. Branching
vessels which are located at the surface of muscularis mucosae are shown as a green vascular network
expanding horizontally. The IPCL is observed as a brown vessel which is positioned in the most superfi-
cial layer and is derived upright from the branching vessel. Brownish IPCL has a high contrast to green-
ish branching vessel (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).

lodine staining + potassium thiosulfate

Figure 5.6 IPCL Type Il is often observed in gastroesophageal reflux disease. (a) Regular endoscopic
image. GERD Los Angeles classification D. (b) Iodine staining delineates clearly the erosive mucosa.

(c) IPCL extension (engorgement) is observed in GERD cases with magnifying endoscopy. In addition
to this fact, the IPCL runs in the same direction. Although an irregular running is found in the central
erosive part, the level of extension and meandering in IPCL is still limited to be mild change and the
lesion margin is less clear and demarcated than that of neoplastic cases. (d) In magnifying endoscopy
the lesion margin is demonstrated unclear under iodine staining (Copyright H. Inoue, M. Kaga, Y. Sato,
S. Sugaya, S. Kudo).
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lodine staining + potassium
thiosulfate

Figure 5.7 Chronic esophagitis (IPCL Type III). Although clear regional formation in non-
iodine-stained area is recognized, no change of IPCL can be seen in the same area. That means
no proliferation of tumorous vessels. (a) Regular endoscopy. Close-up view. Redness on mucosal
surface was observed. (b) The lesion was demonstrated as iodine voiding area under iodine
staining. (c) Close-up view of iodine voiding area. (d) Magnifying endoscopic view of the same
area. No vessel proliferation was observed. The lesion was treated first by iodine and then by
sodium thiosulfate. (e) Biopsy specimen from the non-iodine-stained area was histologically
diagnosed as esophagitis (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).
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Figure 5.8 Alesion of IPCL Type IV. (a) Flat and small erosion is observed on the surface
mucosa. (b) With iodine staining, it is shown as an iodine-void area with a well-defined bound-
ary. (c) Under NBI imaging the lesion is shown as a brown spot. The brown spot is the combined
image of both increased number of IPCL and brownish coloration in the background mucosa.

(d) Although proliferation of blood vessels in the region is found, there is not so severe change as
with IPCL Type V-1. Then we diagnosed it as IPCL Type IV.
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Figure 5.8 (Continued) (e) EMR is performed. Lugol-voiding area was resected as one-
piece specimen. (f) The red lines indicate distribution of m1 cancer. IPCL Type IV often includes
high-grade dysplasia and m1 cancer like in this case. (g and h) Histology of the lesion. It is
diagnosed as non-invasive high-grade neoplasia (Copyright H. Inoue, M. Kaga, Y. Sato,

S. Sugaya, S. Kudo).
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Figure 5.9 Typical image of IPCL Type V-1. (a) The lesion is observed as Ilc (slightly depressed)
with redness. (b) Under iodine staining, the lesion is observed as an iodine-voiding area, which
corresponds to the red portion in Figure 5.9(a). (c) Under magnifying endoscopy, the color tone

of red Ilc lesion is shown as the synthesis of redness of enlarged IPCL and redness of the back-
ground mucosa. (d) This is a typical image of IPCL Type V-1 under magnifying endoscopy with
NBI. The lesion is definitely diagnosed as m1. (e) Histopathological diagnosis on the ESD sample
is m1 (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).
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Pink color sign (+) Shiny silver sign (+)
lodine staining + potassium thiosulfate Pink color sign under NBI imaging

Figure 5.10 0-Ilc (IPCL Types V-1 to V-3). (a) Erosion can be seen in the normal image. The clip
is only for hemostasis after biopsy and thus it does not have any diagnostic importance. This is a
0-IIc lesion extending from 1 to 5 o’clock, whose center shows short nodal uplift, and exceeds
m2. However, there is no hard nodule which would suggest sm2 infiltration, so we diagnosed
m3/sml infiltration in non-magnified endoscopic image. (b) Iodine staining. Cancerous lesion
was clearly delineated. More insufflations are performed with iodine stain than with normal
endoscopy (a). (c) Pink color sign and (d) shiny silver sign. In a couple of minutes after iodine
staining, the cancer in the un-dyed area becomes pink, which is called “pink color sign”. In
non-cancerous lesions including LGD that fail to stain with Lugol’s, such a transition over time
from yellow to pink in the un-dyed area is not observed. In order to observe this change as soon
as possible, it is better to spray sodium thiosulfate, and when the pink color sign looks observed
with NBI, the area appears shiny silver. This is called “shiny silver sign”. Combination of both
phenomena is called “pink-silver sign.”
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Figure 5.10 (Continued) Magnified endoscopic image. Enlarging the area in the white
frame. (e) The change of IPCL Type V-1 is observed in the marginal regions (circled in yellow)
and it is corresponding to m1 invasion depth. The change of IPCL Type V-2 is observed proximal
to the margins and can be considered as m2 (circled in green). Most lesions of this type occur
this way, with m1 and m2 classifications in one lesion. (f) and (g) With the center of the lesion
(enlarged part in the white frame), IPCL Types V-2 and V-3 are observed (circled in green and
white, respectively). Observe closely the comparison between normal magnification (f) and mag-
nification with NBI (g). These two images are captured almost at the same position, but the NBI
image has better contrast than the normal white light image. IPCL Type V-3 regarded as m3/sm1
invasion depth can be observed when the deeper IPCL with those four characteristics described
in Figure 5.3 are observed and linked with each other in deeper layer.
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IPCL Type V-3

—— e AN S
IPCL Type V-1 IPCL Type V-2

Figure 5.10 (Continued) (h) IPCL Type V-3. When the portion in the white frame is
enlarged, transversely running and irregular-shaped blood vessels as IPCL deformation is
found. The pattern of the vessel is categorized as IPCL Type V-3. (i) Histopathological image. In
the marginal lesion recognized as IPCL Type V-1, infiltration is as deep as m1. Proximal to the
margins, infiltration is m2 level. This histological part is corresponding with Figure 5.10(e).

(j) Histopathological image. Most of the lesion is infiltrated as deeply as m2, but there are some
areas with cancer invasion of the lamina propria mucosae, which extends very close to lamina
muscularis mucosae. Pathology shows it is still m2 in most of the lesion, but it may well be
diagnosed as m3 in a demonstrated image (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya,

S. Kudo).



Figure 5.11 IPCL Type VN. (a) 0-III lesion (superficial but with deep depression) is observed
with normal endoscopy, sm invasive cancer is suspected because of central concavity with mar-
ginal uplift. (b) Area with cancer exposure was sharply demonstrated. The exterior of marginal
uplift is dyed with iodine. Regenerating epithelium dyed by iodine is also observed in the area

of concavity due to previous biopsy. (c) Close image with iodine stain. A couple of minutes after
iodine stain. The exposed tumor shows “pink color sign”. (d) NBI image in a couple of minutes
after iodine stain. The exposed tumor shows “shiny silver sign” which corresponds to “pink
color sign” in white light. Both phenomena (c) and (d) are called “pink-silver sign”. (e) Magnified
NBI image after iodine stain. New tumor vessel with large diameter (VN: new tumor vessel) is
observed. VN is usually transversely oriented. The lesion can be diagnosed as sm massive cancer
if such VN is widely found in the lesion. (f) Histopathological image. Squamous cancer, sm2 inva-
sion (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).
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Figure 5.12 1mm cancerous lesion at the posterior of pharynx. (a) The lesion is observed only
as a small point of redness in close image under normal endoscopy. (b) The lesion is recognized
as a brown spot by NBI (white arrows). It is important not to overlook such a small red point (i.e.
blown spot in NBI) while inserting the endoscope. (c) An image with magnifying endoscopy. The
white ball which is attached closely to the lesion has 1mm outer diameter. The lesion indicated
with white arrows is 1mm in size. (d) Magnified image with NBI enhancement. It is categorized
as a lesion of IPCL Type IV with its own range. (e) Histological analysis for a sample of biopsy.
Squamous cell cancer. If the lesion is no more than 1mm wide, the treatment is completed even
with bite biopsy (Copyright H. Inoue, M. Kaga, Y. Sato, S. Sugaya, S. Kudo).
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INTRODUCTION

Esophageal adenocarcinoma and
Barrett's esophagus

Esophageal adenocarcinoma is the cancer with the most rapidly
rising incidence in the Western World and has a known precur-
sor lesion called Barrett’s esophagus (BE) [1] (Figure 6.1). BE is
a complication of chronic gastro-esophageal reflux, in which
the normal stratified squamous epithelium of the distal esopha-
gus has been replaced by columnar epithelium with specialized
intestinal metaplasia (IM) (Figure 6.2). To meet the current defi-
nition of BE, endoscopic evidence of a columnar-lined distal
esophagus and histological evidence of IM are required [2,3].

Although the exact mechanisms of carcinogenesis are not
fully understood, experts believe that malignant transformation
in BE involves a metaplasia—dysplasia—carcinoma sequence [4].
In this process, low-grade dysplasia (LGD), high-grade dyspla-
sia (HGD) and early (mucosal) cancer (EC) may precede the
development of invasive cancer [5]. The continuous rise in inci-
dence and the poor prognosis associated with esophageal ade-
nocarcinoma have driven research into finding ways of early
detection of neoplastic changes in BE.

Current recommendations are to offer patients with BE regu-
lar endoscopic surveillance in order to detect those early lesions
in an early and curable stage [2,3]. The effectiveness of these
guidelines, however, is hampered by several factors including
the subtleness of early neoplastic lesions making their detec-
tion with standard endoscopic techniques difficult (Figure 6.3).
When no abnormalities are detected during endoscopy, which
is the case in most patients, the diagnosis of any neoplasia relies
on randomly acquired biopsy samples. However, even the
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most rigorous random biopsy protocol is associated with sam-
pling error and therefore an inevitable miss rate [6].

In order to improve the detection rate of neoplasia and the
efficacy of endoscopic surveillance endoscopy in BE patients,
various advanced endoscopic imaging modalities have recently
been investigated.

High-resolution magnification endoscopy
and chromoendoscopy

Magnification endoscopes, equipped with high-quality charge
coupled devices and an adjustable focal length, allow for
detailed inspection of the superficial mucosal and vascular
patterns (i.e. “mucosal morphology”). Magnifying endoscopy
has been shown to improve the detection of specialized IM
(and to a lesser extent of early neoplasia) in BE. This is usu-
ally achieved by combining magnification endoscopy with
chromoendoscopy [7].

Chromoendoscopy is a technique in which dyes are sprayed
on the mucosal surface in order to enhance the detection and/
or delineation of early neoplastic lesions. Some studies have
shown that chromoendoscopy may improve the detection
of neoplasia but others have failed to confirm these findings
[8-11]. In addition this technique is associated with some impor-
tant limitations. First, it requires the use of dyes and spraying
catheters and lengthens the total procedure time. Second, the
technique is operator dependent and requires experience for
optimal results. Third, dye may not spread evenly across the
mucosa. Fourth, switching between the white light view and
the enhanced pattern chromoendoscopy view is impossible.
Finally, the mucosal morphology consists of both the mucosal
and the vascular patterns of which the latter may be obscured
by the use of stains.

Several classification systems for the mucosal patterns in
BE have been proposed using chromoendoscopy [8,12,13].
Most of these studies, however, concentrated on differentiat-
ing normal gastric-type mucosal patterns from intestinal-type
mucosal patterns, while mucosal pattern appearance of early
neoplasia has more clinical relevance. All proposed classifica-
tions depend on detecting minute differences in the size and
shape of the mucosal pits and ridges, which may make inter-
observer agreement difficult.

Narrowband imaging

Narrow band imaging (NBI) is a novel endoscopic imaging
technique which may enhance the mucosal surface contrast
without the use of dyes. NBI makes use of the optical phenome-
non that the depth of light penetration into tissues is dependent
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on the wavelength; the shorter the wavelength the more super-
ficial the penetration. Therefore, in the visible spectrum, blue
light penetrates most superficially (i.e. mucosal imaging) while
red light penetrates the deepest (i.e. submucosal imaging). In
addition, short wavelength light also causes less scattering.
In NBI, the band-pass ranges of the red, green and blue com-
ponents of white light have been narrowed and the relative
intensity of blue light has been increased.

MUCOSAL MORPHOLOGY OF BE USING NBI

Since the development of the prototype NBI system, several
studies have indicated that this technique elegantly displays
the mucosal and vascular patterns in different organ systems
[14-16]. A number of reports have indicated that NBI may
also be helpful in revealing suspicious areas in BE [17]. In this
regard, it has been postulated that NBI may lead to the same
contrast enhancement capabilities as chromoendoscopy but
without its aforementioned disadvantages.

Inorder toinvestigate the mucosal morphology characteristics
of early neoplasia and non-dysplastic mucosa we investigated
63 BE patients (including 41 with HGD /EC) with high-resolution
white light endoscopy and NBI [18]. Magnified images and
corresponding biopsies were taken and evaluated blindly. The
data was randomly dived into an explorative set, a learning
set and a validation set.

Explorative phase

In the explorative phase, images and biopsies of 15 areas were
reviewed by the study’s expert pathologist and two endo-
scopists in an unblinded manner. Insight gained from this
exploratory meeting and from previously published classifi-
cations using chromoendoscopy was used to develop stand-
ardized forms of both image and bio evaluation. During the
exploratory evaluation, it was observed that the mucosal mor-
phology consisted of mucosal patterns (in accordance with the
literature) but also vascular patterns were observed, which
were not previously described. Therefore all images were eval-
uated during the following two phases (learning and validation
phase) for: (1) the type of mucosal pattern (flat mucosa, circular /
oval/tubular pattern, longitudinal pattern, villous/gyrus-like
pattern and disrupted mucosa), (2) the regularity of the mucosal
pattern(regular, focallyirregular /disrupted, diffuselyirregular /
disrupted), (3) the presence of a vascular pattern, (4) the regular-
ity of the vascular pattern (regular, focally irregular or diffusely
irregular), (5) whether the vasculature formed honeycomb
structures, (6) whether all blood vessels were situated between
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or alongside the mucosal folds, (7) the presence of blood vessels
crossing over mucosal folds (“mucosal bridging”), (8) in the
case of a flat mucosa, whether the vasculature consisted of
normal-appearing long-branching vessels, (9) the presence of
abnormal blood vessels and (10) description of the observed
abnormal vessels.

Prior to the study, the protocol required the evaluation of
both white light and NBI images. But during early endoscopic
evaluation and the exploratory meeting it became obvious that
the NBI images were clearly superior for detailed inspection of
the mucosal morphology. Therefore white light images were
excluded from subsequent analysis.

Learning phase
Non-dysplatic BE

Of the 52 evaluated areas, 24 were found to contain non-
dysplastic BE. Nineteen (79%) showed villous/gyrus-forming
mucosal patterns on the NBI images and 5 areas (21%) showed
flat mucosa without evidence of pit patterns or mucosal folds.
Of the 19 areas with villous/gyrus-forming patterns, 12 (63%)
were evaluated as having regular mucosal patterns.

The vascular pattern was recognized in 23 areas (96%). A
regular vascular pattern was found in 17 (89%) of the 19 areas
with a villous/gyrus-forming mucosal pattern with all of the
blood vessels regularly situated between or along the mucosal
folds. All of the 5 areas with a flat mucosa showed a regular
pattern with normal-appearing long-branching blood vessels.

Figure 6.4 shows typical examples of the regular villous pat-
terns (Figure 6.4(a)—(d)) and flat mucosa with long-branching
blood vessels (Figure 6.4(e) and (f)) which were found to be
the main characteristics of non-dysplastic IM.

Early neoplasia

There were 14 areas with HGD/EC in the learning set. Eleven
areas (79%) showed irregular/disrupted mucosal patterns. The
mucosal patterns were judged to be villous/gyrus-forming in
10 areas. Of the 14 areas with HGD/EC, the vascular pattern
was recognized in 12 (86%); of these 12 areas, the vascular pat-
tern was scored as irregular in 9 (75%). Abnormal blood ves-
sels were found in 9 areas (75%); in 8 of the 9 cases (89%) there
was more than one abnormality; spiral vessels, caliber changes
and small isolated vessels being the most common abnormali-
ties. Figure 6.5 shows an example of irregular mucosal and
vascular patterns (Figure 6.5(a)—-(d)) and abnormal blood ves-
sels (Figure 6.5(e) and (f)).
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Relevant factors

When comparing the mucosal morphology features of the non-
dysplastic BE areas with the rest of the learning set, the regular
villous/gyrus-forming mucosal pattern was significantly asso-
ciated with non-dysplastic BE (p = 0.009). In addition, the flat-
type mucosa with long-branching normal-appearing vessels
was 100% (5/5) associated with non-dysplastic IM. No other
image variable was found to be significantly associated with
non-dysplastic IM. On the other hand, the irregular/disrupted
mucosal pattern was found to be significantly associated with
HGD (p = 0.03). The presence of abnormal blood vessels was
also significantly associated with HGD/EC (p < 0.001). No
other image variable was found to be significantly associated
with HGD/EC.

Validation phase

For both non-dysplastic BE and HGD/EC, the results of the
learning set were reproduced in the validation set. Of the 55
areas with non-dysplastic BE, 45 (82%) showed villous/gyrus-
forming mucosal patterns with regular vascular patterns in
40 areas. Ten areas (18%) showed flat mucosa, 8 with regular
long-branching normal-appearing blood vessels.

Of the 34 areas with HGD/EC, 32 (94%) showed irregular/
disrupted mucosal patterns, all of which were judged to be of
the villous/gyrus-forming type. The vasculature was recog-
nized in 31 areas; the vascular pattern was scored as irregular in
29 (94%). Abnormal blood vessels were found in 27 areas (87%);
in 20 of the 27 cases (74%) there was more than one abnormal-
ity. The most common abnormalities in the blood vessels were
again spiral vessels, caliber changes and small isolated vessels.

Theflat-typemucosa (p = 0.01) and theregular villous/gyrus-
forming mucosal pattern (p = 0.02) were found to be independ-
ent predictors of the presence of non-dysplastic BE and (1) an
irregular/disrupted mucosal pattern (p = 0.03), (2) an irregular
vascular pattern (p = 0.004), and (3) the presence of abnormal
blood vessels (p = 0.005) were found to be independent pre-
dictors for HGD/EC.

In addition, all areas with HGD/EC were found to have at
least one of the following three characteristics: (1) an irregu-
lar/disrupted mucosal pattern, (2) an irregular vascular pat-
tern or (3) abnormal blood vessels. Twenty-nine of the 34 areas
with HGD/EC (85%) had two or more of these characteristics.

Three-step classification system of
mucosal morphology

Based on these results, a three-step classification system was
developed for the mucosal morphology in BE (Table 6.1). This
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Regularity mucosal pattern Regular Irregular
Regularity vascular pattern Regular Irregular
Presence of abnormal blood vessels Not present Present

Table 6.1 Hierarchical three-step classification system for mucosal
morphology in BE.

classification system was used with the aforementioned data.
All areas with regular mucosal/vascular patterns without
abnormal blood vessels as well as areas with a flat mucosa and
no abnormal blood vessels were considered “not suspicious” for
dysplasia. Areas were considered “suspicious” for dysplasia/
cancer if they had at least one of the following three charac-
teristics: (1) irregular/disrupted mucosal pattern, (2) irregular
vascular pattern (3) and/or abnormal blood vessels. Using this
risk-stratification model, a sensitivity of 100% and a specificity
of 61% were obtained for HGD/EC.

Based on these results, we postulated that detection of the
mucosal pattern should be followed by determination of its
regularity /irregularity since irregular patterns may be associ-
ated with a higher chance of dysplasia/cancer. The next step
is the detection of the vascular pattern and determination of
its regularity/irregularity since it forms an integral and clini-
cally relevant part of the mucosal morphology. Subsequently,
the mucosa should be evaluated for the presence of abnormal
blood vessels since their presence is one of the three abnormal-
ities that may raise a suspicion for dysplasia/cancer.

DETECTING EARLY NEOPLASIA IN BE
USING NBI

Sharma et al. found that the detection of neoplastic lesions may be
improved by looking at the mucosal patterns in BE using indigo
carmine chromoendoscopy (ICC) [8]. After we evaluated which
NBI characteristics are relevant to discriminate non-dysplastic
BE from early neoplasia, we performed a clinical study compar-
ing NBI with ICC in a randomized cross-over design [19].
Twenty-eight patients with BE referred for the work-up of
endoscopically inconspicuous early neoplasia underwent
high-resolution endoscopy (HRE) plus NBI and HRE plus ICC
in a randomized cross-over design separated by an interval of
6-8 weeks. The two procedures were performed by two dif-
ferent endoscopists, who were blinded to the findings of the
other examination. Targeted biopsies were taken from all
detected lesions followed by 2-cm-interval-4-quadrant biopsies.
Histopathological evaluation was supervised by a single expert
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pathologist who was blinded to the imaging technique used.
In total, 14 patients were diagnosed with HGD/EC. The per
patient sensitivity for HGD/EC was 93% for HRE plus NBI and
86% for HRE plus ICC (Figure 6.6), with targeted biopsies
using both techniques diagnosing 79% of patients with HGD/
EC. More importantly, all patients detected by targeted biop-
sies were already diagnosed using HRE only. ICC detected
four additional lesions of which two contained HGD/EC and
NBI detected nine additional lesions, four of which contained
HGD/EC. These lesions, however, did not alter the sensitivity
for identifying patients with HGD/EC.

Although ICC and NBI did not improve the detection of
HGD/EC, this study has shown that NBI is at least as good as
ICC for imaging Barrett mucosa. As highlighted above, NBI has
anumber of advantages over chromoendoscopy. First, it is user
friendly with its application only requiring a touch of a button.
There is no need for dyes, spraying catheters or extensive
washouts and aspirations. Second, the epithelial (micro) vascu-
lar patterns are better viewed with NBI than with chromoen-
doscopy. In particular, the vascular bed in the areas between
the mucosal folds can be observed with NBI but not with chro-
moendoscopy, since the dye accumulates in these grooves. In
contrast, NBI does not require any specific skills. Moreover,
the technique of NBI is relatively simple and incurs no extra
per case costs associated with dye and spray catheters.

A potential problem with NBI is observer variation in the
interpretation of the images. However, this holds for chromoen-
doscopy too. There is no data yet to address the question of the
length of the learning curve before endoscopists can reliably
detect the characteristic patterns of HGD/EC using NBI HRE.

The failure of these techniques to improve the sensitivity for
HGD/EC in BE when compared to HRE alone in this study can
be at least partly explained by the fact that these techniques
are most suitable in BE for fargeted inspection of areas of inter-
est and less suitable for primary detection of abnormalities. This
limitation is inherent in both techniques because their objective
is to reveal the details of the (micro) structures present on the
mucosal surface. To achieve this objective, magnification and
therefore targeted inspection of a small area is necessary. Hence,
ideally, suspicious areas should be detected first before apply-
ing either ICC or NBI since the power of these techniques lies
in detailed inspection of focal lesions.

In this perspective NBI could serve as an adjunct to autoflu-
orescence video endoscopy. Autofluorescence video endos-
copy is an advanced imaging technique that may improve
the detection of early neoplasia. In autofluorescence, certain
endogenous molecules emit fluorescence light when they are
excited with short wavelength light (e.g. blue light). It has been
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shown with endoscopic point spectroscopy that early neopla-
sia in BE can be distinguished from non-dysplastic BE based
on differences in autofluorescence and reflectance spectra [20].
In autofluorescence video endoscopy this technique is used in
a real-time wide-angle endoscopy system. In a recent feasibility
study we showed that one of the drawbacks of this technique
is the high percentage of false positive lesions that were
detected with autofluorescence video endoscopy [21].

NBI can be used for a subsequent characterization of suspi-
cious areas detected with autofluorescence video endoscopy.
In a proof-of-principle study, we examined 20 BE patients with
suspected or endoscopically treated early neoplasia using two
separate imaging systems: autofluorescence video endoscopy
and NBI [22]. Of the 28 lesions with early neoplasia, 17 were
identified with HRE (61%) and 28 with autofluorescence video
endoscopy (100%). Forty-seven suspicious lesions were detected
with autofluorescence video endoscopy: 28 contained early
neoplasia: 19 were false positive (40%). With NBI, suspicious
patterns were found in all lesions with early neoplasia, while
regular patterns were found in 14 of the 19 false positive
lesions. The false positive rate was therefore reduced to 10%
and of the 5 remaining false positive lesions, 4 contained LGD
(Figure 6.7). This proof-of-principle study shows that NBI may
be used for targeted inspection to verify the surface pattern char-
acteristics of suspicious lesions detected with an overview
imaging technique, such as autofluorescence video endoscopy.
Recently a new endoscopic system has been developed that
incorporates HRE, autofluorescence video endoscopy and NBI
[23] [see DVD video clips 11-14].

CONCLUSION

NBI is a promising new technique that may have additional
value for imaging BE and the management of patients with
early BE neoplasia.

It is a relatively simple and easy technique that has the
advantages of chromoendoscopy but does not require the use
of staining agents.

In addition, NBI reveals additional features of the mucosal
morphology (i.e. blood vessels) that are not easily recognized
with high-resolution magnification endoscopy and chromoen-
doscopy. These features may help to distinguish non-dysplastic
BE from neoplastic areas.

In BE, NBI appears to be the most suited for targeted inspection
of areas of interest after primary detection of these areas, either
with HRE or other “red-flag” techniques under development.
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Figure 6.1 Esophageal adenocarcinoma.

Figure 6.2 Barrett’s esophagus.

Figure 6.3 Two images with discrete early neoplastic lesions in a BE at the 3 o’clock position.
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Figure 6.4 Examples of regular mucosal and vascular patterns of the villous/gyrus type
((a)-(d)) and flat mucosa with long-branching blood vessels ((e) and (f)). All these images contain
non-dysplastic BE.
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Figure 6.5 Examples of dysplastic BE with irregular and distorted mucosal and vascular
patterns ((a)—(d)) and abnormal blood vessels ((e) and (f)).
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Figure 6.7 Example of NBI detection of a false positive autofluorescence image (AFI).

(a) Unsuspicious area with high-resolution white light endoscopy. (b) AFI detects a purple
appearing region, suspicious for dysplasia. In AFI, a purple colour indicates an area suspicious
for neoplastic change in contrast to normal tissue which appears green. (c) Detailed inspection of
this site with NBI reveals regular mucosal and vascular patterns that indicates that the AFI find-
ing was a false positive. (with permission from Elsevier, Ref. [22]).
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INTRODUCTION

Currently, within the stomach and the duodenum, there is no
evidence to demonstrate the clinical usefulness of narrowband
imaging (NBI) during non-magnifying endoscopic observation
for the purpose of detecting abnormal pathology. However,
several clinical applications are possible if NBI is applied to
the magnification endoscopy technique in the stomach and the
duodenum. Hence, in this chapter, we will describe the clinical
usefulness of magnification endoscopy when used in conjuc-
tion with NBI.

BASIC PRINCIPLES FOR THE ANALYSIS OF
MAGNIFIED ENDOSCOPIC FINDINGS

When analyzing the magnified endoscopic findings, there are
two distinctly different anatomical findings which need to be
examined [1]:

1 the subepithelial microvascular (MV) architecture;

2 the mucosal microsurface (MS) structure.

We should analyze these findings independently. By white
light alone, only the MV architecture can be noted, but when
we utilize NBI, both the MV architecture and the MS structure
can be visualized.

MAGNIFICATION ENDOSCOPY PROCEDURE

The preparation of the patient for magnification endoscopy
is the same as that for standard endoscopy. The endoscopy
procedures described and illustrated in this article were per-
formed using a high-resolution magnifying upper gastrointes-
tinal (GI) endoscope (GIF-Q240Z, Olympus, Tokyo, Japan) and
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Olympus-EVIS LUCERA SPECTRUM system. The structure-
enhancement function of the video processor is set at a level of
4, 6 or 8 (level 4 or 6 for non-magnified observation and level
8 for magnified observation). Prior to endoscopy, a black soft
hood (MB-162, Olympus, Tokyo) is attached to the tip of the
scope (Figure 7.1) to enable the endoscopist to fix the focal
distance at 3mm between the tip of the scope and the muc-
osal surface at maximal magnification [2]. In practice, when a
lesion on the gastric mucosa is found during non-magnifying
observation, visualization of the lesion is immediately zoomed
up to maximal magnification, and then the tip of the scope is
allowed to contact the mucosa immediately after reaching the
maximal magnification level. In this system, one can easily
change the light source to either white light or NBI by using a
button on the handle part of the scope.

THE STOMACH

In the stomach, the NBI technique is only useful when we
apply this technique to magnification endoscopy. From a tech-
nical point of view, the mucosal image by non-magnification
observation with NBI is too dark and noisy for meaningful
investigation because the lumen of the stomach is large.

Normal gastric mucosa (Figs 7.2 and 7.3)

Basically, magnified endoscopic findings of normal gastric
mucosa without any pathological change (such as Helicobacter
pylori (HP) infection) are different depending upon the part
of the stomach, that is, the gastric body or the gastric antrum
[3-5].

With regard to the MV architecture in the normal gastric
body (Figure 7.2a), it shows a honeycomb-like subepithelial
capillary network (SECN) pattern with collecting venules (CV)
(Figure 7.2b). More precisely, a polygonal loop of subepithe-
lial capillary surrounds each gastric pit and these loops form
a honeycomb-like network beneath the epithelium and con-
verge onto a CV. By magnification with NBI, the MS structure
becomes evident, namely, the pits demonstrate a round or oval
shape (Figure 7.2¢). If there is no pathological change such as
HP gastritis in the mucosa, both the MV architecture and the
MS structure constantly show a regular shape and arrange-
ment [6-8].

On the other hand, the gastric antrum demonstrates dis-
tinctly different magnified endoscopic findings from those of
the gastric body. In the MV architecture, the antral mucosa
depicts a coil-shaped SECN (Figure 7.3b) [3]. CVs are rarely
observed on the mucosal surface in the gastric antrum because
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anatomically the CV is thought to be located in a deeper part
of the lamina propria in the gastric antrum than it is in the
gastric body [5]. With regard to the MS structure of the gas-
tric antrum, it also showed a quite different pattern from that
of the gastric body. According to the classical convention, the
gastric pits are thought to be round, but this idea is not cor-
rect. The pits demonstrate a linear or reticular pattern. Each
coil-shaped subepithelial capillary is located in an apical part
which is separated by a linear or reticular crypt-opening [3].
This characteristic MV architecture together with the MS struc-
ture can be clearly visualized when we apply NBI to magnifi-
cation endoscopy (Figure 7.3c) (see DVD video clip 21).

Chronic gastritis

Magnification endoscopy has also been reported to be use-
ful for identifying HP-associated gastritis and gastric atrophy
(Figure 7.4) [6-8]. Briefly, the magnified endoscopic findings
in the gastric body mucosa has been categorized into four
types: type 1, honeycomb-like SECN with regular arrange-
ment of CVs and regular round pits; type 2, honeycomb-like
SECN with regular, round pits, but loss of CVs; 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 [7]. Type 1 pat-
tern is highly predictive for normal gastric mucosa with nega-
tive findings for HP infection. Type 2 or 3 pattern is predictive
for an HP-infected stomach, while Type 4 pattern is predic-
tive for gastric atrophy. This classification was made through
modification of the original findings of both Yagi [6] and
Nakagawa [8].

Uedo et al. reported an interesting concept and new appli-
cation of NBI with magnifying endoscopy for the diagnosis of
gastric intestinal metaplasia (Figure 7.5) [9]. They indicated that
a distinctive finding called “light blue crest (LBC)” was a good
indicator of histological intestinal metaplasia which is a risk fac-
tor for the development of differentiated (intestinal) type gas-
tric cancer. The LBC was defined as a fine, blue-white line on
the crests of the epithelial surface or gyri as visualized by mag-
nification endoscopy with NBI. This appearance is speculated
to be caused by reflection of the short and narrow wavelength
light (400430nm) at the surface of the ciliated tissue structure,
that is, the brush border in the gastric intestinal metaplasia and
the duodenum. Current applications of this finding have not
yet been established, however, it could play a key role in the
approach to the pathogenesis of chronic metaplastic gastritis as
visualized by endoscopy (see DVD video clip 22).
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Differentiated carcinoma (intestinal type)
1. Disappearance of regular SECN pattern
2. A demarcation line (DL)

3. Irregular-micro vascular pattern (IMVP)

Undifferentiated carcinoma (diffuse type)

1. Reduced MV pattern

Table 7.1 Magnified endoscopic findings characteristic for early gastric
cancer.

Early gastric cancer

Recently, we first reported unique magnified endoscopic
findings based on MV architecture characteristics for early
gastric cancer [2,3]. These findings were different depending
upon the histological type, namely, differentiated carcinoma
(intestinal type) or undifferentiated carcinoma (diffuse type)
(Table 7.1).

With regard to differentiated carcinoma (Figure 7.6), briefly,
the surrounding non-cancerous mucosa showed an SECN
which was regular in both shape and arrangement. In con-
trast, the regular SECN pattern had disappeared at the margin
of the carcinoma and instead microvessels which were irregu-
lar in both shape and arrangement had proliferated within the
cancerous mucosa (irregular microvascular pattern, IMVP).
In addition, a clear demarcation line (DL) could be noted
between the cancerous and the non-cancerous mucosa. The
presence of a DL and the disappearance of the regular SECN
pattern were explained by the histological findings in which
cancerous tissue replaces non-cancerous tissue when it extends
horizontally.

Microvessels irregular in both shape and arrangement are
thought to be tumorous vessels which have proliferated within
the carcinomatous interstitial tissue, which shows irregular-
ity in its histological findings. These findings were thought
to be useful in clinical practice for making a correct diagnosis
between superficial cancer and focal gastritis [10] and for deter-
mining the margin of the carcinoma prior to endoscopic resec-
tion [11,12]. On the other hand, with regard to undifferentiated
carcinoma, the cancerous mucosa only showed reduced den-
sity of the SECN pattern (Figure 7.7). Other examples of how
the information from HRE NBI with magnification can be used
to differentiate between cancer and berign gastritis, as well as
detect neoplasm which is invisible on standard endoscopy are
shown in Figures 7.8-7.11. [see DVD video clips 23-26].
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THE DUODENUM

Normal duodenal mucosa

By magnification endoscopy, finger- or leaf-like villi with
a smooth surface which is regular in arrangement can be
observed. NBI enables the endoscopist to obtain a clear view
of the LBC at the edge of the villi and the intravillous capillary
loop network (Figure 7.12) [see DVD video clip 32].

Celiac disease

Magnification endoscopy can enable the endoscopist not only
to detect the villous atrophy [13], but also, to assess the degree
of villous atrophy [14]. A scoring system (Z score) was pro-
posed for grading the appearance of villous atrophy: “Z1”
for normal mucosa, “Z2” for blunted villi, “Z3” for markedly
blunted villi (with ridges and pits) and “Z4” for flat mucosa
[14]. This scoring system seemed to be well correlated with
histological assessment of villous atrophy. It was suggested
that if we applied NBI to this magnification endoscopy, this
grading system may remain accurate without the necessity for
dye spraying, siince NBI can optically enhance both the MS
structure and the MV architecture. Celiac disease is one of the
promising indications for magnification endoscopy with NBI,
as well illustrated by Figures 7.13-7.15.

CONCLUSION

Numerous findings by magnification endoscopy with NBI
are still under investigation. Nevertheless, the most impor-
tant advantage of this technique is that it can visualize both
the MV architecture and the MS structure without the need
to introduce any artificial materials (such as dye, etc.) into the
human body. In the near future, magnification endoscopy with
NBI is expected to be practiced as a standard endoscopy tech-
nique which is quick, safe and accurate for making a precise
diagnosis of GI pathology.
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Figure 7.1 Ablack soft hood mounted at the tip of the scope
(Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H.
Tanbe, A. Iwashita, P. Kaye, K. Ragunath).

Figure 7.2 Normal gastric body mucosa. (a) Non-magnified endoscopic view. (b) Magnified
endoscopic findings by white light. A honeycomb-like SECN pattern with CV, arrow can be
noted. (c) Magnified endoscopic findings by NBI. In addition to the microvasculature, a round or
oval pit pattern becomes evident. The MV architecture and MS structure appear regular in both
shape and arrangement in the normal gastric body mucosa (Copyright K. Yao, T. Nagahama,

F. Hirai, S. Sou, T. Matsui, H. Tanbe, A. Iwashita, P. Kaye, K. Ragunath).



90 CHAPTER 7

Figure 7.3 Normal gastric antral mucosa. (a) Non-magnified endoscopic view. (b) Magnified
endoscopic findings by white light. A coil-shaped SECN pattern is present. (c) Magnified endo-
scopic findings by NBI. Both the coil-shaped SECN pattern and the reticular MS structure are
clearly demonstrated by NBI (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H.
Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.4 Magnified endoscopic views of the gastric mucosa according to the classification
of HP-associated gastritis. (a) Type 1, honeycomb-like SECN with regular arrangement of CVs
and regular round pits. (b) Type 2, honeycomb-like SECN with regular, round pits, but loss of
CVs. (c) Type 3, loss of normal SECN and CVs, with enlarged white pits surrounded by ery-
thema. (d) Type 4, loss of normal SECN and round pits, and together with an irregular arrange-
ment of CVs (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe, A. Iwashita,

P. Kaye, K. Ragunath).
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Figure 7.5 (a) Magnified endoscopic findings of “Light blue crests” (LBC) in the gastric antral
mucosa. LBC is clearly visualized as blue-white lines on the epithelial edge or surface by mag-
nification with NBI. (b) Histological findings of a biopsy specimen from the area that is positive
for LBC (immunostain, CD10). The epithelial surface with intestinal metaplasia and goblet cells
is strongly stained by CD10. (The images of Figure 7.5a and 7.5b were kindly provided by Dr. N.
Uedo, Osaka Medical Center for Cancer and Cardiovascular Diseases, Osaka, Japan.) (Copyright
K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).

Figure 7.6 An example of an early gastric cancer in the gastric cardia. (a) On ordinary white
light endoscopy, a flat reddened mucosal lesion can be noted. (b) Magnification endoscopy with
white light shows a regular SECN pattern of the non-cancerous surrounding mucosa.
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Figure 7.6 (Continued) (c) With NBI, the regular shape and arrangement of the capillar-

ies together with the pit pattern become evident. (d) At the margin of the carcinoma, white light
magnification endoscopy shows a DL (arrows). At that location, the regular SECN pattern has
disappeared and, instead, microvessels which are irregular in both shape and arrangement can
be seen to have proliferated within the cancerous mucosa. () When the white light imaging is
changed to NBI, the characteristic findings for differentiated carcinoma (such as the presence of
a DL (arrows) and an irregular microvascular pattern (IMVP) become distinct. (f) Histological
findings (Hematoxylin & Eosin, HE stain) of the endoscopically resected specimen demonstrate
well-differentiated adenocarcinoma replacing the non-cancerous tissue. An arrow shows the his-
tological margin between cancerous and non-cancerous tissues (Copyright K. Yao, T. Nagahama,
F. Hirai, S. Sou, T. Matsui, H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.7 An example of early gastric cancer of undifferentiated type in the gastric fundus.
(a) Ordinary white light endoscopic view shows a pale mucosal area (arrows) with ulceration.
(b) Magnification endoscopic findings of that pale mucosa only show loss of the regular

SECN pattern. (c) With NBI, flat mucosa with loss of the regular SECN is easily visualized.

(d) Histopathological findings (HE stain) demonstrate that poorly differentiated adenocarci-
nomatous cells are infiltrating within the lamina propria without any proliferation of interstitial
tissue and that they are destroying the non-cancerous interstitial tissues (Copyright K. Yao,

T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.8 How to make a correct diagnosis by magnification endoscopy: Case 1, a focal
mucosal lesion due to gastritis. (a) A slightly reddened depressed lesion with an irregularly
shaped margin can be noted within the upper part of the gastric body. (b) When we observe this
lesion at maximal magnification with white light, some of the MV network within the depressed
part becomes visible. However, it is difficult to determine whether or not the shape and the
arrangement of the microvessels are regular by these findings alone. (c) When we switch from
white light to NBI, both the MV network and the pit pattern prove to be regular in both shape
and arrangement. Accordingly, these findings are compatible with chronic focal gastritis. (d)
The histopathological findings demonstrate only chronic gastritis with intestinal metaplasia
(Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe, A. Iwashita, P. Kaye,

K. Ragunath).
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Figure 7.9 How to make a correct diagnosis by magnification endoscopy: Case 2, a small
gastric cancer. (a) A slightly reddened depressed lesion with an irregularly shaped margin can be
detected within the gastric antrum. (b) When we magnify this lesion, an IMVP can be identified
within the depressed part (arrows). (c) With NBI, the distinct morphology of each of the micro-
vessels can be observed in higher contrast than with white light. In addition, the mucosal surface
of the depressed part depicts unevenness. (d) Histopathological findings of the endoscopically
resected specimen represent a well-differentiated adenocarcinoma restricted to the mucosa
(Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe, A. Iwashita, P. Kaye,

K. Ragunath).
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Figure 7.10 How to determine the precise margins of the carcinoma for successful resection

by the endoscopic submucosal dissection (ESD) method. (a) A small, poorly demarcated mucosal
lesion can be noted in the gastric body. (b) By magnification with white light, there is a DL; fur-
thermore, at that part, the regular SECN pattern has disappeared and instead microvessels which
are irregular in both shape and arrangement can be seen to have proliferated. (c) With NBI, these
magnified endoscopic findings characteristic for differentiated carcinoma become easy to identify.
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Figure 7.10 (Continued) (d—f) Once these magnified endoscopic findings characteristic for
carcinoma are verified, all the margins of the carcinoma can be determined even at weak magnifi-
cation, by endoscopic findings alone. (g) According to the histological investigation, the area

of the carcinoma was reconstructed on the specimen which was resected by the ESD method.

We can see that the reconstructed area is well correlated to that determined by magnification
endoscopy with NBI (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe,
A.Iwashita, P. Kaye, K. Ragunath).



Figure 7.11 How to identify the presence of a carcinoma which does not show any macroscopic
findings by ordinary endoscopy (so-called “occult cancer”). (a) One of the multiple random biopsies
which were previously taken from the lower gastric body mucosa of the greater curvature was known
to have represented well-differentiated adenocarcinoma. However, ordinary endoscopic findings

only show multiple healed ulcers on the rough mucosa in the lower gastric body. (b) Instead of taking
a second round of multiple biopsies, we scanned this area by weak magnification and successfully
found the presence of the carcinoma by identifying an IMVP. (c, d) With NBI, the contrast of microves-
sels became remarkably high. Such high-contrast images enable the endoscopist to clearly identify

a DL (arrows) between the non-cancerous and the cancerous mucosa, as well as an IMVP within the
cancerous mucosa. These techniques may be useful in helping endoscopists avoid the need to take
additional multiple biopsies. (e) Histopathological findings of the specimen which was resected by the
ESD method demonstrate well-differentiated adenocarcinoma which was limited to the mucosa. An
arrow shows the margin of the carcinoma (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui,
H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.12 The normal duodenal mucosa. (a) Magnified endoscopic findings with white light.
The finger- or leaf-like villous formation with a smooth edge is arranged in a regular manner.

(b) By NBI, the MS structure of the villi and the MV architecture within the villi become distinct.
At the edge of the villi, the Light blue crests (LBC) are visualized by NBI. Together, the capillary
loops form a regular network underneath the epithelium within the villi (intravillous capillary
loop network). (c) Histological findings of the biopsy specimen show no villous atrophy and no
significant inflammatory infiltrate (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui,

H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.13 Duodenal mucosa in a patient with celiac disease. (a) Magnified endoscopic
findings with white light. Blunted villi can be noted. (b) By NBI, the precise morphology of
the villi can been seen; that is, the villi are blunted but the villous structure is still preserved.
(c) Histological findings of the biopsy specimen demonstrate duodenal mucosa with mild
partial villous atrophy (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou, T. Matsui, H. Tanabe,
A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.14 Duodenal mucosa in a patient with celiac disease. (a) Magnified endoscopic find-
ings with white light demonstrate that the normal finger- or leaf-like villi have disappeared, but
remarkably blunted villi are present. (b) NBI is helpful for visualizing the detailed MS structure,
that is, blunted and broad villi with ridges and crypt-openings. (c) The histological findings of
the biopsy specimen represent subtotal villous atrophy and chronic inflammatory infiltration into
the epithelium and the lamina propria mucosa (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou,
T. Matsui, H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Figure 7.15 The duodenal mucosa in a patient with celiac disease. (a) Magnified endoscopic
findings with white light show flat mucosa where the normal villous structure together with

the normal microvasculature has disappeared. (b) In addition, NBI is useful for detecting even a
small tubular crypt-openings on the surface of the flat mucosa. (c) By histological investigation of
the biopsy specimen, it is evident that almost all of the villi have disappeared, and only a tubular
appearance can be noted. Remarkable infiltration of chronic inflammatory cells into the lamina
propria and the epithelium is also present (Copyright K. Yao, T. Nagahama, F. Hirai, S. Sou,

T. Matsui, H. Tanabe, A. Iwashita, P. Kaye, K. Ragunath).
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Magnifying endoscopy with NBI
in the diagnosis of superficial
gastric neoplasia and its
application for ESD

Mitsuru Kaise, Takashi Nakayoshi and Hisao Tajiri

THE HISTORY OF MAGNIFYING ENDOSCOPY
AND THE IMPACT OF NARROWBAND
IMAGING ON MAGNIFYING ENDOSCOPIC
DIAGNOSIS FOR GASTRIC NEOPLASIA

Although magnifying endoscopic diagnosis for gastric neo-
plasia has been attempted in the past decades [1], standard-
ized systemic classification of magnified gastric surface has
not been established due to diverse histology of gastric carci-
nomas, the existence of three different types of proper gastric
mucosa (Figure 8.1), and various modifications on mucosal
structures by atrophy, chronic inflammation and metaplasia
(Figure 8.2). The development of magnifying video-endoscopy
combined with narrowband imaging (NBI) has broken this sit-
uation and opened a new door. NBI yields very clear images
of fine superficial structure as well as microvasculature of the
gastric mucosa (Figure 8.3), which has advanced magnifying
endoscopic diagnosis into a new stage. We have reported that
significant correlation between histopathology and microvas-
cular pattern obtained with NBI enables the sensitive diagno-
sis for the existence [2] and extent of superficial gastric cancer,
and therefore the modality is applicable for endoscopic sub-
mucosal dissection (ESD) [3].

FINDINGS OF MICROVASCULATURE ON
DIAGNOSIS OF SUPERFICIAL DEPRESSED
GASTRIC CANCER

We have done a prospective study to measure the correlation
between the magnified images obtained with NBI and the his-
tological findings, especially with regard to the microvascular
pattern; 225 cases of superficial depressed gastric carcinoma
(152 of well-differentiated adenocarcinoma and 75 of poorly
differentiated adenocarcinomas) were enrolled in the study.
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The mixed type with well and poorly differentiated adenocarci-
noma recognized in 27 cases was classified into one of the types
according to the prominant histological characteristic. Microv-
ascular patterns on the mucosal surface were classified into two
patterns: fine network pattern and corkscrew pattern (Figure
8.4). The fine network pattern appears as a mesh, and abundant
microvessels are well connected with one another. In contrast,
the corkscrew pattern has isolated and tortuous microvessels,
and accordingly appears like a corkscrew. The mixed type with
both network and corkscrew patterns was classified into one of
the types according to the prominant finding.

Fine network pattern was recognized in 104 cases (68.4%)
of 152 well-differentiated adenocarcinomas (intestinal type).
Corkscrew pattern was observed in 64 cases (85.3%) of 75
poorly differentiated adenocarcinoma (diffuse type) (Table 8.1).
In 50 lesions, microvascular findings were not obtained due
to viscid mucus, bleeding or an unclassified type of micro-
vessel. The evidence indicates that the presence and histol-
ogy of superficial gastric carcinoma can be predicated by the
microvascular patterns, suggesting that the magnified video-
endoscopy with NBI system could achieve optical biopsy.

We also used a standard microscope and a laser scanning
microscope (LSM) to observe gastric cancerous mucosa by CD31
specific to the vascular endothelium cell, in order to compare
the three-dimensional construction of microvessels with histo-
logical characteristics. In well-differentiated adenocarcinoma,
networks of microvessels run around cancerous glands since
the glandular structures were kept in shape (Figure 8.5). In con-
trast, in poorly differentiated adenocarcinoma, isolated cork-
screw-like microvessels randomly and chaotically exist due to
the lack of glandular structure that normally restricts the space
for vessels to run (Figure 8.6). Microvessel images obtained by
LSM, and the ones by magnifying endoscopy with NBI had a
good correlation (Figures 8.5 and 8.6). Therefore, microvessel
images obtained by magnifying endoscopy with NBI may cor-
respond well to the histological characteristics which ensures
the possibility of optical biopsy.
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Fine net pattern

Corkscrew
pattern

Unclassified
type/no findings

Well-differentiated carcinoma (152 cases)

104 cases (68.4%)

7 cases (4.6%)

41 cases (27.0%)

Poorly differentiated carcinoma (75 cases)

2 cases (2.7%)

64 cases (85.3%)

9 cases (12.0%)

Table 8.1 Comparison of microvascular patterns and histological characteristics in superficial depressed gastric

carcinoma.
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For the magnifying endoscopic diagnosis of superficial
depressed gastric carcinoma, both the existence of irregular
microvessels and the disappearance of fine superficial struc-
ture are essential. A cancerous depression with irregular micro-
vessels and structural disappearance can be distinctly dif-
ferentiated from non-neoplastic mucosa with fine superficial
structure by a definite borderline. The borderline is almost
comparable to the demarcation line proposed by Yao [4],
which was reported to be observable in depressed gastric can-
cers composed of well-differentiated adenocarcinoma, but not
in those of poorly differentiated adenocarcinoma. However,
we consider that the borderline between cancerous depression
and non-neoplastic surrounding mucosa is observable both
in well and poorly differentiated adenocarcinoma, if you take
account of the differences both in microvessel and fine super-
ficial structure.

FINDINGS OF MAGNIFYING ENDOSCOPY IN
SUPERFICIAL ELEVATED NEOPLASIAS OF
THE STOMACH

The microvascular classification established in superficial de-
pressed neoplasias cannot be simply applied to superficial
elevated neoplasias due to the lack of visibility of microvessels.
Therefore, in elevated gastric lesions, magnifying endoscopic
diagnosis is based on microvessels as well as fine mucosal
structures. In gastric adenoma, fine mucosal patterns are able
to be classified to tubular, round or oval shapes, and irregular-
ity is rarely recognized in the microvascular and fine mucosal
patterns (Figure 8.11). On the other hand, irregularity in fine
mucosal pattern and microvessel can be observed in superfi-
cial elevated gastric carcinoma (type 0 Ila), and therefore find-
ings with NBI are useful in diagnosing gastric elevated lesions;
however, irregular microvessels are not frequently recognized
in elevated carcinomas [5]. In cases without irregular mucosal
structure and microvessel, indigo carmine dye is often use-
ful to identify the extent of cancer. Thus it is better to use both
methods for ESD/endoscopic mucosal resection (EMR) mark-
ing (Figures 8.7-8.13).

APPLICATION OF MAGNIFYING ENDOSCOPY
WITH NBI ON ENDOSCOPIC RESECTION

The diagnosis of the extent of cancerous infiltration is indis-
pensable for endoscopic or surgical resection of gastric car-
cinoma. Since around 20% of superficial gastric carcinomas
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do not give a clear borderline, accurate endoscopic diagnosis
plays a crucial role for a radical cure, especially in endoscopic
resection. ESD, a recently developed superb method which
enables an en bloc resection for large lesions, can achieve more
radical cure in combination with precise endoscopic diagnosis
of the cancerous extent. Therefore, we usually perform ESD
in combination with magnifying endoscopy with NBI, which
can allow real time optical biopsy [2] [see DVD video clips 28
and 29].
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Figure 8.1 Normal mucosal images obtained by magnifying endoscopy with NBI. (a) Mucosal
surface of gastric fundic gland; there appear microvessels surrounding the gland pits, which
shows a honeycomb pattern. (b) Mucosal surface of pyloric gland; there appear microvessels
surrounding the tubular type pit and stripe pit. Microvessels observed in cancerous lesions have
irregularity; abnormal dilatation, abrupt alteration in caliber and heterogeneity in shape. In
contrast, microvessels observed in non-neoplastic mucosa surround along mucosal pits and have
regularity; similarity in shape and even alteration in caliber (Copyright M. Kaise, T. Nakayoshi,
H. Tajiri).

Figure 8.2 Modifications on mucosal structures by atrophy, chronic inflammation and meta-
plasia. (a) Helicobacter pylori-infected fundic mucosa demonstrates round, tubular or gyrus-
like patterns of fine superficial structure, which is different from normal fundic mucosa with
regular round pit pattern and honeycomb-like microvessels (Figure 8.1(a)). (b) In Helicobacter
pylori-infected pyloric mucosa, patterns of fine superficial structures are various, and invisible
in atrophic mucosa. Microvessels surround the various shapes of superficial structure, and the
density of microvessels varies from area to area (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).
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Figure 8.3 Comparison of (a) white light magnifying endoscopy and (b) magnifying endos-
copy with NBI (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).

(@) (b)

Figure 8.4 Classification of microvascular patterns in superficial depressed gastric cancer.

(a) Fine network pattern looks like a mesh, in which abundant microvessels connect with one
another. (b) Corkscrew pattern has isolated and tortuous microvessels, in which scanty microves-
sels do not connect with one another. The vessels in cancerous lesions show abnormal dilatation,
abrupt alteration in caliber and heterogeneity in shape. Fine mucosal structures usually disappear
in depressed gastric carcinoma (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).
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Figure 8.5 Images of microvessels in well-differentiated (intestinal type) adenocarcinoma.

(a) CD31-immunostainined, optical microscope findings: microvessels surrounding cancerous
glands. (b) CD31-immunostaining: the three-dimensional structures of the microvessels dis-
played by LSM show the presence of network of microvessels. (c) There is a good correlation
between microvascular patterns demonstrated by magnifying endoscopy with NBI and those by
LSM (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).
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Figure 8.6 Images of microvessels in poorly differentiated (diffuse type) adenocarcinoma. (a)
CD31-immunostainined, optical microscope findings: microvessels are present. They are isolated
and randomly arranged due to the lack of glandular structure which restricts vessels to run freely.
(b) CD31-immunostainined: the three-dimensional structures of the microvessels displayed by
LSM show the presence of corkscrew network. (c) There is a good correlation between microvas-
cular patterns displayed by magnifying endoscopy with NBI and the those by LSM (Copyright
M. Kaise, T. Nakayoshi, H. Tajiri).



Figure 8.7 Type 0 Ilc early gastric cancer of well-differentiated adenocarcinoma. The conventional
endoscopy (a) and the chromoendoscopy (b) show the presence of two reddish and erosive lesions on

the posterior wall of gastric antrum. It is still difficult to recognize the gastric erosions as cancerous or
not. Magnifying endoscopy with NBI demonstrates the depressed lesion (white arrow in (a)) to have no
fine mucosal patterns, but fine network microvessels, indicating that it is a well-differentiated adeno-
carcinoma ((c): medium magnification, (d): high magnification). (e) Magnifying endoscopy with NBI
demonstrates the other depressed lesion (blue arrow in (a)) to have tubular mucosal pattern and regular
microvessels, indicating that the lesion is non-cancerous erosion. (f) Pathological findings of the early gas-
tric cancer shows well-differentiated adenocarcinoma (intestinal type), which is in accordance with the
histology prediction by magnifying endoscopy with NBI (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).




Figure 8.8 Type 0 Ilc + Ila early gastric cancer of well-differentiated adenocarcinoma. The
conventional endoscopy shows discolored lesions (a) on the anterior wall of upper gastric corpus
and the chromoendoscopy (b) clearly shows the 3cm superficial depressed lesions with sur-
rounding elevation, indicating the possibility of the early gastric cancer. (c) Magnifying endos-
copy with NBI (medium magnification) shows a slightly depressed area with very small mucosal
pattern. (d) High magnification shows a fine network of microvessels with abnormal dilatation,
abrupt alteration in caliber and heterogeneity in shape. These findings indicate that the lesion is
superficial well-differentiated adenocarcinoma. Pathological image of ESD specimen (e) shows
type 0 Ila with a marginal edge to the right side of the black arrow and the left side shows a
non-cancerous area. (f) shows pathological image of type 0 Ilc in the center of the lesion, which is
well-differentiated adenocarcinoma in accordance with the histological prediction by magnifying
endoscopy with NBI (Copyright M. Kaise, H. Tajiri).
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Figure 8.9 Type 0 Ilc early gastric cancer of poorly differentiated adenocarcinoma. The con-
ventional endoscopy shows discolored depressed lesions with reddish granulation on the posterior
wall of gastric angle (a), and the chromoendoscopy with indigo carmine dye (b) shows the clearer
appearance, of which morphology suggests the possibility of poorly differentiated adenocarci-
noma. Magnifying endoscopy with NBI shows no mucosal pattern but irregular microvessels
with corkscrew pattern, indicating that it is a well-differentiated adenocarcinoma. (c) Medium
magnification. (d) High magnification. Upper right part of (d) is equal to the slightly elevated
part with granulation which exists in the center of the lesion. This finding suggests that the area
is not comprised of cancerous tissue in all the layers, but is covered with regenerated epithelium.
Pathological findings of ESD specimen. (e) Magnifying endoscopy shows type 0 Ilc to the right
side of the black arrow. (f) High-magnified image of Hematoxylin and Eosin (H&E) histopathol-
ogy shows poorly differentiated adenocarcinoma, which is in accordance with the histological
prediction by magnifying endoscopy with NBI (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).



Figure 8.10 Type 0 Ila early gastric cancer of well-differentiated adenocarcinoma. The con-
ventional endoscopy (a) and the chromoendoscopy (b) show a superficial elevated lesion with
redness in the center. It is still difficult to judge whether the lesion is gastric adenoma or gastric
cancer. Magnifying endoscopy with NBI (c) shows small-round mucosal pattern and microves-
sels with little heterogeneity in shape and no abrupt alteration in caliber. However (d) shows
irregular microvessels with heterogeneous shape and uneven caliber, providing the diagnosis
of type 0 Ila of well-differentiated adenocarcinoma. Pathological findings of ESD specimens.
(e) shows type 0 Ila early gastric cancer to the right side of the black arrow. (f) High-magnified
image shows well-differentiated adenocarcinoma, which is in accordance with the histological
prediction by magnifying endoscopy with NBI (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).



Figure 8.11 Gastric adenoma. The conventional endoscopy (a) and the chromoendoscopy (b),
show a superficial elevated lesion composed of a few nodules on the gastric angle, which sug-
gests the lesion to be a gastric adenoma. Magnifying endoscopy with NBI shows regular tubular
mucosal patterns (c) and small-round mucosal patterns (d), but no irregular microvessels, sug-
gesting the diagnosis of gastric adenoma. Pathologic findings of ESD specimen: (e) shows slightly
elevated tumorous lesion to the right side of the black arrow, and (f) high-magnified image shows
tubular adenoma with moderate atypia, which is in accordance with the histological prediction by
magnifying endoscopy with NBI (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).
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Figure 8.12 Type 0 Ilc early gastric cancer of which existence or extent diagnosis of neoplastic
infiltration is difficult. The conventional endoscopy only shows a reddish area on the posterior
wall of upper gastric corpus with thickened mucus (a). Washing the mucus off provides the
image of superficial depressed lesion in a reddish mucosa but still it is difficult to diagnose as
gastric cancer (b). The chromoendoscopy with indigo carmine dye (c) suggests structural dif-
ferences between the slightly depressed area and the surrounding mucosa, but still could not
give the qualitative diagnosis of cancer. Magnifying endoscopy with NBI (d) shows that its
mucosal pattern is smaller than the surrounding mucosa, and the depressed area has abundant
microvessels.
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Figure 8.12 (Continued) The medium-magnified image (e) shows microvessels with net-
work pattern on the depressed area. The high-magnified image (f) shows the irregular micro-
vessels with fine network pattern, which could provide the diagnosis of type 0 Ilc early gastric
cancer of well-differentiated adenocarcinoma. Pathological findings of ESD specimen: (g) shows
a neoplastic lesion to the left side of the black arrow, which is even in mucosal height as com-
pared to surrounding non-neoplastic mucosa, meaning the lesion is type 0 IIb early gastric cancer.
(h) High-magnified image shows well-differentiated adenocarcinoma, which is in accordance
with the histological prediction by magnifying endoscopy with NBI (Copyright M. Kaise,

T. Nakayoshi, H. Tajiri).
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Figure 8.13 Gastric cancer of which existence or extent diagnosis is difficult by conventional
endoscopy. (a) Conventional endoscopy shows a reddish area on the posterior wall of the upper
gastric corpus but it is still difficult to diagnosis as a cancerous lesion. By magnifying endoscopy
with NBI, it could be diagnosed as an early gastric cancer pointed out by arrowheads (type 0 Ilc
+ Ilb, well-differentiated adenocarcinoma). (b) Magnifying endoscopy with NBI shows irregular
microvessels with the margin pointed out by the green arrowheads, indicating that the lesion is
well-differentiated adenocarcinoma. (c) Magnifying endoscopy with NBI shows a slight depres-
sion and irregular microvessels with the margin pointed out by blue arrowheads.
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Figure 8.13 (Continued) (d) Endoscopic findings after ESD. (e) The resected specimen
shows well-differentiated adenocarcinoma in the parts of red lines. A cancerous lesion exists
within 5mm from the marking spots correlating well with the extent diagnosis by magnifying
endoscopy with NBI, which can confirm that the diagnosis of the extent of cancerous infiltration
by the modality is accurate. Pathological findings of ESD specimen: (f) shows a flat part (0 IIb)
to the right side of the black arrow and a depressed part (0 Ilc) to the left, in both of which well-
differentiated adenocarcinoma exists. The finding is in accordance with the histological predic-
tion by magnifying endoscopy with NBI. (g) Type 0 IIb area is partially covered with non-
neoplastic epithelium, which is the reason why the vertical margin is not clear by conventional
endoscopy (Copyright M. Kaise, T. Nakayoshi, H. Tajiri).
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Optical chromoendoscopy
using NBI during screening
colonoscopy: its usefulness
and application

Yasushi Sano and Shigeaki Yoshida

The detection and subsequent removal of neoplastic colorectal
lesions, including adenomatous polyps and early cancers, have
been reported to reduce the incidence of colorectal cancers,
based on the concept of the adenoma—carcinoma sequence [1].
Therefore, the roles of screening colonoscopy and polypectomy
are becoming more important because colorectal cancer is the
third most common cause of cancer mortality, and the inci-
dence of colorectal cancer in Japan is increasing [2]. Although
efficacious colonoscopy is recommended, it has been reported
that 10-30% of resected polyps are non-neoplastic lesions
that did not need to be removed [3]. Therefore, the distinction
of non-neoplastic lesions from neoplastic lesions can increase
the efficiency of treatment by eliminating the time and cost
of unnecessary polypectomy [4,5]. The narrowband imaging
(NBI) system is based on modifying spectral features by nar-
rowing the bandwidth of spectral transmittance with optical
filters. Since 1999, we have been developing our own NBI sys-
tem with support from a Grant for Scientific Research Expenses
for Health and Welfare Programs, Japan. NBI modification
provides a unique image emphasizing the capillary pattern
(CP) and the surface structure [6-8]. In our pilot study, the NBI
system was sufficient to differentiate non-neoplastic lesions
from neoplastic lesions (optical chromoendoscopy), and had
a special feature allowing otherwise invisible endoscopic find-
ings to be visualized without a dye solution (high-contrast
endoscopy) [8-11].

In this chapter, we describe usefulness of NBI in screening
colonoscopy and target optical chromoendoscopy, and discuss
the utility of the detailed observation of the micro-vascular
architecture for differential diagnosis during colonoscopy:.

IMPROVEMENT OF THE VISIBILITY

Our pilot study found out that, compared to the normal obser-
vation, the clearer observation of the capillary vessels in the
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network on the surface layer of the mucosa is possible using the
NBI system [9]. Therefore, recognizing the lesion becomes eas-
ier since the permeable image of the vessels is interrupted. On
the normal mucosa, regular hexagonal or honeycomb-like pat-
tern is found around the crypt of the gland. On the other hand,
in the neoplastic lesion, these vessels grow thicker and the dis-
ruption of the vessels, different diameter size of the vessels
and the rise of the vessel density can be found when the
abnormality gets worse. Since the filter of NBI is adjusted to
hemoglobin absorption characteristics, a brownish area can be
found if the observing area contains large number of capillary
vessels (Figure 9.1). Contrast enhancement of the lesion made
disruption of the normal vessel network in colonic lesions
obvious and improved the visualization [11] (see DVD video
clips 35 and 36).

IMPROVEMENT OF THE OBSERVATION
OF THE SURFACE STRUCTURE (PIT
PATTERN) AND THE MICRO-CAPILLARIES
(CAPILLARY PATTERN)

Several studies are reporting that the observation using chromo-
endoscopy, and chromoendoscopy with magnifying function,
is helpful for differentiating neoplasia from non-neoplasia.
In our pilot study [9], the accuracy of endoscopic diagnosis
was 79.1% in conventional colonoscopy and 93.4% in NBI
colonoscopy. It was similar to that of chromoendoscopy with
indigo carmine dye. Therefore, by combining NBI system with
the magnifying function, it is expected that it is possible to
infer the pit pattern on the surface layer of the mucosa without
any staining and obtain as correct a diagnosis as the optical
chromoendoscopy.

NBI modification provides a unique image emphasizing the
CP, as well as the surface structure. Angiogenesis is critical to
the transition of premalignant lesions in a hyperproliferative
state to the malignant phenotype [12-14]. Therefore, the diag-
nosis based on the angiogenic or vascular morphological
changes might be ideal for early detection or diagnosis of neo-
plasm. We described the utility of the detailed observation of
micro-vascular architecture for differential diagnosis during
NBI colonoscopy [10,15]. We have named the mucosal capil-
lary meshwork arranged in a honeycomb pattern around the
mucosal glands “meshed capillary: MC” and classified micro-
vascular architecture using NBI colonoscopy with magnification
into three types (CP, types I, II, and III) [15]. These capillary ves-
sels which are observed clearly by NBI are thought to be simi-
lar to observing capillary vessels of around 300pm, according
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to the Monte Carlo simulation that we conducted [16]. The def-
inition of each CP is summarized in Figure 9.2 and described
in detail as follows.

Normal colonic mucosa (CP: type I)

Using NBI colonoscopy without magnification, not only thick
veins and thick capillaries but also fine capillaries can be seen
as a brown color. The vessel network of the mucosa is well visu-
alized in much finer detail on NBI colonoscopy compared with
that on standard colonoscopy. However, the mucosal capillary
meshwork (MC) arranged in a honeycomb pattern around the
mucosal glands is invisible or faintly visible under magnifying
observation using NBI colonoscopy (Figure 9.3(a)), because
endoscopic resolution is not enough to visualize the network.
The vessel diameter was reported as 8.6 = 1.8 to 12.4 = 1.9pm
(range: 6.4-20.9) [13,14].

Hyperplastic polyp (CP: type I)

Most of hyperplastic polyps can be seen as light brown lesions
without neovascular changes on NBI colonoscopy. Kudo's type
II pit pattern can be seen by magnifying observation using NBI
without any dye solution [17]. In many cases the mucosal cap-
illary meshwork is invisible or faintly visible under magnifying
observation using NBI colonoscopy, because endoscopic reso-
lution is not enough to visualize the network (Figure 9.3(b)).
We previously reported, intra-tumor micro-vessel density in
small hyperplastic polyp was significantly higher than that in
normal mucosa, but the vessel diameter had not significantly
increased in comparison to normal mucosa [18]. However, MC
vessels are sometimes recognized in a part of hyperplastic
polyps such as large hyperplastic polyp [5,15] or hyperplas-
tic polyp with serrated adenomatous change [5,15]. Still when
MC vessels are seen in hyperplastic polyps they are still thin
in caliber.

Adenomatous lesion (CP: type Il)

Adenomatous lesion including the flat and depressed type can
be seen as dark brown neovascular lesions (brownish area) on
NBI colonoscopy without magnification and are easily detected
while withdrawing the endoscope using NBI. Kudo’s type IIIL
or IV pit pattern demarcated by the appearance of MC ves-
sels can be seen by magnifying observation using NBI with-
out the application of any dye solution [8,15]. MC vessels can
be clearly visible, because these capillaries are elongated and
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have increased diameters compared to the normal ones (Figure
9.3(c)). The vessel diameter is reported as 13.1 * 3.3um [13,14].

Cancerous lesion (CP: type Ill)

Micro-vascular architecture of colonic carcinoma is charac-
terized by a disorganized structure and increased density of
micro-vessels. The vessel diameter was reported as 18.3 + 0.1
to 19.8 + 7.6 (range: 2.2-84.5) [13,14]. MC vessels can be clearly
visible and show uneven-sized thicker capillaries with branch-
ing, curtailed appearance, and irregularity (Figure 9.3(d)).
When the lesion showing “CP: type III"” is identified during NBI
colonoscopy, an additional detailed observation using chro-
moendoscopy using indigo carmine or crystal violet dye is
recommended [5].

The presence of MC vessels on magnifying endoscopy using
NBI is useful to distinguish between hyperplastic polyps and
adenomatous polyps. Recently, we have developed the concept
of detecting abnormal micro-capillaries using NBI as a marker
of neoplasia from the results of our prospective study. In this
study, the overall diagnostic accuracy, sensitivity, and specifi-
city using the presence of MC vessels for distinction between
neoplastic and non-neoplastic lesions were 95.3%, 96.4%, and
92.3%, respectively (p < 0.0001) [10]. We believe that this sys-
tem speeds the assessment and simplifies the analysis of pol-
yps as compared to real chromoendoscopy to help determine
for the endoscopist whether to remove a polyp. The combina-
tion use of NBI as the initial optical chromoendoscopy and real
chromoendoscopy when necessary for more advanced lesions
may save time and cost on screening colonoscopy (see DVD
video clip 37).

HISTOLOGICAL FINDINGS OF
MICRO-VASCULAR PROLIFERATION

We evaluated micro-vascular proliferation with CD31 immuno-
histochemical staining in normal colonic mucosa, hyperplastic
polyps, adenomas, and carcinomas (Figure 9.4). Many micro-
capillary vessels measuring less than 10pum could be seen in the
stroma at the surface of normal colonic mucosa and hyperplas-
tic polyps. However, adenomatous and cancerous lesions with
thicker capillary vessels (20-30pm) could be seen surrounding
glands just under the basal membrane at the surface. These
findings suggest that MC vessels were histologically confirmed
to be dilated, with increased micro-vasculature and vessel
diameters in the superficial portion of adenomatous and cancer-
ous lesions, on immunohistochemical staining with anti-human
monoclonal CD31 antibody [19].
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A BENCH STUDY: COMPARISON
BETWEEN ENDOSCOPIC RESOLUTION
AND MC VESSELS

MC vessels in normal colonic mucosa and hyperplastic polyp
are invisible or faintly visible under magnifying observation
using NBI colonoscopy. To evaluate the correlation between
endoscopic resolution and visibility of MC vessels, a squared
plate (TOPPAN-TEST-CHART-NO1) was used in this bench
study. As previously reported, MC vessels diameter are ranged
8-12pm in normal colonic mucosa and hyperplastic polyp
[12-14]. As showing in Figure 9.5(a), the approximately 8-12 pm
bars on the squared plate adjusted to the same scale as the polyp
could not be clearly visible or distinguishable due to the endo-
scopic resolution. On the other hands, MC vessels in adenom-
atous or cancerous lesion are ranged 13-20um [12-14]. These
vessels are clearly visible on NBI colonoscopy with magnifi-
cation (Figure 9.5(c)). In this bench study, the approximately
14-20 pm bars on the squared plate adjusted to the same scale as
the polyp could be clearly visible. Therefore, the presence of MC
vessels on magnifying endoscopy using NBI is a useful indica-
tor to distinguish between hyperplastic polyps and adenoma-
tous polyps.

ROLE AND BENEFIT OF LESION
DETECTION, ASSESSMENT OF
MARGINS

The data described above establish a benefit for NBI in diagnos-
ing a polyp between adenoma and non-adenoma, and describe
the theoretical basis for this. Other relevant questions regard-
ing the use and benefit of NBI light are in the initial detection
of lesions and in the assessment of margins when attempting
endoscopic removal. In our initial experiments, the use of high-
resolution NBI colonoscopy had a benefit for the identification
of flat lesions less than 10mm in size. The detection rate of flat
lesions using high-resolution NBI colonoscopy was approxi-
mately 20% higher than that using white light colonoscopy. The
effects of conventional HRE (high-resolution endoscopes) and
NBI HRE on detection rates are the subjects of ongoing investi-
gation by a number of groups.

The pit pattern observation using magnifying NBI colon-
oscopy is also useful for the assessment of resected margins
after polypectomy or endoscopical mucosal resection. It may
be necessary to perform the subsequent management such as
hot biopsy or argon plasma coagulation procedure, when neo-
plastic pit pattern (Kudo’s IIIL or IV pits) is recognized at the
margin of the resected tumor.
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FUTURE PROSPECTS

Diagnoses on the bases of mucosal patterns have been reported
to be correlated with histological diagnoses. Chromoendoscopy
is often used, as it is a contrast staining method using a
biocompatible dye agent, such as indigo carmine. In mucosa
with glands, the dye agents accumulate within crypt orifices.
Although chromoendoscopy is effective in many applications,
itis still only an optional diagnostic method because of the time
consuming, additional cost, and necessity of complete mucus
removal. In this review, we described the utility of detailed
observation of the micro-vascular architecture for differential
diagnosis during NBI colonoscopy. NBI modification provides
a unique image emphasizing the CP and the surface structure.
Our initial data indicate that NBI may be as effective or more
effective than chromoendoscopy without having such prob-
lems [9].

Angiogenesis is critical to the transition of premalignant
lesions in a hyperproliferative state to the malignant pheno-
type. Therefore, diagnosis based on the angiogenic or vascular
morphological changes might be ideal for early detection or
diagnosis of neoplasms. In this review, we have proposed the
term of “MC” for distinguishing between non-neoplastic and
neoplastic lesions, and the capillary classification “CP” for the
differential diagnosis of colorectal lesions. On the basis of pre-
vious investigations, the surface micro-vascular architecture
in colorectal lesions can be divided into three patterns: (1)
honeycomb-like capillaries in the normal mucosa and hyper-
plastic polyps (8-12um), (2) elongated meshwork capillaries
with of greater diameter in adenomatous lesions (~13pum), and
(3) disorganized meshwork capillaries with increased density
of micro-vessels in cancerous lesions (18-19pum) [12-14]. These
CP can be easily recognized using NBI colonoscopy, and we
believe that the combined use of NBI/optical chromoendos-
copy and real chromoendoscopy decreases the time and cost of
screening colonoscopy. The three-step strategy for the manage-
ment of colorectal lesions using these procedures is shown in
Figure 9.6. However, NBI colonoscopy may not be superior to
chromoendoscopy for distinguishing between endoscopically
treatable early invasive cancers and cancers requiring surgi-
cal management at this time. Attempts to make this determi-
nation using magnification NBI analysis of micro-vessels will
require further investigation. In the meantime, we should use
the three different procedures outlined in Figure 9.6 without
getting them confused. A number of colon lesions are pre-
sented in Figures 9.7-9.19 as examples of the appearance of
different CP’s under NBI at low and high magnification with
chromoendoscopic and pathologic correlation.



OPTICAL CHROMOENDOSCOPY USING NBI

In the near future, we hope that NBI procedures will become
standard for screening and surveillance colonoscopy. To assess
the feasibility and efficacy of using the NBI system, further
studies are required for colorectal lesions and other lesions of
the gastrointestinal tract.
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Figure 9.1 Brownish area, typical endoscopic features of flat adenomatous polyp on NBL. (a)
Standard colonoscopy. 0-Ila type lesion, 4 mm in size, can be seen in the rectum. (b) NBI without
any dye spraying. The lesion could be seen as a dark brown lesion (brownish area) (Copyright Y.
Sano, S. Yoshida).
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Figure 9.3 Magnifying endoscopic findings of macro-capillary vessels using NBI in normal
colonic mucosa, hyperplastic polyps, adenomas, and carcinomas. (a) Normal colonic mucosa.

In many cases the mucosal capillary meshwork arranged in a honeycomb pattern around the
mucosal glands is invisible or faintly visible with magnifying observation using NBI colonoscopy,
because the endoscopic resolution is not high enough to visualize the network (MC (—), CP: type
I). (b) Hyperplastic polyps. In many cases the mucosal capillary meshwork is invisible or faintly
visible with magnifying observation using NBI colonoscopy, because the endoscopic resolution
is not high enough to visualize the network (MC (—), CP: type I). (c) Adenomatous polyps. MC
vessels are clearly visible, because these capillaries are elongated and have longer diameters than
do normal capillaries. The honeycomb-like pattern of capillaries on the surface of the tumor is
retained (MC (+), CP: type II). (d) Carcinoma in adenoma (magnifying view of the demarcated
area in lower-left chromoendoscopic view). The micro-vascular architecture of colonic carcinoma
is characterized by a disorganized structure and increased density of micro-vessels. MC vessels
are clearly visible and show unevenly sized, thicker capillaries with branching, curtailed irregu-
larity (MC (+), CP: type III) (Copyright Y. Sano, S. Yoshida).
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Figure 9.4 Histological findings of macro-capillary vessels in normal colonic mucosa, hyper-
plastic polyp, adenoma, and carcinoma. All specimens are stained for endothelial cells with an
anti-CD31 antibody (clone JC/70A, DAKO, dilution 1:20). Original magnification X100. (a) The
superficial portion of normal colonic mucosa. Many micro-capillary vessels measured approxi-
mately 10pm can be seen in the stromal tissue. (b) The superficial portion of hyperplastic polyp.
Many micro-capillary vessels measured approximately 10pum can be seen in the stromal tissue as
same as normal mucosa. (c) The superficial portion of adenomatous polyp. Thicker capillary
vessels can be seen surrounding the adenomatous glands. (d) The superficial portion of well-
differentiated adenocarcinoma. Thicker capillary vessels can be seen surrounding the cancerous
glands (Copyright Y. Sano, S. Yoshida).
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Figure 9.5 Comparison between endoscopic resolution and MC vessels. (a) Magnifying obser-
vation of squared plate (TOPPAN-TEST-CHART-NO1), 3mm in size. The highlighted area relates
to the approximately 8-12um bars, which are not clearly visible or distinguishable due to the
endoscopic resolution. (b) Magnifying observation of hyperplastic polyp, also 3mm in size,

MC (—), CP: type I. At this magnification, it is not possible to identify the MC vessels due to
8-12pm diameter as shown in (a). (c) Magnifying observation of squared plate (TOPPAN-TEST-
CHART-NOL1), 3mm in size. The highlighted area relates to the approximately 1420 pm bars,
which are clearly visible at this magnification. (d) Magnifying observation of adenomatous
polyp, also 3mm in size, MC (+), CP: type II. It is possible to identify the MC vessels due to the
14-20 pm diameter as shown in (c) (Copyright Y. Sano, S. Yoshida).
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Figure 9.6 Three-step strategy for management of colorectal lesions using conventional colonos-
copy, NBI colonoscopy, and chromoendoscopy. When you find a lesion with a normal observation,
observe it with NBI mode. If the result is CP type I, follow-up is recommended, CP type II, resec-
tion is recommended and CP type III, conducting chromoendoscopy, observing the pit pattern
carefully, and deciding the treatment policy are recommended (Copyright Y. Sano, S. Yoshida).

Figure 9.7 Normal mucosa. (a) On conventional colonoscopy, thick veins and thick capillaries
can be seen. Using NBI, not only thick veins and thick capillaries, but also fine capillaries can be
seen as a brown color. (b) NBI observation. It is possible to observe finer patterns (10pm) com-
pared to the normal observation. The vessel network of the mucosa is well visualized in much
finer detail on NBI colonoscopy compared with that on standard colonoscopy. (c) NBI magnify-
ing observation. It is possible to observe a type I pit pattern with magnifying observation (CP
type I) (Copyright Y. Sano, S. Yoshida).



Figure 9.8 Intestinal fluids. (a) On NBI colonoscopy, intestinal fluids are recognized as reddish
color fluids similar to blood. (b) This is a problem that requires improvement, because these find-
ings give the patient an unpleasant feeling (Copyright Y. Sano, S. Yoshida).

Figure 9.9 Feces. (a and b) On NBI colonoscopy, feces are also recognized as reddish color
lesion similar to a reddish polyp. This is also a problem that requires improvement, because such
findings are easily misinterpreted by the colonoscopist. (c) Feces on the colonic wall (Copyright Y.
Sano, S. Yoshida).
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Figure 9.10 Tubular adenoma with moderate atypia, type Ila. (a) An 8-mm-sized flat elevated
lesion is recognized in the area where the permeability of the capillary vessels disappears in

the sigmoid colon under conventional colonoscopic observation. (b) Capillary vessels of the
background mucosa become clear under NBI observation and the lesion is described as a round
brown blob with improved visibility. (c) It is easy to observe IIIL + IIIs pit surrounded by MC
with NBI magnifying observation (CP: type II) (Copyright Y. Sano, S. Yoshida).
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Figure 9.11 Tubular adenoma with moderate atypia, type Ila. (a) A 5-mm-sized flat polyp is
recognized in the area where the permeability of the blood vessels disappears in the sigmoid
colon under normal observation. (b) IIIL and IIIs pit is recognized with indigo carmine spread.
(c) Capillary vessels of the background mucosa become clear under NBI observation and the
lesion is described as a round brown blob with improved visibility. (d) It is easy to observe IIIL +
IIIs pit surrounded by MC with NBI magnifying observation (CP: type II) (Copyright Y. Sano, S.
Yoshida).
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Figure 9.12 Hyperplastic polyps, type Is. (a) A 4-mm-sized sessile polyp is recognized in the
sigmoid colon under normal observation. (b) Pits are unclear with a normal magnifying observa-
tion. (c and d) MC is not recognized under NBI observation and it can be diagnosed as a hyper-
plastic polyp (CP: type I). (e) A histopathological image. Serrated change of the duct of the gland
is recognized and it is diagnosed as a hyperplastic polyp (Copyright Y. Sano, S. Yoshida).
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Figure 9.13 Hyperplastic polyp, type Is. (a) A faded color polyp in the sigmoid colon is rec-
ognized under the normal observation. (b) Pit pattern is recognized as type II under magnifying
observation with indigo carmine spread and it is diagnosed as a hyperplastic polyp. (c and d) MC
is not recognized under NBI observation and it can be diagnosed as a hyperplastic polyp (CP:
type I). (e) A histopathological image. Serrated change of the duct of the gland is recognized and
it is diagnosed as a hyperplastic polyp (Copyright Y. Sano, S. Yoshida).



Figure 9.14 Tubular adenoma (moderately severe atypia), type Is. (a) A 7-mm-sized polyp is
recognized in the sigmoid colon under normal observation. (b) Type IIIL pit pattern is recognized
under magnifying observation with indigo carmine spread and it is diagnosed as an adenoma-
tous polyp. (c and d) Under NBI observation, type IIIL pit pattern is recognized by MC which is
surrounding the duct of the gland and it can be diagnosed as an adenomatous polyp (CP: type
II).(e) Abnormal cells are forming abnormal ducts of the gland and the nuclear and structural
atypia is both moderately severe (Copyright Y. San o, S. Yoshida).
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Figure 9.15 Tubular adenoma with moderate atypia, type Ila. (a) A 4-mm-sized flat polyp is
recognized in the rectosigmoid. Under magnifying observation, type IIIL pit pattern is recognized
under magnifying observation with indigo carmine spread and it is diagnosed as an adenoma-
tous polyp. (b) Under NBI magnifying observation, type IIIL pit pattern is clearly recognized by
MC which is surrounding the duct of the gland and it can be diagnosed as an adenomatous polyp
(CP: type II). (c) Abnormal cells are forming abnormal ducts of the gland and the nuclear. The
lesion is diagnosed as a tubular adenoma with moderate atypia (Copyright Y. Sano, S. Yoshida).



Figure 9.16 Cancer in adenoma (well-differentiated adenocarcinoma in tubular adenoma with
moderate atypia), type Is. (a) A 10-mm-sized sessile polyp is recognized in the sigmoid under
normal observation. Depressed surface with a small elevation is also recognized on the right side of
the polyp. (b) Depressed surface on the right side becomes clearer with an indigo carmine spread
magnifying observation. (c) With NBI observation, irregular capillary vessels which irregularly sur-
round the duct of the gland on the depressed surface on the right side can be recognized (d) Indigo
carmine dye with magnifying observation. Type IV pit pattern on the left side and slightly irregular
type VI pit are recognized on the depressed surface on the right side. (e) Crystal violet staining
image. Low-grade irregular V1 pit is clearly recognized. The area of depressed surface is around
4mm and it is not diagnosed as invasive pattern but cancer in mucosa. (f) With NBI observation,
irregular capillary vessels which irregularly surround the duct of the gland on the depressed sur-
face on the right side can be recognized. And it is diagnosed as a cancer (CP: type III).
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Figure 9.16 (continued) (g) EMR resection specimen. Well-differentiated adenocarcinoma
in tubular adenoma with moderate atypia. Cancer is recognized on the depressed surface on
the right side (see arrowhead in Figure 9.16(g). (h) Well-differentiated adenocarcinoma of the
depressed surface. Muscularis mucosae is intact and the lesion is diagnosed as intramucosal
cancer (Copyright Y. Sano, S. Yoshida).

Figure 9.17 Cancer in adenoma (well-differentiated adenocarcinoma in tubular adenoma with
moderate to severe atypia), type Ila (flat elevated cancer). (a) A 13-mm-sized flat elevated lesion
is recognized in the rectosigmoid under normal observation. A small elevation with red flare is
recognized in front middle. (b) The small elevation becomes clearer with indigo carmine spread
magnifying observation. (c) With NBI observation, capillary vessels, which irregularly surround
the duct of the gland in the area of a small elevation, can be recognized.
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Figure 9.17 (continued) (d) Crystal violet staining image. IIIL pit is recognized. (e) Crystal
violet staining image. Elevation area in front of the lesion is observed as low-grade irregular VL
pit. (f) With NBI magnifying observation, fine capillary vessels with thicker diameter which sur-
round the duct of the gland are recognized on the flat elevation area on the right side (CP: type II).
(g) With NBI magnifying observation, blood vessels on the elevation in front of the lesion become
thicker, presenting caliber variation and irregularly running and surrounding the duct of the gland
(CP: type III). (h) EMR resection specimen. Well-differentiated adenocarcinoma in tubular ade-
noma with moderate to severe atypia. Depth: intramucosal cancer (Copyright Y. Sano, S. Yoshida).
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Figure 9.18 Moderately differentiated adenocarcinoma, type Ila + Ilc, invasive cancer (sm1l),
T1. (a) A 23-mm-sized depressed lesion with white spots is recognized under normal observation.
Tightened fold can be found at margins. (b) Depressed surface becomes clearer with dye magni-
fying observation. Star-like irregularity is recognized on the margins of the depression. (c) Crystal
violet staining image. Different-sized pit with different size can be observed on the depressed
surface. The structure of the pit is not destroyed and it is diagnosed as a low-grade irregular type
V1 pit. (d) With NBI magnifying observation, caliber variation and dense MC vessels are observed
on the depressed surface (CP: type III). (e) Region of type V pit (>3 mm) is recognized and it is
diagnosed as the sm cancer (Copyright Y. Sano, S. Yoshida).
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Figure 9.19 Moderately differentiated adenocarcinoma, type Ila + Ilc, invasive cancer (sm1),
T1. (a) A 17-mm-sized Ila + Ilc depressed lesion with white spots is recognized in the rectum
under normal observation. A small elevation with red flare. (b) A small elevation which presents
capillary vessels with thick bore becomes clearer. (c) Indigo carmine spread image. Star-like
irregularity is recognized at margins of the depression. Pit in a different size which is arranged on
the depressed surface of the lesion of front left side. The structure of the pit is not destroyed and
it is diagnosed as low-grade irregular type VI pit. (d). Crystal violet staining image. Magnifying
observation of the left below part of the lesion. Unsteady high-grade irregular type V1 pit is
observed in whirlpool shape. (e) Crystal violet staining image. Magnifying observation of the
middle part of the lesion. Low-grade irregular type VI pit is observed.
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Figure 9.19 (continued) (f) NBI magnifying observation of the region of the above (d).
Irregular disruption and meander is observed (CP: type III). (g) NBI magnifying observation of
the region of the above (e). Tumor blood vessels with different size of bore which run irregularly
are recognized. It is determined to be a blood vessels image of cancer (CP: type III). (h and I)
Moderately differentiated adenocarcinoma is recognized. Sm infiltration is found in the elevation
area of the depressed area which is recognized by an endoscope (infiltration distance 375m). It
was reported as ly0 and VO (Copyright Y. Sano, S. Yoshida).
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NBI (narrowband imaging) is characterized by a light source
that produces narrowband and spectroscopically characteristic
light. NBI is the technology which enhances specific depth and
color tone. By means of the NBI system with narrow band fil-
ter that has the absorption property of hemoglobin, vascular
architecture and surface structure as outlined by vessels in the
gastrointestinal mucosa are enhanced. As a result, NBl is a use-
ful procedure for the detection of neoplasms and the diagnosis
of tumor depth in the gastrointestinal tract.

We applied NBI colonoscopy for patients with chronic colon
inflammatory bowel disease. The instruments we used were
CLV-260SL as a NBI light source and video processor CV-260SL.
We used CE-H260AI colonoscopies produced by Olympus Cor-
poration for NBI observation.

Comparisons of images of colonic ulcers among conventional
colonoscopy, NBI, and chromoendoscopy with indigo carmine
are illustrated in Figure 10.1. In NBI, vascular-like structures
are observed clearly and crypt openings in the reddish mucosa
around the ulcer are enhanced. On the other hand, the elevated
or depressed areas become obvious by chromoendoscopy, even
though the vascular pattern is obscure.

ULCERATIVE COLITIS

Determination of endoscopic severity

In active ulcerative colitis (UC), conventional colonoscopy dis-
cerns disappearance of mucosal vascular pattern (MVP), fine
or coarse granular mucosa, mucous exudates and mucosal
defects. In quiescent UC, distorted MVP, inflammatory polyps,
and scarred ulcers are observed. In some occasions, the con-
ventional colonoscopic findings completely normalize. Because
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NBI is a procedure suitable for the observation of vasculature,
MVP is the best target for NBI observation in UC to determine
the severity.

In addition, the histological severity may be assessed, and
furthermore, subsequent response to therapy may be predicted
when NBI is coupled with magnifying endoscopy. According
to Fujiya and colleagues, minute defects of epithelium, mucus
exudates, and villous- or coral reef-like mucosa are character-
istic magnifying colonoscopic findings in histologically active
UC [1]. Among those findings, coral reef-like mucosa, which
is presumed to conform to invisible network pattern without
crypt openings in our classification, seems to be the most sig-
nificant finding, which indicates histologically active disease. It
thus seems probable that villous- or coral reef-like mucosa and
crypt openings are findings, which need to be identified clearly
by NBIin UC.

Active UC

Small yellowish spots (Figures 10.2 and 10.3) and mucus exu-
dates (Figures 10.4 and 10.5) under conventional colonoscopy
are observed as localized white spots under NBI. On the other
hand, actively inflammed mucosa, which is marked by disap-
pearance of MVDP, fine granular mucosa, and spontaneous bleed-
ing under conventional colonoscopy, is depicted as brownish
mucosa in NBI observation. NBI in active UC occasionally
depicts vessels in the deep layer, which cannot be observed by
conventional colonoscopy (Figures 10.4 and 10.5). These vessels
in the deep layer, which appear commonly in NBI under normal
conditions as linear, green structures, are generally obscure in
active UC (Figures 10.4-10.6). When an observation with appro-
priate distance from the mucosa is applied, NBI can detect
patchy and skipped involvement that is found in approxi-
mately 30% of patients with active UC (Figure 10.7).

By means of NBI observation, circular pits of crypt openings
and mucosal surface patterns, which conform to either
coral reef-like appearance (Figures 10.4 and 10.5) or villous
appearance (Figure 10.6), can be easily observed in active
UC. However, there is a need for the assessment of round
pits under both white light and NBI, because crypt openings
cannot be distinguished from yellowish spots by the procedure
alone. While conventional colonoscopy is superior to NBI for
the determination of small yellowish spots (Figures 10.2 and
10.3), crypt openings are better emphasized by NBI (Figures
10.4-10.6).

Quiescent UC

As has been described above, NBI is useful for the assessment
of MVP. This is especially the case for quiescent UC. The MVP
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under NBI comprises two distinctive patterns: one being a
deep vasculature appearing green in color and the other super-
ficial vasculature that is brown in color.

When UC has completely healed, conventional colonoscopy
depicts MVP as seen in normal subjects. On that occasion, both
green vessels in the deep layer and brownish vessels in the
more superficial layer are observed clearly by NBI (Figures 10.8
and 10.9). By simultaneous application of magnifying observa-
tion, the small and regular vascular network in the superfi-
cial layer can be depicted more clearly. However, MVP in the
superficial layer may become obscure under NBI observation
in the mucosa with slightly distorted MVP (Figure 10.10).

On the other hand, the pattern of MVP is divided into two
types, when quiescent UC with pale mucosa is observed by NBI
colonoscopy. In one pattern, the superficial brown vessels are
enhanced (Figures 10.11 and 10.12) and in the other pattern the
brownish vessels become obscure with obvious crypt open-
ings (Figures 10.13-10.15). When compared with histological
findings, the obscure brown vessel pattern tended to represent
more severe inflammatory infiltrates, and more frequent gob-
let cell depletion and basal plasmacytosis. It thus seems to be
reasonable to evaluate superficial MVP by NBI colonoscopy in
quiescent UC.

Diagnosis of dysplasia

Because patients with UC are at high risk for the development
of colorectal cancer, endoscopic surveillance is a recommended
strategy for the disease. In recent years, it has been confirmed
that target biopsy with chromoendoscopy and magnifying
colonoscopy is useful for the detection of neoplastic lesions
during surveillance colonoscopy. As has been demonstrated
previously, chromoendoscopy is a procedure to identify pro-
truding or depressed lesions and magnifying colonoscopy to
identify pit pattern specific to neoplastic lesions [2].

NBI colonoscopy is a procedure to enhance vessels and the
corresponding pit pattern, rather than to enhance the height
of the mucosa. Thus, the major value of NBI colonoscopy for
the case of surveillance colonoscopy in UC is to confirm in a
suspected raised or depressed lesion the presence of a pit pat-
tern specific to neoplasia. It is thus presumed that the site for
target biopsy can be identified from among the large colorectal
area by the pit pattern under NBI without chromoendoscopy.
Although it remains to be elucidated, there is also another
possibility that the vascular pattern per se determined by NBI
may be different between inflammation and dysplasia, allow-
ing for the detection or diagnosis of dysplasia in mucosa that
is not grossly polypoid.
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Figure 10.16 shows dysplasia in a patient with UC, which
was found by NBL Although the lesion was not discerned
by conventional colonoscopy, a diminutive localized lesion
with IIIL pit pattern was detected by NBI observation. Biopsy
specimen obtained from the lesion contained high-grade dys-
plasia. As has been illustrated in the case, it seems possible
that NBI may be a useful tool in surveillance colonoscopy and
more convenient when compared to chromoendoscopy for
this purpose. In order to improve the diagnostic value of NBI
in this field, it seems that further investigation will be neces-
sary to elucidate more precisely the pit patterns of dysplasia
in UC.

CROHN'’S DISEASE

In addition to major intestinal manifestations such as cob-
blestone appearance of the intestine and longitudinal ulcers,
patients with Crohn’s disease (CD) manifest small, aphthoid
ulcers within the gastrointestinal tract.

In cases of CD, we could not confirm any practical signifi-
cance of NBI for the observation of major disease involvement;
much of this is readily apparent under white light examina-
tion. In contrast, NBI observation was useful for the identifi-
cation of aphthoid ulcer and lymphoid hyperplasia, which
coexisted frequently in patents with CD. As indicated in
Figures 10.17 and 10.18, a small elevation with central depres-
sion, which was not depicted by conventional colonoscopy,
became evident by means of NBI colonoscopy.

To date, we have not had any cases of dysplasia in CD that
have undergone examination by magnification NBL. We can-
not therefore make any comment yet on particular findings or
patterns in NBI for dysplastic colonic mucosa in patients with
Crohn’s.

CONCLUSION

It seems to be unequivocal that NBI colonoscopy contributes
to the improvement of the screening examination for and pre-
cise diagnosis of colorectal neoplasms. As has been described
in this chapter, NBI observation seems to provide important
information for the assessment of pathophysiology in patients
with chronic inflammatory bowel disease. This seems to be
especially the case for the evaluation of MVP in UC, which has
not been systematically and objectively scored by conventional
colonoscopy. In addition, NBI seems to contribute to the detec-
tion and diagnosis of dysplasia in these patients (see DVD
video clips 47-49).
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Figure 10.1 Comparisons of the images for a colonic ulcer obtained by conventional colonos-
copy, NBI colonoscopy, and chromoendoscopy with indigo carmine solution. (a) Under con-
ventional colonoscopy, an ulcer and the surrounding reddish mucosa can be seen. (b) Under

NBI colonoscopy, superficial vascular network around the ulcer is clearly depicted in brownish
color. Vessels in the deep layer are observed in green. The red area indicates residual feces. (c)
Chromoendoscopy shows the margin of the ulcer more clearly. Crypt openings in flat mucosa are
also discerned. However, MVP cannot be seen (Copyright T. Matsumoto, T. Kudo, M. lida).



Figure 10.2 Mildly active UC. (a) Observation under conventional colonoscopy. (b) By NBI
observation, crypt openings enlarged to villous-like structure is clearly observed. Deep, green-
colored vessels can be seen (Copyright T. Matsumoto, T. Kudo, M. Iida).

Figure 10.3 Mildly active UC. (a) Observation under conventional colonoscopy. (b) NBI obser-
vation. (c) NBI observation with magnifying colonoscopy. White spots and crypt openings are
clearly depicted. However, MVP vessel cannot be observed (Copyright T. Matsumoto, T. Kudo,

M. Tida).



Figure 10.4 Moderately active UC. (a) Observation under conventional colonoscopy. (b) In
NBI observation, mucus exudates are depicted as whitish area. Coral reef-like mucosa is evident
(Copyright T. Matsumoto, T. Kudo, M. lida).

Figure 10.5 Mildly active UC. (a) Observation under conventional colonoscopy. (b) Even in
NBI observation, vessels cannot be observed. There is coral reef-like mucosa (Copyright
T. Matsumoto, T. Kudo, M. Iida).

Figure 10.6 Moderately active UC. (a) Observation under conventional colonoscopy.
(b) In NBI observation, small intestinal villous structure becomes clear (Copyright T. Matsumoto,
T. Kudo, M. Iida).




Figure 10.7 Skipped involvement. (a) Observation under conventional colonoscopy. (b) In NBI
observation, discontinuous lesion can be observed as a brownish area (Copyright T. Matsumoto,
T. Kudo, M. Tida).

Figure 10.8 Quiescent UC. (a) Observation under conventional colonoscopy. (b) NBI observa-
tion. (c) NBI observation with magnifying colonoscopy. In NBI, it is possible to clarify deep
green vessels and brownish superficial vessels. Magnifying observation shows vessels and crypt
openings clearly (Copyright T. Matsumoto, T. Kudo, M. Iida).



Figure 10.9 Quiescent UC. (a) Observation under conventional colonoscopy. (b) NBI
observation shows clear MVP (Copyright T. Matsumoto, T. Kudo, M. Iida).

Figure 10.10 Quiescent UC. (a) Observation under conventional colonoscopy. (b) NBI obser-
vation shows deep vessels. However, superficial vessels are not discerned (Copyright
T. Matsumoto, T. Kudo, M. Iida).

Figure 10.11 Quiescent UC. (a) Observation under conventional colonoscopy. (b) In NBI
observation, deep vessels and tortuous superficial vessels can be seen (Copyright T. Matsumoto,
T. Kudo, M. Iida).




Figure 10.12 Quiescent UC. (a) Observation under conventional colonoscopy. (b) In NBI obser-
vation, superficial vessels can be clearly observed (Copyright T. Matsumoto, T. Kudo, M. Iida).

Figure 10.13 Quiescent UC. (a) Observation under conventional colonoscopy. (b) NBI observa-
tion. Although deep vessels can be seen, superficial vessels are obscure (Copyright T. Matsumoto,
T. Kudo, M. Iida).

Figure 10.14 Quiescent UC. (a) Observation under conventional colonoscopy. (b) In NBI
observation, crypt openings, rather than superficial vessels, are clear (Copyright T. Matsumoto,
T. Kudo, M. Iida).




Figure 10.15 Quiescent UC. (a) Observation under conventional colonoscopy. (b) NBI observa-
tion. Although deep vessels can be seen, superficial vessels are obscure (Copyright T. Matsumoto,
T. Kudo, M. Iida).

Figure 10.16 A case of high-grade dysplasia in UC. (a) No lesion can be discerned under
conventional colonoscopy. (b) In NBI observation, there is an area of IIIL pit pattern, which is dis-
tinctive of the surrounding mucosa. (c) Magnifying observation shows the area to be composed
of IIIL and IlIs pit patterns. (d) Histology of the biopsy specimen shows high-grade dysplasia
(Copyright T. Matsumoto, T. Kudo, M. Iida).




Figure 10.17 Colonoscopic findings in a case of CD of ileitis. (a) Observation under conven-
tional colonoscopy. (b) In NBI observation, lymphoid hyperplasia becomes evident (Copyright
T. Matsumoto, T. Kudo, M. Iida).

Figure 10.18 Colonoscopic findings in a case of CD of aphthous type. (a) Observation under
conventional colonoscopy. (b) NBI observation. (c) Close-up view under NBI. Lymphoid hyper-
plasia is seen clearly (Copyright T. Matsumoto, T. Kudo, M. Iida).
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Pharynx and esophagus atlas 1 1

Figure 11.1 High resolution white light Figure 11.2 Small nodule on arytenoid
image of normal vocal cords (NYU School of and cyston vocal cord (Erasmus University
Medicine). Hospital).

Figure 11.3 Small nodule on arytenoid and

cyst on vocal cord seen more easily on NBI Figure 11.4 This white light HRE clearly
low-magnification view (Erasmus University shows erythema of the aryepligottic folds in
Hospital). this patient with endoscopically confirmed

active GERD and throat clearing (NYU School
of Medicine).
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Figure 11.5 Turnaround view highlights
normal stratified squamous mucosa of the dis-
tal esophagus well delineated on NBI magnifi-
cation view (Institute Arnault Tzanck).

Figure 11.6 Palisade vessels in normal Figure 11.7 NBI view of palisade vessels
esophageal mucosa, important to the localiza- in normal distal esophageal mucosa (Catholic
tion of the top of the gastric folds (Catholic University of the Sacred Heart).

University of the Sacred Heart).
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Figure 11.8 Type I intra-epithelial

papillary capillary loops (IPCL) seen under Figure 11.9 Normal esophagus in NBI view
NBI low magnification view of normal with normal IPCL pattern to the left of the
esophageal mucosa. These appear here as image and no visible IPCL pattern to the right
characteristic brown dots in a “pinhair” (Erasmus University Hospital).

pattern (Showa University Northern
Yokohama Hospital) (Copyright H. Inoue).

Figure 11.10 Normal esophageal stratified

squamous epithelium IPCL pinhair pattern Figure 11.11 Normal brown IPCL pat-
seen as brown dots, NBI 1.5 X magnification tern with deeper green branching vessels
(NYU School of Medicine). below (National Cancer Center Hospital East)

(Copyright M. Muto).
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Figure 11.12 Type 2 IPCL-GERD. Enlarged but regularly arranged IPCL is observed. (Showa
University Northern Yokohama Hospital) (Copyright H. Inoue).

Figure 11.13 IPCL Type III pattern present is chronic esophagitis. IPCL Type III reflects lugol-
void area with no IPCL proliferation. The magnification view of the capillary pattern shows that
this is a benign lesion despite the non-staining with iodine similar to squamous cell carcinoma
(Showa University Northern Yokohama Hospital) (Copyright H. Inoue).
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Figure 11.14 Type IV IPCL seen on
magnification NBI. IPCL Type IV reflects
an area with IPCL proliferation. (Showa
University Northern Yokohama Hospital)
(Copyright H. Inoue).

Figure 11.16 Type V-1IPCL seen on
magnification NBI in a superficial squamous
carcinoma. IPCL Type V-1 reflects an area with
marked IPCL proliferation and meandering

of it. Note the combination of irregular high
density and thicker vessels with a sharp
demarcation in this flat cancer (Showa
University Northern Yokohama Hospital)
(Copyright H. Inoue).

Figure 11.15 Irregular vessels in squamous
CA, close up with HRE and NBI without
zoom (University Medical Center Hamburg
Eppendorf).

Figure 11.17 NBI magnification view

of invasive SCC as manifest by neovessel
IPCL (Type VN) (Showa University Northern
Yokohama Hospital) (Copyright H. Inoue).
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Figure 11.18 Esophageal mucosal squa-
mous cell carcinoma (SCC), HRE low magni-
fication view. This appears on white light as a
flat reddened area and might be mistaken for
an inlet patch of ectopic gastric mucosa (see
Figures 11.21-11.23) without better examina-
tion of the mucosal surface and vascular pat-
tern with NBI and magnification (Mayo Clinic,
Jacksonville).

Figure 11.20 Histologic image demonstrat-
ing SCC (corresponds to Figures 11.18 and
11.19) (Mayo Clinic, Jacksonville).

Figure 11.19 Esophageal mucosal NBI low-
magnification view of esophageal SCC.
Magnification required to really assess the vas-
cular pattern. Dense dark vessels and irregular
surface are evident, as well as demarcation
from normal tissue (Mayo Clinic, Jacksonville).

Figure 11.21 This small proximal reddish
lesion may raise a concern for esophageal SCC
(corresponds to Figures 11.22-11.23) (National
Cancer Center Hospital East) (Copyright

M. Muto).
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Figure 11.22 Ectopic gastric mucosa which ~ Figure 11.23 Magnification NBI image

still does not stain by iodine solution, similar shows regular gastric mucosal pattern with no
to a SCC (corresponds to Figures 11.21 and abnormal brown IPCLs that would be present
11.23) (National Cancer Center Hospital East) in an SCC (National Cancer Center Hospital
(Copyright M. Muto). East) (Copyright M. Muto).

Figure 11.24 Flat squamous CA Lugol
staining under white light HRE. The margin of
the lesion is distinguished easily (University
Medical Center Hamburg Eppendorf).

Figure 11.25 HRE NBI image correspond-
ing to Lugol staining. NBI adds the vascular
pattern and still allows to distinguish mar-
gins (University Medical Center Hamburg
Eppendorf).
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Figure 11.26 White light magnified view of ~ Figure 11.27 NBI image of this lesion prior
squamous cell esophageal carcinoma. Histology  to Lugol staining delineates margins well
revealed an invasive well-differentiated SCC (University of Amsterdam).

(University of Amsterdam).

Bl oS A
Figure 11.29 SCC on white HRE view
detected as slightly depressed, erythroplas-

. . tic area (corresponds to Figures 11.30-11.32)
(University of Amsterdam). (Edouard Herriot Hospital).

Figure 11.28 Lugol stain shows similar
outline of tumor extent to the NBI image
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Figure 11.30 Slightly depressed SCC: Figure 11.31 Slightly depressed SCC: Lugol
red-brown on NBI (because of hypervasculari-  image provides similar information to the NBI
zation). Note the sharp demarcation and the view (Edouard Herriot Hospital).

irregular IPCL pattern (corresponds to Figures
11.29, 11.31 and 11.32) (Edouard Herriot
Hospital).

Figure 11.32 Squamous carcinoma invades
the mucosa and superficial submucosa (cor-
responds to Figures 11.29-11.31) (Edouard
Herriot Hospital).

Figure 11.33 Lower limit of a superficial
SCC: good delineation of the extent of the
lesion with NBI (corresponds to Figure 11.34)
(Edouard Herriot Hospital).
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Figure 11.34 Lower limit of a superficial
SCC: Lugol staining provides the same infor-
mation as NBI in this case (corresponds to
Figure 11.33) (Edouard Herriot Hospital).

Figure 11.36 These same two lesions of
superficial SCC: Lugol (same pattern as with
NBI). When iodine is used, non-staining area
should be watched for transition into pink
color indicative of carcinoma (corresponds
to Figure 11.35) (Edouard Herriot Hospital).

Figure 11.35 NBI image reveals two lesions
of superficial SCC. The abnormal IPCL pattern
is evident on the proximal lesion (Edouard
Herriot Hospital).

N

Figure 11.37 White light view of a superfi-
cial squamous cell carcinoma of the esophagus
notable for non-specific discoloration and
bumpy surface appearance (corresponds to
Figures 11.38 and 11.39) (National Cancer
Center Hospital East) (Copyright M. Muto).
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Figure 11.38 NBInicely delineates the mar-  Figure 11.39 SCC. In this case, Lugols pro-
gin of this SCC occupying a wide proportion vides similar information to NBI view in terms
of the circumference of the esophagus (cor- of margin (National Cancer Center Hospital
responds to Figures 11.37 and 11.39) (National East) (Copyright M. Muto).

Cancer Center Hospital East) (Copyright

M. Muto).

Figure 11.40 This low-magnification image Figure 11.41 NBI low-magnification image
of a SCC in white light HRE shows reddened clearly visualizes abnormality (corresponds
area with raised contours and is easily recog- to Figures 11.40 and 11.42 (University of

nized as abnormal (University of Amsterdam). Amsterdam).
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Figure 11.42 Lugol stain in this case better
delineates the margins of the superficial carci-
noma than NBI image (corresponds to Figures
11.40 and 11.41) (University of Amsterdam).

Figure 11.44 Better delineation of extent
of this lesion possible with NBI, low-
magnification view (corresponds to

Figure 14.43) (Edouard Herriot Hospital).

Figure 11.43 Small-discolored lesion seen
on white light found to be a (3 X 7 mm) trian-
gular squamous carcinoma on EMR specimen
(Edouard Herriot Hospital).

Figure 11.45 Hypopharynx, left pyriform
sinus, SCC. Lesion appears on white light
HRE only as a small red blush, much better
appreciated with NBI (corresponds to Figure
11.46) (National Cancer Center Hospital East)
(Copyright M. Muto).
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Figure 11.46 Hypopharynx, left pyriform
sinus, SCC. Note the sharp demarcation and
the abnormal IPCL pattern within the lesion
(corresponds to Figure 11.45) (National Cancer
Center Hospital East) (Copyright M. Muto).

Figure 11.48 Hypopharynx, left pyriform
sinus, SCC. The lesion demonstrates a sharp
border and dense irregular brown IPCL
vessels seen on NBI (corresponds to Figure
11.47) (National Cancer Center Hospital East)
(Copyright M. Muto).

Figure 11.47 Hypopharynx, left pyriform
sinus, SCC. The HRE does reveal a demar-
cation. Examination to detect lesions in the
pharynx is best form initially under NBI
light (National Cancer Center Hospital East)
(Copyright M. Muto).

Figure 11.49 Line of discoloration on
magnification white light image in right
pyriform sinus in this patient with multifocal
pharyngeal carcinoma (corresponds to Figure
11.50) (National Cancer Center Hospital East)
(Copyright M. Muto).
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Figure 11.50 NBI magnification view
shows irregular IPCL pattern as well as a
demarcation line indicative of carcinoma
(corresponds to Figure 11.49) (National
Cancer Center Hospital East) (Copyright
M. Muto).

Figure 11.51 Low-magnification white
light image shows sharp red line in this
patient after chemoradiotherapy for squamous
cell carcinoma of the esophagus (corresponds
to Figures 11.52 and 11.53) (National Cancer
Center Hospital East) (Copyright M. Muto).

Figure 11.52 NBI view demonstrates a
demarcation line with thick irregular brown
vessels suspicious for residual carcinoma
(National Cancer Center Hospital East)
(Copyright M. Muto).

Figure 11.53 Magnified NBI view shows
Type 5 IPCL and sharp demarcation in this
residual carcinoma post-treatment (National
Cancer Center Hospital East) (Copyright

M. Muto).
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Figure 11.54 Magnified view of this
hyperplastic lesion under NBI light to accen-
tuate their irregular IPCL pattern. Note the
lack of clear demarcation of the prominent
IPCL’s (National Cancer Center Hospital East)
(Copyright M. Muto).

Figure 11.56 The subtle erythematous
furrows of early erosive esophagitis are
clearly demonstrated with NBI (Mayo Clinic,
Jacksonville).

Figure 11.55 High-resolution white light
image demonstrates the furrows of mucosal
erosion found in early erosive esophagitis
(Mayo Clinic, Jacksonville).

Figure 11.57 Los Angeles Grade 4 gastro-
esophageal refluxinduced esophagitis
(corresponds to Figure 11.58) (University of
Utah Health Sciences Center).
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Figure 11.58 NBI low-magnification view
of Los Angeles Grade 4 gastro-esophageal
reflux-induced esophagitis. As with white
light this degree of inflammation precludes
meaningful analysis of the surface pattern and
vascular pattern to make further diagnoses
(corresponds to Figure 11.57) (University of
Utah Health Sciences Center).

Figure 11.60 Candida lesions appear pink
on this NBI image given the yellow white
light appearance of these lesions. More
often, Candida appears white on NBI in
stark contrast to the blue gray background
(corresponds to Figure 11.59) (Mayo Clinic,
Jacksonville).

Figure 11.59 High-resolution image
demonstrating the white, curd-like exudate

of Candidal esophagitis. White light veiw is
sufficient to make this diagnosis (Mayo Clinic,
Jacksonville).

Figure 11.61 Patient with dysmotility
of the esophagus found to have these more
common white punctate lesions of Candida
esophagitis (University Medical Center
Hamburg Eppendorf).
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) . . Figure 11.63 Candida hyphae and occa-
Figure 11.62 Multiple punctate white sional yeast forms in surface and desqua-

plaques of Candida that stand out under NBI ted epitheli :
low magnification (NYU School of Medicine). ﬁic.leiciilaz;. elium (PAS stain) (NYU School of

Figure 11.64 Short segment Barrett’s Figure 11.65 NBI non-magnified view of
esophagus. In this white light view, the short segment Barrett’s esophagus much more
villiform Barrett’s epithelium is barely clearly delineates the abnormal mucosal pat-
discernable proximal to the gastric cardiac tern than the white light image (University of
epithelium. (University of Utah Health Utah Health Sciences Center).

Sciences Center).
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Figure 11.66 Histopathology from a

target biopsy of the suspected BE seen on the
NBI image shown in Figure 11.65 confirmed
the presence of specialized intestinal type
metaplasia (University of Utah Health Science
Center).

Figure 11.68 Closeup high-resolution NBI
that nicely demarcates the squamo-colum-
nar junction and short-segment glandular
mucosa with normal mucosal vascular and
glandular architecture (corresponds to Figure
11.67) (Mayo Clinic, Jacksonville).

Figure 11.67 High-resolution white light
image demonstrating glandular mucosa
extending proximally into the tubular esopha-
gus (Mayo Clinic, Jacksonville).

Figure 11.69 This image nicely demon-
strates the prominent vascular pattern of short-
segment Barrett mucosa compared with the
distal cardiac mucosa and adjacent squamous
mucosa (corresponds to Figure 11.70) (Mayo
Clinic, Jacksonville).
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Figure 11.70 NBI highlights the striking
vascular pattern of the specialized intestinal
metaplasia of Barrett mucosa compared with
the distal cardiac mucosa and adjacent squa-
mous mucosa (corresponds to Figure 11.69)
(Mayo Clinic, Jacksonville).

Figure 11.72 SSBE, intestinal metaplasia
seen arising just above the top of the gastric
folds. On occasion white light images may
be useful in identifying the top of these folds
to determine whether the pink mucosa in,

in fact, BE (National Cancer Center Hospital
East) (copyright M. Muto).

Figure 11.71 NBIimage of SSBE. The pink
tounges exhibit gyrus/ridge pattern. Type 1
normal IPCLs and Type 2 elongated IPCLs
consistent with reflux are seen in the distal
squamous mucosa on the left and right sides
of the image, respectively (The Johns Hopkins
University School of Medicine).

Figure 11.73 SSBE, intestinal metaplasia.
Regular vascular pattern and gyrus mucosal
pattern readibly discernable on magnification
NBI view (National Cancer Center Hospital
East) (copyright M. Muto).
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Figure 11.74 Long-segment BE Figure 11.75 Long-segment of BE (Catholic
(Catholic University of the Sacred Heart). University of the Sacred Heart).

Figure 11.76 Long-segment BE is clearly Figure 11.77 NBI in this case provides
evident on this low-magnification white light ~ sharp contrast between squamous and colum-
HRE view (University of Amsterdam). nar mucosa but is best utilized here to assess

mucosal and vessel patterns with magnifi-
cation over the BE segment (University of
Amsterdam).
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Figure 11.78 White light magnifica- Figure 11.79 Note the smooth and regular
tion of regular gyrus pattern of Barrett’s surface pattern depicted sharply with magni-
epithelium without dysplasia (University fication NBI consistent with the ridge or gyrus
of Amsterdam). pattern BE (University of Amsterdam).

-

Figure 11.81 White light magnification
view can delineate the mucosal pattern in this
gyrus type non-dysplastic BE, though NBI is
required to properly analyze the vascular pat-
tern (corresponds to Figure 11.82) (University
of Amsterdam).

Figure 11.80 Non-dysplastic BE con-
firmed by histopathology (corresponds
to Figures 11.78 and 11.79) (University of
Amsterdam).
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Figure 11.82 This is a variation of the ridge
or gyrus pattern of non-dysplastic BE that
comprises 80% of all cases. NBI magnified view
(University of Amsterdam).

Figure 11.84 Intestinal metaplasia —
regular ridge/villous pattern (University of
Kansas School of Medicine).

Figure 11.83 Intestinal metaplasia of non-
dysplatic BE, low power image. (corresponds
to Figures 11.81 and 11.82) (University of
Amsterdam).

Figure 11.85 Ridge/villous pattern of non-
dysplastic BE seen in this magnified NBI view
utilizing a cap fitted to the tip of the endo-
scope touching the surface of the mucosa
(University of Kansas School of Medicine).
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Figure 11.86 Histology corresponding to Figure 11.87 This white light magnified
the ridge/villous pattern in the endoscopic image shows flat mucosa with some hint
photo (Figure 11.85). Intestinal metaplasia is of prominent vessels but no diagnosis of
characterized by bluish goblet cells (University ~ BE can be made on this basis (University of
of Kansas School of Medicine). Amsterdam).

Figure 11.89 Specialized intestinal meta-
o ) plasia in non-dysplastic BE (corresponds
Figure 11.88 NBI magnification provides to Figures 11.87 and 11.88) (University of
the necessary contrast and definition of vessels  Amsterdam).

to identify the long branching vessels on flat
mucosa that comprises 20% of non-dysplastic
BE (University of Amsterdam).
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Figure 11.91 Inflamed columnar mucosa
near squamo-columnar junction with ectatic
blood vessel corresponding to endoscopic NBI
image. Adjacent sections show intestinalized
epithelium with goblet cells consistent with
Barrett’s mucosa (NYU School of Medicine).

Figure 11.90 Long branching vessel in flat
mucosa below the SC junction but above the
top of the gastric folds indicative of Barrett’s
esophagus (NYU School of Medicine).

Figure 11.92 Normal vascular pattern of
BE without dysplasia (University of Kansas
School of Medicine).
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3
Figure 11.93 Magnification HRE of HGD
shows abnormal surface morphology, but it is

not possible to assess the vascular pattern on
this image (University of Amsterdam).

Figure 11.95 HGD is confirmed on his-
topathology (corresponds to Figures 11.93 and
11.94) (University of Amsterdam).

Figure 11.94 NBI magnification view
reveals both the irregular mucosal contour and
vascular pattern consistent with the optical
diagnosis of HGD (University of Amsterdam).

Figure 11.96 The mucosal surface is raised
and irregular in this patient with HGD in

BE. White light magnified view (corresponds
to Figures 11.97 and 11.98) (University of
Amsterdam).
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Figure 11.98 HGD suspected on Figures

11.96 and 11.97 is confirmed by histopathology
Figure 11.97 NBI highlights the lesions (University of Amsterdam).

topography. Vascular pattern is best seen
under magnification. This view is low
magnification (corresponds to Figure 11.96)
(University of Amsterdam).

Figure 11.99 Irregular/distorted pattern of Figure 11.100 The endoscope is pushed

mucosa, a key feature of HGD in BE is illus- closer to the mucosa to gain physical magnifi-
trated in this magnified NBI image (University ~ cation in addition to the digital magnification
of Kansas School of Medicine). from this H180 scope. Mucosal irregularities

are accentuated (University of Kansas School
of Medicine).
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Figure 11.102 Note the irregular surface

Figure 11.101 HGD at 100 X showing cyto- ~ mucosa evident even in low-magnification
logic atypia, loss of nuclear polarity, full thick- NBI of this patient with HGD in BE (Medical
ness stratification of nuclei, and significantly University of South Carolina).

disordered crypt architecture (corresponds to
Figures 11.99 and 11.100) (University of Kansas
School of Medicine).

Figure 11.103 The 40X high-power image

reveals HGD. There is a mitotic figure in the Figure 11.104 Low magnification NBI HRE
center of the image, high in the epithelium. view of long segment BE with focal HGD. Note
There is marked nuclear enlargement with the depressed and raised areas, wide sulci
vesicular change and prominent nucleoli (cor-  arranged in a non-parallel irregular pattern

responds to Figure 11.102) (Medical University ~ (Mayo Clinic, Jacksonville).
of South Carolina).
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Figure 11.105 White light HRE gives some Figure 11.106 Magnification NBI dem-

hint of abnormal vessels but changes seen onstrates abnormally shaped and thickened
on this image are very subtle. BE with HGD blood vessels, one key feature of HGD in BE.
(University of Amsterdam). Note the importance of assessing not only the

pattern of vessel arrangement, but also the
presence of abnormal individual vessels
(University of Amsterdam).

Figure 11.107 This white light image Figure 11.108 This HGD in BE displays
shows what appears may be a simple ero- both a depressed surface and abnormal vessels
sion within BE; the vascular pattern cannot be where the regular mucosal pattern is disrupted
determined (University of Amsterdam). (University of Amsterdam).
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Figure 11.109 Magnified NBI view
shows abnormal thick vessels in additional Figure 11.110 Histopathology confirms

to irregular surface pattern (corresponds to the suspected HGD (corresponds to Figures

Figures 11.107, 11.108 and 11.110) (University  11.107-11.109) (University of Amsterdam).
of Amsterdam).

Figure 11.111 BE with abnormal vessels Figure 11.112 NBIimproves the ability to
seen in HRE white light without magnifica- detect abnormal vessels in this patient with
tion (Mayo Clinic, Jacksonville). BE and HGD over white light even without

magnification (Mayo Clinic, Jacksonville).
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Figure 11.113 Microscopy image dem-
onstrating the special intestinalized meta-
plasia of Barrett mucosa with focal areas of
high-grade dysplasia (corresponds to Figures
11.111-11.112) (Mayo Clinic, Jacksonville).

Figure 11.115 Head-on endoscopic magni-
fication NBI view of this area of BE, indefinite
for dysplasia (corresponds to Figures 11.114,

11.116, and 11.117) (NYU School of Medicine).

Figure 11.114 This turnaround low-
magnification NBI view with prominent
vessels to the right of the image within flat
mucosa revealed BE indefinite for dysplasia
(NYU School of Medicine).

Figure 11.116 White light non-magnified
view of this area fails to identify any visible
abnormality. The diagnosis would likely have
been missed via standard endoscopy (NYU
School of Medicine).
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Figure 11.117 Target biopsy within area

of Barretts with abnormal vessel as identified
with NBI. Note Barrett's mucosa indefinite for
dysplasia (corresponds to 11.114-11.116) (NYU
School of Medicine).

Figure 11.119 NBI, HRE and 1.5 X digital
magnification view. On the left is a “blown-
up” pattern, more to the right a more “con-
densed pattern.” Histopathology showed
low-grade dysplasia in this lesion with
abnormal mucosal pattern (corresponds to
11.118) (University Medical Center Hamburg
Eppendorf).

Figure 11.118 Seventy-seven-year-old male
patient with a 5 cm Barrett. The Barrett was
stained with 1% acetic acid to clear mucous.
1.5X magnification with HRE (University
Medical Center Hamburg Eppendorf).

Figure 11.120 Residual BE after ablation
being treated with argon plasma coagulation.
Untreated patches remain visible to the left
of this photo (corresponds to Figure 11.121)
(Mayo Clinic, Jacksonville).
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Figure 11.121 APC to the remaining Figure 11.122 White light HRE view of a
areas of residual BE which are easy to patient with residual BE following ablation
detect using NBI under low magnifica- (Mayo Clinic, Jacksonville).

tion (corresponds to Figure 11.120) (Mayo
Clinic, Jacksonville).

Figure 11.123 NBI much more clearly Figure 11.124 White light HRE image of
delineates the residual BE following abla- PDT for Barrett’s esophagus ablation (cor-
tion for targeted biopsy or further treatment responds to Figure 11.125) (Mayo Clinic,

(corresponds to Figure 11.122) (Mayo Clinic, Jacksonville).
Jacksonville).
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Figure 11.125 While NBI is very useful Figure 11.126 NBIlow magnification is
following PDT for assessment of residual used to identify this short segment of Barrett’s
BE, during treatment it has limited added epithelium (corresponds to Figures 11.127-
value over white light once the extent and 11.131) (Dartmouth Hitchcock Medical Center).

location of the target has been measured
(corresponds to Figure 11.124) (Mayo
Clinic, Jacksonville).

Figure 11.127 This same segment is Figure 11.128 HRE image of HALO 90
shown in white light HRE close up prior radio frequency ablation after first application
to Barrx radio frequency ablation of the BE with device attached to the tip of the scope
(Dartmouth Hitchcock Medical Center). positioned at 12 o’clock and seen in the top

center of this photo (Dartmouth Hitchcock
Medical Center).



196 CHAPTER 11

Figure 11.129 Chamois-colored area Figure 11.130 The ablation continues in
demonstrating change after second RF a counter-clockwise direction (Dartmouth
application at 12 o’clock position, white light Hitchcock Medical Center).

HRE low-magnification view (Dartmouth

Hitchcock Medical Center).

Figure 11.131 White light HRE image Figure 11.132 This area of focal irregular

of the entire segment of SSIM immediately raised and erythroplastic mucosa in BE is
following RF ablation (corresponds to Figures ~ shown here in NBI low magnification view
11.126-11.130) (Dartmouth Hitchcock Medical ~ (corresponds to Figure 11.133) (Edward Herriot
Center). Hospital).
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Figure 11.133 White light HRE view of Figure 11.134 Tight circular pattern of
this area following capEMR of what was normal cardia well delineated on magnifica-
found to be a superficial adenocarcinoma tion NBI image (University of Kansas School
(corresponds to Figure 11.132) (Edouard of Medicine).

Herriot Hospital).

Figure 11.136 Histopathology confirms
the presence of cardiac mucosa with scant
inflammation and intestinal metaplasia
negative for dysplasia (corresponds to

Figure 11.135 NBI close up 1.5X magnified
view of cardia mucosa just below SC junction
reveals some thick sulci but round cardia-type

mucosal pattern (NYU School of Medicine). Figure 11.135) (NYU School of Medicine).
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Figure 11.137 View in retroversion of
mucosal adenocarcinoma in Barretts on white
light (University Medical Center Hamburg
Eppendorf).

Figure 11.139 White light magnified HRE
outlines the abnormal mucosal topography of
this adenocarcinoma of the cardia (University
of Amsterdam).

Figure 11.138 Mucosal cancer of the cardia
arising from BE with grossly irregular gyrus
mucosal pattern on NBI view (corresponds

to Figure 11.137) (University Medical Center
Hamburg Eppendorf).

Figure 11.140 NBI magnification view
both accentuates the abnormal topography
apparent under white light (Figure 11.139)
and reveals the irregular, thickened vessels
arranged in an abnormal pattern (University
of Amsterdam).
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Figure 11.141 Nodular adenocarcinoma Figure 11.142 NBI of nodular GE]J carci-
at the GE]J — esophageal view (Mayo Clinic, noma from distal esophagus (Mayo Clinic,
Jacksonville). Jacksonville).

Figure 11.143 Nodular GEJ carcinoma,
retroflexed view from the cardia (corresponds
to Figures 11.141-11.146) (Mayo Clinic,
Jacksonville).
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Figure 11.144 NBI of GEJ nodular carci- Figure 11.145 HRE image after band-
noma, retroflexed view from the cardia shows  EMR, view from the cardia (Mayo Clinic,
much greater definition of the lesion, its ves- Jacksonville).

sels, and its margins (corresponds to Figures
11.141-11.146) (Mayo Clinic, Jacksonville).

Figure 11.146 NBI of nodular carci- Figure 11.147 White raised esophageal
noma after EMR. NBI is particularly use- adenocarcinoma arising in BE here seen in
ful in examining for any residual tumor or white light on low magnification (corresponds
polyp following resection (Mayo Clinic, to Figure 11.148) (Medical University of South

Jacksonville). Carolina).
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Figure 11.148 NBI low-magnification
view of this lesion is well demarcated, but
does not add much over this clearly discern-
able lesion (corresponds to Figure 11.147)
(Medical University of South Carolina).

Figure 11.150 NBI of this adenocarcinoma.
The lesion demonstrates depressed irregular
mucosa and irregular vessel pattern
(corresponds to Figure 11.149) (University

of Amsterdam).

Figure 11.149 White light HRE image of
this esophageal adenocarcinoma detects an
abnormality but the appearance is not well
distinguished from a benign erosion in this
view (University of Amsterdam).

Figure 11.151 This white light HRE image
of an adenocarcinoma clearly shows BE with
some apparent squamous reepithelialization.
The abnormal morphology is much better
appreciated with NBI (corresponds to Figure
11.152) (University of Amsterdam).
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Figure 11.152 This adenocarcinoma Figure 11.153 An early esophageal

arising out of BE displays marked abnormal adenocarcinoma discernable in this white light
morphology and vascular pattern even on low-magnification image as a flat discolora-
low magnification view (corresponds to tion and slightly irregular surface at 3 o’clock
Figure 11.151) (University of Amsterdam). (University of Amsterdam).

Figure 11.154 NBI more clearly defines Figure 11.155 Chromoendoscopy reveals
the lesion by highlighting the mucosal pit pattern and more clearly defines the neo-
surface change and increased vessel density plastic lesion (University of Amsterdam).

(corresponds to Figures 11.153 and 11.155)
(University of Amsterdam).
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Figure 11.156 A raised irregular superficial
lesion is seen in this esophagus under white
light low magnification (Edouard Herriot
Hospital).

Figure 11.157 NBI low-magnification
image of this nodular superficial carcinoma
(IIa lesion) arising in BE. Improved delinea-
tion of margins and characterization of surface
morphology over white light is demonstrated
(Edouard Herriot Hospital).

Figure 11.158 White light image of lesion
immediately following EMR. Clips have been
applied to control bleeding (corresponds

to Figures 11.156-11.160) (Edouard Herriot
Hospital).

Figure 11.159 Magnified white light exami-
nation of the resection specimen (Edouard
Herriot Hospital).
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Figure 11.160 NBI of completely
resected lesion with margins (corresponds
to Figures 11.156-11.159) (Edouard Herriot
Hospital).

Figure 11.162 NBI low-magnification
image provides more precise characterization.
The surface appears irregular and contrasts
with the normal BE tongue at the top of the
photo (loss of the regular villous or gyrus
pattern of non-dysplastic BE) (corresponds

to Figures 11.161-11.164) (Edouard Herriot
Hospital).

Figure 11.161 White light low-magnifica-
tion view of nodular isolated superficial carci-
noma arising in BE (Edouard Herriot Hospital).

Figure 11.163 NBIlis used to assess for any
residual tissue following successful EMR of
this lesion (Edouard Herriot Hospital).
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Figure 11.164 NBI examination of the
fully resected superficial carcinoma (cor-
responds to Figures 11.161-11.163) (Edouard
Herriot Hospital).

Figure 11.165 Special contrast is not
needed to diagnose this near-obstructing
esophageal carcinoma seen here in low-magni-
fication white light (Mayo Clinic, Jacksonville).

Figure 11.166 Obstructing esophageal Figure 11.167 White light HRE low-
adeno-carcinoma, NBI view with markedly magnification image of a patient with esopha-
abnormal vessels and macroscopic appearance  geal varices. Note the one prominent column
consistent with invasive malignant disease in the one o’clock position (corresponds to
(corresponds to Figure 11.165) (Mayo Clinic, Figure 11.168) (Mayo Clinic, Jacksonville).

Jacksonville).
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Figure 11.168 Esophageal varices, seen Figure 11.169 Normal magnification

on NBI light without obvious advantage over white light provides a good assessment of this
white light view (corresponds to Figure 11.167)  smooth benign esophageal stricture (Mayo
(Mayo Clinic, Jacksonville). Clinic, Jacksonville).

Figure 11.170 Esophageal stricture benign, ~ Figure 11.171 Rings in distal esophagus in

NBI low-magnification view. The surface patients with confirmed eosinophilic esophag-
structure and vascular pattern appears normal itis, white hgh? r}on-magmfled view (NYU
(corresponds to Figure 11.169) (Mayo Clinic, School of Medicine).

Jacksonville).
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Figure 11.172 Multiple tiny white plaques

suggesting Candidiasis actually represent

eosinophilic esophageal microabscesses. White

light non-magnified view (NYU School of
Medicine).

Figure 11.173 Eosinophilic esophagitis,
narrow band non-magnified view (NYU
School of Medicine).

Figure 11.174 Eosinophilic esophagi-

tis. Numerous eosinophils are distributed
throughout the epithelium, with aggregates
forming microabscesses at the surface (cor-
responds to Figures 11.172 and 11.173) (NYU
School of Medicine).

Figure 11.175 Pediatric patient with a clin-
ical presentation of dysphagia found to have
eosinophilic esophagitis. NBI low-magnifi-
cation view (The Johns Hopkins University
School of Medicine).
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Figure 11.176 NBInon-magnified view Figure 11.177 Squamous papilloma of the

of Schatski ring (NYU School of Medicine). esophagus viewed with white light, low mag-
nification (University of Utah Health Sciences
Center).

Figure 11.178 Squamous papilloma of the
esophagus viewed with NBI light. Note the
confluent color of the mucosal and the papil-
loma (University of Utah Health Sciences
Center).

Figure 11.179 White light low-magnifica-
tion endoscopy reveals a gastric inlet patch
upon slow withdrawal of the endoscope from
the esophagus (corresponds to Figure 11.180)
(Mount Sinai School of Medicine).
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Figure 11.181 White light non-magnifying
image of esophageal glycogen deposits (NYU

Figure 11.180 Gastric inlet patch (NBI School of Medicine)

image). While the preceding white light image
(Figure 11.179) shows the same lesion, the
stark contrast makes this finding hard to miss
(Mount Sinai School of Medicine).

Figure 11.183 The supra-basal squamous
cells are distended with barely visible eosi-
nophilic cytoplasm due to glycogen accumula-
tion (corresponds to Figures 11.181 and 11.182)
(NYU School of Medicine).

Figure 11.182 NBI view of esophageal gly-
cogen deposits (NYU School of Medicine).
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Figure 11.184 Esophageal angiodysplasia
in Rendu-Osler-Weber syndrome seen on
white light HRE view (Hospital Sao Marcos).

Figure 11.186 Esophageal leiomyoma
seen here with HRE white light without mag-
nification (Hospital Sao Marcos).

Figure 11.185 NBIlow-magnification view
of esophageal angiodysplasia in Rendu-Osler-
Weber syndrome (Hospital Sao Marcos).

Figure 11.187 Low-magnification NBI view
of this esophageal leiomyoma (Hospital Sao
Marcos).
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Figure 11.188 Esophageal-gastric anas-
tamosis with staples and yeast, HRE white
light low-magnification view (Mayo Clinic,
Jacksonville).

ABBREVIATIONS USED

APC:  argon plasma coagulation

EMR:  endoscopic mucosal resection
GERD: gastro-esophageal reflux disease
HRE:  high-resolution endoscopy

IPCLs: intra-epithelial papillary capillary loops
NBIL: narrow band imaging

PDT:  photodynamic therapy

PAS: periodic acid schiff

REF: adio frequency

SCC: squamous cell carcinoma

SSBE:  short segment Barrett’s esophagus
GE]J: gastro-esophageal junction

Figure 11.189 NBIimage here easily
detects abnormalities on the surface in low
magnification in this narrow lumen where
there is sufficient light for its contrast to be
effective in scanning the mucosa for lesions
(Mayo Clinic, Jacksonville).
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Figure 12.1 HRE white light image of the Figure 12.2 NBI image of the same view is
folds of the gastric body, greater curvature far too dark to reveal mucosal detail; the gas-
(NYU School of Medicine). tric lumen is too wide to utilize NBI as screen

for lesion detection in contrast to narrower
lumen organs such as the esophagus or colon
(NYU School of Medicine).

Figure 12.3 Normal cardia turnaround Figure 12.4 Normal cardia seen in retroflex
NBI low-magnification image (NYU School of view, white light (NYU School of Medicine).
Medicine).
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Figure 12.5 NBIimage of carditis. Note the Figure 12.6 Retroflex white light low-

thickened round mucosal pattern of inflamed magnification view of cardia with pathology
cardia mucosa (Institut Arnault Tzanck). confirmed chronic inflammation (NYU School
of Medicine).

Figure 12.8 Reflux carditis. There is intense

acute and chronic inflammation of the cardiac

o mucosa at the squamo-columnar junction

mucosa (NYU School of Medicine). (corresponds to Figures 12.6 and 12.7) (NYU
School of Medicine).

Figure 12.7 NBI 1.5X magnified view in
turn-around of chronic inflammation of cardia
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Figure 12.9 Cameron lesions, HRE white
light low-magnification view (Mayo Clinic,
Jacksonville).

Figure 12.11 HRE white light low-
magnification image of normal fundus with
two small fundic gland polyps and hiatal
hernia seen in turnaround view (Mayo Clinic,
Jacksonville).

Figure 12.10 Cameron lesions, NBI view

(Mayo Clinic, Jacksonville).

.
-
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Figure 12.12 This magnification NBI image
of the fundic mucosa reveals normal vascular
pattern and surface pattern. Corresponding
histopathology confirmed normal mucosa
(NYU School of Medicine).
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Figure 12.13 White light view of a normal Figure 12.14 Normal gastric antrum, NBI
gastric antrum (University of Utah Health low-magnification view (University of Utah
Sciences Center). Health Sciences Center).

Figure 12.15 Normal antrum magnification Figure 12.16 Magnified NBI view in the

NBI image shows regular pattern with narrow antral body transition of active Helicobacter

sulci (NYU School of Medicine). pylori infection. Note bumpy surface topogra-
phy, widened pits and focal increased vascular
markings (vessels in dark) (corresponds to
Figure 12.17) (NYU School of Medicine).
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Figure 12.17 Helicobacter-associated active
chronic antral gastritis (corresponds to Figure
12.16) (NYU School of Medicine).

Figure 12.18 White light HRE low-mag-
nification image of antrum in a patient with
dyspepsia and NSAID medication use. No
erosions or ulcerations noted (NYU School
of Medicine).

Figure 12.19 Patchy darkened areas in the
antrum of this patient who had been taking
NSAID medications. No ulcers present. NBI
accentuates unevenness and furrows in the
mucosa (NYU School of Medicine).

Figure 12.20 Reactive gastropathy. The
gastric mucosa is hyperplastic with tortuous
glands, diminished mucin in the foveolar
epithelium and muscularization of the lamina
propria (corresponds to Figures 12.18 and
12.19) (NYU School of Medicine).
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Figure 12.22 Histopathology of this lesion
- . shows reactive gastropathy. Elongated, tortu-
Figure 12.21 Raised area of antral mucosa ous antral glands are lined by epithelium with

vzlthc.)éltlero? on flln this }:atlent tgkmtg noni\IYU mild reactive atypia. Consistent with chemical
steroidal anti-inflammatory medications ( gastritis (NYU School of Medicine).

School of Medicine).

Figure 12.23 Antral scar representing Figure 12.24 Antrum in patient with
healed erosion, Helicobacter pylori negative, healed erosion not apparent in white light low-

NBI 1.5X magnification view (NYU School of magnification view (NYU School of Medicine).
Medicine).
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Figure 12.25 Fundic varices, HRE view
(Mayo Clinic, Jacksonville).

Figure 12.27 Severe portal hypertension
gastropathy, white light low-magnification
view (Hospital Sao Marcos).

Figure 12.26 Fundic varices, NBI view
(Mayo Clinic, Jacksonville).

Figure 12.28 Severe portal hypertension
gastropathy, NBI low-magnification view
demonstrating leopard skin appearance.

In this case due to the darker images in the
stomach related to the larger lumen, white
light better illustrates the finding (Hospital
Sao Marcos).
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Figure 12.29 Subeptihelial hemorrhages in Figure 12.30 White light HRE low-magnifi-
portal hypertensive gastropathy, NBI view low  cation view of portal hypertensive gastropathy,
magnification (Institut Arnault Tzanck). GAVE pattern (Institut Arnault Tzanck).

Figure 12.31 Portal hypertensive gas-

tropathy with GAVE pattern, NBI low-mag- Figure 12.32 GAVE HRE low-magnifi-
nification view (corresponds to Figure 12.30) cation view (corresponds to Figure 12.33)
(Institut Arnault Tzanck). (Hospital Sao Marcos).
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wonis

) Figure 12.34 Subtle changes of GAVE on
Figure 12.33 GAVE NBI HRE low- white light HRE, may become more evident

magnification view (corresponds to Figure with NBI (Lenox Hill Hospital).
12.32) (Hospital Sao Marcos).

Figure 12.35 Subtle changes of GAVE . ) ) o
more evident on NBI (corresponds to Figure Figure 12.36 Gastric angiodysplasia in
12.34) (Lenox Hill Hospital). Rendu-Osler-Weber syndrome seen well in
white light magnification HRE view
(corresponds to Figure 12.37) (Hospital
Sao Marcos).
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Figure 12.38 Pyloric erosion faintly
Figure 12.37 NBI magnified view of the ViSi_ble on white llight HRE (Erasmus
same lesion, now black in appearance instead University Hospital).
of red (corresponds to Figure 12.36) (Hospital
Sao Marcos).

Figure 12.39 Pyloric erosion more easily
seen on NBI low magnification view than

on white light (corresponds to Figure 12.38) anti-inflammatory medications, NBI 1.5X
(Erasmus University Hospital). magnification (NYU School of Medicine).

Figure 12.40 Focal antral erosion in patient
with portal hypertension taking non-steroidal
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Figure 12.41 Multiple antral gastric ero-
sions related to NSAIDs, HRE white light non-
magnified view (Mayo Clinic, Jacksonville).

Figure 12.43 Benign appearing chronic
gastric ulcer, white light (NYU School of
Medicine).

Figure 12.42 Multiple NSAID-associated
antral gastric erosions, NBI low-maginification
view (Mayo Clinic, Jacksonville).

Figure 12.44 Chronic benign appear-

ing gastric ulcer, NBI non-magnified view.
Pathology demonstrated foveolar hyperplasia,
active chronic gastritis and focal intestinal
metaplasia (NYU School of Medicine).
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Figure 12.45 Acutely inflamed mucosa
of benign gastric ulcer with marked reactive

epithelial atypia is present at the ulcer edge Figure 12.46 Non-magnified white light

(corresponds to Figures 12.43 and 12.44) (NYU  view of benign appearing gastric ulcer with

School of Medicine). smooth regular borders (Institut Arnault
Tzanck).

Figure 12.47 Well demarcated NBI image Figure 12.48 HRE low-magnification view

of gastric intestinal metaplasia (Hospital Sao

of benign solitary gastric ulcer, non-magnified
& Y8 & Marcos).

view. The flat nature of the pigmented spot
is clearly seen (corresponds to Figure 12.46)
(Institut Arnault Tzanck).
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Figure 12.49 Chronic inflammation. This Figure 12.50 Magnification NBI image
raised red lesion might raise suspicions for shows it to be an erosion due to chronic
early cancer on first glance (National Cancer inflammation; notice the regular surround-
Center Hospital East) (copyright M. Muto). ing mucosal pattern and while the central

area loses this pattern, there are no abnormal
microvessels (National Cancer Center Hospital
East) (copyright M. Muto).

Figure 12.51 Low-grade dysplasia under Figure 12.52 NBI close-up image is more
white light low-magnification view. The lesion ~ valuable than white light view in assessing for
is slightly depressed with a reddened color low grade dysplasia. (Lenox Hill Hospital).

(Lenox Hill Hospital).
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Figure 12.53 Hiatal hernia with intramu-

cosal carcinoma in the cardia, HRE white

light low-magnification image (Mayo Clinic,

Jacksonville).

Figure 12.55 Histologic section from
cardia demonstrating high-grade dysplasia
suspicious for intramucosal carcinoma (cor-
responds to Figures 12.53 and 12.54) (Mayo
Clinic, Jacksonville).

Figure 12.54 NBI low-magnification view
more clearly delineates the abnormal area.
Magnification is required to assess the microv-
ascular pattern (Mayo Clinic, Jacksonville).

Figure 12.56 Delineation of gastric cancer,
demarcation line seen well with magnification
white light. Microvessels better assessed with
NBI (corresponds to Figure 12.57) (University
of Amsterdam).



226 CHAPTER 12

Figure 12.57 Delineation of early gastric
cancer with sharp demarcation line at loss of
mucosal pattern, NBI magnification view
(corresponds to Figure 12.56) (University of
Amsterdam).

Figure 12.59 Magnification demonstrates
no erosion to mucosal surface which has a reg-
ular pattern (National Cancer Center Hospital
East) (copyright M. Muto).

Figure 12.58 This small discoloration in
the upper stomach could reflect a benign
erosion, a telangiectasia or an early neoplasm
(National Cancer Center Hospital East)
(copyright M. Muto).

Figure 12.60 This is a gastric telangiectasia.
While there are a few abnormal microvessels
there is no demarcation line, and indication
that this is a non-neoplastic lesion (corre-
sponds to Figures 12.58 and 12.59) (National
Cancer Center Hospital East) (copyright M.
Muto).
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Figure 12.62 NBI view of a superficial

Figure 12.61 Endoscopic view of a IIa-IIc lesion in the gastric antrum. Vascular
superficial Ila-Ilc lesion in the gastric antrum pattern more discernable in depressed portion
(Catholic University of the Sacred Heart). (Catholic University of the Sacred Heart).

Figure 12.63 EMR specimen showing

moderately differentiated adenocarcinoma Figure 12.64 Superficial gastri.c Carcil}oma
limited to the epithelial layer (corresponds to on the greater curvature ITa-Ilc mixed raised
Figures 12.61 and 12.62) (Catholic University and depressed lesion, seen in white light low-
of the Sacred Heart). maginification view (corresponds to Figures

12.65-12.67) (Edouard Herriot Hospital).
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Figure 12.65 Superficial gastric carcinoma Ila—
IIc on the greater curvature: the lesion appears whit-
ish and is better delineated than with white light
(Edouard Herriot Hospital).

Figure 12.67 Early gastric cancer, in this
case confined to the mucosa (corresponds
to Figures 12.64-12.66) (Edouard Herriot
Hospital).

Figure 12.66 Superficial gastric carcinoma
[Ia-TIc on the greater curvature: the lesion is
better delineated than with NBI, especially in
terms of the surface assessment of the raised
portion. Indigo>NBI>white light (Edouard
Herriot Hospital).

Figure 12.68 This gastric superficial
carcinoma ITa-IIc appears on white light view
as discoloration and slightly irregular surface
(corresponds to Figures 12.69 and 12.70)
(Edouard Herriot Hospital).
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Figure 12.69 Superficial gastric carcinoma Figure 12.70 Superficial gastric carcinoma
ITa-TIc: the lesion appears whitish and is ITa-IIc: indigocarmine. Margins seen more
better delineated than with white light. Better easily for this raised lesion than with NBI
assessment of microvessels requires magnifica-  (corresponds to Figures 12.68-12.69) (Edouard
tion (Edouard Herriot Hospital). Herriot Hospital).

Figure 12.71 White light HRE view of an Figure 12.72 Intramucosal carcinoma,
early gastric carcinoma in a background of intestinal type, of the antrum. At a distance
intestinal metaplasia and atrophy (University this white light view raises suspicions of
of Amsterdam). a malignant appearing ulcer (corresponds

to Figures 12.73-12.75) (University of
Amsterdam).
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Figure 12.73 Intramucosal carcinoma,
intestinal type, of the antrum. Close up
white light view of the malignant appearing
lesion depicted in Figure 12.72 (University of
Amsterdam).

Figure 12.74 Detailed view of the center
of type Ila-Ilc intramucosal carcinoma of the
antrum. Mesh pattern of microvessels with
loss of mucosal structure predicts well-
differentiated tumor and possible candidacy
for ESD (University of Amsterdam).

Figure 12.75 High-grade dysplasia/well-
differentiated intramucosal adenocarcinoma
(intestinal type). No penetration of the muscu-
laris mucosae, confirming the optical diagno-
sis made in Figure 12.74 using magnification
NBI (corresponds to Figures 12.72-12.74)
(University of Amsterdam).

Figure 12.76 White light HRE image

of small-depressed lesion in the gastric angula-
ris suspicious for a Type 0 Ilc carcinoma
(corresponds to Figures 12.77-12.79) (The Jikei
University School of Medicine) (copyright

M. Kaise, T. Nakayoshi, H. Tajiri).



Figure 12.77 Chromoendoscopy highlights
the mucosal pattern of this depressed lesion
consisted of poorly differentiated carcinoma
(The Jikei University School of Medicine)
(copyright M. Kaise, T. Nakayoshi, H. Tajiri).

Figure 12.79 Histopathology high-power
view confirms the diagnosis of poorly
differentiated carcinoma predicted by the

NBI analysis of the microvessel pattern
(corresponds to Figures 12.76-12.78) (The Jikei
University School of Medicine) (copyright

M. Kaise, T. Nakayoshi, H. Tajiri).
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Figure 12.78 NBI magnification of this
lesion reveals loss of mucosal pattern in the
depressed area with abnormal microvessels in
the corkscrew pattern consistent with poorly
differentiated adenocarcinoma (The Jikei
University School of Medicine) (copyright

M. Kaise, T. Nakayoshi, H. Tajiri).

Figure 12.80 Malignant gastric ulcer in
distal body, low-magnification NBI view
(corresponds to Figures 12.81 and 12.82)
(Hospital Sao Marcos).
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Figure 12.81 Magnified white light view of
malignant gastric ulcer with irregular borders
and necrotic center (Hospital Sao Marcos).

Figure 12.82 NBI magnified view of this
large raised lesion that grossly suggests sm2
invasion or greater (corresponds to Figures
12.80 and 12.81) (Hospital Sao Marcos).

Figure 12.83 White light HRE low-mag-
nification view of local recurrence after EMR
for superficial gastric cancer (corresponds to
Figures 12.84-12.86) (National Cancer Center
Hospital East) (copyright M. Muto).

Fig. 12.84 NBI clearly shows worrisome
features not apparent on white light even
without magnification. This case underscores
the rationale for consideration of ESD for
larger superficial lesions to reduce the risk

of local recurrence (National Cancer Center
Hospital East) (copyright M. Muto).
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Figure 12.85 Chromoendoscopy view of Figure 12.86 Magnification NBI shows
local recurrence after EMR for gastric cancer both abnormal, disrupted pit pattern and
(corresponds to Figures 12.83-12.86) (National abnormal vessels in this recurrent cancer
Cancer Center Hospital East) (copyright M. (National Cancer Center Hospital East)
Muto). (copyright M. Muto).

Figure 12.87 Isolated small fundic gland Figure 12.88 Isolated fundic gland polyp,
polyp, white light non-magnified view (NYU low-magnification NBI view (NYU School of
School of Medicine). Medicine).



234 CHAPTER 12

Figure 12.89 Fundic gland polyp. Oxyntic
mucosa with focal cystic dilation of the glands
(corresponds to Figures 12.87 and 12.88) (NYU
School of Medicine).

Figure 12.90 Inflammed fundic gastric
polyp seen here in white light HRE view
(Mayo Clinic, Jacksonville).

Figure 12.91 NBI view of the lesion in Figure 12.92 High-resolution white light
Figure 12.90 with clearly delineated regular pit ~ image of unusual appearing fundic gland
pattern (Mayo Clinic, Jacksonville). polyps in the body of the stomach of varying

size and degree of inflammation (corresponds
to Figure 12.93) (Mayo Clinic, Jacksonville).
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Figure 12.93 NBI of unusual appearing
fundic gland polyps in the body of the stom-
ach of varying size and degree of inflamma-
tion. Pathology confirmed this as a fundic
gland polyp with hyperplastic and inflamma-
tory fibroid polypoid features (corresponds to
Figure 12.92) (Mayo Clinic, Jacksonville).

Figure 12.95 Close up view of larger fundic
gland polyp with regular pit pattern well seen

(corresponds to Figure 12.94) (Institut Arnault

Tzanck).

Figure 12.94 Multiple fundic gland polyps
white light non-magnified view (Institut
Arnault Tzanck).

Figure 12.96 White light view of multiple
small sessile fundic gland polyps in familial
adenomatous polyposis. Note the lack of
detail of the polyp mucosa and the similar
color of the polyps and gastric mucosa (cor-
responds to Figures 12.97-12.100) (University
of Utah Health Sciences Center).



236

CHAPTER 12

Figure 12.97 NBI view of multiple small
sessile fundic gland polyps in familial adeno-
matous polyposis. Note that the polyps are
darker than the mucosa and the polyp mucosa
has a larger and more pronounced reticulated
pattern (corresponds to Figures 12.96-12.100)
(University of Utah Health Sciences Center).

Figure 12.99 White light view of fundic
gland polyps with a similar color to the gastric
mucosa, a nodular appearance and scant
mucosal detail (University of Utah Health
Sciences Center).

Figure 12.98 NBI magnified view of fundic
land polyps. Note that the small blood vessels
and pitted surface of the polyps are clearly
seen (University of Utah Health Sciences
Center).

Figure 12.100 NBI view of fundic gland
polyps accentuated with a darker color than
the gastric mucosa, a clearly defined nodu-
lar appearance and precise mucosal detail
(University of Utah Health Sciences Center).
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Figure 12.101 Hyperplastic antral polyp
seen here in NBI low-magnification view. Note ~ Figure 12.102 Hamartomatous polyp,

the regular round surface mucosal pattern indefinite for dysplasia (corresponds to
(Edouard Herriot Hospital). Figures 12.103-12.105) (University of
Amsterdam).

Figure 12.103 Magnified white light image F'igu.re 12.104 NBI magnification view

of Figure 12.102, large gastric hamartomatous highlights the transition of the mucosal pat-

polyp (University of Amsterdam). terns from the stalk to the darker more villous
appearing area to the right of the image.
(University of Amsterdam).
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Figure 12.105 Inflamed appearing tip of
the large gastric polyp (Figures 12.102-12.104)
with pathologic findings indefinite for dyspla-
sia (University of Amsterdam).

Figure 12.107 NBI HRE low-magnification
view of gastric carcinoid tumors in the body,
greater curvature (University Medical Center
Hamburg Eppendorf).

Figure 12.106 Corpus greater curvature,
larger proximal and smaller distal lesion posi-
tive for carcinoid, white light HRE (University
Medical Center Hamburg Eppendorf).

Figure 12.108 Gastric carcinoid arising in
a setting of atrophic gastritis and intestinal
metaplasia (corresponds to Figures 12.106
and 12.107) (University Medical Center
Hamburg Eppendorf).
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Figure 12.109 Gastric carcinoid white Figure 12.110 Gastric carcinoid, close-up
light low-magnification view in the antrum, HRE NBI image (University Medical Center
posterior wall: Biopsies from the center as Hamburg Eppendorf).

well as from the margin of the lesion posi-
tive for carcinoid (University Medical Center
Hamburg Eppendorf).

Figure 12.111 Nissen-type fundoplication, Figure 12.112 Nissen-type fundoplication,

with wrap well intact in this HRE white light NBI view. Note the darker appearance due

view (Mayo Clinic, Jacksonville). to the large lumen makes NBI less useful for
general use in the stomach and most appropri-
ate for close-up magnification of suspicious
lesions (Mayo Clinic, Jacksonville).
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Figure 12.113 White light HRE image
provides a sharp view of this gastrojejunal
anastamosis. A Bilroth II gastrectomy had
been performed in this patient 53 years ago
for recurrent ulcers (University Medical
Center Hamburg Eppendorf).

Figure 12.115 Close up with HRE and NBI

of LGIN at the B-II anastomosis with 0.8 mm
diameter biopsy forceps as scale. The wide
sulci and irregular mucosal pattern on NBI
raises the suspicion for dysplasia and allows
for target biopsy of the lesion (corresponds

to Figures 12.114-12.116) (University Medical

Center Hamburg Eppendorf).

Figure 12.114 Low-magnification HRE
of asymptomatic 71-year-old female 50
years following BII gastrectomy. From a
distance in white light, no suspicious lesion
is seen (University Medical Center Hamburg
Eppendorf).

Figure 12.116 10X HE image shows
LGIN in the area of a Billroth II anastomo-
sis (University Medical Center Hamburg
Eppendorf).
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Figure 12.117 Retained contents, white Figure 12.118 Low-magnification NBI
light HRE, in gastric remnant after esophagec- view shows the oily remnants which now
tomy (Mayo Clinic, Jacksonville). appear pink instead of yellow (corresponds to

Figure 12.117) (Mayo Clinic, Jacksonville).

o
Figure 12.119 HRE low-magnification Figure 12.120 NBI of micronodular fundic
view of micronodular appearance of rare folds in collagenous gastritis (Mayo Clinic,
entity of collagenous gastritis (fundus) (Mayo Jacksonville).

Clinic, Jacksonville).
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Figure 12.121 Gastric fundus in patient
with MALT lymphoma following Helicobacter
pylori eradication and 1 month of Rituxan
therapy, NBI low-magnification view (NYU
School of Medicine).

Figure 12.122 Prominent bumps and
grooves in gastric body in patient with MALT
lymphoma following Helicobacter pylori
eradication and 1 month of Rituxan therapy,
NBI low-magnification view (NYU School of
Medicine).

Figure 12.123 Prominent bumps and
grooves in gastric body in patient with MALT
lymphoma following Helicobacter pylori
eradication and 1 month of Rituxan therapy,
NBI magnification view (NYU School of
Medicine).

Figure 12.124 Maltlymphoma. A dense
infiltrate of atypical lymphoid cells expands
the mucosa and destroys gastric glands (corre-
sponds to Figures 12.121-12.125) (NYU School
of Medicine).
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Figure 12.125 Maltlymphoma (high-
power view). There is invasion and destruc-
tion of gastric gland epithelium by neoplastic Figure 12.126 White light low magni-

lymphocytes (“lymphoepithelial lesion”) fication endoscopic view of gastric MALT
(corresponds to 12.121-12.124). hyperplasia (Catholic University of the Sacred
Heart).

Figure 12.128 This white light HRE image
Figure 12.127 NBI low-magnification view  shows the use of the Olympus measuring
of gastric MALT hyperplasia (corresponds catheter to demonstrate an enlarged gastroje-

to Figure 12.126) (Catholic University of the junal stoma following gastric bypass surgery
Sacred Heart). (Dartmouth Medical School).
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Figure 12.129 White light low-magnifica- Figure 12.130 This magnified NBI image

tion image in this patient initially notable only  of the gastric antrum in this child showed

for somewhat uneven surface contour without ~ non-specific congestion of vessels seen here

significant erythema or erosions (The Johns as patches of darker areas. Biopsies revealed

Hopkins University School of Medicine). eosinophilic gastritis (The Johns Hopkins
University School of Medicine).

ABBREVIATIONS USED

LGIN:  low-grade intraepithelial neoplasia
GAVE:  gastric antral vascular ectasia
NSAID: nonsteroidal anti-inflammatory drug

NBI: narrowband imaging

HRE: high-resolution endoscopy

ESD: endoscopic submucosal dissection
EMR: endoscopic mucosal resection

MALT:  mucosa-associated lymphoid tissue
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Figure 13.1 White light image of a normal Figure 13.2 NBI low-magnification image
duodenal bulb. The villiform architecture is of a normal duodenal bulb. The villiform
indistinct (University of Utah Health Sciences architecture is accentuated by the NBI imaging
Center). (University of Utah Health Sciences Center).

Figure 13.3 Normal mucosal appearance Figure 13.4 Nodular mucosa in the duo-
in the bulb NBI view 1.5X magnification denal bulb of Bruener’s glands viewed with
(Erasmus University Hospital). high-resolution white light (corresponds to

Figure 13.5) (Mayo Clinic, Jacksonville).
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Figure 13.5 Nodular mucosa in the duo-
denal bulb of Bruener’s glands viewed with
high-resolution narrowband image (note the
white medication granules) (corresponds to
Figure 13.4) (Mayo Clinic, Jacksonville).

Figure 13.7 High-magnification NBI image
provides excellent definition of these
Bruener’s glands (corresponds to Figure 13.6)
(Institut Arnault Tzanck).

Figure 13.6 Bruener’s gland hyperplasia
of the duodenal bulb seen in white light HRE
magnification view (Institut Arnault Tzanck).

Figure 13.8 NBI light view of a normal
duodenal fold. The villiform architecture is
readily discernable (Medical University of
South Carolina).
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Figure 13.10 Normal major papilla under

Figure 13.9 Normal major papilla NBI low magnification (Erasmus University
(Erasmus University Hospital). Hospital).

Figure 13.11 White light view of major o )
papilla 1.2X magnification. Duodenoscope Figure 13.12 NBI non-magnification view
NBI HDTV not currently available, though of nqrmal major papilla (NYU School of
such high definition of ampulla could one day Medicine).

facilitate ERCP (N'YU School of Medicine).
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Figure 13.13 NBI HRE 1.5X magnification
view of normal duodenal villi (NYU School of
Medicine).

Figure 13.15 Normal ileum with bumpy
lymphoid tissue and clearly discernable villi
well visualized on low-magnification NBI
view. In addition to the thin brownish super-
ficial capillaries, one can appreciate some
deeper vessels that appear green, such as one
at the top middle of the photograph (NYU
School of Medicine).

Figure 13.14 Bile appears red under NBI
light (Institut Arnault Tzanck).

Figure 13.16 NBI with magnification of
terminal ileal villi showing capillary loops and
plexuses within individual villi (St. Mark’s
Hospital).
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Figure 13.17 Subtle inflammation of duo-
denal bulb on white light non-magnified view
(NYU School of Medicine).

Figure 13.19 This bulb ulcer was found in
a patient taking baby aspirin following one
episode of melena without abdominal pain.
It is not known whether NBI will enhance
detection of subtle stigmata. This HRE image
clearly defines this ulcer as clean based (NYU
School of Medicine).

Figure 13.18 Subtle erosions and inflam-
mation in duodenal bulb indicated on NBI
non-magnified view. The contrast under NBI
between the dark inflamed mucosa and the
white erosion may make subtle findings such
at these easier to detect (corresponds to Figure
13.17) (NYU School of Medicine).

Figure 13.20 The antrum of the patient

in Figure 13.19 shows prominent lymphoid
follicles and the histopathology confirmed
active Helicobacter pylori gastritis (NYU School
of Medicine).
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Figure 13.21 Duodenal erosion faintly
visible on white light view seen here in 1.5X
magnification (NYU School of Medicine).

Figure 13.23 Moderate peptic duodenitis
under white light low magnification (NYU
School of Medicine).

Figure 13.22 Small duodenal erosion seen
clearly with low-magnification NBI (NYU
School of Medicine).

Figure 13.24 Magnified NBI view of mod-
erate duodenitis of the bulb (NYU School of
Medicine).
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Figure 13.25 Duodenal bulb hyperplastic
polyp; white light low magnification (Catholic
University of the Sacred Heart).

Figure 13.27 Oxyntic-type gastric crypts in
the lamina propria (bottom right) and the lack
of goblet and Paneth cells in the superficial
epithelium are consistent with fundic-type
gastric heterotopic epithelium (corresponds to
Figures 13.25 and 13.26). (Catholic University
of the Sacred Heart).

Figure 13.26 NBI view of gastric polyp
located in the duodenal bulb. Regular gastric-
type pit pattern seen well (Catholic University
of the Sacred Heart).

Figure 13.28 This duodenal red slightly
raised area here seen in low-magnification
white light might be mistaken for an area of
duodenitis; however, note the irregularity

of the vessels in comparison to the image of
duodenitis in Figure 13.23 above (corresponds
to Figures 13.29 and 13.30) (Edouard Herriot
Hospital).
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Figure 13.29 On NB], the gyrus mucosal
surface pattern and vascular pattern more
readily identify this lesion as an adenoma
(corresponds to Figures 13.28-13.30).
(Edouard Herriot Hospital).

Figure 13.31 Flat duodenal polyp; pathol-
ogy revealed undifferentiated adenocarci-
noma with invasion of the submucosa (HRE
white light) (University Medical Center
Hamburg Eppendorf).

Figure 13.30 Indigocarmine view of the
same lesion; NBI appears to provide better
delineation of this adenoma (Edouard Herriot
Hospital).

Figure 13.32 NBI low-magnification view
of this flat duodenal bulb adenocarcinoma
highlights abnormal surface contour and
irregular vessels (University Medical Center
Hamburg Eppendorf).
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Figure 13.33 Poorly differentiated duode-
nal adenocarcinoma (corresponds to Figures
13.31 and 13.32) (University Medical Center
Hamburg Eppendorf).

Figure 13.34 Duodenal adenoma detected
as an irregular fold on white light low magni-
fication (Edouard Herriot Hospital).

Figure 13.35 NBI low magnification view Figure 13.36 Indigo carmine image pro-
of duodenal adenoma: the lesion appears vides similar image to the NBI; NBI appears
whitish whereas the normal background is as easier replacement to chromoendoscopy
pink. Easier to be detected than white light (Edouard Herriot Hospital).

(corresponds to Figures 13.34 and 13.36)
(Edouard Herriot Hospital).
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Figure 13.37 Low-magnification NBI
image of duodenal adenoma opposite to the
papilla. Both papilla and polyp appear gray
and normal duodenal mucosa appears pink
(Edouard Herriot Hospital).

Figure 13.39 Extensive circumferential
duodenal adenoma from the pylorus to D3.
Lower margin in D3 which is very clearly
discerned using NBI with low magnification
(Edouard Herriot Hospital).

Figure 13.38 Duodenal adenoma. The
normal mucosa is replaced by a tubulo-villous
proliferation lined by hyperchromatic dysplas-
tic epithelium (corresponds to Figure 13.37)
(Edouard Herriot Hospital).

Figure 13.40 NBI view of lower end of
adenoma; notice the irregular surface pat-
tern and vasculature highlighted by the NBI
(corresponds to Figures 13.39-13.44) (Edouard
Herriot Hospital) .



SMALL INTESTINE ATLAS 255

Figure 13.41 NBI low-magnification view Figure 13.42 Extensive duodenal adenoma

of middle of this lateral spreading adenoma from the pylorus to D3. View from the antrum:

(corresponds to Figures 13.39-13.44) (Edouard irregular pattern on the pylorus. White light

Herriot Hospital). non-magnified image (Edouard Herriot
Hospital).

Figure 13.44 Duodenal adenoma.
Dysplastic epithelium has replaced the duode-
nal epithelium in the upper half of the mucosa
and spread widely, forming an extensive flat

: carpet of dysplasia (corresponds to Figures
Hospital). 13.39-13.43) (Edouard Herriot Hospital).

Figure 13.43 Low-magnification NBI
view from the antrum greatly accentuates the
margin of the lesion compared to white light
view shown in Figure 13.42 (Edouard Herriot
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Figure 13.45 White light low-magnifica- Figure 13.46 NBIlow-magnification view
tion HRE view of large sessile duodenal of large sessile duodenal adenoma: better
adenoma (Edouard Herriot Hospital). delineation and characterization with NBI

(Edouard Herriot Hospital).

Figure 13.47 This closer view with the Figure 13.48 Bile duct adenoma with high-
same magnification illustrates the physical grade dysplasia seen here with high-resolu-
zoom property of the HDTV endoscopy; the tion white light (note yellow colored bile)
image sharpness is not reduced when the (corresponds to Figures 13.49-13.51) (Mayo
scope tip is pushed closer to the lesion Clinic, Jacksonville).

(corresponds to Figures 13.45 and 13.46)
(Edouard Herriot Hospital).
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Figure 13.49 Close-up high-resolution Figure 13.50 Close-up image of bile duct
white light image of bile duct adenoma with adenoma with high-grade dysplasia viewed
high-grade dysplasia (note yellow colored with high-resolution narrow band image (note
bile) (Mayo Clinic, Jacksonville). red colored bile) (Mayo Clinic, Jacksonville).

Figure 13.51 Histologic image of bile duct

adenoma with high-grade dysplasia (corre- Figure 13.52 White light low-magnification
sponds to Figures 13.48-13.50) (Mayo Clinic, view of FAP: duodenal lesions (corresponds
Jacksonville). to Figures 13.53-13.55) (Edouard Herriot

Hospital).
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Figure 13.53 NBI image of FAP: duode-
nal lesions which appear whitish on pink
background. Better delineation and charac-
terization than with white light (corresponds
to Figures 13.52-13.55) (Edouard Herriot
Hospital).

Figure 13.55 FAP: several adenomas easily
detected with NBI, here with a white appear-
ance. Indigocarmine is not necessary for iden-
tification or assessment of borders (Edouard
Herriot Hospital).

Figure 13.54 Varying appearance of FAP:
large grey-white lesion in the duodenum
under NBI, low-magnification (Edouard
Herriot Hospital).

Figure 13.56 White light view of numerous
small adenomas in D3 in a patient with FAP
(corresponds to Figure 13.57) (University of
Utah Health Sciences Center).
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Figure 13.57 Magnification NBI view in
this patient clearly defines the lesions as ses-
sile adenomas (corresponds to Figure 13.56)
(University of Utah Health Sciences Center).

Figure 13.58 Complete villous atrophy,
HRE white light low-magnification view
(Institut Arnault Tzanck).

Figure 13.59 Completely flattened Figure 13.60 Partial villous atrophy, white
villi seen on NBI low-magnification view. light HRE magnification view (corresponds to
Histopathology confirmed endoscopic impres-  Figure 13.61) (Institut Arnault Tzanck).

sion of total villous atrophy (corresponds to

Figures 13.58) (Institut Arnault Tzanck).
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Figure 13.61 Partial villous atrophy,
magnified NBI image (corresponds to Figure
13.60) (Institut Arnault Tzanck).

Figure 13.63 Arterio-vascular malforma-
tion viewed with high-resolution white light
(Mayo Clinic, Jacksonville).

Figure 13.62 NBI 1.5X magnified view of
jejunal lymphangiectasia in an efferent limb
of a gastrojejunostomy (NYU School of
Medicine).

Figure 13.64 Arterio-vascular malforma-
tion viewed with high-resolution narrowband
image (Mayo Clinic, Jacksonville).
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Figure 13.65 Duodenal angioectasia with Figure 13.66 NBI view of the same lesion
subtle appearance well appreciated using clearly enhances the detection of this vascular
HRE, white light (Institut Arnault Tzanck). abnormality (Institut Arnault Tzanck).

Figure 13.67 Multiple large duodenal

diverticula, white light low-magnification Figure 13.68 Small bowel Whipple’s dis-

view (Institut Arnault Tzanck). ease with whitish plaque-like patches, white
light low-magnification view (corresponds to
Figures 13.69-13.71) (Hospital Sao Marcos).
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Figure 13.69 NBI view of small bowel
Whipple’s disease; the contrast highlights the
whitish plaque-like patches (corresponds to
Figures 13.68-13.71) (Hospital Sao Marcos).

Figure 13.71 Histological image of
Whipple’s disease showing PAS positive
macrophages in lamina propria (Hospital Sao
Marcos).

Figure 13.70 NBI 1.5X magnification of
small bowel Whipple’s disease highlighting
the whitish plaque-like patches (Hospital Sao
Marcos).

Figure 13.72 White light low-magnifica-
tion image of multiple small ulcers of the
distal ileum due to NSAIDs. Note the red-
dened borders of the punctuate white lesions
indicating that these are ulcerations; in NBI in
Figure 13.73, these appear as dark rings pro-
viding striking contrast to the erosions within
(University of Utah Health Sciences Center).
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Figure 13.73 NBI low-magnification image Figure 13.74 White light view depicts

of distal ileal ulcers due to NSAIDs (corre- multifocal abnormal ileal mucosa in Crohn’s
sponds to Figures 13.72) (University of Utah disease. This appearance is more diffuse than
Health Sciences Center). the punctuate NSAID associated ileal ulcers

depicted in Figures 13.72 and 13.73. The
degree of mucosal irregularity stands in con-
siderable contrast to the bumpy lymphoid tis-
sue of the normal ileum (Figure 13.15) (Institut
Arnault Tzanck).

Figure 13.75 NBIimage clearly delineates Figure 13.76 Aphthous ulcer in terminal
a large ileal Crohn’s ulcer along with dif- ileum in Crohn’s disease. The heaped-up
fuse inflammation of the surrounding tissue epithelium surrounds a tiny ulcer. NBI view
(Institut Arnault Tzanck). (Mount Sinai School of Medicine).

ABBREVIATIONS USED
ERCP: endoscopic retrograde cholangiopancreatography

FAP: familial adenomatous polyposis
HDTV: high-definition TV

HRE: high-resolution endoscopy

NBI: narrowband imaging

NSAIDs: non-steroidal anti-inflammatory drugs
PAS: p-aminosalicylic acid



264

Colon atlas 1 4

Figure 14.1 HRE white light low-mag- Figure 14.2 Similar view of normal rectum
nification view of normal rectum with clear seen here in low-magnification NBI (NYU
demarcation of the dentate line (NYU School School of Medicine).

of Medicine).

Figure 14.3 Retroflexed view of a nor- Figure 14.4 Retroflexed NBI view of a
mal rectum. Note the sharp demarcation of normal rectum. Note the sharp demarcation
the dentate line (University of Utah Health of the dentate line (University of Utah Health

Sciences Center). Sciences Center).
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Figure 14.5 NBI view clearly demarcating Figure 14.6 White light retroflex view of
dentate line (NYU School of Medicine). distal rectum (NYU School of Medicine).

Figure 14.7 NBI rectal retroflex view Figure 14.8 Normal colon with bilious
highlights prominent vascular pattern (NYU stool, HRE (Mayo Clinic, Jacksonville).
School of Medicine).
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Figure 14.9 White light view of normal Figure 14.10 NBI non-magnified view of

colon (NYU School of Medicine). normal colon demonstrates vascular pattern
poorly seen on white light view of Figure 14.9
(NYU School of Medicine).

Figure 14.11 Ileocecal valve with bilious Figure 14.12 Ileocecal valve with bilious
stool, HRE white light view (Mayo Clinic, stool, NBI low-magnification image (Mayo
Jacksonville). Clinic, Jacksonville).



COLON ATLAS 267

Figure 14.13 Post-polypectomy from Figure 14.14 NBI image has no advan-
ileocecal valve, submucosal fat viewed under tage in viewing submucosal fat (Lenox Hill
white light (Lenox Hill Hospital). Hospital).

Figure 14.15 Normal appendiceal orifice Figure 14.16 Normal appendiceal orifice
viewed with HRE white light (University of viewed with NBI light (University of Utah
Utah Health Sciences Center). Health Sciences Center).
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Figure 14.17 Non-magnified view of
normal appendiceal orifice with prominent
lymphoid tissue highlighted with NBI (NYU
School of Medicine).

Figure 14.19 Magnified image of lymphoid
follicles in cecum. Note honeycomb capillary
plexuses around pits in normal mucosa seen
well with NBI (corresponds to Figure 14.18)
(St. Mark’s Hospital).

Figure 14.18 Lymphoid follicles in cecum
seen here on white light magnified view (St.
Mark’s Hospital).

Figure 14.20 NBI image post-biopsy
(University of Utah Health Sciences Center).
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Figure 14.21 Large diverticulum shown Figure 14.22 HRE white light non-magni-
in HRE white light view (NYU School of fied view of a diverticulum (NYU School of
Medicine). Medicine).

Figure 14.23 Everted diverticulum with Figure 14.24 Residual stool within divertic-
NBI image confirming normal colon pit ulum, white light view (corresponds to Figure
pattern to avoid mistaken identification as a 14.25) (NYU School of Medicine).

polyp (NYU School of Medicine).
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Figure 14.25 NBI image of residual stool
lodged in a diverticulum. Stool appears pink
in NBI (corresponds to Figure 14.24) (NYU
School of Medicine).

Figure 14.26 Polypoid red fold of divertic-
ular disease — note normal pit pattern (Mount
Sinai School of Medicine).

Figure 14.28 Internal hemorrhoids, retro-
flexion white light view (corresponds to

Figure 14.27 Polypoid red fold of diver- Figure 14.29) (NYU School of Medicine).

ticular disease — note normal pit pattern
(corresponds to Figure 14.26) (NBI image)
(Mount Sinai School of Medicine).



Figure 14.29 NBI image of internal hemor-
rhoids as seen in retroflexion (corresponds to
Figure 14.28) (NYU School of Medicine).

Figure 14.31 Retroflexed view in rectum of
hypertrophied anal papilla (NBI image)
(corresponds to Figure 14.30) (Mount Sinai
School of Medicine).
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Figure 14.30 Retroflexed view in rectum
of hypertrophied anal papilla (Mount Sinai
School of Medicine).

Figure 14.32 Residual feces in the descend-
ing colon viewed with white light (corre-
sponds to Figure 14.33) (University of Utah
Health Sciences Center).
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Figure 14.33 Residual feces in the descend-
ing colon seen with NBI light as pink in color
(corresponds to Figure 14.32) (University of
Utah Health Sciences Center).

Figure 14.35 Hyperplastic appearing

pit pattern on NBI non-magnified view of
rectal polyp, Q180 non-high definition scope
which still has NBI capability (NYU School of
Medicine).

Figure 14.34 Magnified NBI image of
hyperplastic polyp showing fine vessels and
type 2 pit pattern (St. Mark’s Hospital).

Figure 14.36 Hyperplastic polyp corre-
sponding to Figure 14.35. Surface and gland
epithelium, composed of tall cells with small
basal nuclei and eosinophilic cytoplasm with
mucin droplets, is thrown into papillary folds
giving glands a serrated appearance (NYU
School of Medicine).
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Figure 14.37 Rectal polyp under white Figure 14.38 Irregular vascular pattern

light (Lenox Hill Hospital). is more evident on rectal polyp under NBI
(corresponds to Figure 14.37) (Lenox Hill
Hospital).

Figure 14.39 Small hyperplastic polyp Figure 14.40 NBIimage of small hyper-
in the transverse colon in white light, low plastic transverse colon polyp — type 1 pits
magnification (Indiana University School of (Indiana University School of Medicine).

Medicine).
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Figure 14.41 Small proximal colon hyper-

plastic polyp in low power (corresponds to Figure 14.42 White light image fails
Figures 14.39 and 14.40) (Indiana University to demonstrate a polyp (Edouard Herriot
School of Medicine). Hospital).

Figure 14.44 Hyperplastic polyp. Gland

Figure 14.43 NBI view of Figure 14.42 lumens appear stellate in histological section
reveals a tiny hyperplastic polyp seen only and are lined by bland mucinous epithelium
with NBL: red-brown in color (Edouard (corresponds to Figures 14.42 and 14.43)

Herriot Hospital). (Edouard Herriot Hospital).
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Figure 14.45 Small polyp on fold in upper Figure 14.46 The same small polyp easily
right side of photo barely visible even on high-  identified on NBI low-magnification view
resolution white light view (NYU School of (NYU School of Medicine).

Medicine).

Figure 14.47 Barely discernable Imm rectal =~ Figure 14.48 Clearly discernable 1 mm

polyp seen with white light (University of rectal polyp seen with NBI light with the char-

Utah Health Sciences Center). acteristic pitted appearance of a hyperplastic
polyp (University of Utah Health Sciences
Center).
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Figure 14.49 White light view of sessile Figure 14.50 NBI image of adenoma — note
polyp (NYU School of Medicine). high clusters of brown vessels (NYU School of
Medicine).

Figure 14.52 Tubulovillous adenoma with
low-grade dysplasia. Glands and villi are lined
by mucin-depleted cells with enlarged strati-
fied hyperchromatic nuclei which contrast
with entrapped normal glands (bottom left)
(corresponds to 14.49-14.51) (NYU School of
Medicine).

Figure 14.51 Post-polypectomy performed
under NBI. Clear margins well visualized
(N'YU School of Medicine).
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Figure 14.53 Tubular adenoma with type Figure 14.54 White light HRE suggests

3L pits. NBI low-magnification view. Note adenoma vs. inflammatory polyp in this

also the well-demarcated margins (Indiana patient with a history of malignant melanoma

University School of Medicine). (corresponds to Figures 14.55 and 14.56) (NYU
School of Medicine).

Figure 14.55 NBI magnification view of Figure 14.56 NBI image following polypec-
this small polyp provides extremely precise tomy clearly indicates complete removal of
determination of its adenomatous pit pattern polyp tissue (corresponds to Figures 14.54—
and vascularity, and pathology confirmed 14.55) (NYU School of Medicine).

it to be a tubular adenoma (NYU School of
Medicine).
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Figure 14.58 White light view of sigmoid
colon tubular adenoma with low-grade dys-
plasia (corresponds to Figures 14.59 and 14.60)
Figure 14.57 Magnified NBI image of a (Indiana University School of Medicine).
3mm mildly dysplastic tubular adenoma with

type 3L pit pattern (St. Mark’s Hospital).

Figure 14.60 Tubular adenoma with

Figure 14.59 NB_I image of sigmoid colon low-grade dysplasia, high-power view (cor-
tgbular aglenomq with lqw-g?ade dyspla- responds to Figures 14.58 and 14.59) (Indiana
sia — 3L pits (Indiana University School of University School of Medicine).

Medicine).
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Figure 14.61 Depressed type lesion (Ilc +
IIa) 9mm in size, transverse colon. The lesion
is identified by a tiny oozing during stand-
ard endoscopy (Sano Hospital) (copyright Y.
Sano).

Figure 14.62 (a) Ordinary view, magnified showing central depression. (b) Indigo carmine
dye spraying view. Pit pattern is not well recognized in either view (corresponds to Figures
14.61-14.65) (Sano Hospital) (copyright Y. Sano).
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Figure 14.63 NBI colonoscopy with magnification. Kudo’s IIls pit pattern is observed clearly
without dye spraying (Sano Hospital) (corresponds to Figures 14.61-14.65) (copyright Y. Sano).

Figure 14.64 Crystal violet staining. Kudo’s
IIIs pit pattern is observed clearly same as

NBI colonoscopy (Sano Hospital) (copyright Figure 14.65 Pathological findings:
Y. Sano). adenoma with high-grade dysplasia (Sano

Hospital) (copyright Y. Sano).
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Figure 14.66 Depressed type lesion (Ila + Figure 14.67 Indigo carmine dye spraying
IIc). The lesion is identified by a tiny oozing view. Pit pattern is not well recognized due to
and white spots surrounding lesion during dense mucous (Sano Hospital) (copyright
standard endoscopy (Sano Hospital) (copy- Y. Sano).

right Y. Sano).

Figure 14.68 NBI colonoscopy with mag-
nification. Sano capillary pattern type III is
observed clearly without dye spraying (corre-
sponds to Figures 14.66-14.69) (Sano Hospital)
(copyright Y. Sano).
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Figure 14.69 Well-differentiated intramucosal adenocarcinoma without lymphatic, vascular or
neural invasion (corresponds to Figures 14.66-14.68) (Sano Hospital) (copyright Y. Sano).

Figure 14.70 Tiny polyp seen on white Figure 14.71 Adenoma pattern and well-
light non-magnified view (NYU School of demarcated borders evident on low-magnifi-
Medicine). cation NBI view (NYU School of Medicine).



Figure 14.72 Tubular adenoma with low-
grade dysplasia. Epithelial cells of the glands
and surface are crowded with enlarged, strati-
fied hyperchromatic nuclei and an increased
nuclear:cytoplasmic ratio (corresponds to
Figures 14.70 and 14.71) (N'YU School of
Medicine).

Figure 14.74 NBI image of the same lesions
as Figure 14.73 (Institut Arnault Tzanck).
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Figure 14.73 White light HRE low mag-
nification of flat adenoma (Institut Arnault
Tzanck).

Figure 14.75 Adenomatous polyp with
low-grade dysplasia in sigmoid colon
(corresponds to Figures 14.76-14.80) (Hospital
Sao Marcos).
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Figure 14.76 Low-grade dysplasia adeno-
matous polyp, with NBI high-lightened
borders (corresponds to Figures 14.75-14.80)
(Hospital Sao Marcos).

Figure 14.78 Polypectomy image with NBI
(Hospital Sao Marcos).

Figure 14.77 Submucosal injection previ-
ous to polypectomy (Hospital Sao Marcos).

Figure 14.79 Polypectomy scar (Hospital
Sao Marcos).
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Figure 14.80 Adenomatous polyp with

low-grade dysplasia (corresponds to Figures Figure 14.81 Flat adenoma in cecum with
14.75-14.79) (Hospital Sao Marcos). NBI showing 3L pits (Indiana University
School of Medicine).

Figure 14.83 Portion of tubulovillous ade-

Figure 14.82 White light HRE view of noma in high power (corresponds to Figures
flat adenoma in the cecum after submucosal 14.81 and 14.82) (Indiana University School of
injection with saline and methylene blue (cor- Medicine).

responds to Figure 14.81) (Indiana University
School of Medicine).
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Figure 14.84 White light low-magnifica-
tion view of pedunculated polyp (Catholic
University of the Sacred Heart).

Figure 14.86 A 5cm tubulovillous ade-
noma of the cecum (Mount Sinai School of
Medicine).

Figure 14.85 NBI view of pedunculated
polyp (Catholic University of the Sacred
Heart).

Figure 14.87 A 5cm tubulovillous adenoma
of the cecum (NBI image) (corresponds to
Figures 14.86-14.90) (Mount Sinai School of
Medicine).
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Figure 14.88 A 5cm tubulovillous ade- Figure 14.89 A 5cm tubulovillous adenoma
noma of the cecum after removal by piece- of the cecum after removal by piecemeal

meal polypectomy (Mount Sinai School of polypectomy (NBI image) (Mount Sinai School
Medicine). of Medicine).

Figure 14.90 A 5cm tubulovillous adenoma . L e
of the cecum (path) (corresponds to Figures Figure 14.91 White light low-magnification

14.86-14.89) (Mount Sinai School of Medicine).  View of colonic polyp (corresponds to Figure
14.92) (Institut Arnault Tzanck).
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Figure 14.92 NBI view of colonic ade-
noma with 1.5X magnification. Pit pattern and
vessel pattern consistent with pathological
diagnosis of tubulovillous adenoma (cor-
responds to Figure 14.91) (Institut Arnault
Tzanck).

Figure 14.94 NBI light view of a villous
adenoma. Note the typical villiform and
sulcated surface appearance (corresponds
to Figure 14.93) (University of Utah Health
Sciences Center).

Figure 14.93 HRE white light low-mag-
nification view of villous adenoma on a fold
(University of Utah Health Sciences Center).

Figure 14.95 White light image of tubu-
lovillous adenoma in transverse colon with
focal high-grade dysplasia (corresponds to
Figures 14.96 and 14.97) (Indiana University
School of Medicine).
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Figure 14.97 Tubulovillous adenoma in

Figure 14.96 NBIimage of tubulovillous transverse colon with focal high-grade dys-
a(?lenoma in the transverse colon with foca}l plasia in high power (corresponds to Figures
high-grade dysplasia and type 3L and 4 pits 14.95 and 14.96) (Indiana University School of
(Indiana University School of Medicine). Medicine).

Figure 14.98 Large sessile colon polyp Figure 14.99 Chromoendoscopy with
seen here in low-magnification white light. methylene blue nicely reveals the borders of
Histology after endoscopic resection revealed the lesion in preparation for polypectomy

a tubulovillous adenoma with free resection (corresponds to Figures 14.98-14.100)

margins (University of Amsterdam). (University of Amsterdam).
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Figure 14.100 Low-magnification NBI
view of the polyp also provides excellent
demarcation of the border comparable to
chromoendoscopy (corresponds to Figures
14.98-14.99) (University of Amsterdam).

Figure 14.102 White light HRE easily
identifies the site of scar and residual polyp

5 weeks following near complete piecemeal
resection of 6cm tubulovillous adenoma with
APC fulguration (NYU School of Medicine).

Figure 14.101 This non-HRE white light
view of a giant tubulovillous colon adenoma
undergoing piecemeal snare polypectomy
after tattooing. Note the difference in resolu-
tion with the subsequent HRE images taken
for the follow-up examination (corresponds
to Figures 14.102-14.105) (NYU School of
Medicine).

Figure 14.103 NBI low-magnification view
shows central scar and villous adenoma pit
pattern in this residual lesion. Pathology con-
firmed residual tubulovillous adenoma (NYU
School of Medicine).
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Figure 14.104 White light HRE view of Figure 14.105 NBI low-magnification view
lesion following snare resection and APC of the lesion following snare resection and
fulguration (NYU School of Medicine). APC fulguration. No residual polypoid tissue

is visualized (corresponds to Figures 14.101-
14.104) (NYU School of Medicine).

Figure 14.106 White light low-magnifi- Figure 14.107 NBIimage of tubular
cation image of tubular adenoma (Indiana adenoma with high-grade dysplasia (corre-
University School of Medicine). sponds to Figures 14.106 and 14.108) (Indiana

University School of Medicine).
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Figure 14.108 Tubular adenoma with high- o

grade dysplasia in high power (correspondsto ~ Figure 14.109 White light image of a tubu-

Figures 14.106 and 14.107) (Indiana University ~ lovillous adenoma with low-grade dysplasia

School of Medicine). in the transverse colon (Indiana University
School of Medicine).

Figure 14.111 Tubulovillous adenoma
in low power (corresponds to Figures 14.109

14.110) (Indi i i hool of
low-grade dysplasia. Note type 3L and 4 pits li;[fdicineg) (Indiana University School o

(Indiana University School of Medicine).

Figure 14.110 NBIimage of tubulovil-
lous adenoma in the transverse colon with
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Figure 14.112 Magnified HRE view of Figure 14.113 NBI magnification view of
colon adenocarcinoma. (Institut Arnault intramucosal adenocarcinoma. Note the area
Tzanck). of frank malignancy showing completely

distorted pit pattern (corresponds to Figure
14.112) (Institut Arnault Tzanck).

Figure 14.114 White light low-magnifica- Figure 14.115 NBI low-magnification view
tion view of a laterally spreading colon tumor of the same lesion (corresponds to Figure
(Institut Arnault Tzanck). 14.114) (Institut Arnault Tzanck).
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Figure 14.116 Typical appearance of a
serrated adenoma with the appearance of an
accentuated fold. The architecture is indistinct
on this white light view (University of Utah
Health Sciences Center).

Figure 14.118 Colonic mucosa with hyper-
plastic glands having a “sawtooth” appear-
ance at the surface and dilation at the base
with basal goblet cells. No dysplasia is seen
(corresponds to Figures 14.116 and 14.117)
(University of Utah Health Sciences Center).

Figure 14.117 Typical appearance of a
serrated adenoma with the appearance of

an accentuated fold seen with NBI light. The
architecture is somewhat pitted with villiform
components and is better defined than on the
white light view (University of Utah Health
Sciences Center).

Figure 14.119 NBInon-magnified view of
a sessile polyp with a mixed surface vascular
pattern found on pathology to be a serrated
polyp (NYU School of Medicine).
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Figure 14.120 Laterally spreading Figure 14.121 NBIlow magnification view
adenoma in cecum (Mount Sinai School of of lateral spreading adenoma in the cecum
Medicine). (corresponds to Figures 14.120-14.126) (Mount

Sinai School of Medicine).

Figure 14.122 Cecal adenoma elevated Figure 14.123 NBI view of the cecal
on pillow of saline from submucosal injec- adenoma following submucosal injection of
tion prior to piecemeal resection (Mount Sinai saline (Mount Sinai School of Medicine).

School of Medicine).
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Figure 14.124 Laterally spreading
adenoma in cecum (path) (corresponds to

Figures 14.120-14.123) (Mount Sinai School of Figure 14.125 Post-polypectomy site after
Medicine). APC and clips. Polypectomy done under

white light. NBI used afterwards to rule out
residual polyp (corresponds to Figures 14.120-
14.126) (Mount Sinai School of Medicine).

Figure 14.126 NBI view of polyp site fol- Figure 14.127 White light view with barely
lowing piecemeal resection and APC with two  apparent polyps on the lip of the ileocecal
clips for hemostasis; no residual polyp present  valve (corresponds to Figures 14.128-14.130)
(Mount Sinai School of Medicine). (Mount Sinai School of Medicine).
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Figure 14.128 NBI low-magnification view  Figure 14.129 APC fulguration of polyps
of two polyps on the lip of the ileocecal valve on lip of ileocecal valve (Mount Sinai School of

(corresponds to Figures 14.127-14.130) (Mount ~ Medicine).
Sinai School of Medicine).

Figure 14.130 NBI view of APC fulgura-
tion of polyps on ileocecal valve (corresponds
to Figures 14.127-14.129) (Mount Sinai School
of Medicine).

Figure 14.131 Multiple rectal adenomas in
FAP (corresponds to Figure 14.132) (St. Mark’s
Hospital).
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Figure 14.132 Multiple adenomas in

FAP. Note with NBI improved contrast for
adenoma edges (corresponds to Figure 14.131)
(St. Mark’s Hospital).

Figure 14.134 Inflammatory polyp in
ulcerative colitis with NBI. Pit pattern and
fibrin cap are well seen (corresponds to Figure
14.133) (St. Mark’s Hospital).

Figure 14.133 Inflammatory polyp in
ulcerative colitis with fibrin cap (St. Mark’s
Hospital).

Figure 14.135 Magnification NBI view of
inflammatory polyp in ulcerative colitis with
pseudo type 4 pit pattern. However, histopa-
thology reveals mainly granulation tissue
(corresponds to Figures 14.133 and 14.134)
(St. Mark’s Hospital).
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Figure 14.136 Classic psudopolyps in an Figure 14.137 Mild erythema and small
area of mild inflammation in chronic ulcera- superficial erosions in active chronic colitis
tive colitis, NBI non-magnification view (NYU  white light non-magnified view (NYU School
School of Medicine). of Medicine).

Figure 14.139 Active chronic ulcerative
colitis. The mucosal architecture is distorted
with branched glands and abnormal gland
spacing, and a mixed acute and chronic
inflammatory infiltrate expands the mucosa
(corresponds to Figures 14.137-14.138) (NYU
School of Medicine) .

Figure 14.138 Active chronic colitis NBI
low-magnification view (NYU School of
Medicine).
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Figure 14.140 White light view of punctate =~ Figure 14.141 NBI low-magnification view

erosions in the cecum of a patient with ulcera- of punctate cecal erosions in this patient with
tive colitis (NYU School of Medicine). mildly active ulcerative colitis (NYU School of
Medicine).

Figure 14.142 Sharp demarcation of Figure 14.143 An NBI light view of a sharp
inflammation from normal mucosa at the demarcation between inflammated and nor-
splenic flexure in this patient with left-sided mal mucosa at the splenic flexure (University
ulcerative colitis (University of Utah Health of Utah Health Sciences Center).

Sciences Center).
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Figure 14.144 Polypoid area in sigmoid Figure 14.145 High-magnification NBI
colon of patient with ulcerative colitis in image of polypoid lesion with irregular vas-
remission (NYU School of Medicine). cular pattern and villous appearing sulci in a

patient with chronic ulcerative colitis in remis-
sion (NYU School of Medicine).

Figure 14.146 High-grade dysplasia in
ulcerative colitis. There is loss of polarity in
the surface epithelial cells, some of which con-
tain atypical, enlarged hyperchromatic nuclei o
(corresponds to Figures 14.144 and 14.145) School of Medicine).
(NYU School of Medicine).

Figure 14.147 Active rectal superficial
ulceration with focal polypoid area (corre-
sponds to Figures 14.148 and 14.149) (NYU
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Figure 14.148 Low magnification NBI
view of the focal polypoid area in this patient
with active rectal ulceration. (corresponds to
Figures 14.147 and 14.149) (NYU School of
Medicine).

Figure 14.149 High magnification NBI
view of the raised bump in this patient that,
in contrast to the raised dysplastic lesion in
Figures 14.144 and 14.145, shows a regular
mucosal pit pattern and normal vessels.
Pathology revealed only inflammatory
changes (NYU School of Medicine).

Figure 14.150 Active ulcerative colitis,
white light low-magnification view (Institut
Arnault Tzanck).

Figure 14.151 NBI view of the same area
more clearly shows the vascular pattern asso-
ciated with active inflammation (corresponds
to Figure 14.150) (Institut Arnault Tzanck).



Figure 14.152 HGIN in ulcerative colitis
38-year-old female with 19-year history of
ulcerative colitis. Depressed area with villous
pattern (University Medical Center Hamburg
Eppendorf).

Figure 14.154 Gyriform area in the rectum,
HGIN. Surrounding villous tissue (not shown)
demonstrated LGIN from the same lesion.
Neoplastic glands show highly enlarged
rounded nuclei with prominent nucleoli
(corresponds to Figure 14.153) (University
Medical Center Hamburg Eppendorf).
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Figure 14.153 HGIN and LGIN in long-
term ulcerative colitis, image taken from the
nearest distance. Elevated area with gyrus-like
pattern was HGIN, the surrounding villous
area was LGIN (University Medical Center
Hamburg Eppendorf).

Figure 14.155 White light view of mild
colitis due to Crohn’s disease with a patchy
erythematous appearance (corresponds to
Figure 14.156) (University of Utah Health
Sciences Center).
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Figure 14.156 NBI light view of mild
Crohn’s colitis with the patch erythematous
area seen as dark discoloration (corresponds
to Figure 14.155) (University of Utah Health
Sciences Center).

Figure 14.158 NBI light view of moderate
Crohn’s colitis with the inflamed areas seen
in dark green (corresponds to Figure 14.157)
(University of Utah Health Sciences Center).

Figure 14.157 White light view of moder-
ate Crohn’s colitis with erythema and crypt
distortion (University of Utah Health Sciences
Center).

Figure 14.159 Ulcerated cecum in a patient
with confirmed celiac disease and ASCA posi-
tive Crohn’s disease (corresponds to Figures
14.160 and 14.161) (N'YU School of Medicine).
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Figure 14.161 Granulomatous colitis in
Crohn’s disease. A non-necrotizing granuloma
containing multinucleate giant cells is present
at the base of the mucosa (corresponds to
Figures 14.159 and 14.160) (NYU School of
Medicine).

Figure 14.160 NBI view of ulcerated cecum
in a patient with confirmed celiac disease and
ASCA positive Crohn’s disease (corresponds
to Figures 14.159 and 14.161) (NYU School of
Medicine).

Figure 14.162 Colonic ulcer in Crohn’s Figure 14.163 Colonic ulcer in Crohn’s
disease (Mount Sinai School of Medicine). disease (NBI image) (Mount Sinai School of
Medicine).
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Figure 14.164 Tortuous rectal varix under Figure 14.165 Low-magnification NBI
white light low-magnification HRE view view of tortuous rectal varix (NYU School of
(N'YU School of Medicine). Medicine).

Figure 14.166 Multiple non-bleeding rectal Figure 14.167 Multiple non-bleeding rectal
varices seen on white light low-magnification varices seen in NBI low-magnified view (NYU
HRE (NYU School of Medicine). School of Medicine).



Figure 14.168 Endoscopic view of radia-
tion proctitis (Catholic University of the
Sacred Heart).

Figure 14.170 White light HRE view of
colon lipoma (Hospital Sao Marcos).
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Figure 14.169 NBI view of radiation proc-
titis (Catholic University of the Sacred Heart).

Figure 14.171 NBIimage of colon lipoma
(Hospital Sao Marcos).
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Figure 14.172 This large smooth apparent
submucosal nodule seen next to the appen-
diceal orifice here in white light HRE (NYU
School of Medicine).

Figure 14.174 Magnification 1.5X NBI
view of this suspected submucosal nodule
confirms normal colon mucosal pit pattern
(corresponds to Figures 14.172-14.173) (NYU
School of Medicine).

Figure 14.173 NBI view of this lesion
which was felt to be firm and without pillow-
ing upon probing with closed biopsy forceps
(NYU School of Medicine).

Figure 14.175 NBI non-magnified view of
melanosis coli (corresponds to Figure 14.176)
(Hospital Sao Marcos).
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) ) ] Figure 14.177 A 3 mm submucosal mass in
Figure 14.176 Melanosis coli, magni- sigmoid — pathology shows low-grade carci-

fied NBI view (corresponds to Figure 14.175) noid (Mount Sinai School of Medicine).
(Hospital Sao Marcos).

Figure 14.179 A 3 mm submucosal mass
in sigmoid — pathology shows low-grade car-
cinoid (corresponds to Figures 14.177-14.178)

Figure 14.178 A 3 mm submucosal
carcinoid in sigmoid — NBI confirms normal

overyling mucosa (Mount Sinai School of (Mount Sinai School of Medicine).
Medicine).
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Figure 14.180 Ischemic ulcer of the cecum, Figure 14.181 Ischemic ulcer of the cecum
white light HRE view. Note the linear ulcer viewed with NBI light (University of Utah
with a white base (University of Utah Health Health Sciences Center).

Sciences Center).

Figure 14.182 The photos depict colonic
mucosa with eosinophilia of the lamina pro-
pria, mild crypt atrophy, and focal mucosal Figure 14.183 Ileocolonic anastomosis low-

hemorrhage, with 20X magnification (cor- magnification NBI view (St. Mark’s Hospital).
responds to Figures 14.180 and 14.181)

(University of Utah Health Sciences Center).



Figure 14.184 Prior India ink tatoo with
polyp partially hidden behind a fold (Mount
Sinai School of Medicine).

Figure 14.186 Numerous angioectasias of
proximal colon with mild oozing, white light
view (NYU School of Medicine).
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Figure 14.185 Prior India ink tatoo mark
less visible on NBI non-magnified view. Polyp
partially behind fold (Mount Sinai School of
Medicine).

Figure 14.187 NBI low-magnification view
of proximal colon angioectasias (NYU School
of Medicine).
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Figure 14.188 Non-magnified white light Figure 14.189 Magnified 1.5X NBI
HRE view of a cecal angioectasia (NYU School ~ image of cecal angioectasia (NYU School of
of Medicine). Medicine).

ABBREVIATIONS USED

APC:  adenomatous polyposis coli

ASCA: anti-Saccharomyces cerevisiae antibodies
FAP:  familial adenomatous polyposis
HGIN: high-grade intraepithelial neoplasia
LGIN: low-grade intraepithelial neoplasia
HRE:  high-resolution endoscopy

NBI: narrowband imaging
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Note: page numbers in italics represent figures, those in bold represent tables.

absorption 11
in tissue 12
adenocarcinoma 5
cardia 198
colonic 143-8, 289, 295
esophageal 67, 77,199, 200, 201,
202,205
gastric see gastric adenocarcinoma
gastroesophageal junction 199
adenoma
bile duct 256, 257
cecal 285,286,287,295,296
colonic see colonic adenoma
duodenal 252,253,254, 255,
256,259
gastric 116
squamous cell 8
adenomatous polyposis coli 291,
296
see also colonic polyps
anal papilla 271
angioectasia
cecal 312
colonic 311
angiogenesis 128
appendiceal orifice 267, 268
aryepligottic folds, erythema 163

Barrett’s esophagus 5, 67-80, 77,

179,186

abnormal vasculature 190, 191,
193

with adenocarcinoma 198

chromoendoscopy 68

detection of early neoplasia 72-4,
77,80

dysplasia 79

dysplasia-indefinite 192

goblet cells 185, 186

gyrus pattern 183, 184

high-grade dysplasia 187, 188,
189,191, 192

high resolution endoscopy 68

histopathology 180, 191

intestinal metaplasia 181,
184,192

long-segment 182

low-grade dysplasia 193

mucosal morphology 69-72, 188
explorative phase 69-70
learning phase 70-1
three-step classification

system 71-2,72
validation phase 71

narrowband imaging 68-9

non-dysplastic 183, 184, 185, 186

post-ablation 193,194, 195, 196

ridge/villous pattern 184,185

short-segment 179, 180, 181

bile 16, 248
bile duct adenoma 256, 257
blood vessels 19
superficial 55
tongue 19
Bruener’s glands 245, 246

Cameron lesions 214
Candida esophagitis 178,179
cap technique 24-5
carcinoid
colon 310
gastric 238,239
cardia see gastric cardia
cecal adenoma 285, 295
laterally spreading 295, 296
tubulovillous 286, 287
cecal angioectasia 312
cecal erosions 300
cecal lymphoid follicles 268
cecal ulcer 310
celiac disease 87, 304, 305
chromoendoscopy
Barrett’s esophagus 68
indigo carmine 72-4
colitis
Crohn’s disease 303, 304
granulomatous 305
ulcerative see ulcerative colitis
collagenous gastritis 241
colon 266, 276
carcinoid 309
examination 27
feces in 16, 136, 265, 266, 269, 270,
271,272
hyperplastic mucosa 131, 132
intestinal fluids 136
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colon (cont’d)
Kudo’s IlIs pit pattern 280
lymphoid follicles 268
micro-capillary vessels 132,133
microvascular lesions 126,
131,132
normal mucosa 125,131, 132,
135
submucosal fat 267
vascular pattern 266
colonic adenocarcinoma 143-8,
293
intramucosal 282,293
colonic adenoma 131, 282, 288
familial adenomatous
polyposis 297, 298
flat 283
with high-grade dysplasia 280
serrated 294
tubular 137,138, 141, 142, 277,
278,283,291, 292
tubulovillous 276, 285, 288,
289, 290, 292
villous 288, 290
colonic angioectasia 311
colonic diverticula 269, 270
colonic lesions 279, 281, 308
adenomatous 125-6, 130, 132
cancerous 126,131, 293
management 135
colonic lipoma 307
colonic polyps 272,275,276,
277,282,287,289, 290,
294, 311
adenomatous 283, 284, 285
hyperplastic 125, 139, 140, 272,
273,274
pedunculated 286
polypectomy 284
post-polypectomy 267, 276,
277,290, 296
colonic ulcer 153
Crohn’s disease 305
color 11,17
contrast 12-13, 18, 19
Crohn’s disease 152, 263, 304,
305
aphthous type 160
colitis 303, 304, 305
colonic ulcer 305
ileitis 160

dentate line 264, 265
diverticular disease 269, 270
duodenal adenocarcinoma 253

duodenal adenoma 252, 253, 254,
255,256,259
duodenal angioectasia 261
duodenal bulb 245
Bruener’s glands 245, 246
erosions 249
hyperplastic polyp 251
inflammation 249
mucosa 245
ulcer 249
duodenal erosion 250
duodenal fold 246
duodenal polyps 252
duodenal villi 29, 247
villous atrophy 259, 260
duodenitis 250
duodenum
arterio-vascular
malformation 260
examination 27
inflammation 251
magnification endoscopy 87
celiac disease 87,101,102,
103
normal mucosa 87, 100
major papilla 247, 248

early gastric cancer 3
en bloc resection 49
endoscopes 234, 29
endoscopic appearance 21
endoscopic mucosal resection 49
endoscopic submucosal
dissection 49
endoscopy, high-resolution 9-22
eosinophilic esophagitis 206, 207
eosinophilic gastritis 244
esophageal adenocarcinoma 67,
77,197,198, 200, 201, 202
esophageal angiodysplasia 210
esophageal carcinoma 205
nodular superficial 203, 204
post-resection 205
squamous cell 8,168,170,172
histology 168
invasion-depth diagnosis 52
invasive 171
irregular vessels 167
margins 170,171,173,174
neovascularization 167
pattern classification 52-3
pattern irregularity 51-2
small lesion detection 53—4
esophageal-gastric
anastomosis 211



esophageal leiomyoma 210,
211
esophageal microabscesses,
eosinophilic 207
esophageal mucosa
magnification endoscopy 50
esophageal squamous
epithelium 165
IPCLs 50, 55, 165, 167
gastroesophageal reflux
disease 57,166
invasion depth diagnosis
52
magnified 55
normal pattern 56, 57
pattern classification
52-3, 56
pattern irregularity 51-2
pinhair pattern 165
small lesions 53—4
type IV lesion 59-60, 167
type V-1 lesion 61, 63
type VN 65
types V-1to V-3 62-64,
165,166
superficial blood vessels 55
esophageal stricture 206
esophageal varices 205, 206
esophagectomy, retained
contents 241
esophagitis 58, 166
candidal 178,179
eosinophilic 206, 207
erosive 177
gastro-esophageal reflux 177,
178
esophagus
Barrett’s see Barrett’s
esophagus
examination 25-6
gastric inlet patch 208, 209
glycogen deposits 209
normal mucosa 164, 165
palisade vessels 164
preparation 25
squamous papilloma 208
EVIS EXERA II system 9
EVIS LUCERA SPECTRUM
system 9

familial adenomatous
polyposis
colonic adenoma 297, 298
duodenal lesions 257, 258
fundic gland polyps 236

INDEX

feces 16,136, 265, 266, 269, 270,
271,272

fundic gland polyps 214, 233,
234,235,236

gastric adenocarcinoma 227
intestinal type 230
poorly differentiated 111, 114
well-differentiated 112, 115,
118,120
gastric adenoma 116
gastric angiodysplasia 220, 221
gastric antral vascular
ectasia 219, 220
gastric antrum
carcinoma see gastric
carcinoma
dyspepsia 216
erosion 221
healed 217
Helicobacter pylori 215,216
normal 215
NSAID lesions 216,217,222
polyps 237,238
superficial lesion 227
gastric body 212
gastric carcinoid 238, 239
gastric carcinoma 5, 86, 225, 226
difficult diagnosis 117, 119
ectopic 169
elevated neoplasias 106
endoscopic resection 106-7, 120
intramucosal 229, 230
magnification
endoscopy 104-20
microvasculature 104-6, 105,
109, 110, 111, 118, 231
NBI 104
poorly differentiated 231
superficial 227,228,229
gastric cardia
adenocarcinoma 198
carditis 214
dysplasia 225
inflammation 213
mucosal cancer 198
mucosal pattern 197, 198
normal mucosa 30, 197, 212
gastric crypts 251
gastric dysplasia 224
gastric fundus
MALT lymphoma 242
polyps 214,233, 234, 235, 236
varices 218
vascular pattern 214
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gastric inflammation 223
gastric inlet patch 208, 209
gastric intestinal metaplasia 224
gastric mucosa 212
H. pylori gastritis 91, 108
normal 7, 84-5, 108
gastric polyps 251
gastric telangiectasia 226
gastric ulcer
benign 222,223
malignant 231, 232
recurrent 232, 233
scarring 7
gastritis
chemical 217
chronic 85
collagenous 241
eosinophilic 244
Helicobacter pylori 91,108, 249
gastrocamera 3
gastroesophageal junction
adenocarcinoma 199
nodular carcinoma 199, 200
gastroesophageal reflux
disease 166
esophagitis 177,178
IPCL pattern 57
gastrojejunal anastomosis 240
gastrojejunal stoma 243
gastropathy, portal hyper-
tension 218, 219

HDTV format 10
Helicobacter pylori 84
gastric antrum 215, 216
gastritis 91, 108, 249
hemorrhoids 270, 271
hiatal hernia 225
high resolution endoscopy 23-30
Barrett’s esophagus 68
endoscopes 23-4, 29
patient preparation 24
hypoglottis mucous
membrane 20
hypopharyngeal squamous cell
carcinoma 174,175
IPCL pattern 176,177
margins 175
post-treatment 176

ileal ulcers 262, 263

ileal villi 248

ileitis 160

ileocecal valve 266
polyps 296, 297

ileocolonic anastomosis 310
ileum 248
indigo carmine chromoendos-
copy 72-3,106
inflammatory bowel disease 5,
149-60
Crohn’s disease 152
aphthous type 160
ileitis 160
ulcerative colitis 149-52
active 150
dysplasia 151-2
endoscopic severity 149-51
high-grade dysplasia 159
mildly active 154, 155
moderately active 155
quiescent 150-1, 156, 157,
158,159
skipped involvement 156
intestinal fluids 136
intra-epithelial papillary
capillary loop 50, 55
gastroesophageal reflux
disease 57,166
invasion depth diagnosis 52
magnified 55
normal pattern 56, 57
pattern classification 52-3, 56
pattern irregularity 51-2
pinhair pattern 165
small lesions 53—4
type IV lesion 59-60, 167
types V-1 to V-3 62-64, 165,
166
type V-1 lesion 61, 63
type VN 65
IPCL see intra-epithelial papillary
capillary loop

light 11

light blue crest 85, 92

light scattering 11-12
in tissue 12,17,18

lipoma, colonic 307

magnification endoscopy 10
duodenum 7
celiac disease 87,101,102,
103
normal mucosa 7, 100
esophageal mucosa 50, 63
gastric carcinoma 104-20
elevated neoplasias 106
endoscopic resection 106-7
procedure 834



stomach 84-6
chronic gastritis 85
determination of resection
margins 97-8
diagnosis 96, 97
early gastric carcinoma 86,
924
H. pylori gastritis 91
normal gastric mucosa
84-5, 89
occult cancer 99
MALT lymphoma 242, 243
melanosis coli 308, 309
mucosal cancer, screening 51

mucosal fine capillary pattern 16

narrowband imaging 9-22,
23-30
abnormal patterns 28, 30
application of 22
Barrett’s esophagus 68-9
basic principles 13
cap technique 24-5
endoscopes 23-4, 29
fine mucosal pattern 15, 16
history 3-8
normal patterns 27, 30
patient preparation 24
stomach 83-103
system design 14-15, 20
NBI see narrowband imaging
Nissen-type fundoplication 239
non-steroidal anti-inflammatory
drugs see NSAIDs
NSAIDs
antral lesions 216,217,222
ileal ulcers 262, 263

oropharyngeal carcinoma 41, 47
oropharyngeal papilloma 48

patient preparation 24
peptic duodenitis 250
pharyngeal cancer 35-48, 66
diagnosis 35, 37-8
endoscopic mucosal
resection 49-66
endoscopic submucosal
dissection 49-66
risk factors 36
superficial 36-7
pink color sign 53, 62,172
pink-silver sign 53, 54
piriform recess, superficial
carcinoma 44

INDEX

piriform sinus, carcinoma 39-40,
43,45
polyps
colonic see colonic polyps
duodenal 252
duodenal bulb 251
fundic gland 214, 233, 234,
235,236
gastric 251
gastric antrum 237, 238
ileocecal valve 296, 297
rectal 273,275
portal hypertension
gastropathy 218, 219
pyloric erosion 221

radiation proctitis 307
rectal polyps 273,275
rectal varix 306
rectum 264, 265
dentate line 264, 265
gyriform area 303
reflection 11
Rendu-Osler-Weber
syndrome 210
gastric angiodysplasia 220, 221
resolution 12-13, 18

Schatski ring 208
screening colonoscopy 123-48
improved visibility 1234
margin assessment 127
meshed capillary vessels 127,
134
microvascular
proliferation 126
surface structure and
micro-capillaries 124-6
adenomatous lesion 125-6
cancerous lesion 126
hyperplastic polyp 125
normal colonic mucosa 125
shiny silver sign 53, 62
spectral reflectance analysis 6
spectral sensitivity functions 6
squamo-columnar
junction 15-16
squamous cell adenoma 8
stomach
Cameron lesions 214
examination 27
magnification endoscopy 84-6
chronic gastritis 85-6
determination of resection
margins 97-8
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stomach (cont’d)
diagnosis 96, 97
early gastric cancer 86, 92—4
H. pylori gastritis 91
normal gastric mucosa 84-5,
89,90
occult cancer 99
narrowband imaging 83-103
see also gastric
subepithelial capillary
network 84
system design 14-15, 20

tongue
blood vessels 19
mucosa 14, 16

ulcer
cecal 310
colonic 153, 305
duodenal bulb 249
gastric
benign 222,223
malignant 23, 231
recurrent 232,233
scarring 7
ileal 262,263
ulcerative colitis 149-52, 153, 299
active 150, 302
cecal lesions 300
dysplasia 151-2
endoscopic severity 149-51

high-grade dysplasia 159, 301
high-grade intraepithelial
neoplasia 303
inflammatory polyp 298
low-grade intraepithelial
neoplasia 303
mildly active 154, 166
moderately active 155
polypoid lesions 301, 302
pseudopolyps 299
quiescent 150-1, 156, 157,
158,159
skipped involvement 156

vallecula epiglottica,
carcinoma 42, 46
varices
esophageal 205, 206
fundic 218
rectal 306
video endoscopy systems 9
villi
duodenal 29, 247
ileal 248
villous atrophy 259, 260
visual perception 21
vocal cords 163
cyst 163
nodules 163

wavelength 11, 17
Whipple’s disease 261, 262
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