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I am very much pleased to introduce this book entitled Endoscopy in Early 
Gastrointestinal Cancers from Springer. This book consists of two parts, that 
is, Volume I focuses on “Diagnosis” and Volume II focuses on “Treatment.” 
All of the contributors of this book are the members of ANBIIG (Asian Novel 
Bio-Imaging and Intervention Group). I would like to provide introductory 
remarks for Volume 2—Treatment in the preface here.

The history of endoscopy over the past three decades has been marked by 
steady and rapid progress in endoscopic treatment, starting from the develop-
ment of the video endoscope in 1983, which led to more progress in the sub-
sequent years. The period during the 1980s was characterized by improvements 
in endoscopic treatment of early gastrointestinal cancers using endoscopic 
mucosal resection (EMR). In the 2000s, the rapid dissemination of endo-
scopic submucosal dissection (ESD) has led to further advances in endo-
scopic treatment, while the introduction of the HDTV endoscope to the 
market in 2002, together with more recent innovations such as image-
enhanced endoscopy (IEE) and magnifying endoscopy, has provided the 
basis for a new diagnostic study.

Historically, ANBIIG was founded as a nongovernmental organization 
(NGO) in 2013. At first, in the first four years, more than 45 workshops have 
been conducted, and more than 2000 young doctors received comprehensive 
trainings. Throughout all those trainings, we came to realize the necessity to 
establish an actual consensus on how much Asian practitioners have common 
knowledge of endoscopic diagnosis related to IEE.

“ANBIIG Consensus Meeting” was started in January 2016, aiming to 
figure out consensus on the present situation of Asia in the field of endoscopic 
diagnosis of early gastrointestinal cancers. The policies of ANBIIG activities 
comprise the aim, the means, and also the performers taking part in health-
care practices. These policies were “ORIGINATED IN ASIA,” 
“DEVELOPED BY ASIA,” and “OPTIMIZED FOR ASIA.” We set our 
destination to be most suitably optimized and implemented in Asia. In reality, 
there is a big difference between Asian and Western countries in many ways, 
such as frequency of disease and ways of thinking and practices.

We, in charge of clinical practices in Asia, are striving to provide meaning-
ful results from our research by Asian endoscopists, widely. Back in the day, 
we used to learn most of medicine from Western countries. However, I believe 
that we have now reached “Asian Endoscopic Revolution.”
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I would like to emphasize the importance and benefits of ANBIIG 
Consensus in Asia, which is being realized now. For example, IEE diagnosis 
was unified as Asian Guideline, which is to deliver consistent diagnostic pro-
cedures as daily practices with the same contexts, to prevent any deviations at 
teaching and learning procedures, skills, and knowledge on IEE, and also to 
optimize IEE practices in Asia. It is important to lift up the level of standard 
in the field of Asian endoscopic diagnosis, which will lead to early diagnosis 
and treatment. Also it is expected that Asian endoscopic medicine will 
develop and expand globally from now.

I regard this Consensus as the best compass for the journey on “ASIAN 
IEE OCEAN,” which certainly guides young and ambitious Asian practitio-
ners to master IEE diagnosis. And it will increase the number of IEE practi-
tioners in Asia for sure.

In this book, based on the above background, indications for endoscopic 
resection of early GI cancers, real procedure of EMR, real procedure of ESD, 
management of noncurative resection and local recurrence after endoscopic 
resection, complications of endoscopic resection, and management for each 
organ are stated by experts as easy to understand and in detail. In the last 
chapter, special ESD cases illustrations are mentioned for every country as in 
Japan, China, Korea, and Hong Kong SAR, which makes it educational and 
fascinating.

I hope that doctors who are about to start ESD, those who are confronted 
with difficulties during conducting ESD in real, and also those who are at the 
side to direct ESD would read this book of practices widely in Asia. And then, 
all those doctors can enter the matured world of endoscopic resection of early 
GI cancers and perform their value at an advanced level. It would be grateful 
for me if those who read this book could heal as many patients as they could 
as one of skillful practitioners of Asia-Pacific Society for Digestive Endoscopy.

I believe that the contents covered by this book will give our readers the 
confidence to take on the unity of clinical medicine in the field of endoscopic 
diagnosis, which has surmounted the problems associated with conventional 
manners and advanced new functional studies.

Finally, I would like to express my deepest gratitude to the many doctors 
and compiling staffs who contributed to this book even though they were very 
busy.

Hisao Tajiri
Senior Advisor of Japan Gastroenterological Endoscopy Society (JGES) 

Vice President of Asia-Pacific Society for Digestive Endoscopy (A-PSDE)
Professor, Dept. of Innovative Interventional Endoscopy Research  

The Jikei Univ. School of Medicine  
Tokyo, Japan
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I wish to congratulate the success of experts from the Asian Novel Bio-
Imaging and Intervention Group (ANBIIG) to publish these important books 
on diagnostic and therapeutic for early gastrointestinal cancers. 
Gastrointestinal cancers are among the commonest cancers worldwide with 
significant risks in cancer-related mortality. Gastric and esophageal cancers 
had been an important cause of cancer mortality in Asia, with 70% of patients 
with gastric cancers coming from Asia. Recently, there is an increase in the 
number of patients diagnosed to have colorectal cancers worldwide which 
incurs concerns from gastroenterologists, surgeons, oncologists as well as the 
government in diagnosis and treatment of these cancers. To impact on the 
prognosis, it is essential to diagnose these gastrointestinal cancers at an early 
stage.

Image-enhanced endoscopy had been tremendously advanced over the 
past decade, with the clinical application of technologies including narrow 
band imaging and magnifying endoscopy demonstrating the effect of improv-
ing recognition and characterization of early gastrointestinal cancers. The 
mission of ANBIIG is to provide a learning platform for education and train-
ing of novel endoscopic imaging and therapeutic technologies for Asian 
endoscopists. I must congratulate the success of ANBIIG in achieving this 
goal, as more than 110 workshops in Asia, providing training for more than 
7,000 healthcare professionals. Moreover, two consensus papers were pub-
lished on standards and quality of endoscopy for diagnosis of early gastroin-
testinal cancers.

One of the important initiatives for education and training of ANBIIG is to 
publish two books focusing on the diagnosis and endoscopic treatments. 
These books served as important educational material to propagate exchange 
of knowledge in these areas. Serving as an advisor for ANBIIG, I am delighted 
to see these books published with high quality in the content.

With the current advances in artificial intelligence and robotics, I look 
forward to future technological advances in diagnosis and treatment of early 
gastrointestinal cancers as well as additional chapters on these topics in the 
second edition of these books.

Joseph Sung
Department of Medicine and Therapeutics, Faculty of Medicine

The Chinese University of Hong Kong
Hong Kong, Hong Kong
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Esophago-Gastrointestinal 
Pathology on Early Carcinoma 
for Endoscopists

Takahiro Fujimori

1.1  Introduction

General rules for treatment of early carcinoma 
have been determined in cooperation by clini-
cians, pathologists, and radiologists belonging 
to the Japan Esophageal Society (JES) [1], the 
Japanese Research Society for Gastric Cancer 
(JRSGC) [2], and the Japanese Society for Cancer 
of the Colon and Rectum (JSCCR) [3, 4], with 
repeated revision from the 1960s to the 1990s in 
Japan. One of the purposes of this chapter is to 
introduce the latest information on them.

We describe the items regarding histopatho-
logical diagnosis to introduce topics in Japan by 
extracting these rules in this chapter.

1.2  Developments and Normal 
Structure

Gastrointestinal tract, which is originally a sim-
ple tube, forms different organs with the devel-
opment. Formation of the gastrointestinal tract 
starts with tubulation of endoderm by folding of 
early embryo. As a result of craniocaudal fold-
ing, saclike foregut and hindgut are formed in 

the head and tail of the embryo. The midgut in 
between is widely in contact with the yolk sac 
at first, and subsequently becomes tubular being 
in contact with yolk sac only through yolk duct.

For gastrointestinal tract, the part from phar-
ynx to around opening of duodenal common bile 
duct originates in foregut, and the part from the 
remaining of duodenum to right two-third of 
transverse colon and the part from light one-third 
of transverse colon to the upper anus originates 
in in midgut and hindgut, respectively. In addi-
tion, generally, while endoderm lining of intesti-
nal tract differentiates into epithelium controlling 
digestive and absorptive function, splanchnic 
mesoderm around endoderm differentiates into 
lamina propria, submucosal tissue, muscularis 
mucosae, and muscle layer. Neural crest cells 
entering into the bowel wall by cell migration 
differentiates into ganglion cell to form plexuses 
beneath the mucous membrane or in between 
muscle layers

1.2.1  Esophagus

The length of esophagus is approximately 25 cm 
with tube from the pharynx with height at the 
level of Sixth cervical vertebra to the esophago-
gastric junction with height at the level of 11th 
thoracic vertebra. There are sphincters in pha-
ryngoesophageal junction and gastroesophageal 
junction to prevent inhalation of air from phar-

T. Fujimori (*) 
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Department of Pathology, Shinko Hospital,  
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ynx and reflux from stomach to esophagus by 
closing lumen at any other time but swallowing 
movement. In adults, the depth from the incisors 
to the upper esophageal sphincter is 15–18 cm, 
and to lower esophageal sphincter is 37–40 cm. 
The diameter of esophagus is 1.5–2.5 cm with a 
tendency of the lower half of lumen being larger 
and the largest part being above the diaphragm 
(esophageal hiatus). The lumen of esophagus is 
covered by stratified squamous epithelium having 
a sufficient protective function. The lymphocyte 
population exists in the lamina propria under-
neath the epithelium. There are small mucous 
glands in submucosal tissue under the muscula-
ris mucosae. The inner circular layer is clearly 
distinguished from the outer longitudinal layer in 
the muscle layer. It is said that the first stage of 
swallowing movement is voluntarily adjustable 
with striated muscle in muscle layer of the upper 
one-third part of esophagus.

At the outside of muscle layer, blood vessel 
rich adventitia extends to the surrounding con-
nective tissues. The upper esophageal sphincter 
includes the cricopharyngeal muscle constitut-
ing the lowest part of hypopharyngeal sphincter. 
The lower esophageal sphincter is called LES 
with specific function and response for vari-
ous stimulus. This lower esophageal sphincter 
causes the formation of high-pressure zone by 
tonic contraction even during non-active stage to 
separate esophageal lumen from gastric lumen. 
Normal pressure of lower esophageal sphincter is 
15–35 mm Hg.

1.2.2  Stomach

Stomach can be anatomically divided into cardia, 
fundus, corpus, pyloric antrum, and pylorus. It is 
histologically divided into three areas containing 
cardiac gland, fundic gland, and pyloric gland. 
There are boundaries between each area, which 
is readily modified by age and inflammation. The 
gastric glands consisting of units of secretory part 
and the opening part as gastric pits (foveola, crypt, 
pit) are recognized as groove or depression from 

the mucosal surface gathering to form atypical 
mucosal elevation, which is called gastric area.

The surfaces of gastric mucosa and gastric 
pits (foveola, crypt, pit) are covered by columnar 
epithelium. This cell is called surface mucus cell 
because of the secretory ability of special mucus 
with the secretion fluid which is insoluble in 
hydrochloric acid to protect mucous membrane 
from hydrochloric acid. Surface mucus cells 
accompanied by goblet cells or cilia represents 
metaplasia.

The lamina propria of corpus is occupied by 
fundic glands including a few fundic glands pro-
ducing opening into gastric pits (foveola, crypt, 
pit). Fundic glands consist of three types of cells 
as principal cell, parietal cell, and mucous neck 
cell. Principal cells exist in the deepest part to pro-
duce pepsinogen, a precursor of pepsin. Parietal 
cells are disseminated throughout the intermedi-
ate layer to secrete hydrochloric acid. Mucous 
neck cells exist at the side of gastric pit (foveola, 
crypt, pit) to secrete mucus. Cardiac glands and 
pyloric glands are both mucous glands.

Fundic gland and pyloric gland include cells 
having endocrine factor other than the above exo-
crine cells. Especially in pyloric gland, endocrine 
cells are substantially observed including 50% 
of G cells (gastrin-secreting), 30% of entero-
chromaffin cells (EC cell, serotonin-secreting), 
15% of D cells (somatostatin-secreting). The 
main endocrine cells in fundic glands are EC-like 
(ECL) cells to secrete histamine and also include 
EC cells and a small amount of X cells (secretion 
is unspecified). The layer of gastric wall consists 
of surface epithelium, lamina propria, muscularis 
mucosae, submucosa, and muscle layer.

1.2.3  Colon and Rectum

Large intestine is an organ with the total length 
of approximately 1.5 m consisting of vermiform 
appendix, caecum, ascending colon, transverse 
colon, descending colon, sigmoid colon, and rec-
tum. Unlike small intestine, large intestine has no 
plicae circulares or villi with formation of lam-

T. Fujimori
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ina propria by crypts formed by simple tubular 
glands. Large intestine wall underneath consists 
of submucosa, muscle layer, and serosa. The sur-
face of crypt is covered by absorptive epithelial 
cells with a number of goblet cells. Although 
absorptive epithelial cells are similar to absorp-
tive epithelial cells of the villi in the small intes-
tine, the microvilli of the brush border have a 
length of a half of that in the small intestine. The 
function of this cells is to absorb large volumes of 
water and electrolytes.

Observation by electron microscope demon-
strates existence of secretory granule with very 
small diameter around the upper end of absorp-
tive epithelium, indicating an opening into the 
upper surface of cells. Acid mucopolysaccharide 
detected in this granule is considered to secrete 
sugar coating components on the surface of 
microvilli. In addition, presence of IgA in the 
upper part of nucleus has been confirmed, indi-
cating that secretory IgA are aggregated in this 
granule to be released.

Goblet cells are observed in crypt more than 
surface epithelium, especially in the lateral wall. 
Mucus of goblet cells show positive for alcian 
blue staining, suggesting intestinal type mucus 
and also, intestinal type mucus shows positive for 
high iron diamine (HID) staining.

Many basal granulated cells appear on the 
crypt epithelium with several types of cells 
other than enterochromaffin cell (EC cells, sero-
tonin secreting), although hormonal secretion is 
unknown.

1.3  Definitions of Early 
Carcinoma in Japan 
and Macroscopic Type 
Classification in Esophago- 
Gastrointestinal Tracts (EGI) 
[1] (Tables 1.1, 1.2, 1.3, 1.4, 1.5, 
and 1.6)

Principles of Tumor Type Classification
The tumor type classification is based on the 
macroscopic findings. Radiological and endo-

Table 1.1 Mucin staining requiring diagnosis and the 
location

Core 
protein

Secretion
Membrane 
binding Region

MUC 1 Membrane Pancreatic acinus, 
mammary gland

MUC 2 Secretion Small intestine, large 
intestine goblet cell 
respiratory tract

MUC 3 Membrane Small intestine, large 
intestine, gallbladder

MUC 4 Membrane Large intestine, respiratory 
tract

MUC5AC Secretion Gastric surface epithelium
MUC5B Secretion Esophageal glands, 

respiratory tract, salivary 
glands

MUC 6 Secretion Pyloric gland, cardiac 
glands, mucous neck cell 
of stomach, duodenal 
Brunner’s glands, 
esophageal cardiac gland

MUC 7 Secretion Salivary glands

Table 1.2 Macroscopic classification

Type 0: Superficial type
Type 1: Protruding type
Type 2: Ulcerative and localized type
Type 3: Ulcerative and infiltrative type
Type 4: Diffusely infiltrative type
Type 5: Unclassifiable type
  Type 5a: Unclassifiable type without treatment
  Type 5b: Unclassifiable type after treatment

Table 1.3 Subclassification of superficial type (type 0)

Type 0-Ip: Superficial and protruding type
  Type 0-Ip: Pedunculated type
  Type 0-Is: Sessile (broad based) type
Type 0-II: Superficial and flat type
  Type 0-IIa: Slightly elevated type
  Type 0-IIb: Flat type
  Type 0-IIc: Slightly depressed type
Type 0-III: Superficial and excavated type

Combined type: When multiple macroscopic tumor 
types are mixed in one lesion, it is called a combined 
type. The wider type is described first and types are con-
nected with +

1 Esophago-Gastrointestinal Pathology on Early Carcinoma for Endoscopists
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Table 1.4 Esophagus: depth of tumor invasion (T)

TX: Depth of tumor invasion cannot be assessed
T0: No evidence of primary tumor
T1a: Tumor invaded mucosa Note 1

  T1a-EP: Carcinoma in situ (Tis: M1)
  T1a-LPM: Tumor invades lamina propria mucosa 

(LPM: M2)
  T1a-MM: Tumor invades muscularis mucosa (MM: 

M3)
T1b: Tumor invades submucosa (SM)
  SM1: Tumor invades the upper third of the 

submucosal layer
  SM2: Tumor invades the middle third of the 

submucosal layer
  SM3: Tumor invades the lower third of the 

submucosal layer
T2: Tumor invades muscularis propria (MP)
T3: Tumor invades adventitia (AD)
T4: Tumor invades adjacent structures (AI)

In endoscopically resected specimens, a tumor invading 
the submucosa to a depth of 200 μm or less from the lam-
ina muscularis mucosa is classified as SM1, while a tumor 
extending more than 200 μm is classified as SM2

Table 1.5 Comparison of Japanese classification in early carcinoma of EGI tracts with UICC

Esophagus Stomach Colon
UICC JES UICC JRSGC UICC JSCCR

Tis Carcinoma in 
situ (CIS)/ 
high grade 
dysplasia

CIS(Tis) Carcinoma in 
situ (CIS)

CIS and 
invasion 
of lamina 
propria

Tis
M

T1 M/SM M/SM M/SM M/SM SM SM
T1a Tumor 

invades 
mucosa and 
muscularis 
mucosa

T1a-LPM(M2)
or
T1a-MM(M3)

Tumor 
invades 
mucosa and 
muscularis 
mucosa

M T1a (SM1) < 1 mm

T1b Tumor 
invades 
submucosa

T1b Tumor 
invades 
submucosa

SM T1b 
(SM2) ≧ 1 mmSM1 T1b1 < 0.5 mm

SM2 T1b2 ≧ 0.5 mm
SM3

(SM1 ≦ 0.2 mm)
Japan Esophageal 
Society (JES)

Japanese research 
Society for Gastric 
Cancer (JRSGC)

Japanese Society 
for Cancer of the 
colon and Rectum 
(JSCCR)

Regardless of the presence of lymph node or distant organ metastasis, T1a can be designated as early esophageal carci-
noma and T1 can be designated as early carcinoma of stomach and colorectum in Japan

Table 1.6 Depth of submucosal invasion in T1 (SM) 
colon carcinomas [3, 5]

1. When it is possible to identify the muscularis 
mucosae, the depth of submucosal invasion is the 
distance between the deeper edge of the muscularis 
mucosae and the deepest invasion
2. When it is not possible to identify the muscularis 
mucosae, the depth of submucosal invasion is the 
distance between the surface of the tumor and the 
deepest invasion
3. In polypoid tumor (Ip) with disrupted muscularis 
mucosae, the depth of submucosal invasion is the 
distance between the deepest invasion and the Haggitt 
level 2 line being defined as the boundary between the 
tumor head and the pedicle
When cancer does not invade beyond the level 2 line, 
it is defined as head invasion
Migration of adenomatous glands 
(pseudocarcinomatous invasion or submucosal 
misplacement) should be differentiated from true 
submucosal invasion

T. Fujimori
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scopic classifications are based on the macro-
scopic classification.

Tumors in which invasion is macroscopically 
diagnosed to be limited to within the submucosa 
are classified as superficial type (early carci-
noma: Tis/T1), while tumors in which invasion 
is diagnosed to extend to the muscularis propria 
(MP) or beyond are classified as T2–4.

The superficial type has the prefix “0” and is 
classified into 0-I, 0-II, or 0-III. The carcinomas 
of EGI with more than invasion to MP is divided 
into four categories: 1, 2, 3, or 4. When a tumor 
cannot be classified into any of the 5 (0–4) cat-
egories or their combinations, it is classified as 5.

1.4  Handling of Endoscopic 
Resected Specimen [1]

Macroscopic Examination and Handling of 
Endoscopically Resected Specimens
Specimens obtained by complete endoscopic 
excision (en bloc excision) are handled as fol-
lows. Whenever possible, specimens obtained 
by partial excision should be handled as those 
obtained by complete endoscopic excision.

 1. Stretching and fixation
When the lesion is sessile type or superfi-

cial type, the specimen is stretched lightly, 
pinned with the mucosal side up to a flat board 
with stainless steel pins, and then completely 
immersed with the mucosal side down in a 
container of formalin solution. Polyps are 
immersed in formalin solution immediately.

 2. Macroscopic examination
The side of the resected specimen and the 

following features of the tumor are recorded; 
side, macroscopic type, length of the stalk, 
surface appearance, color, and distances from 
horizontal/lateral and vertical/deep margins.
It is recommended that the resection margins 
are marked with ink immediately after endo-
scopic excision.

 3. Sectioning
Pedunculated polyps with a thick stalk 

(2 mm or more in diameter): The first cut is 
made 1 mm from the center of the stalk and 

the polyp is sectioned at 2 mm intervals. The 
entire polyp is sectioned and examined 
histologically.

Pedunculated polyps with a thin stalk (less 
than 2 mm in diameter): The stalk is totally 
embedded in paraffin and thin sections of the 
paraffin block are cut for examination.

Sessile lesion and superficial type lesion:
The specimen if cut at 2 mm intervals to 

determine the margin of clearance.
Stereomicroscopic examination can be 

useful for identifying the extent of the lesion 
and for proper sectioning.

In principle, all section lines are made in the 
same direction. However, sectioning in differ-
ent directions is permissible when necessary.

If submucosal invasion is suspected, then 
the first cut should be made in longitudinal axis 
1 mm from site of suspected deepest invasion.

 4. Photography
Photography is performed before and after 

sectioning.
To make a histological map of the tumor, it 

is essential to photograph the tumor with sec-
tion lines.

Shallow section lines in the mucosal sur-
face are recommended for photography.

1.5  Topics of Esophago- 
Gastrointestinal Pathology 
in Japan

1.5.1  Esophagus: Barrett 
Adenocarcinoma [1] (Table 1.7)

Barrett adenocarcinoma is an adenocarcinoma 
arising from Barrett mucosa. Barrett mucosa is 

Table 1.7 Barrett esophagus

The esophageal having Barrett mucosa is designated 
Barrett esophagus
At least one of the following conditions must be 
satisfied:
1.  Esophageal glands in the area of columnar 

epithelium
2. Squamous islands in the columnar epithelium
3. Double layer structure of muscularis mucosa

1 Esophago-Gastrointestinal Pathology on Early Carcinoma for Endoscopists
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defined as columnar epithelium extending from 
stomach to esophagus in succession. While it 
must be associated with intestinal metaplasia as 
the definition in Europe and the United States, 
presence/absence of intestinal metaplasia is not 
considered in Japan. Recently, some researchers 
in Europe and the United States reported that pres-
ence/absence of intestinal metaplasia is not taken 
into account. Circumferential Barrett mucosa 
with the length of 3 cm or more is defined as long 
segment Barrett esophagus (LSBE), and Barrett 
mucosa which is not circumferential with the 
length of less than 3 cm in some part is defined as 
short segment Barrett esophagus (SSBE).

Intestinal metaplasia (involvement of CDX2, 
etc.) is considered to arise from metaplasia of the 
gastric metaplasia due to abnormality in differen-
tiation of esophageal squamous stem cells or cir-
culating bone marrow stem cells associated with 
chronic inflammation.

Adenocarcinoma of esophagus may include 
invasion to esophagus of gastric cardia adeno-
carcinoma and Barrett adenocarcinoma, those 
which are difficult to distinguish for progressed 
cancer. Although there is concern for increase 
in adenocarcinoma of the esophagogastric junc-
tion including Barrett adenocarcinoma with 
decreasing H. pylori infection rate in Japan, the 
frequency of Barrett adenocarcinoma among 
esophageal carcinoma in Japan is currently lower 
compared with that in the EU or the United States 
(small percent of esophageal carcinoma).

For stage of adenocarcinoma arising in Barrett 
mucosa, the rule is same as the previously men-
tioned rules for esophageal carcinoma. For this 
disease, however, sometimes there is new mus-
cularis mucosa just under the columnar epithe-
lium. In the Japanese classification, the primary 
muscularis mucosa is called deep muscularis 
mucosa (DMM), and the new muscularis mucosa 
is called superficial muscularis mucosa (SMM). 
The identification of SMM and DMM is occa-
sionally difficult due to fusion of both of the lay-
ers, thickness, and irregularity.

When the location of muscularis mucosae and 
cancer invasion are evaluated, careful evaluation 
may be required for endoscopic therapy, includ-
ing evaluation of vessels invasion. This is the 

issue that does not exist in other EGI together 
with muscularis mucosae-tangled case of Ip can-
cer of large intestine.

1.5.2  Stomach: Fundic Gland Type 
Tumor [6]

Recently, fundic gland type tumor has been a 
focus of attention as neoplastic change associated 
with non-Hp, with lesion which is difficult to be 
diagnosed by biopsy. It is sometimes difficult to 
distinguish benign tumor from malignant tumor. 
This disease caught the public’s attention in 2010 
as low-grade differentiated gastric cancer indi-
cating differentiation to fundic glands with pre-
dominantly principal cell. MUC6 (mucous neck 
cell) or pepsinogen I becomes positive immuno-
histologically. Parietal cells stained by ATPase 
are often observed in tumor and this is consid-
ered to support the diagnosis. The appearance 
may be endoscopically similar to carcinoid. It is 
called oxyntic gland polyp/adenoma in Europe 
and the United States. This tumor is considered 
to be H. pylori negative; however, it also develops 
in H. pylori positive mucosa of the fundic gland. 
Therefore, it would catch the public’s attention as 
a target of endoscopic therapy in the future.

1.5.3  Colon and Rectum

1.5.3.1  SSA/P with Cytological 
Dysplasia

Colorectal serrated lesions are pathologically 
classified as hyperplastic polyps (HPs), sessile 
serrated adenoma/polyps (SSA/Ps), or traditional 
serrated adenomas (TSAs). Of these, SSA/Ps and 
TSAs are regarded as premalignant lesions in the 
serrated neoplastic pathway to colorectal carci-
noma (CRC). Thus, these serrated polyps have 
attracted much attention in the study of carcino-
genesis [7].

SSA/Ps have molecular feature of activating 
point mutations in the braf and hypermethylation 
of CpG islands in the promotor of tumor suppres-
sor (i.e., the CpG island methylation phenotype 
(CIMP)) [8]. Both these features are detected in 
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colorectal carcinomas with microsatellite insta-
bility (MSI), suggesting SSA/Ps are the most 
potent processor lesions of colorectal carcinomas.

Interval colorectal cancers (post-colonoscopy 
colorectal cancer: PCCRC) have been demon-
strated to be more likely to exhibit CIMP and 
MSI than non-interval colorectal cancers, indicat-
ing SSA/Ps may also be precursor lesions of inter-
val cancers [9]. Some SSA/Ps may be overlooked 
or incompletely removed because of their subtle, 
flat morphology, or indistinct borders, which can 
result in the development of interval cancers.

However, from the general statement of tumor, 
the problem of SSA/P is whether it is tumor or 
remains tumor-like lesion. It is currently con-
sidered to be tumor-like lesion; however, some 
consider as tumor because it is genetically mono-
clonal. Considering the diagnosis for tumor by 
both of cellular atypia and structural atypia, it 
may be difficult to make morphological diagno-
sis. On the other hand, no one would deny that 
SSA/P with cytological dysplasia is regarded as 
tumor based on morphological diagnosis [10].

Cytological dysplasia (CD) in the SSA/P was 
classified into the following four types: (1) con-
ventional adenoma-like dysplasia, (2) serrated 
dysplasia with eosinophilic cytoplasm, (3) ser-
rated dysplasia without eosinophilic dysplasia, 
and (4) “cryptal dysplasia (tentative name).” 
Conventional adenoma-like dysplasia was defined 
as dysplasia that cytologically looked similar to a 
conventional tubular or tubulovillous adenoma. 
Serrated dysplasia was subclassified into two 
types according to the presence or absence of 
prominent eosinophilic cytoplasm. Serrated dys-
plasia with eosinophilic cytoplasm was defined 
as dysplasia that cytologically looked similar to 
a TSA with prominent eosinophilic cytoplasm. 
Serrated dysplasia without eosinophilic cyto-
plasm was defined as dysplasia that cytologically 
looked similar to a TSA but exhibited no promi-
nent eosinophilic cytoplasm.

Previously unreported type of CD localized 
in the crypt base was detected that could neither 
be classified as conventional adenoma-like dys-
plasia nor serrated dysplasia in some cases. Such 
cryptal dysplasia shows high Ki-67 index occa-
sionally associated with abnormality in p53.

These diseases also may be a target of endo-
scopic therapy as second or third carcinoma in 
the aging society in the future. Lesions with over 
10  mm of hyperplastic polyp-like appearance 
(IIa/LST) in the right side colon is the point of 
diagnosis in elderly person.

1.5.3.2  IBD Dysplasia/Carcinoma
Inflammatory Bowel Disease (IBD) associated 
with carcinoma/dysplasia (IBD dysplasia/carci-
noma) is one of problems for pathological diag-
nosis. It is unlikely that characteristic histological 
findings of dysplasia (noninvasive tumor lesion 
associated with IBD) and cancer have become 
generalized.

These are sometimes called dysplasia/
dysplasia- associated lesions and masses: DALMs, 
also taking into account macroscopic images.

IBD cancer includes standard differentiated 
adenocarcinoma, but has more poorly differen-
tiated adenocarcinoma (por) or neuroendocrine 
cell carcinoma (NEC) than normal carcinoma. 
Even mucinous adenocarcinoma (muc) or Signet- 
ring cell carcinoma (sig) is sometimes seen [11]. 
The terms such as in situ anaplasia or pancellu-
lar type neoplasia has been proposed by Riddell 
et al. [12, 13]. There are several patterns for the 
form of dysplasia.

While nuclear atypia of adenomatous type 
neoplasia has similar form to standard adenoma 
(sporadic adenoma: SA), structural atypia has 
villious or club-shaped villi different from 
SA. Some patients show invasion in crypt. The 
invasion mode is also different from SA in terms 
of proliferation being different between cortical 
layer and deep part. Basal cell type neoplasia is 
not common and sometimes diagnosed as regen-
erating epithelium. As the features, stratified 
nuclei or nucleus rotundus called beluga caviar 
like nucleus rotundus associated with cascade 
nucleus without disorder of polarity should be 
focused on. Regarding clear cell type neopla-
sia, which can be regarded as serrated lesion, it 
is difficult to consider where the tumor lesion 
starts, similar to diagnosis of serrated lesions. 
It may be diagnosed as hyperplastic mucosa in 
some cases, possibly already associated with 
the invasion in the deep part. Additionally, 
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structural or cellular atypia associated with IBD 
cancer/dysplasia includes crawling glands and 
dystrophic goblet cells. There are problems with 
pathological diagnosis affecting the treatment 
option [14]. Clinicopathological efforts are 
required for uniform accessibility in the future. 
If increase in IBD cancer is expected, genetic 
diagnosis should be considered to narrow down 
subjects with complication of cancer (high-risk 
group) [15, 16].

On the other hand, malignant transformation 
of Crohn’s disease (CD cancer) is still at the stage 
of case report in Japan. Recent statistics reported 
that the cumulative incidence rate of UC can-
cer is 2% in 10 years, 2.5–8% in 20 years, and 
8–18% in 30 years of duration of illness as aver-
age data. In Japan, 5% in 10 year and 10% in 20 
years according to the report. On the other hand, 
regarding CD cancer, there is report as 2–3% 
in 10 years, 5–6% in 20 years, and 8–9% in 30 
years. The number of subjects is small in Japan 
with 1% or less. Historically, UC cancer has been 
reported in 1925 by Crohn and Rosenberg [17] 
for the first time and CD cancer has been reported 
in 1948 by Warren et al. [18] for the first time. 
In Japan, the number of subjects with long-term 
follow-up for IBD is increasing, indicating the 
possibility of increase in IBD cancer.

It has been demonstrated that the mode of 
carcinogenesis of UC cancer is different from 
that of sporadic colorectal cancer. A p53 genetic 
mutation occurs at a relatively early stage, 
resulting in multiple premalignant lesions called 
dysplasia (tumor). The p53 genetic mutation 
may occur in mucosa which cannot be morpho-
logically diagnosed [19]. Subsequently, genetic 
abnormality involved in dysplasia-invasive 
carcinoma is added. The mechanism mediated 
reactive oxygen or nitrogen is considered as the 
cause of genetic mutation. Recently, a gene edit-
ing enzyme inducing mutation to DNA or RNA 
has been identified and it has been demonstrated 
that especially activation- induced cytidine 
deaminase (AID) develops p53 genetic mutation 
at a high rate because of the persistent expres-
sion [20]. The results from the future research 
are required together with abnormal methyla-
tion of DNA and inflammatory carcinogenesis 

[21]. These early- stage lesions will be target for 
endoscopic therapy (for purpose of diagnosis 
and treatment).

1.5.3.3  Clinical Evaluation 
and Treatment of T1-Ip Type 
Carcinoma [3]

The subclassification of early carcinoma (0 type; 
superficial type) is as follows: I: Protruding type 
(Ip: pedunculated, Isp: subpedunculated, Is: ses-
sile) and II: Superficial type (IIa: Slightly elevated 
type, IIb: Superficial and flat type, IIc: Slightly 
depressed type). The superficial type represents 
lesions possibly including Tis (intramucosal 
carcinoma), T1 carcinoma (submucosal inva-
sive carcinoma). For macroscopic judgment of 
superficial type, endoscopic findings are taken 
priority for large intestine. There is even a term 
called LST (laterally spreading tumor) for later-
ally spreading tumor with a diameter of 10 mm 
or more [22].

Regarding Ip type carcinoma, disrupted mus-
cularis mucosae in some cases cannot be mea-
sured the invasion depth. In reports on metastases 
to lymph nodes of Ip carcinomas [23], 384 cases 
were tabulated from multiple centers to investi-
gate the rate of metastasis to lymph node/recur-
rence from observation period for 44 months in 
average. The rate of metastasis to lymph nodes in 
all cases was 3.5% and metastasis to lymph nodes 
and recurrence of head invasion cases were zero; 
however, the rate of metastasis to lymph nodes 
was 6.2% and the rate of recurrence was 0.8% in 
the pedicle invasion cases.

This is the reason why head invasion is clini-
cally regarded as intramucosal invasive car-
cinoma. For T1 colorectal carcinomas only 
associated with head invasion, the rate of metas-
tasis to lymph node/recurrence was extremely 
low, resulting in the conclusion that it is likely to 
be completely cured by endoscopic therapy.

This is clinically relevant for diagnosis of 
head invasion. Although T1 cancer (Ip) is a 
lesion which can be completely cured by endo-
scopic therapy, sufficient accuracy control of 
endoscopic excision and pathological diagnosis 
is necessary. In the future, in case of diagnosis 
made for Ip type carcinoma, a strategy to directly 
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measure from level 2 line as intramucosal carci-
noma for head invasion, and SM (T1) carcinoma 
for pedicle invasion is important to consider addi-
tional surgery.

1.6  Conclusion

In this issue, we have discussed the early carcinomas 
of EGI tracts and several problems and Japanese 
topics related to the pathological diagnosis.

We hope that this English textbook will be 
widely accepted and used worldwide to bring 
about improvements in quality of diagnosis, 
treatment, and prognosis of patients with early 
carcinomas in EGI tracts.
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Morphological Description of Early 
GI Neoplasia

Shinji Tanaka

The Paris classification has been widely used as a 
macroscopic classification of superficial neoplas-
tic lesion in colon (Fig.  2.1) [1]. In brief, it is 
divided into polypoid and non-polypoid (superfi-
cial) lesion. In this classification, the height of the 
0-Is lesion is clearly defined in each organ. As for 
neoplasia in the columnar epithelium (Barrett’s 
esophagus, stomach and colon), 0-Is lesion is 
determined to be higher than 2.5 mm (the height 
of the closed biopsy forceps). On the other hand, 
regarding neoplasia in the squamous cell epithe-
lium, 0-Is lesion is determined to be higher than 
1 mm. The reason for this is based on the fact that 
esophageal squamous carcinoma higher than 
1  mm shows high frequency of submucosal 
invasion.

In Japan, in esophagus and stomach 0-Ip and 
0-Is are got together into 0-I. Because of the dif-
ficulty in exact measuring of the height of the 
lesion in clinical practice, gastric 0-Is is deter-
mined to be higher than about 2–3 mm. However, 
regarding neoplasia in the squamous cell epithe-
lium, 0-I lesion is determined to be higher than 
1  mm as well as Paris classification. As for 
colorectal lesion in Japan, polypoid type is 
divided three subtypes: 0-Ip, 0-Isp (subpeduncu-
lated) and 0-Is (Fig.  2.2). Also, the absolute 

height is not defined and macroscopic type 
emphasize the real shape of the lesion based on 
the reason I mentioned above. As there are no 
acid and peptic ulcer, Japanese classification 
does not include 0-III in early colorectal 
neoplasia.

The term “laterally spreading tumor” (LST) 
was originally proposed by Kudo for colorectal 
tumors that tend to extend laterally and circum-
ferentially, rather than vertically along the colonic 
wall [2]. Recently, the concept of LST has been 
accepted not only in Japan but also in Western 
countries (Fig.  2.3) [3]. LSTs are divided into 
two subtypes based on their detailed endoscopic 
appearance: granular type (LST-G), which has 
even or uneven nodules on the surface, and non-
granular type (LST-NG), which has a smooth sur-
face. Furthermore, each type has two subtypes: 
LST-G has a “homogeneous type” and a “nodular 
mixed type,” while LST-NG has a “flat elevated 
type” and “pseudodepressed type.”

Besides, the term “LST” is not the terminol-
ogy for morphologic classification [3]. The term 
LST is a nickname for superficially spreading 
tumor [3]. Relationship between macroscopic 
classification and LST subclassification is 
described in Fig. 2.3. Generally, LST-G homoge-
neous type has a lower malignant potential than 
LST-G nodular mixed type, and that LST-G 
homogeneous type has a very low frequency of 
submucosal invasion [4, 5]. On the other hand, 
LST-NG, pseudodepressed type shows a higher 
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malignant potential and has a very high fre-
quency of submucosal invasion, often multi-
focally [4, 5].

The recognition of detailed gross appearance 
and its classification is very important in daily 
endoscopic examination. Although there are few 
reports in this point of view [6], for recognition 
of the detailed gross appearance contrast chro-

moendoscopy such as indigo carmine dye spray-
ing is useful. Staining chromoendoscopy such as 
crystal violet or methylene blue staining is useful 
in detailed observation of lesion surface pattern 
(pit pattern) using magnification; however, it is 
not suitable for diagnosis of gross appearance, 
especially for shallow depressed area and con-
cavity and convexity.

Polypoid Non-Polypoid

Flat Sllghtly
Depressed

Excavated
(ulcer)

0-Ip

0-IIa

Protruded, pedunculated

Superficial, elevated Flat

Excavated

Superficial shallow,
depressed

Protruded, sessile

0-IIb

0-III

0-IIc

0-Is

Slightly
Elevated

0-IIa0-I
(Ip,Is)

0-IIb 0-IIc 0-III

Type 0

Fig. 2.1 The Paris endoscopic classification of superficial neoplastic lesions; esophagus, stomach, and colon. November 
30–December 1, 2002, Participants in the Paris Workshop, Paris, France

a b c

d e f

Fig. 2.2 Each lesion among macroscopic classification 
(colorectal tumor). (a) 0-Ip type, polyp with distinct stalk, 
(b) 0-Isp type, subpedunculated shape (globular shape), 
(c) 0-Is type, broad based polypoid lesion, (d) 0-IIa type, 

superficial flat elevated shape, (e) 0-IIb type, height of the 
lesion is almost equal to surrounding normal mucosa, (f) 
0-IIc type, superficial depressed shape often accompanied 
by slight marginal elevation (reactive hyperplasia)
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Non Granular

Granular

Subtypes of LST Classification in type 0

TABLE 2. Subtypes of LST lesions: morphologic
classification of LST lesion and their correspondance
the Paris-Japanese classification*

LST granular

LST nongranular

Elevated type

Pseudodepressed type

0-lla

0-lla

0-lla, 0-ls + lla, 0-lla + ls

0-lla + llc, 0-llc +lla

∗ the term “ laterally  spreading type (LST)” refers to the lateral
growth of lesions at least 10 mm in diameter; this is in opposition to
traditional polypoid (upward growth) or flat and depressed lesions
(downward growth).

Homogenous type

Nodular mixed type

IIa

IIa

IIc + IIa

IIa + Is

Fig. 2.3 Relationship 
between macroscopic 
classification and LST 
subclassification. Cited 
from Kudo S, et al. 
Nonpolypoid neoplastic 
lesions of the colorectal 
mucosa. Gastrointest 
Endosc 68, 2008 (Suppl)
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3.1  Introduction

Esophageal cancer is an aggressive tumor with 
high mortality rate and most patients who present 
with symptomatic tumor have poor prognosis 
despite best of the standard care.

As per Globocan 2012 data [1] oesophageal 
cancer is the eighth most common cancer world-
wide, with approximately 455,000 new cases in 
2012 and age standardized rates of 5.9 per 
100,000. It is the sixth most common cause of 
cancer-related death, with an estimated 400,000 
cases in 2012 and age standardized rates of 5.0 
per 100,000.

Generally, esophageal cancers consisted of 
squamous cell carcinoma (ESCC) developing 
from the esophageal epithelium and adenocarci-
noma (EAC) developing from reflux related 
metaplastic Barrett’s epithelium. Both the histo-
logic types have different risk factors, location in 
esophagus, and geographic distribution. EAC is 
the predominant type of esophageal cancer in 
North America and Europe, especially among 
white men [2], while ESCC is more common in 
the so-called “esophageal cancer belt” which 

extends from northern Iran through the central 
Asian republics to North-Central China [3]. 
Barrett’s esophagus is a known precursor for 
oesophageal adenocarcinoma especially when 
associated with high-grade dysplasia. A meta- 
analysis [4] which included 57 studies showed 
that pooled annual incidence of EAC in patients 
with nondysplastic Barrett’s esophagus was as 
low as 0.33% (95% CI 0.28–0.38%), while 
another meta-analysis [5] which included 24 
studies showed that the pooled annual incidence 
rates of EAC in patients with BE with low-grade 
dysplasia (LGD) was 0.5% (95% CI 0.3–0.8) and 
for high-grade dysplasia (HGD) and/or EAC 
combined was 1.7% (95% CI 1.0–2.5). The risk 
of EAC for patients with HGD was examined in a 
meta-analysis [6] of four studies including 236 
patients. The weighted annual incidence rate was 
7% (95% CI 5–8).

The overall prognosis of oesophageal malig-
nancy depends to a large extent on the timing of 
diagnosis. The five-year survival rate for oesoph-
ageal SCC can be up to 70% for early superficial 
neoplasia, while it is only 15% for advanced 
stage cancers [7]. In a long-term follow-up study 
in China, the 5 years, 10 years, and 20 years’ sur-
vival rates for patients discovered by screening 
were found to be 86%, 75%, and 64% respec-
tively [8].

Cancer detection at an early stage provides 
opportunity for endoscopic treatment, obvi-
ates need for morbid surgical procedure of 
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esophagectomy and thus improves prognosis. 
Endoscopic resection has shown good results 
for tumors limited to mucosal layer as the risk 
of lymph node metastasis has been found to be 
very low.

3.2  Superficial Esophageal 
Neoplasia

Superficial esophageal neoplasia is defined as 
cancer confined to mucosa and submucosa with-
out lymphatic spread and distant metastasis. 
Tumors at this early stage are usually asymptom-
atic. However, these are the lesions which are 
amenable to cure by endoscopic resection.

Standard white light endoscopy (WLI) may 
miss the subtle lesions of superficial oesophageal 
neoplasia [9]. This is because the early cancer 
lesions are usually flat and may appear isochro-
matic to surrounding mucosa on WLI. Advanced 
endoscopic imaging technologies like chromoen-
doscopy, autofluorescence imaging (AFLI), and 
narrow band imaging (NBI) are therefore a useful 
adjunct to detect these early lesions of esophagus 
which are potential targets for endoscopic cura-
tive resection.

Chromoendoscopy was the first enhancement 
technique used. This combines endoscopy with 
spraying of various dyes on the mucosa in order 
to facilitate visualization of benign versus can-
cerous mucosal changes. Several staining agents 
have been described that can broadly be catego-
rized as absorptive (vital) stains, contrast stains, 
and reactive stains. Absorptive stains (e.g., 
Lugol’s iodine solution and methylene blue) dif-
fuse or are preferentially absorbed across specific 
epithelial cell membranes; Contrast stains (e.g., 
indigo carmine) highlight surface topography 
and mucosal irregularities by permeating muco-
sal crevices and Reactive stains (e.g., Congo red 
and phenol red) undergo chemical reactions with 
specific cellular constituents, resulting in a color 
change.

Chromoendoscopy is an excellent technique 
to detect early esophageal cancer (EEC) and has 
been widely used. However, the technique is 
often operator dependent and time consuming. It 

requires additional instruments like the spray 
catheter and the dye may not spread evenly across 
the mucosal surface. Additionally switching 
between white light view and chromoendoscopic 
view is not possible. The vascular microstructure 
is difficult to assess after spraying dye and can be 
distorted by the use of dyes like acetic acid which 
causes vascular congestion. Moreover, the risks 
of aspiration pneumonitis particularly in sedated 
elderly patients limits its usage.

Image Enhanced Endoscopy (IEE) using tech-
nologies such as narrow band imaging (NBI) or 
fuji intelligent chromoendoscopy (FICE) can 
overcome most of these limitations and is now 
preferred in clinical practice particularly for the 
early detection of early squamous esophageal 
cancers. This chapter aims to discuss the role of 
NBI in the detection of superficial oesophageal 
neoplasia.

3.3  Technology of Narrow Band 
Imaging

In conventional WLI, the image is captured with 
a CCD (charge-coupled device) chip, transmitted 
electronically, and displayed on a video monitor. 
NBI uses special set of filters which is interposed 
after the light source to restrict the incident light 
in two narrow bands of wavelengths (blue at 
415 nm and green at 540 nm).

Usefulness of NBI in detecting micro-surface 
and microvessels morphology depends on two 
factors. First the penetration depth and scattering 
of light. This is dependent on its wavelength with 
visible blue light having lower wavelength and 
less scattering thereby penetrating only superfi-
cial areas of tissue and visible red light with lon-
ger wavelength penetrating deeper in the tissues 
and more likely to be scattered when directed at 
the tissue. Second, hemoglobin in the tissues is a 
chromophore while other tissues like nuclei and 
fibrous tissues do not have color, so the color of 
mucosa is dependent on the absorption of light by 
hemoglobin.

The narrow band light used in NBI covers the 
wavelength for its peak absorption. Thus vessels 
in superficial layer appear brownish color and 
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deeper submucosal layer appear cyan in color 
(Fig.  3.1). The selective reflection of the NBI 
light by the superficial layers of the mucosa 
improves the definition of the surface; while its 
selective absorption by hemoglobin enhances the 
contrast of the vascular network.

With the addition of magnification NBI, the 
magnifying power of the optical zoom can reach 
up to ×150, but usually ×80 is enough for most 
indications and delineates finer mucosal details 
brilliantly. When the zoom is activated, the focal 
distance between the objective and the mucosal 
surface decreases in proportion to the power of 
magnification; therefore, the tip of the instrument 
is placed at a very short distance of the target and 
a small area of the mucosa is explored. A trans-
parent hood, fixed at the tip of the endoscope, 
helps to maintain an adequate and focused dis-
tance, particularly in the cardia region.

3.4  Strategy for Endoscopic 
Diagnosis of Early 
Esophageal Neoplasia

Diagnosis of early esophageal neoplasia can be 
optimized with systematic approach. There are 
two steps in endoscopic diagnosis: detection of 
an abnormal mucosal lesion and then character-
ization by detailed evaluation of the micro- 
surface architectural changes.

3.5  Pre-procedure Preparation 
and Premedication

Despite the availability of high quality and 
advanced imaging technology, the unclean muco-
sal surface of the esophagus can make these high- 
end pieces of equipment virtually useless. 
Defoaming agents like simethicone as oral solu-
tion should be used 15–30 min before procedure 
and can be used as frequent flushing as required 
during endoscopic procedure.

In general, after detecting the abnormal lesion 
with standard WLI or NBI, mucosal changes 
should be evaluated in detail with use of magnifi-
cation NBI. Characterization relies on the follow-
ing elements:

Configuration of the Lesion The lesion is clas-
sified according to Paris classification [10] for 
superficial neoplastic lesions as polypoidal (0-1) 
or non-polypoidal which includes slightly ele-
vated, flat, and slightly depressed lesions (0-IIa, 
0-IIb, and 0-IIc, respectively) and excavated 
(0-IIIc). Secondly, under narrow band imaging 
the demarcation line of the lesion can be recog-
nized with a distinct color changes from back-
ground mucosa as a dark brownish appearance of 
superficial esophageal neoplasia (Fig. 3.2a). This 
is related to the prominent dilated and tortuous 
IPCL pattern.

Microvascular Network Evaluation of superfi-
cial vessels in subepithelial region is important as 
these vessels are close to the epithelial cells having 
high mitotic activity. In squamous esophageal 
mucosa, these superficial vessels are represented 
as intra-papillary capillary loops (IPCL). Increased 
in capillary diameter, tortuosity and density in 
these neoplastic lesions are often the first changes 
observed during evolving of neoplasia from LGID 
to HGID to cancer. The superficial blood vessels 
appear brownish on NBI and various changes in 
patterns have been described which predict histol-
ogy and depth of tumor invasion.

Micro-surface Structure Fine structure of the 
epithelium is best explored with NBI with magni-
fication or with dye-based chromoendoscopy. In 

Fig. 3.1 Normal squamous esophageal mucosa under 
non-magnifying NBI
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columnar epithelium various pit patterns have 
been described which correlate with depth of 
invasion. While in stratified squamous epithe-
lium, pit pattern is absent and various morphol-
ogy of intra-papillary capillary loops (IPCLs) 
have been correlated with depth of invasion 
(Fig. 3.2b). Hence, the changes in micro-surface 
structural pattern is more relevant to Barrett’s 
esophagus related neoplasia as most of superfi-
cial squamous esophageal neoplasia only had 
changes in IPCL pattern.

3.6  Detection of ESCC Using NBI

Determining the T stage of esophageal cancer is 
of prime importance in selecting mode of treat-
ment as well as prognosis. Studies have shown 
that the rate of lymph node metastases is low 
(2–3%) in mucosal carcinomas, but much higher 
(37–53%) in cases of submucosal invasion [11].

In the esophagus the surface of the normal 
stratified squamous epithelium has a smooth 
appearance with a clear pink color and no pit pat-
tern. The diagnosis of early ESCC is based on 
configuration of intra-papillary capillary loops 
(IPCLs). IPCL are microvessels which arise per-
pendicularly from branching vessels in submuco-
sal layer and are observed beneath the basement 
membrane of the epithelium. In the imaging with 
conventional endoscopy, IPCLs are usually 

shown as red dot-like structures with regular 
intervals of about 100 μm in esophageal mucosa. 
Under magnified imaging, normal IPCL are hair-
pin shaped and small in diameter. Under magnifi-
cation endoscopy with NBI they appear as brown 
loops. Morphological changes and irregular 
arrangement of IPCLs are associated with inflam-
mation and neoplasia of esophagus. The four 
characteristic changes of magnified appearance 
in squamous cell carcinoma are dilation, tortuos-
ity, caliber change, and varying shapes of IPCLs. 
Based on these IPCL changes, various classifica-
tions have been proposed to predict vertical depth 
of neoplasia and lymph node metastasis.

3.7  Classification of IPCL 
Patterns: Inoue Classification

Inoue et al. [12] first described five types of IPCL 
patterns upon observation under magnifying 
endoscopy. The five different IPCL patterns 
(Table  3.1) have been described in association 
with histopathology, from normal mucosa to 
modified mucosa due to inflammation, dysplasia 
or cancer. Type I IPCL are normal looking IPCL 
with loop shaped, aligned in one direction with-
out dilatation (Fig.  3.3). Type II IPCL shows 
slight elongation with mild dilatation (Fig. 3.3). 
Type III IPCL shows no changes or minimal 
changes (Fig. 3.4). Type IV IPCL are usually rep-

a b

Fig. 3.2 Schema of diagnostic endoscopy for superficial esophageal neoplasia. (a) Detection of abnormal brownish/
darken areas under NBI. (b) Characterization of the irregular IPCL pattern under NBI magnifying endoscopy
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resented by presence of dilatation with increased 
in caliber, and tortuous pattern. Type V IPCL 
demonstrate all four characteristic changes 
including dilatation, tortuous weaving, caliber 
changes, with different shapes in each of the 
IPCL. Type V IPCL is further classified into V1, 
2, 3, and Vn. In Type V1, IPCL appears in tortu-
ous and dilated pattern with increased in caliber 
(Fig. 3.5), while in type V2, IPCL changes with 
tortuous, dilated loops with an elongated pattern 
(Fig. 3.6). In Type V3, IPCL loses its loop con-
figuration and a there is horizontal spread of 

Table 3.1 Inoue original IPCL classification

IPCL 
types Description Pathology
Type I Smooth running, small 

diameter capillaries
Normal

Type II Dilatation and elongation of 
Type I capillaries

Inflammation

Type III Normal IPCL within a 
brownish lesion

Inflammation/
LGD

Type IV Increased vessel caliber and 
elongation of IPCL toward 
the epithelial surface

LGD/HGD

Type V1 Nonuniform, irregularly 
dilated IPCL

M1

Type V2 Elongation of Type V1 
capillaries

M2

Type V3 Loss of loop configuration 
and spread to horizontal 
plane

M3/SM1

Type Vn Vessel caliber 3x larger than 
V3—new tumor vessels

SM2

Fig. 3.3 IPCL Type I/II; Inoue Group 1; JES Type A

Fig. 3.4 IPCL Type III/Inoue Group 2/JES Type A

Fig. 3.5 IPCL Type V1/Inoue Group 3A/JES B1

Fig. 3.6 IPCL Type V2; Inoue Group 3A; JES Type B2
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these changes. Type V3 pattern was further sub-
classified into Type V3a where all vessels run on 
a horizontal plane and in IPCL 3b these changes 
extend perpendicularly in a deeper mucosa. V1 
correlates with m1 and V2 correlates with m2 
lesions where risk of lymph node metastasis is 
low, and hence these lesions are best candidates 
for endoscopic resection (EMR/ESD).

The major criterion for differentiating 
IPCL-V3 and -Vn is that of vessel caliber. 
IPCL-Vn vessels, which appear in massively 
invasive submucosal carcinoma, have a caliber 
approximately three times larger than that found 
in IPCL-V3 (Fig. 3.7). IPCL-Vn is observed as 
large green vessels, whereas IPCL-V1 to -V3 are 
observed as small brown vessels.

These IPCL patterns have been correlated 
with histopathological diagnosis. Type I corre-
sponds to normal mucosa, type II to inflamma-
tion, type III corresponds to borderline lesions, 
often related to low-grade intraepithelial neopla-
sia, type IV and V corresponds to high-grade 
intraepithelial neoplasia (HGIN) or carcinoma 
[13]. In one study, IPCL V3b as compared to V3a 
has shown relatively higher risk of SM invasion: 
IPCL-V3a correlated with M2 disease in 60%, 
M3SM1 disease in 40%, while, IPCL-V3b cor-
related with M3SM1 disease in 70% and SM2 
disease in 30%, respectively [14].

According to Inoue classification, Kumagai 
et  al. reported the accuracy rate of 83.1% in 

diagnosing depth of superficial esophageal can-
cers on the basis of NBI with magnification 
endoscopy [15].

3.8  Classification of IPCL 
Pattern: Arima Classification

Arima et al. [16] reported their classification of 
microvascular patterns using magnifying endos-
copy. Type 1 was characterized by thin, linear 
capillaries in subepithelial papillae, similar to 
the normal mucosa. Type 1 vessels are seen in 
 normal mucosa. Type 2 was characterized by 
dilated, regularly arranged vessels with pre-
served capillary structure in subepithelial papil-
lae. Type 2 vessels are seen in inflammatory 
lesions. Type 3 was characterized by destruction 
of vessels in subepithelial papillae, spiral vessels 
of irregular caliber, and crushed vessels with red 
spots. Type 3 vessels are seen in severe dysplasia 
and m1/m2 cancers. Type 4 was characterized 
by irregular multilayered, irregularly branched, 
reticular vessels. The size of avascular areas 
(AVA) surrounded by distended type 4 vessels is 
related to the depth of tumor invasion. Reticular 
vessels are commonly seen in poorly differenti-
ated cancers.

3.9  Classification of IPCL 
Pattern: Simplified Inoue 
Classification

As there is certainly difficulty in clinical applica-
tion of the conventional IPCL classification, 
Inoue et  al. (Table  3.2) proposed a simplified 
classification for planning of treatment for early 
ESCC.  They combined original five titer IPCL 
types into three groups: Group 1 (nonneoplastic: 
IPCL I, II), Group 2 (borderline: IPCL III, IV), 
Group 3 (cancer: IPCL V). Group 1 lesions 
(Fig. 3.3) require no treatment; group 2 (Fig. 3.4) 
mandates careful follow-up or prophylactic ther-
apy; and group 3 definitely demands therapy.

For more precise histopathological correlation 
these groups can be subdivided: Group IA (nor-
mal tissue, IPCL I); IB (inflammation, IPCL II); Fig. 3.7 IPCL Type Vn; Inoue Group 3B; JES Type B3
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II (low-grade dysplasia, IPCL III, IV); and III 
(cancer, IPCL V).

Group 3 can then be subdivided into two main 
subcategories, each according to its characteristic 
microvascular appearance. Group 3A (Fig.  3.5) 
has both loop-like vessels which correspond to 
M1 and M2 lesions (IPCL V1/2). In group 3A’ 
(Fig. 3.6) the distorted vessel which has already 
lost loop-like figure (IPCL V3) is usually related 
both deep mucosal and superficial SM invasion. 
Group 3B (Fig.  3.7) corresponds almost exclu-
sively to submucosal cancer, being characterized 
by large abnormal vessels (IPCL VN), which are 
three times the caliber of Group-3A vessels.

According to the Japanese guidelines for diag-
nosis and treatment of esophageal cancer, T1a-EP 
or T1a-LPM SCC is considered an absolute indi-
cation for Endoscopic resection; T1a-MM or 
T1b-SM1, a relative indication; and T1b-SM2, an 
investigative stage (functionally speaking, a 
contraindication).

3.10  Classification of IPCL 
Pattern: Japan Esophageal 
Society (JES) Classification

To simply clinical decision making regarding 
endoscopic resection of early ESCC, recently 
Japan Esophageal Society (JES) proposed sim-
plified classification [17] of microvessel mor-
phology based on magnifying endoscopy. 
According to JES, the microvascular irregularity 

is evaluated for the presence or absence of each 
of the following morphological factors: weaving 
(i.e., tortuosity), dilatation, irregular caliber, and 
different shape (i.e., various shapes). Microvessels 
are classified as type A if they have three or fewer 
factors and type B if they have all four. Type B is 
then subclassified into B1, B2, and B3 based on 
the running pattern or degree of dilatation of 
severely irregular microvessels (Table 3.3).

Type A: Normal IPCL or abnormal microves-
sels without severe irregularity (Figs. 3.3 and 3.4).

Type B: Abnormal microvessels with severe 
irregularity or highly dilated abnormal vessels.

B1 is defined as type B vessels with a loop- like 
formation (Fig.  3.5). The B1 vessels normally 
appear as dot-like microvessels in a target area (e.g., 
a brownish area) under NBI endoscopic observation 
with low or no magnification. B2 is defined as type 
B vessels without a loop- like formation that have a 
stretched and markedly elongated transformation 
(Fig. 3.6). The B2 vessels often show a multilayered 
arrangement or an irregularly branched/running 
pattern. B3 is defined as highly dilated abnormal 
vessels whose caliber appears to be more than three 
times that of the usual B2 vessels and the B3 vessels 
often appear green in color (Fig. 3.7).

When target lesions have only type B1 ves-
sels, the histological invasion depth is predicted 
as T1a-EP or T1a-LPM. When B2 and B3 vessels 
are seen in target lesions, the histological inva-
sion depth is predicted as T1a-MM or T1b-SM1 
and T1b-SM2 or deeper, respectively.

3.11  NBI at the EG Junction 
and in Barrett’s Esophagus

Normal esophageal mucosa is lined with strati-
fied squamous epithelium which is featureless 
and appears pale and glossy on conventional 
WLI. Barrett’s esophagus is defined as an area of 
metaplastic columnar epithelium extending 
above the EGJ and appears reddish and velvet- 
like texture on conventional WLI.  Barrett’s 
esophagus is clinically asymptomatic but is a 
known precursor to esophageal adenocarcinoma 
and carcinogenesis occurs through a sequential 
process of metaplasia to dysplasia to carcinoma. 

Table 3.2 Inoue IPCL simplified classification

Groups IPCL pattern Management
Group 1 Nonneoplastic 

(IPCL-I, -II)
No treatment

Group 2 Borderline (IPCL-III, 
-IV)

Careful follow-up 
or prophylactic 
therapy

Group 3 Cancer (IPCL-V) Treatment is 
required

3A Intramucosal cancer 
(IPCL-V1, -V2)

3A’ Deep M or superficial 
SM cancer (IPCL-V3)

3B Submucosal cancer 
(IPCL-VN)
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This provides an opportunity to detect neoplasia 
at early stage during screening endoscopy or 
when surveillance endoscopies are performed in 
patients with confirmed BE and potential for 
endoscopic resection.

Standard method to detect high-grade dyspla-
sia or early cancer in BE, is to biopsy morpho-
logically distinct lesions, like plaques, nodules, 
or ulcers, and take random four quadrant biopsies 
every 1–2 cm (Seattle protocol) for entire length 
of Barrett’s esophagus. This method has been 
described as “hit and miss” approach as the dys-
plasia in BE can be small and patchy. Moreover, 
taking multiple blind biopsies is time consuming 
and has been shown to sample only 4–5% of 
Barrett’s epithelium [18, 19]

Furthermore, the sensitivity and positive pre-
dictive value of standard upper endoscopy for 
diagnosing BE have been reported to be only 
82% and 34%, respectively [20]

NBI facilitates the detection of dysplasia by 
enhancing mucosal microstructure and take tar-
geted biopsies and thus minimizing number of 
biopsies to detect HGD/early EAC. Various clas-
sifications have been proposed to detect dysplasia 
on the basis of mucosal micro-surface and 
microvessel architecture.

Sharma et al. (Kansas classification) [21], did 
a prospective study to assess the ability of NBI to 
accurately predict histology during screening and 
surveillance of BE patients. They described three 
specific mucosal patterns and two distinct vascu-
lar patterns based on correlation with histology in 
their prospective study.

 Mucosal Patterns:

1.  Ridge/villous pattern: presence of uniform, lon-
gitudinally aligned ridges (darker lines) alter-
nating with a villiform pattern (lighter lines).

2.  Circular pattern: presence of circular and/or 
oval areas arranged in a regular fashion.

3.  Irregular/distorted pattern: significant distor-
tion and irregularity of the ridge and villous 
pattern.

 Vascular Patterns
Normal pattern: fine capillary pattern showing 
normal size, shape, and distribution of small 
blood vessels.

Abnormal pattern: increased number, and tortu-
ous, dilated, corkscrew-type small blood vessels.

In this study, the correlation between the 
mucosal/vascular patterns and the histology 
results was very good. The sensitivity, specific-
ity, and positive predictive value of ridge/villous 
pattern for diagnosis of IM without HGD were 
93.5%, 86.7%, and 94.7%, respectively. The 
sensitivity, specificity, and positive predictive 
value of irregular/distorted pattern for HGD 
were 100%, 98.7%, and 95.3%, respectively. 
However, the NBI patterns did not differ signifi-
cantly between nondysplastic intestinal meta-
plasia and LGD.

Kara et  al. (Amsterdam classification) [22] 
designed classification system which described 
mucosal and vascular pattern as regular versus 
irregular and look for the presence of normal ver-
sus abnormal blood vessels. They simplified the 

Table 3.3 JES classification in relation to clinical state of the early squamous esophageal cancer

TNM staging
Lymph node 
metastasis

Indication for endoscopic 
resection

JES 
IPCL 
types

T1a, Tumor 
invades mucosa 
(M)

EP Carcinoma in situ (Tis) 0–3.3% Absolute B1
LPM Tumor invades lamina propria 

mucosa (LPM)
MM Tumor invades lamina muscularis 

mucosa (MM)
0–12.2% Relative B2

T1b, Tumor 
invades 
submucosa (SM)

SM1 Tumor invades the submucosa to a 
depth of 200 μm or less from the 
muscularis mucosa

8–26.5%

SM2 Tumor invades the submucosa to a 
depth more than 200 μm

22–61% Investigative stage 
(Contraindication)

B3
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classification by grouping villous and gyrus- 
forming structures of various shapes and sizes 
into one category. They found that the regularity 
of the pattern is more important than a precise 
description of the shapes and sizes of the mucosal 
pits and crests. Three factors were found to be 
important in differentiating HGIN from nondys-
plastic tissues: (1) the irregularity of the mucosal 
pattern, (2) the irregularity of the vascular pat-
tern, and (3) the presence of abnormal blood ves-
sels. In all areas with HGIN, at least one of these 
abnormalities was present, and, in 85% of cases, 
two or more of these factors were detected. The 
frequency of these mucosal morphology abnor-
malities increased from nondysplastic SIM 
through LGIN to HGIN. As per their classifica-
tion, magnified NBI images had a sensitivity of 
94%, a specificity of 76%, a positive predictive 
value of 64%, and a negative predictive value of 
98% for diagnosing HGIN.

They proposed a hierarchical (multistep) 
classification of the mucosal morphology in 
BE. First mucosal pattern should be determined 
followed by determination of its regularity/irreg-
ularity, because irregular patterns may be associ-
ated with a higher chance of dysplasia/cancer. 
The next step is the detection of the vascular pat-
tern and determination of its regularity/irregular-
ity, because it forms an integral and clinically 
relevant part of the mucosal morphology. 
Subsequently, the mucosa should be evaluated 
for the presence of abnormal blood vessels, 
because their presence is one of the three abnor-
malities that may raise a suspicion for dysplasia/
cancer. Finally, the abnormal blood vessels 
should be described.

R Singh et al. (Nottingham classification) [23] 
described mucosal morphology into four differ-
ent types: Type A: Round pits with regular micro-
vasculature, Type B: Villous/ridge pits with 
regular microvasculature, Type C: Absent pits 
with regular microvasculature, and Type D: 
Distorted pits with irregular microvasculature. 
The PPV and NPV for type A pattern (columnar 
mucosa without intestinal metaplasia) were 
100% and 97%, respectively; for types B and C 
(intestinal metaplasia) they were 88% and 91%, 
respectively; and for type D (high-grade dyspla-
sia) 81% and 99%, respectively. Overall they 
found high accuracy and the “substantial to 
good” interobserver and intraobserver agreement 
exhibited by both the NBI expert and the non- 
NBI expert endoscopists in differentiating the 
mucosal classification (Table 3.4).

Recently, Barrett’s International NBI Group 
(BING) [24] developed new classification based 
on magnification NBI. Mucosal and vascular pat-
terns were classified as regular or irregular. 
Regular mucosal patterns were classified as cir-
cular, ridged/villous, or tubular patterns, and 
irregular mucosa were classified as absent or 
irregular surface patterns. Regular vascular pat-
terns were defined by blood vessels situated regu-
larly along or between mucosal ridges and/or 
those showing normal, long, branching patterns; 
irregular vascular patterns were marked by 
focally or diffusely distributed vessels not fol-
lowing the normal architecture of the mucosa. 
Images not readily identified as regular or irregu-
lar were classified as “uncertain.”

The BING criteria can be used to predict the 
presence or absence of dysplasia in BE based on the 

Table 3.4 Classification of Barrett’s esophagus and related neoplasia

Classification systems
Kansas Amsterdam Nottingham
Mucosal pattern
Ridge/villous
Circular
Irregular/distorted

Mucosal pattern
Regular
Irregular

Type A: Round/oval pits with regular microvasculature
Type B: Villous/ridge/linear pits with regular microvasculature
Type C: Absent pits with regular microvasculature
Type D: Distorted pits with irregular microvasculature

Vascular pattern
Normal
Abnormal

Vascular pattern
Regular
Irregular
Abnormal vessels ±
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simple classification of mucosal and vascular pat-
terns as regular (nondysplastic) or irregular (dys-
plastic). The BING criteria identified patients with 
dysplasia with 85% overall accuracy, 80% sensitiv-
ity, 88% specificity, 81% positive predictive value, 
and 88% negative predictive value. When dysplasia 
was identified with a high level of confidence, these 
values were 92%, 91%, 93%, 89%, and 95%, 
respectively. The overall strength of interobserver 
agreement was substantial (k = 0.681).

These various classifications systems based 
on the mucosal and vascular architecture, were 
able to identify high-grade dysplasia in BE with 
high accuracy, but, the NBI patterns were not 
found to be significantly different between non-
dysplastic intestinal metaplasia and 
LGD. Although, this may not be of much signifi-
cance as the diagnosis of LGD itself is almost 
always contentious, with high interobserver vari-
ability seen even among expert pathologists and 
natural progression of LGD in BE is found to be 
controversial. In a large database of information 
on BE patients, LGD regressed or remained sta-
ble in most patients and progressed to HGD/EAC 
in only 10.3% and adenocarcinoma in 3.2% of 
patients [25]

3.12  Summary

Novel imaging technologies including Narrow 
Band imaging (NBI) have enabled early detec-
tion and accurate characterization of superficial 
esophageal malignancy. With increasing avail-
ability of therapeutic procedures including endo-
scopic mucosal resection (EMR) and endoscopic 
submucosal dissection (ESD) superficial oesoph-
ageal neoplasia is potentially curable with mini-
mal chances of lymph node metastasis.
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4.1  Introduction

According to the World Health Organization 
(GLOBOCAN 2012), esophageal cancer is the 
eighth leading cancer in incidence (3.2%) and 
sixth leading cancer in mortality (4.9%) in the 
world [1]. There are mainly two types of neopla-
sia which arise from the mucosal layer: squa-
mous cell carcinoma (SCC) and esophageal 
adenocarcinoma (EAC). The former affects 
mainly the proximal two-thirds of the esophagus 
and is highly associated with smoking and alco-
hol intake. The latter is found mainly in the distal 
esophagus and gastroesophageal junction (GEJ) 
and has been mainly attributed to a precursor 
lesion: the Barrett’s esophagus (BE) [2]. BE is 
commonly associated with gastroesophageal 
reflux disease and is defined as metaplastic 
change of columnar type epithelium. The pres-
ence of specialized intestinal metaplasia is 
required by most but not all Gastroenterology 

Societies [3–7]. BE and EAC diagnosis will be 
further discussed in Chap. 7.

Early morphological and topographical 
changes in the surface structure and vasculature 
have been used to characterize grades of dyspla-
sia, superficial and deep cancer during endos-
copy. Severe cytologic atypia which occurs up to 
the basement membrane is regarded as high- 
grade dysplasia (HGD) in the West, or carcinoma 
in situ by the Japanese Esophageal Society (JES). 
Intramucosal cancer is defined as a cancer 
breaching the basement membrane and extending 
up to the muscularis mucosa. A superficial sub-
mucosal esophageal cancer can be defined as 
malignancy which penetrates the submucosa, up 
to the sm1 layer (the upper one-third of the sub-
mucosa), or a depth of infiltration of up to 200 μm 
in SCC. In this chapter, all these definitions will 
be considered as superficial esophageal neoplasia 
which will be used interchangeably with early 
esophageal cancer.

4.2  Endoscopic Imaging

Although a number of methods have been pro-
posed through the years to screen for esophageal 
cancer (e.g., brush, balloon, sponge cytology), 
endoscopy still remains as the gold standard 
[8]. In order to make a diagnosis during endos-
copy, it is important to use all aides available to 
optimize the detection of inconspicuous change. 
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These include using high-definition endoscopes 
and techniques that allow better visualization 
of mucosal and vascular patterns such as stains 
and light filters. This section will focus on the 
different vital stains and virtual chromoendos-
copy methods for the diagnosis of squamous 
neoplasia.

4.2.1  Vital Stain

For characterization of superficial SCC, the main 
stain used is Lugol’s iodine. The exact concentra-
tion for its use is debatable. The most common 
concentration recommended varies from 1 to 3%. 
As the use of iodine in the esophagus leads to the 
increase in contractions, lower concentrations are 
advisable if one is to perform an endoscopic 
resection after its use. It is important to note that 
the contractions caused by the agent can be par-
tially addressed with sodium thiosulfate solution 
(e.g., 3%), which acts as an antidote/buffer.

Once Lugol’s iodine is applied to the mucosa, 
glycogen within the cells takes up the stain. The 
normal surface becomes dark brown while neo-
plastic tissue retains a yellowish discoloration. 
The rationale of this reaction is that as neoplastic 
tissue has increased metabolism, it holds less gly-
cogen compared to normal squamous epithelium. 
This leads to the paler color of SCC compared to 
the brownish discoloration of normal esophageal 
epithelium (Fig.  4.1). After a few minutes, the 
initial pale area which is suspicious for neoplasia 
may present a specific sign known as the “pink 
color sign.” This has been suggested to be due to 
the loss of the keratinous layer in the area harbor-
ing neoplasia [9]. It is important to note that 
chemical pneumonitis is a risk when using 
Lugol’s iodine. Special care is hence needed 
when staining the upper esophagus to prevent 
aspiration.

4.2.2  Virtual Chromoendoscopy

All mainstream virtual chromoendoscopy modali-
ties work in similar ways. They narrow the spec-
trum of light which enhances the visibility of 

mucosal and vascular patterns. However, classifica-
tions have been mostly studied with Narrow Band 
Imaging (NBI). Superficial neoplasia in SCC usu-
ally presents on NBI without magnification as a 
darker/brownish discoloration compared to the sur-
roundings. However, it is within the vascular pattern 
assessed under magnification that the identification 
of superficial neoplasia resides. Initially described 
by Inoue et al. [10], the intrapapillary capillary loop 
(IPCL) has been studied by several authors and cul-
minated as a classification which has been endorsed 
by the JES in 2017 [11]. Initially, the use of non-
magnified NBI can highlight a suspicious area 
where either a mucosal irregularity or a darker area 
is detected. IPCLs can then be interrogated further 
with magnified NBI. The regularity and thickness 
of IPCLs become increasingly distorted as the path-
way to cancer progresses.

4.2.3  JES Classification 
for Superficial SCC

The JES classification describes four types of 
IPCL patterns. The normal appearance of an 
IPCL (small regular coiled vessels) and inflam-
matory pattern IPCL (slightly irregular/engorged 
coiled vessels) initially described by Inoue have 
been merged into the type A pattern (Fig.  4.2). 
Neoplasia can be detected when type B IPCLs 

Fig. 4.1 Lugol-voiding area
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are found (i.e., abnormal microvessels with dif-
ferent degrees of irregularity and caliber change 
or dilated abnormal neo vasculature). Type B is 
further subdivided into three subcategories. Type 
B1 (Fig. 4.3) occurs when the loop formation is 
still present, type B2 (Fig. 4.4) is found when the 
loop formation is lost, and type B3 corresponds 
to a vessel caliber with a large diameter (more 
than three times the normal caliber). Type B 
IPCLs have been shown to correspond to increas-
ing depth of invasion, from HGD to deep submu-
cosal cancer.

In addition to the above, JES has proposed 
auxiliary criteria for its classifications, based on 
the extent of the avascular area (AVA) found 

within the area of interest. This has been proposed 
to be used for further differentiation of types B2 
and B3 patterns [12]. The AVA can be classified 
into three types: small (<0.5  mm in diameter), 
medium (≥0.5 and <3 mm), and large (≥3 mm). 
Any type of AVA surrounded by B1 vessels are 
suggestive of invasion up to the lamina propria. 
AVA-medium surrounded by B2 or B3 suggests 
mucosal or superficial submucosal invasion, 
while AVA-large surrounded by the same type of 
vessels suggests invasion up to or beyond the sm2 
layer [13]. The JES classification with AVA auxil-
iary criteria is summarized in Table 4.1.

The JES evaluated their classification in a 
study across five centers in Japan, enrolling 211 
patients. Accurate diagnosis was possible in 
97.5% of lesions for B1 type, 75% for B2 type 
and 55% for B3 type. Underestimation occurred 
for 7.6% of type B1 lesions (4.1% and 3.5% 
should have been B2 and B3, respectively), while 
for B2 lesions 14.3% were over and 10.7% were 
underestimated. All lesions deemed as B3 were 
accurately diagnosed. As the majority of lesions 
were diagnosed as type B1 (81.5% of the cohort), 
the overall accuracy (Acc) of the JES classifica-
tion was 90.5%, even though accuracy for B2 
was lower. The sensitivity/specificity (Sn/Sp) of 
B1, B2, and B3 were 97.5/72.9%; 75.0/96.2%; 
and 55/100%, respectively [11].

Although its initial accuracy has been reported 
as over 90%, a validation study on 70 superficial 

Fig. 4.2 Type A IPCL

Fig. 4.3 Type B1 IPCL

Fig. 4.4 Type B2 IPCL
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SCCs found it to be lower (78.6%) [14]. Kim and 
colleagues found types B1, B2, and B3 with an 
Acc of 88.6%, 78.6%, and 75.0%, respectively. 
The Sn/Sp were 71.4/100%, 94.4/54.8%, and 
75.0/97.8%, respectively. B1 type accurately 
detected all m1–m2 lesions. However, B2 diag-
nosis was overestimated in 8 (11.4%) and under-
estimated 6 (8.6%) lesions. Type B3 diagnosis 
overestimated 1 lesion (5.3%). Kim and col-
leagues also evaluated the interobserver agree-
ment which was found to be excellent (0.87). It is 
important to note that no type A lesions or deep 
invasive cancers were included in these studies as 
the study was conducted only on patients referred 
for endoscopic resection. Nonetheless, the JES 
classification is presently the gold standard for 
advanced virtual chromoendoscopy imaging in 
superficial SCC.

4.3  Conclusion

The use of stains and virtual chromoendoscopy 
are useful to detect and further interrogate suspi-
cious areas, enabling early diagnosis and hence 
targeted treatment of superficial squamous neo-
plasia in the esophagus. The main components of 
superficial SCCs are the presence of type B IPCLs 
on NBI, which should be further interrogated and 
classified according to the JES classification to 
determine optimal management strategies.
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Endoscopic Diagnosis of Early 
Gastric Cancer

T. Kanesaka and Noriya Uedo

5.1  Introduction

Gastric cancer is the fifth most common malig-
nancy and the third leading cause of cancer death 
worldwide in 2018 [1]. More than one million 
cases of gastric cancer newly occurred in a year 
(1,033,701 cases in 2018) [1]. Early gastric can-
cer was defined by The Japanese Society of 
Gastroenterological Endoscopy in 1962 as an 
adenocarcinoma confined to the mucosa or sub-
mucosa regardless of the lymph node metastasis. 
A 5-year survival rate of the patients who under-
went gastrectomy with lymph node dissection for 
early gastric cancer was over 95% [2]. The rate of 
lymph node metastasis of intramucosal gastric 
cancer is less than 3% [3, 4], and it is practically 
0% when it fulfills the following histopathologi-
cal characteristics: ≤2 cm in size, differentiated 
type, and absence of ulcerative findings (UL) [4]. 
Moreover, the expanded indication for endo-
scopic resection have been confirmed to have a 
sufficient therapeutic effect [5]. Thus, early gas-
tric cancer is expected to have a favorable prog-
nosis if proper treatment is given.

Detection and evaluation of the suspicious 
lesion using upper gastrointestinal endoscopy are 
the essential first steps in the early treatment of 
gastric cancer [6, 7]. In Korea, screening endos-
copy was reported to be less likely to die from gas-
tric cancer than upper gastrointestinal series; odds 
ratio was 0.53 (95% confidence interval [CI], 
0.51–0.56) for endoscopy and 0.98 (95% CI, 0.95–
1.01) for upper gastrointestinal series [8]. Routine 
endoscopy is mainly performed by a conventional 
white light endoscopy [9]. However, magnifying 
endoscopy and image-enhanced endoscopy (e.g., 
narrow-band imaging, blue laser imaging) are 
recently available and the high diagnostic abilities 
for early gastric cancer are reported [10, 11].

5.2  Risk Factors for Gastric 
Cancer

Age-standardized incidence rates in men are two-
fold greater than women [1]. Gastric cancer is 
well known to develop generally in patients with 
chronic Helicobacter pylori (H. pylori) infection 
[12]. As described later, extent of atrophic gastri-
tis is associated with the development of gastric 
cancer. In Japan, Matsuo et  al. reported that H. 
pylori-negative cases was 0.66% (95% CI, 0.41–
1.01) of the entire cases with gastric cancer [13]. 
Moreover, presence of gastric xanthelasma, 
which is characterized by the accumulation of 
lipid in histiocytic foam cells, is also associated 
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with the development of early gastric cancer 
(Fig. 5.1) [14].

5.3  Preparation

If mucus and bubbles remained on the gastric 
mucosal surface, the detection and characteriza-
tion of early gastric cancer are disturbed. It is 
therefore recommended that the subject takes 
water with mucolytic and antifoaming agents 
before the procedure [15], i.e., 20,000 U pronase, 
1 g sodium bicarbonate, and 10 ml dimethylpoly-
siloxane. Taking pronase 20  min before endos-
copy significantly improves visibility of the 
lesion and reduces the frequency of water injec-
tion during endoscopy [16].

Recently, routine upper gastrointestinal 
endoscopy is often undergone without any anti-
cholinergic agents in Japan. If the peristalsis 
should be suppressed, an anticholinergic agent 
(e.g., 10–20  mg scopolamine butylbromide or 
1 mg glucagon) is used. Glucagon is used instead 
of scopolamine butylbromide for the patients 
with cardiovascular diseases, glaucoma or pros-
tatic hyperplasia, because scopolamine butylbro-
mide makes those diseases worse. Whereas, 
L-menthol is also used to suppress gastric peri-
stalsis [17]. Spraying L-menthol on the gastric 
mucosa during endoscopy is easier than the 

intravenous or intramuscular injection of other 
anticholinergic agents.

5.4  Evaluation of Gastric Mucosa

5.4.1  Normal Gastric Mucosa

Yagi et al. proposed that “regular arrangement of 
collecting venules (RAC)” observed in the lesser 
curvature of lower gastric body was a sensitive 
and specific (93.8% and 96.2%, respectively) 
sign for normal gastric mucosa without H. pylori 
infection [18, 19]. Although RAC was proposed 
as a finding of magnifying endoscopy but it can be 
identified even by conventional non- magnifying 
endoscopy (Fig. 5.2). RAC is rarely detected in 
the stomach after successful eradication (19%) 
[20]. Moreover, in the H. pylori- negative cases, 
red streak, hemorrhagic erosion, and bleeding 
spot are looked in entire stomach, and fundic 
gland polyposis and raised erosions are looked in 
gastric body and antrum, respectively [21].

5.4.2  Atrophic Gastritis

In the patients with chronic H. pylori infection, 
lesser curvature of gastric body looks pale and the 
visibility of vessels increased (Fig. 5.3a) [22]. As 
the mucosal atrophy spreads, gastric folds dimin-
ish (Fig. 5.3b). The extent of mucosal atrophy was 
classified by Kimura et al. (Fig. 5.4) [22]. A sensi-
tivity and specificity of the visible vessels for a 
diagnosis of moderate-to-severe histological 
mucosal atrophy are 48% and 87%, respectively, 
whereas those of the absence of gastric folds are 
67% and 85%, respectively [23]. The relative risk 
for the development of gastric cancer are 1.7 (95% 
CI, 0.8–3.7) in moderate atrophy and 4.9 (95% CI, 
2.8–19.2) in severe atrophy [12]. Shichijo et  al. 
demonstrated that the cumulative incidences of 
gastric cancer in group A (no intestinal metapla-
sia), B (intestinal metaplasia in only antrum), and 
C (intestinal metaplasia in body with or without 
antrum) were 0.3%, 0%, and 5.6% at 1 year; 1.5%, 
3.7%, and 9.8% at 5 years; and 1.5%, 11%, and 
16% at 10 years, respectively [24].

Fig. 5.1 Gastric xanthelasmas

T. Kanesaka and N. Uedo



35

5.4.3  Intestinal Metaplasia

Gastric mucosa is slowly changed into the intes-
tinal phenotype with chronic H. pylori infection 
[25]. Intestinal metaplasia mucosa shows various 
endoscopic findings, e.g., slightly elevated with 
whitish patches [26] and mottled reddish depres-
sion [27].

5.5  Evaluation of Early Gastric 
Cancer

5.5.1  Macroscopic Type

“Type 0” is a macroscopic type corresponding to 
early gastric cancer stated in the Japanese Gastric 
Cancer Association Classification (Fig.  5.5) [28] 

a b

Fig. 5.2 Normal gastric body without H. pylori infection. 
(a) A retroflex view of gastric body in white light endos-
copy. Regular arrangement of collecting venules (RAC) is 

shown as starfish-like. (b) A forward view of gastric body 
in white light endoscopy

a b

Fig. 5.3 H. pylori-related atrophic gastritis. (a) A retroflex view of gastric body in white light endoscopy. (b) A forward 
view of gastric body in white light endoscopy

5 Endoscopic Diagnosis of Early Gastric Cancer
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or the Paris classification [29]. Type 0-I (pro-
truding), Type 0-II (superficial), and Type 0-III 
 (excavated) are the subclassification of Type 0. 
Type 0-II is further divided into three types: Type 
0-IIa (superficial elevated), Type 0-IIb (superficial 
flat), and Type 0-IIc (superficial depressed). Type 
0-IIc is the major macroscopic type (78%) of early 
gastric cancer and Type 0-IIa is the second most 
common (17%) (Figs. 5.6 and 5.7) [28]. Whereas, 
the remains are small number (0-I, 3%; 0-IIb, 
0.4%; or 0-III, 2%). If two or more components 
are contained in a lesion, both should be stated, 
e.g., 0-IIa + IIc, 0-IIc + III, etc. Using uniform ter-
minology enables common recognition in discuss-
ing and describing endoscopic appearances.

5.5.2  Detection

Most early gastric cancers show only subtle endo-
scopic findings in color and mucosal height. 
Disappearance of the background vessels 
(Fig.  5.8a) or spontaneous bleeding (Fig.  5.8b) 
can be also a clue of the detection of early gastric 
cancer. Although the superiority of chromoendos-
copy using indigo carmine to white light endos-
copy has not been proven yet, it is widely done in 
the clinical practice in Japan for the detection and 
characterization of early gastric cancer.
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Fig. 5.4 Kimura–Takemoto classification. Citation from 
[22]. C-1: the atrophic findings are not visible in the gas-
tric body; C-2: the atrophic border on the lesser curvature 
is observed at a lower gastric body; C-3: the atrophic bor-
der on the lesser curvature is observed at the upper gastric 
body; O-1: the atrophic border is observed between the 
lesser curvature and the anterior wall; O-2: the atrophic 
border is observed between the anterior wall and the 
greater curvature; O-3: the atrophic border on the greater 
curvature is observed proximal to the lower gastric body

Type 0-1
Protruding
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Sup. elevated

Type 0-IIb
Sup. flat

Type 0-IIc
Sup. depressed
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Fig. 5.5 Macroscopic 
type of early gastric 
cancer in the Japanese 
Gastric Cancer 
Association 
Classification. Citation 
from the Japanese 
classification of gastric 
carcinoma: 3rd English 
edition [28]
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5.5.3  Differentiation of Cancer 
from Noncancerous Lesions

Early gastric cancer shows the well-demarcated 
area with an irregularity in color and/or mucosal 
pattern [30, 31]. Use of indigo carmine can enhance 
the surface patterns and magnifying narrow- band 
imaging provides the additional information (the 
details are described in the other Chapters).

5.5.4  Endoscopic Staging

Tumor size, depth of tumor invasion, and pres-
ence of UL (i.e., fold convergence) are assessed 
and the forceps biopsy is taken to diagnose the 
histological type of cancer. These findings are 
associated with the likelihood of lymph node 
metastasis and are essential to determine the indi-
cation of endoscopic resection [32].

a b

Fig. 5.6 Type 0-IIc lesion. The histopathological diagnosis was differentiated-type early gastric cancer. (a) An image 
of white light endoscopy. (b) An image of chromoendoscopy

a b

Fig. 5.7 Type 0-IIa lesion. The histopathological diagnosis was differentiated-type early gastric cancer. (a) An image 
of white light endoscopy. (b) An image of chromoendoscopy
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5.5.5  Histological Type

“Common type” of histological type of gastric 
cancer are shown in Table  5.1 [28]. Those are 
divided into differentiated and undifferentiated 
types according to the presence or absence of 
glandular formation (Fig. 5.9). These correspond 
to the intestinal and diffuse types in Lauren’s 
classification, respectively [33]. The risk of 
lymph node metastasis in the undifferentiated 
type is higher than that in the differentiated type 
[4, 34, 35]. Differentiated-type early gastric can-
cer is significantly associated with older age 
(≥72 years), male, and elevated type (Type 0-I, 
0-IIa) compared with the undifferentiated type 

[36]. Especially, a specificity of the elevated type 
for the differentiated-type was 99% (95% CI, 
92  −  100%). Differentiated-type early gastric 
cancer tend to appears reddish compared with the 
undifferentiated type due to the difference in 
hemoglobin content [37]. Whereas, some superfi-
cial elevated-type early gastric cancer and gastric 
adenoma look whitish, because the lipid droplets 
are accumulated in the superficial part of mucosa 
in those lesions [38].

5.5.6  Tumor Extent

Horizontal boundary is evaluated according to 
the difference in color and mucosal pattern 
between the lesion and the surrounding area (e.g., 
irregular margin, spiny depressed area [10]). It 
can be identified even by white light endoscopy. 
However, subsequent chromoendoscopy and/or 
magnifying narrow-band imaging is useful for 
the more accurate diagnosis [39]. However, 
undifferentiated-type cancer frequently develops 
in intermediate layer of mucosa and the evalua-
tion of tumor extent is therefore difficult [40]. 
Taking negative biopsies from the surrounding 
mucosa can be required to determine the exact 
tumor boundary for such cases [11].

Table 5.1 Histological classification of gastric cancer 
(only common type)

Papillary adenocarcinoma (pap)
Tubular adenocarcinoma (tub)
    Well-differentiated (tub1)
    Moderately differentiated (tub2)
Poorly differentiated adenocarcinoma (por)
    Solid type (por1)
    Non-solid type (por2)
Signet-ring cell carcinoma (sig)
Mucinous adenocarcinoma (muc)

Citation from the Japanese classification of gastric carci-
noma: 3rd English edition [28]

a b

Fig. 5.8 (a) Background vessels is not shown in an early gastric cancer (differentiated-type, arrows). (b) Spontaneous 
bleeding is shown on an early gastric cancer (undifferentiated type)
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5.5.7  Depth of Tumor Invasion

Histological examination of the resected specimen 
is the gold standard in the diagnosis of tumor inva-
sion depth. The possibility of additional surgery 
depending on the results of the histology should be 
explained to the patient before endoscopic resec-
tion is performed. In most Japanese institutions, the 
tumor invasion depth is estimated mainly based on 
the findings on white light endoscopy and chromo-
endoscopy. If the lesion is large (>30  mm) and 
appears pronounced redness, uneven surface fea-
tures, and marginal elevation, a sensitivity, specific-
ity, and accuracy for the submucosal invasion are 
57.3%, 86.2%, and 81.1%, respectively [41]. Choi 
et al. reported that sensitivity, specificity, and accu-
racy of white light endoscopy by experienced 
endoscopists for distinguishing intramucosal can-
cer from submucosal cancer were 85.5%, 73.9%, 
and 78.0%, respectively [42]. Nagahama et  al. 
demonstrated that “non-extension sign” was a sign 
of massive submucosal invasion [43]. When the 
gastric wall is fully distended by insufflation of a 
large volume of air, the invasive area is not extended 
and the thickness remains: a sensitivity, specificity, 
and accuracy for submucosal invasion are 92.0%, 
97.7%, and 96.9%, respectively.

The usefulness of endoscopic ultrasound 
(EUS) is controversial in the diagnosis of 
tumor invasion depth of early gastric cancer. 
In a meta- analysis about staging of gastric 
cancer by using EUS, a sensitivity and speci-
ficity of EUS for distinguishing intramucosal 
cancer from submucosal cancer were 83% and 
79%, respectively [44]. Choi et  al. proposed 
that accuracy of white light endoscopy outper-
formed EUS in differential diagnosis between 
intramucosal and submucosal cancers (73.7% 
vs. 67.4%, P < 0.001) [45]. Tsujii et al. recom-
mended EUS for lesions estimated as submuco-
sal cancer by white light endoscopy to salvage 
over-diagnosed cancers [46].

5.5.8  Ulcerative Findings

UL is histologically diagnosed based on the dis-
ruption of muscularis mucosa [32]. However, 
endoscopic findings are also taken into consider-
ation in a conclusive diagnosis (Fig. 5.10). A for-
ceps biopsy causes a fibrosis restricted to small 
areas. If it cannot be distinguished from the 
 original ulcer scar, it should be classified as UL 
positive.

a b

Fig. 5.9 Undifferentiated-type early gastric cancer. (a) An image of white light endoscopy. (b) An image of narrow- 
band imaging
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5.6  Summary

• Early gastric cancers expected to have a favor-
able prognosis if proper treatment is given.

• H. pylori infection is the most important risk 
factor of gastric cancer. Gastric atrophy and 
xanthelasma are the endoscopic markers for 
predicting the development of gastric cancer.

• When the detected lesion was diagnosed as 
cancer, tumor size, depth of invasion, pres-
ence of UL, and the histological type of 
cancer should be assessed. Those are neces-
sary to confirm the indication of endoscopic 
resection.
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Diagnosis of Early Gastric Cancer: 
Endoscopic Diagnosis 
and Classification: VS Classification 
System for the Diagnosis of Early 
Gastric Cancer by Magnifying 
Endoscopy

Kenshi Yao and Akinori Iwashita

6.1  Microanatomies Visualized 
by Magnifying Endoscopy 
in the Stomach

In this section, we describe which microanato-
mies are visualized by optical magnifying endos-
copy (ME). Instead of using a special term for 
description of ME findings, we need to employ 
anatomical term since the modern optical magni-
fying endoscopy has enough resolution to dissect 
capillary, which is the smallest unit in the human 
vessels [1].

6.1.1  Magnified Endoscopic 
Findings of Normal Gastric 
Mucosa

In the normal gastric mucosa, each microanatom-
ical component in the stomach visualized by ME 
is common. However, microvascular architecture 

and microsurface structure are different depend-
ing upon the part of the stomach, that is, gastric 
fundic glandular mucosa or gastric pyloric glan-
dular mucosa [2, 3].

6.1.1.1  Gastric Fundic Glandular 
Mucosa (Fig. 6.1.)

As for microvascular architecture, the morphology 
of the capillary shows a dark brown polygonal 
closed loop. These loops anastomose repeatedly 
with each other, forming a regular honeycomb-like 
subepithelial capillary network (SECN) pattern. 
The SECN drains into a cyan- colored CV.

As for microsurface structure, the epithelial 
morphology is visualized as semitransparent 
white belt-like structures, showing a circular or 
oval shape. This is the marginal crypt epithelium 
(MCE). In the center, the brown oval crypt open-
ing (CO) is surrounded by the MCE (epithelium 
within vessel pattern).

6.1.1.2  Gastric Pyloric Glandular 
Mucosa (Fig. 6.2)

As for microvascular architecture, the morphol-
ogy of the capillary is that of a dark brown coil- 
shaped open loop. Although it has been shown 
anatomically that these loops anastomose repeat-
edly with each other under the epithelial surface, 
subepithelial anastomoses are not often visual-
ized. In contrast to the gastric fundic glandular 
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Fig. 6.1 (a) M-NBI findings of the normal gastric fundic 
gland mucosa. V (MV architecture): Regular honeycomb- 
like subepithelial capillary network (SECN) pattern with 
regular collecting venule (CV) pattern present. S (MS 
structure): Regular oval crypt opening (CO) pattern and 
circular marginal crypt epithelium (MCE) pattern. (b) 
Anatomical components visualized by M-NBI in the nor-

mal gastric fundic gland mucosa. SEC subepithelial capil-
lary, CV collecting venule, MCE marginal crypt 
epithelium, CO crypt opening, IP intervening part 
between crypts. (c) Correlation between visualized micro-
anatomies by M-NBI (upper part) and histological finings 
(lower part) in the superficial part of the gastric fundic 
glandular mucosa
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mucosa, CVs are rarely observed since they are 
located at the deeper part of the mucosa.

As for microsurface structure, the shape of 
MCE shows curved or polygonal shape. Different 

from the fundic gland mucosa, the SEC is sur-
rounded by MCE (vessel within epithelium 
pattern).

MCE

SEC

IP

a

c

b

Intervening part (IP)

Marginal crypt
epithelium
(MCE)

Subepithelial
capillary
(SEC)

Fig. 6.2 (a) M-NBI findings of the normal gastric pyloric 
gland mucosa. V (MV architecture): Regular coil-shaped 
SECN pattern but regular CV pattern absent. S (MS struc-
ture): Regular polygonal or curved MCE pattern. (b) 
Anatomical components visualized by M-NBI in the normal 

gastric fundic gland mucosa. SEC, subepithelial capillary; 
MCE, marginal crypt epithelium; IP, intervening part between 
crypts. (c) Correlation between visualized microanatomies by 
M-NBI (upper part) and histological finings (lower part) in 
the superficial part of the gastric pyloric glandular mucosa
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6.1.2  Other Microanatomical 
Components for Microsurface 
Pattern: Optical Markers 
for Intestinal Metaplasia 
with Chronic Gastritis 
and Epithelial Neoplasia 
in the Stomach

6.1.2.1  Light Blue Crest (LBC) (Fig. 6.3a)
The LBC is a specific phenomenon that can only 
be visualized using narrow-band imaging (NBI). 
It was discovered by Uedo et al. and reported by 
them in 2005 [4]. The LBC is defined as “a fine, 
blue, white line on the crests of epithelial surface/
gyri.” Using ME with NBI, it is identified as a 
light blue (light cyan colored) linear light reflec-
tions at the edge of the MCE. The LBC is one of 
optical markers for predicting histological intesti-
nal metaplasia in gastric mucosa with chronic 
gastritis. Bio-optically, this phenomenon involves 
strong reflection of short wavelength narrow- band 
blue light (400–430  nm), with a central wave-
length of 415  nm. We can infer that the short 
wavelength narrow-band light is reflected by the 
microvilli of brush borders of the area of intestinal 

metaplasia. A similar phenomenon is seen in the 
epithelial margins of the duodenal mucosa. If 
LBC is visualized by ME with NBI, it can be one 
of the components for microsurface pattern.

6.1.2.2  White Opaque Substance 
(WOS) (Fig. 6.3b)

The WOS is visualized by ME with both white- 
light and narrow-band imaging. It was reported by 
us for the first time in 2008 [5]. The WOS is 
defined white substance in the superficial part of 
gastric mucosa that obscures subepithelial micro-
vascular architecture. The nature of the WOS is the 
phenomenon caused by reflections/strong scatter-
ing of whole projected lights due to lipid micro-
droplets accumulated in the surface epithelium of 
the intervening part [6]. Human eye thus recog-
nizes reflected light/scattering as white color. The 
WOS is optical marker for predicting intestinal 
metaplasia as well as the LBC [7]. The WOS can 
be an alternative marker for making a diagnosis of 
early gastric cancer (EGC) when the subepithelial 
microvascular (MV) pattern is obscured by the 
WOS.  Accordingly, the WOS can be one of the 
components for microsurface pattern.

LBC

WOS

a b

Fig. 6.3 (a) M-NBI finings of light blue crest (LBC) in 
gastric mucosa with intestinal metaplasia. Fine light blue 
(light cyan colored) linear reflections are located on the 
epithelial margins, visualized using M-NBI. (b) M-NBI 
finings of white opaque substance (WOS) in gastric 

mucosa with intestinal metaplasia. White opaque sub-
stance visualized by reflections/strong scattering of whole 
projected lights located in the surface epithelium of the 
intervening part (IP)
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6.1.3  Terminology for Analyzing 
Microanatomies as Visualized 
by Magnifying Endoscopy

• V: microvascular pattern
 – Subepithelial capillary (SEC)
 – Collecting venule (CV)
 – Pathological microvessels (MV)

• S: microsurface pattern
 – Marginal crypt epithelium (MCE)
 – Crypt opening (CO)
 – Intervening part (IP) between crypts
 – Light blue crest (LBC)
 – White opaque substance (WOS)

6.2  VS (Vessel Plus Surface) 
Classification System 
for the Diagnosis of Early 
Gastric Cancer (EGC) by 
Magnifying Endoscopy

6.2.1  Descriptions and Principles

The VS (Vessels plus surface) classification 
system for the analysis of ME findings was 
developed by Yao et al. [1, 8, 9]. This diagnos-
tic system has proven to be very useful for cor-
rectly diagnosing superficial (0-II) cancer 
[10–12] and delineating the margins of EGC 
[13, 14]. This VS classification system is a 
well-accepted systematic method worldwide 
for the diagnosis of EGC using magnifying 
endoscopy.

Anatomical terms are used to define the MV 
and MS patterns as visualized by ME. The MV 
pattern comprises a subepithelial capillary, a col-
lecting venule, and pathological microvessels, 
whereas the MS pattern is identified by an MCE, 
a crypt opening, an intervening part between 
crypts, LBC, and WOS.

On principle, the MV and MS patterns need to 
be determined separately.

6.2.2  Definitions and Diagnostic 
Criteria

6.2.2.1  Demarcation Line
The definition of a DL is a border between the 
lesion and non-lesion areas, discernible through 
an abrupt change in MV and/or MS patterns. If 
magnifying endoscopic findings of the lesion 
border show gradual changes in MV and/or MS 
patterns, demarcation line is determined to be 
absent [1, 15].

VS Classification
There are three categories of MV and MS pat-
terns including regular, irregular, and absent [1, 
15] (Fig. 6.4).

 1. Microvascular pattern
 (a) Regular MV pattern: Mucosal capillaries 

have a uniform shape that can be closed- 
looped (polygonal) or open-looped with a 
homogeneous morphology, symmetrical 
distribution, and regular arrangement.

 (b) Irregular MV pattern: the vessels are 
closed-looped (polygonal), open-looped, 
tortuous, branched, or bizarrely shaped, 
with or without a network, and have a het-
erogeneous morphology, asymmetrical 
distribution, and irregular arrangement.

 (c) Absent MV pattern: The subepithelial 
microvascular pattern is obscured by the 
presence of a white opaque substance 
(WOS) within the superficial part of the 
mucosa.

 2. Microsurface pattern
 (a) Regular MS pattern: The morphology of 

the marginal crypt epithelium shows a 
uniform linear/curved/oval/circular struc-
ture. It shows a homogeneous morphol-
ogy, symmetrical distribution, and regular 
arrangement. When WOS is present, reg-
ular WOS can be an additional marker of 
a regular microsurface pattern, defined as 
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a well-organized and symmetrical distri-
bution of WOS in a regular reticular/
maze-like/speckled pattern.

 (b) Irregular MS pattern: The morphology of 
the marginal crypt epithelium shows an 
irregular  linear/curved/oval/circular/vil-
lous structure. It shows a heterogeneous 
morphology, asymmetrical distribution, 
and irregular arrangement. When WOS is 
present, irregular WOS can be an addi-
tional marker of an irregular microsurface 
pattern, defined as a disorganized and 
asymmetrical distribution of WOS in an 
irregular reticular/speckled pattern.

 (c) Absent MS pattern: Neither the marginal 
crypt epithelial structure nor WOS are 
visible using M-NBI.

According to the VS classification system, the 
characteristic M-NBI findings of early gastric 
cancer are a clear demarcation line between the 
background noncancerous mucosa and the can-
cerous mucosa, and an irregular microvascular 
pattern and/or irregular microsurface pattern 
within the demarcation line [1]. Accordingly, we 

set the criteria for making a diagnosis of gastric 
cancer as follows:

 1. Presence of an irregular microvascular pattern 
with a demarcation line.

 2. Presence of an irregular microsurface pattern 
with a demarcation line.

If the endoscopic findings fulfill either or both, 
we make the diagnosis of cancer, and we make 
the diagnosis of noncancer if neither is fulfilled. 
According to our investigations, 97% of early 
gastric cancers fit the above criteria [1].

6.3  Magnifying Endoscopy 
Simple Diagnostic Algorithm 
for Early Gastric Cancer 
(MESDA-G) (Fig. 6.5)

A unified algorithm for general use in the clini-
cal setting is necessary for enhancing the effi-
cacy of ME diagnosis of EGC has been proposed 
as multi-society consensus [15]. The Japan 
Gastroenterological Endoscopy Society (JGES), 

V (microvascular pattern)

IrregularRegular Absent

S (microsurface pattern)

IrregularRegular Absent

Fig. 6.4 VS classification
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the Japanese Gastric Cancer Association (JGCA), 
and the World Endoscopy Organization (WEO) 
jointly devised a unified international algorithm 
for ME using an evidence-based approach. This is 
named as magnifying endoscopy simple diagnos-
tic algorithm for early gastric cancer (MESDA-G).

This algorithm was constructed based on VS 
classification system since VS classification sys-
tem was proved to be most commonly accepted 
diagnostic system and to be used to demonstrated 
usefulness of magnifying endoscopy with the 
highest evidence level.

According to this algorithm, to diagnose EGC, 
one has to identify any suspicious lesion that is 

potentially a neoplasm. To recognize such a 
lesion, we carefully observe the color change 
(whitish or reddish) or morphological change 
(elevated, flat, or depressed) on the gastric muco-
sal surface. If we detect a suspicious lesion, iden-
tification of a demarcation line (DL) between the 
lesion and the background mucosa is the first step 
in distinguishing EGC from a noncancerous 
lesion. If a DL is absent, the diagnosis of a benign 
lesion may be made (Fig. 6.6). If a DL is present, 
the subsequent presence of an irregular microvas-
cular (MV) pattern and an irregular microsurface 
(MS) pattern should be determined (Figs. 6.7 and 
6.8). If irregular MV and/or irregular MS patterns 

Demarcation line (DL)

Present Absent

Non-cancer

IMVP and/or IMSP

Present Absent

Cancer

Suspicious lesion
Fig. 6.5 Magnifying 
Endoscopy Simple 
Diagnostic Algorithm 
for Early Gastric Cancer 
(MESDA-G)

a b

Fig. 6.6 An example of absent demarcation line. (a) A 
flat reddened lesion (arrow) is detected at the gastric 
antrum by conventional white light endoscopy. (b) M-NBI 
findings shows that the microvascular pattern (subepithe-
lial capillary network) are gradually dilated from the 
background mucosa to the lesion. The microsurface pat-

tern (marginal crypt epithelium/white zone) has no abrupt 
change between the lesion and the background mucosa. 
Accordingly, no demarcation line is detected between the 
lesion and the background mucosa. Therefore, this lesion 
is diagnosed as non-cancer according to MESDA-G
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are present within the demarcation line, the diag-
nosis of EGC can be made. Both irregular MV 
nor irregular MS patterns are absent, the diagno-
sis of noncancerous lesion is made.

6.4  Clinical Applications 
of Magnifying Endoscopy 
Based on VS Classification 
System

6.4.1  Characterization of Subtle 
Mucosal Lesions in Screening 
Endoscopy

Making a differential diagnosis of slightly 
depressed lesion between focal gastritis and 
small depressed cancer used to be one of the 
limitations of conventional white light imaging 
(C-WLI). We investigated the real-time diagnos-
tic yield of the C-WLI compared to the M-NBI 
in a multicenter, prospective, randomized con-
trolled trial of patient with undiagnosed 
depressed lesions ≤10 mm in diameter detected 
during screening esophagogastroduodenoscopy 
[11]. With regard to the diagnostic performance 
of C-WLI versus M-NBI for small, depressed 
gastric lesions, the accuracy, and specificity of 
M-NBI were greater than with C-WLI, although 
the difference in sensitivity was not significant 
(Table  6.1). The combination of C-WLI and 
M-NBI significantly enhanced performance 
compared with the C-WLI alone (Table  6.2). 
These outcomes clearly demonstrate that carry-

Fig. 6.7 An example of present demarcation line and 
absent irregular MV pattern and/or irregular MS pattern. 
A distinct demarcation line is detected between the back-
ground mucosa and the depressed lesion. Within the 
demarcation line, it shows regular MV pattern plus regu-
lar MS pattern based on VS classification. According to 
MESDA-G, this lesion is diagnosed as non-cancer since 
both irregular MV pattern and irregular MS pattern are 
absent. Histological findings of biopsy specimen showed 
noncancerous lesion (chronic gastritis with intestinal 
metaplasia)

Fig. 6.8 An example of present demarcation line and 
irregular MV pattern and irregular MS pattern. A demar-
cation line is present between the background mucosa and 
the lesion. Within the demarcation line, irregular MV pat-
tern plus irregular MS pattern are identified. According to 
MESDA-G, this lesion is diagnosed as cancer. Histological 
findings of endoscopically resected specimens demon-
strated well-differentiated adenocarcinoma (2  mm in 
diameter)

Table 6.1 Diagnostic performance of C-WLI and 
M-NBI for gastric small depressed lesions

C-WLI 
(n = 176)

M-NBI 
(n = 177) P-valuea

Accuracy (%)
 [95% CI]

65
[57–72]

90
[85–94]

<0.001

Sensitivity (%)
[95% CI]

40
[19–64]

60
[36–81]

0.34

Specificity(%)
[95% CI]

68
[60–75]

94
[89–97]

<0.001

aChi-square test
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ing out M-NBI after careful C-WLI has suffi-
cient diagnostic accuracy for determining a 
correct endoscopic diagnosis even for gastritis-
like cancer. Furthermore, we demonstrated that 
the M-NBI has greater sensitivity and reproduc-
ibility than chromoendoscopy (CE) for the diag-
nosis of minute (≤5  mm diameter) gastric 
cancers [16]. Nevertheless, in clinical practice, 
taking a biopsy cannot be omitted, because the 
histological findings, such as histological type, 
are needed for a diagnosis of cancer. However, 
using the M-NBI and the VS classification sys-
tem could contribute toward minimization of the 
number of biopsies of noncancerous lesions 
taken in order to rule out gastritis-like cancer. In 
fact, we have demonstrated the advantages in 
cost-effectiveness of M-NBI, in particular, 
M-NBI may contribute to reducing the number 
of biopsies required to detect a cancer in screen-
ing endoscopy [12].

The limitations of M-NBI in screening 
endoscopy was reported by a prospective mul-
ticenter feasibility study [12]. As shown in 
Fig.  6.9, a pale depressed lesion by C-WLI is 
characteristic of a signet-ring cell or undiffer-
entiated carcinoma. However, by M-NBI, it is 
only visualized as a regular MV pattern and of 
M-NBI in screening endoscopy since signet-ring 
cell carcinoma invades underneath the surface 
epithelium without any destruction of MCE 
or SEC.  Accordingly, a pale flat, or depressed 
mucosal lesion is set as one of the limitations of 
M-NBI. If we limit a good indication of M-NBI 

to a non-pale lesion, the M-NBI can be consid-
ered an optical biopsy [12].

6.4.2  Determining the Horizontal 
Extent of EGC for Successful 
Endoscopic Submucosal 
Dissection

Magnifying endoscopy enables reliable delinea-
tion of the horizontal extent of EGCs prior to 
endoscopic submucosal dissection (ESD) [13, 
14]. In our previous studies, we have reported the 
advantages of M-NBI over C-WLI with dye 
spraying CE [13]. We investigated the usefulness 
and limitations of ME with

NBI when CE could not be used to determine 
the horizontal extent of an EGC. A series of 350 
consecutive EGCs resected en bloc using ESD 
were included in the study. Approximately 18.9% 
(66/350) of cases showed unclear margins using 
CE.  Of these, 62 of 66 cancers were examined 
using M-NBI. According to the VS classification 
system, the entire margins were successfully 
delineated in 72.6% (45/62) of the lesions with 
unclear margins using CE (Fig.  6.10).23 
However, the diagnostic success rate for undif-
ferentiated cancers was 0%, significantly lower 
than that for differentiated lesions (p<0.001). 
Accordingly, M-NBI using the VS classification 
system is an excellent modality for identifying 
the entire margin of EGCs when the margins are 
unclear using CE. However, it is still difficult to 
assess the lateral extent of the EGC of an undif-
ferentiated type using endoscopic findings alone 
because the cancer cell infiltrates laterally in the 
lamina propria deep to the glandular neck. 
M-NBI of the surface cannot detect any cancer 
with specific irregular MV or MS patterns. Thus, 
the endoscopic diagnostic strategy to be adopted 
depends on the histological type, as shown in 
Fig. 6.11. In difficult cases, we recommend that 
the clinical strategy should be to take biopsy 
samples from the apparently noncancerous tissue 
around the lesion and then determine the resec-

Table 6.2 Diagnostic performance of C-WLI plus 
M-NBI for gastric small depressed lesions

C-WLI 
(n = 176)

C-WLI plus 
M-NBI 
(n = 176) P-valuea

Accuracy (%)
 [95% CI]

65
[57–72]

97
[94–99]

<0.001

Sensitivity (%)
 [95% CI]

40
[19–64]

95
[75–100]

<0.001

Specificity (%)
 [95% CI]

68
[60–75]

97
[93–99]

<0.001

aChi-square test
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tion margins after histopathologically confirming 
the absence of cancerous invasion in the biopsy 
specimens.

Further evidence was reported recently. 
According to the well-designed multicenter ran-
domized controlled study comparing CE and 

M-NBI for accurate delineation, CE and M-NBI 
appeared to be clinically equivalent [14]. 
Accordingly, standard CE and advanced M-NBI 
can be both useful for determining the horizontal 
extent of EGC for successful endoscopic submu-
cosal dissection.

a b

c

Fig. 6.9 A good example of limitations of M-NBI in 
screening endoscopy. (a) C-WLI shows a slightly 
depressed pale lesion in the gastric antrum. (b) M-NBI 

demonstrate regular MV pattern plus regular MS pattern 
with a demarcation line. (c) The histological findings of 
the biopsy specimen shows signet-ring cell carcinoma
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a b

c d

Fig. 6.10 Usefulness of M-NBI for determining the hori-
zontal extent of early gastric cancer when there is an 
unclear margin by CE. (a) CE findings of a differentiated 
0-IIb type early gastric cancer. The margins of lateral 
extent cannot be clearly delineated, let alone the presence 
of cancer. (b) M-NBI findings of oral margin of the can-
cer. Using M-NBI, a clear demarcation line was identified. 
Within the demarcation line, irregular MV pattern plus 
absent MS pattern were present. Therefore, we success-
fully determined cancer specific margin. (c) Because we 
determined the cancer-specific margins all the way around 

the cancer by M-NBI, we placed the markings just outside 
the demarcation lines according to ME with NBI findings. 
(d) The en bloc resected specimen by endoscopic submu-
cosal dissection. According to the histopathological find-
ings, the extent of the carcinoma (yellow lines) was 
reconstructed on the macroscopic photograph. The preop-
erative markings were clearly identified all the way 
around the carcinoma as shown by the white dotted line. 
Therefore, the lesion had been successfully delineated by 
M-NBI
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6.5  Conclusion

VS classification system for making a correct 
diagnosis of early gastric cancer now become the 
standard diagnostic system approved by multi- 
society consensus based on evidence-based 
medicine.

 2. VS (vessel plus surface classification system)
 1) Principles
 2) Definitions and Diagnostic criteria
 (1) Demarcation line
 (2) Microvascular pattern
 (a) Regular MV pattern
 (b) Irregular MV pattern
 (c) Absent MV pattern
 (3) Microsurface pattern
 (d) Regular MS pattern
 (e) Irregular MS pattern
 (f) Absent MS pattern

 3) Magnifying endoscopy simple diagnos-
tic algorithm for early gastric cancer 
(MESDA-G)
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Diagnosis of Early Colorectal 
Carcinoma: Endoscopic Diagnosis 
and Classification

Han Mo Chiu

7.1  Introduction

Analysis of 109,953 CRC cases in the United 
States Surveillance, Epidemiology, and End 
Results (SEER) database, the risk of lymph 
node metastasis in T1 CRC is around 10% [1, 
2]. Surgical resection has traditionally been the 
standard treatment of T1 CRC, but recent studies 
have suggested that endoluminal resection might 
be feasible if there were no unfavorable histologi-
cal findings such as deep invasion, poor differen-
tiation, budding, or lymphovascular invasion [3]. 
Endoscopic resection of early CRC confined to 
the mucosal layer (Tis) and superficial submucosal 
layer (superficial T1) without unfavorable histol-
ogy is considered curative, and can avoid over-sur-
gery and improved quality of life after treatment 
as compared with surgical resection. On the con-
trary, underestimation of invasion depth may result 
in post-colonoscopy CRC with a potentially poor 
prognosis. A recent Dutch study showed that once 
recurrence occurs the risk of mortality could be as 
high as 40% [4]. Nevertheless, a recent Japanese 
study showed there was no increased risk of lymph 
node metastasis or recurrence after secondary sur-
gery (attempted endoscopic resection followed by 

surgery if the histological findings were unfavor-
able) as compared with primary surgery [5]. This 
finding is consistent with later studies showing the 
similar results [6, 7].

Modern endoscopic methods, especially image-
enhanced endoscopic technologies, such as narrow 
band imaging (NBI) or chromoendoscopy (CE), 
are able to demonstrate the surface and/or capillary 
characteristics of lesions, which assists in making 
an accurate endoscopic diagnosis (Fig. 7.1).

7.2  Risk of Lymph Node 
Metastasis in T1 Colorectal 
Cancers

Data of the lymph node metastasis rate in CRC 
is primarily from studies analyzing surgically 
resected specimens. Gunderson et  al. examined 
SEER 1992–2004 data, and reported that the 
overall lymph node metastasis rate was 10% in 
16,864 T1 CRCs, and the risk was higher in rectal 
rather than in colonic T1 cancers. (12.3 vs. 8.9%, 
respectively). A meta-analysis summarizing 17 
studies showed that the overall risk of lymph node 
metastasis was 11.4%, with the risk in rectal T1 
cancers higher than that in colonic T1 cancers (risk 
ratio = 1.37). This is clinically relevant, as radical 
surgery for rectal cancer is usually associated with 
higher invasiveness, and increased risk of compli-
cations making local excision an attractive alter-
native treatment option. The higher risk of lymph 
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node metastasis in rectal T1 cancer, however, 
should be carefully considered when offering this 
option to patients (Tables 7.1 and 7.2).

7.3  Endoscopic Methods Used 
for the Diagnosis of Early 
Colorectal Cancer

Step-by-step application of different endoscopic 
methods is necessary for establishing an accurate 
diagnosis, and excluding the presence of deep 
invasive cancer, which is contraindicated for endo-
scopic resection. When lesions are detected, white 
light endoscopy (WLE) is used first to evaluate the 
gross morphology and color under normal magni-
fication. Then, NBI is used to enhance the surface 
and capillary pattern under both normal and high 
magnification. Chromoendoscopy can then be 
performed with indigo-carmine (IC) dye to delin-
eate the macroscopic morphology of the lesion 
under normal magnification. A pit pattern can be 
visualized under high-magnification CE. When a 
malignant lesion is suspected, greater delineation 
of subtle surface characteristics (Kudo’s type V pit 
pattern) is necessary, and it usually requires crystal 
violet staining and high-magnification observation. 
Such a step-by- step approach can facilitate qualita-
tive (presence of malignancy) and qualitative (inva-
sion depth) evaluation of the lesion.

Detection of suspicious early colorectal cancer

Endoscopic diagnosis

Suspect deep invasionSuspect Tis or superficial T1

Endoluminal therapy

Unfavorable histology?

Yes

Regular surveillance Surgery

No

•   Cancer or not

•   Invasion depth prediction

Fig. 7.1 Conceptual 
framework of managing 
patients with suspected 
early colorectal cancer

Table 7.1 Risk of lymph node metastasis in T1 colorec-
tal cancer (SEER, 1999–2004; adopted from: Gunderson 
et al. J Clin Oncol. 2010;28:264–71) [2]

N Stage Number %
N0 15,196 90.1
N1a 962 5.7
N1b 509 3.0
N2a 141 0.8
N2b 56 0.33
Total 16,864

Table 7.2 Comparison of the risk of lymph node metastasis 
in T1 colon and rectal cancer (SEER, 1999–2004; adopted 
from: Gunderson et al. J Clin Oncol. 2010;28:256–63) [1]

N Stage
Colon Rectum
Number % Number %

N0 10,930 91.1 4266 87.7
N1a 643 5.4 319 6.6
N1b 325 2.7 184 3.8
N2a 77 0.6 64 1.3
N2b 27 0.2 29 0.6
Total 12,002 100 4862 100
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 – White light endoscopy:

Nevertheless there already exist several IEE 
(Image enhanced endoscopy) modalities for clin-
ical use, observation with ordinary WLE remains 
the most basic and important first step for diag-
nosing early CRC. In fact, many deeply invasive 
T1 cancers can be diagnosed with WLE alone. 
Magnified observation with NBI or CE plays the 
role of confirming the diagnosis made by WLE, 
which increase the diagnostic accuracy. The fol-
lowing features observed under WLE suggestive 
of a deeply invasive malignancy:

• Fold convergence (Fig. 7.2a)
• Stiffness of the surface (Fig. 7.2b)

• Bleeding during irrigation (Fig. 7.2c)
• Bulging tumor surface (Fig. 7.2d)

Using the abovementioned features of 
deeply invasive cancers, the accuracy in pre-
dicting invasion depth (differentiating deep vs. 
superficial invasive cancers) can be as high as 
70–80%.

 – Narrow band imaging.

NBI enhances the capillary network within the 
mucosal layer. It has been reported that the mor-
phology of the capillary network in cancerous 
lesions is closely associated with invasion depth 
[8]. Observation under magnification is usually 

a b

c d

Fig. 7.2 Endoscopic characteristics indicating deep invasion. (a) Fold convergence, (b) Surface stiffness, (c) Easy 
bleeding, (d) bulging of tumor surface
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necessary for better visualization of the capillary 
network appearance.

 – Chromoendoscopy [9].
• Indigo-carmine (IC). IC is a non-absorbing 

contrast dye that accumulates in the muco-
sal crypts, and thereby enhances the con-
trast of crypts and the surface of the colonic 
mucosa. Typically, 0.4% IC dye is used for 
observation of colorectal lesions. During 
colonoscopy, it is convenient to put 5 mL 
of IC dye in a 25  mL syringe, fill the 
remaining space with air, and then deliver 
the dye via the working channel of the 
colonoscope. The air pushes the dye into 
the colon lumen, and helps to avoid using 
too much dye, which may darken the visual 
field (Fig. 7.3a). IC dye is useful for defin-
ing lesion morphology, and can assist in 
visualization of Kudo’s pit pattern under 
magnification. Usually, a type I–IV pit pat-
tern can be easily enhanced and visualized 
with IC dye. In our endoscopic unit 
(National Taiwan University Hospital), we 
usually prepare IC dye solution twice a 
week to guarantee good color quality of the 
dye, as discoloration may occur after a 
period of 3–4 days.

• Crystal violet (CV): CV is a dye used to 
stain and delineate subtle structural changes 
on the mucosal surface. A concentration of 
0.05% is usually used, and it is an indis-
pensable tool for the observation of Kudo’s 

type V pit pattern (type VI and VN), as well 
as for evaluating the invasion depth of early 
CRCs. When observing the Kudo type V 
pit pattern, the tip of the colonoscopy has 
to be about 2 mm from the lesion surface. 
Special attention should be paid to avoid 
contact bleeding, because once bleeding 
occurs during the process of staining the 
observation of subtle mucosal changes is 
very difficult. CV is applied in a different 
manner from IC dye. A nontraumatic cath-
eter is typically used for spraying the dye. 
The catheter has a roundish tip with a flush-
ing hole, and its use can avoid trauma and 
resultant bleeding from the surface of the 
lesion during staining (Fig.  7.4). Using a 
nontraumatic catheter can also limit the 
amount of CV sprayed during the proce-

ba

Fig. 7.3 Chromoendoscopy: Indigo-carmine dye spraying with syringe. (a) Dye is sprayed with the syringe by con-
necting to the working channel of the endoscope. (b) 5 mL of indigo-carmine dye is put into the 25 mL syringe and fill 
the remaining space with air

Fig. 7.4 Chromoendoscopy: Crystal violet staining with 
nontraumatic catheter
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dure, as too much can significantly darken 
the visual field by adhering to the surround-
ing colonic mucosa, and also helps to 
adjust the orientation of the lesion to facili-
tate observation. Gentle irrigation of the 
mucus adherent to the mucosal surface 
 followed by repeated CV staining (stain 
2–3 times, 30–60 s each time) is the key to 
obtaining a clear and informative magni-
fied CE view.

7.4  Endoscopic Morphology

Though larger lesion size is associated with 
increased risk of invasive cancer, the gross mor-
phology of a colorectal neoplasm is even more 
important for evaluating the risk of malignant 
transformation and/or deep invasion [10]. There 
are specific morphological characteristics that are 
associated with a higher risk of invasive cancer 
[11]. Studies have shown that a depressed neo-
plasm (0-IIc, 0-IIa + IIc or 0-IIc + IIa) (Fig. 7.5) 
has an extraordinarily high risk of being an inva-
sive cancer at a relatively small size as compared 
with polypoid neoplasms or a laterally spreading 
tuamor (LST) [12, 13]. Within the LST category, 
a nongranular type LST has a much higher risk 
of being an invasive cancer, or even a multifocal 

invasive cancer, especially a nongranular type LST 
with pseudo-depression (LST-NG-PD) morphol-
ogy [14]. The various morphologies of LSTs are 
shown in Fig. 7.6. Uraoka et al. reported that 28% 
of submucosal invasion was multifocal, and en bloc 
resection is warranted to provide a more complete 
specimen for comprehensive pathological analy-
sis [15]. In this context, endoscopic submucosal 
dissection (ESD) is necessary to achieve en bloc 
resection [16]. A lesion with 0-Is+IIc or 0-IIc + Is 
morphology (Fig. 7.7) is usually a deeply invasive 
cancer. The polypoid (0-Is) portion of the lesion 
arises from the depressed portion of its precursor 
0-IIc or 0-IIa + IIc lesion [11].

Chromoendoscopy with IC dye is the crite-
rion standard for defining gross morphology. For 
depressed neoplasms, the depressed area is some-
times difficult to delineate with WLE or even with 
NBI, although the latter can enhance the lesion 
itself (Fig.  7.8). If the morphology indicates a 
depressed or LST-NG-PD, then detailed observa-
tion under magnification after CV staining may 
be helpful for diagnosing malignant changes and 
deep invasion. Depressed lesions with 0-IIa + IIc 
or 0-Is+IIc morphology are considered as origi-
nated and progressed from 0-IIc lesion, carrying 
even higher risk of invasive cancers; therefore, 
endoscopists should pay special attention during 
observation.

Fig. 7.5 Depressed colorectal neoplasm
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a b

c

e

d

Fig. 7.6 Different morphological types of laterally 
spreading tumor (LST). (a) homogenous granular type 
(LST-G-H), (b) and (c) flat elevated nongranular type 

(LST-NG-FE), (d) mixe nodular granular type (LST-
G-NM), (e) pseudo-depressed nongranular type 
(LST-NG-PD)
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7.5  Narrow Band Imaging 
Findings

The NICE (NBI International Colorectal 
Endoscopic) classification has been introduced for 
classifying neoplastic and nonneoplastic colorectal 
lesions, and studies have shown that it is highly 
accurate. Among neoplastic capillary patterns, 
NICE type 3 usually refers to deep invasive can-
cers that should be surgically resected. NICE type 
2, however, contains heterogeneous groups of neo-
plasms, including benign adenoma, adenoma with 
high-grade dysplasia (or Tis), shallow or even deep 
invasive cancers [17]. This classification is, there-
fore, not considered discriminatory for deep and 
superficial invasive cancers. The JNET (Japanese 
NBI Expert Team) classification system was sub-

Fig. 7.7 Type 0-Is+IIc lesion. The 0-Is part (polypoid) of 
such lesion is considered as arisen from the depressed 
portion (cancerous part) of its precursor 0-IIc or 0-IIa + IIc 
lesion

a b c

d e f

Fig. 7.8 Enhancing macroscopic morphology of colorec-
tal neoplasms with IEE modalities. (a) 0-IIa + IIc lesion, 
WLE, (b) 0-IIa + IIc lesion, NBI, (c) 0-IIa + IIc lesion, 

chromoendoscopy with IC, (d) LST-NG-PD, WLE, (e) 
LST-NG-PD, NBI, (f) LST-NG-PD, chromoendoscopy 
with IC
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sequently proposed to improve treatment guidance 
[18]. JNET type 2A usually refer to an adenoma 
with low-grade dysplasia, and 2B refers to HGD/
Tis or superficially invasive T1 cancers. JNET type 
3 is basically equivalent to NICE type 3, which 
indicates deeply invasive cancers for which endo-
luminal treatment is contraindicated [19]. A valida-
tion study using this system is now still ongoing 
(2017). The details of these two classification 
systems will be described in latter sections of this 
chapter. Some examples are shown in Fig. 7.9.

7.6  Chromoendoscopic Findings

The Kudo pit pattern is the most widely used sys-
tem for CE diagnosis of colorectal lesions [20, 21]. 
Magnifying CE is useful for discriminating neo-
plastic from nonneoplastic lesions, and also useful 
for prediction of invasion depth of malignancies. 
Kudo type V pit patterns (VI and VN) usually indi-
cate a malignant lesion (Fig. 7.10). Of them, the 
type VN pit pattern refers to massively invasive can-
cers, which cannot be resected endoscopically. The 
type VI pit pattern generally represents noninvasive 
cancers (Tis/high-grade dysplasia, or superficially 
invasive cancer), which can be resected endoscopi-
cally. However, some highly irregular VI pit pat-
terns may represent deeply invasive cancer and 
endoscopists should be aware of this possibility. 
It is worthwhile to note that VI pit pattern located 
within a demarcated area is a sign of deep invasion, 
which has a very high diagnostic accuracy [22].

7.7  NBI or CE for Prediction 
of Invasion Depth

Both NBI and CE have been demonstrated to 
be useful for predicting invasion depth of early 
CRC. However, there is a paucity of direct compar-
isons of the two methods [23]. Nevertheless, many 
countries do not have CV dye available for endo-
scopic use, and thus are limited to using only NBI 

to predict depth of invasion. NBI has the advantage 
of a relatively simple dye staining process, which 
usually requires approximately 5  min. There are 
some concerns, however, when using NBI for pre-
dicting invasion depth. First, if touch bleeding of 
the lesion occurs during endoscopic observation, 
NBI observation may become extremely difficult. 
Second, the NBI classification system for differen-
tiating deep invasive cancer from superficially inva-
sive cancer or Tis (the JNET system) is still under 
validation. Third, Sakamoto et al. reported that the 
accuracy of using NBI or CV for predicting inva-
sion depth were similar, but CE and CV staining 
had superior interobserver agreement as compared 
with NBI using the Sano classification system [24]. 
Further study is warranted in this aspect.

7.8  Role of Endoscopic 
Ultrasound (EUS) 
in Diagnosing Early 
Colorectal Cancer

Endoscopic ultrasound is commonly used for eval-
uating invasion depth of various gastrointestinal 
tract malignancies, such as esophageal and gastric 
cancers. Previous meta-analysis revealed that the 
diagnostic accuracy of EUS in predicting invasion 
depth of CRC is T stage specific, with 87.8% sen-
sitivity for T1 rectal cancer, which is significantly 
lower than the sensitivity of 95.4% for T4 cancer 
[25]. Thus, EUS has yet to become a standard 
procedure for diagnosing invasion depth of early 
CRCs prior to the endoscopic resection. In Japan, 
magnified CE with CV staining is more popu-
lar than EUS for evaluating the invasion depth of 
early CRCs. Currently, there are only a few studies 
directly comparing the diagnostic performance of 
EUS and CE using CV. An early study from Japan 
demonstrated that CE with CV dye had superior 
diagnostic accuracy than EUS [26]. Owing to the 
convenient one-touch operation, CE with magnifi-
cation is recommended over EUS for determining 
the invasion depth of CRC.

H. M. Chiu
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a b

c d

e

g

f

Fig. 7.9 Some examples of JNET type 2 and type 3. (a)–(c) type 2A, (d)–(e) 2B, (f)–(g) type 3
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a b

c

e

d

Fig. 7.10 Examples of type V Kudo pit pattern (type VI or VN) (a)–(d): type VI; (e) type VN
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7.9  Summary

Endoscopic diagnosis of invasion depth is of 
utmost important for clinical decision-making 
when treating early CRC. IEE modalities, includ-
ing digital enhancement (e.g., NBI) or CE with 
IC or CV dye with magnification are very helpful 
tools. Endoscopists should master these techniques 
in order to determine invasion depth with a high 
level of accuracy, which can avoid undertreatment 
(endoscopic resection for deep invasive cancer) as 
well as overtreatment (surgery for Tis or superficial 
T1 cancers).
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NBI International Colorectal 
Endoscopic (NICE) Classification

Mineo Iwatate, Daizen Hirata, and Yasushi Sano

8.1  History

Narrow-band imaging (NBI) is one of the most 
frequently used optical digital methods of image- 
enhanced endoscopy that allows endoscopists to 
characterize colorectal lesions by enhancing the 
vessel and surface structure on the lesions [1, 
2]. Diagnosis based on the vessel morphologi-
cal change would be ideal for early detection and 
accurate diagnosis of colorectal polyps because 
angiogenesis reflects the growth of tumors criti-
cally [3]. In Japan, Sano et al., the initial devel-
oper of the NBI system, found the specific 
differences of vessel morphology on the surface 
to distinguish each pathological type of colorec-
tal polyps. In normal mucosa or hyperplastic 
polyp, there are hexagonal thin vessels surround-
ing crypts which cannot be visualized by mag-
nifying NBI due to lacking resolution power in 
current system. In adenomatous polyp, these 
hexagonal vessels uniformly become thicker, and 
hence they are observable on magnifying NBI, 
known as meshed capillary (MC) vessels. In har-
boring cancer, MC vessels are more irregular and 

dense, which eventually proceed to completely 
destructed structure of vessels (disruption of thick 
vessel or avascular) in deep (≥1000  μm) sub-
mucosal invasive cancer. He originally reported 
these vessel patterns for corresponding histology 
as the Sano classification in 2006, which was 
validated by several studies [4–7]. Based on the 
Sano classification, multiple NBI classifications 
of colorectal lesions with or without optical mag-
nification has been proposed worldwide [8–12]. 
Although the overall diagnostic performance of 
these NBI classifications have been shown, the 
validity of their component criteria has not been 
established. Therefore, endoscopists around the 
world needed a universal simple NBI classifica-
tion available even without magnification for the 
potential of international use.

Under these circumstances, the Colon Tumor 
NBI Interest Group (CTNIG) was set up in 2009, 
with an aim to develop a simplified NBI endo-
scopic classification of colorectal polyps that can 
be used with or without optical magnification. The 
CTNIG consisted of the following six members: 
Tanaka S (Chair, Japan); Sano Y (Japan); Rex DK 
(USA); Soetikno RM (USA); Ponchon T (France); 
and Saunders BP (UK) (Fig.  8.1). In 2009, the 
CTNIG proposed an NBI classification based 
on international validation studies [13, 14]. This 
classification was named as NBI International 
Colorectal Endoscopic (NICE) classification by 
Sano Y at London in February 2010 and approved 
by the members of the CTNIG (Fig. 8.2) [15].
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8.2  Development of the NICE 
Classification

Six experienced endoscopists (Japan [Y.S. and 
S.T.], U. S [D.K.R and R.S] and Europe [B.P.S and 
T.P]) assessed the reliability of NBI prediction on 
corresponding histopathology including hyperplas-

tic polyp, adenoma, and deep submucosal invasive 
cancer. All endoscopists viewed still NBI images of 
colorectal polyps on a high- definition monitor and 
predicted their histology with a level of confidence 
to the prediction (high or low). High-confidence 
prediction was made when participants had ≥90% 
certainty of the diagnosis [16]. Combined perfor-
mance characteristics of high-confidence predic-
tion for adenoma and deep submucosal invasive 
cancer by international experts are shown in 
Table  8.1. The accuracy, sensitivity, specificity, 
positive predictive value (PPV), and negative pre-
dictive value (NPV) were 98.9%, 98.0%, 100%, 
97.7%, and 100%, respectively, for lesions pre-
dicted as adenoma with high confidence, 84.1%, 
86.8%, 81.5%, 86.9%, and 81.4%, respectively, for 
lesions predicted as deep submucosal invasive can-
cer with high confidence [13, 14].

Following to the confirmation of accurate 
diagnosis of each histological types of polyps 
by the experienced endoscopists, CTNIG finally 
developed the NICE classification after struc-Fig. 8.1 The Colon Tumor NBI Interest Group (CTNIG)

Type 1 Type 2 Type 3

Color Same or lighter than background
Browner relative to background
(verify color arises from vessels)

Brown to dark brown relative to
background; sometimes patchy

whiter areas  

Vessels

None, or isolated lacy vessels may
be present coursing across the

lesion

Brown vessels surrounding white
structures** 

Has area(s) of disrupted or
missing vessels 

Surface
pattern

Dark or white spots of uniform
size, or homogeneous absence of

pattern

Oval, tubular or branched  white
structures** surrounded by

brown vessels 

Amorphous or absent surface
pattern 

Most likely
pathology

Hyperplastic & sessile serrated
polyp (SSP) *** Adenoma**** Deep submucosal invasive cancer

Endoscopic
image

*  Can be applied using colonoscopes with/ without optical (zoom) magnification  

**  These structures (regular or irregular) may represent the pits and the epithelium of the crypt opening. 

*** In the WHO classification, sessile serrated polyp and sessile serrated adenoma are synonymous.

****   Type 2 consists of Vienna classification types 3, 4 and superficial 5 (all adenomas with either low or high grade dysplasia, or with superficial submucosal
         carcinoma). The presence of high grade dysplasia or superficial submucosal carcinoma may be suggested by an irregular vessel or surface
         pattern, and is often associated with atypical morphology (e.g., depressed area). 

Fig. 8.2 The NICE classification
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tured discussions and voting using modified 
Delphi method to achieve a consensus [17]. This 
classification is divided into three categories for 
corresponding histology (Type 1, hyperplastic or 
sessile serrated polyp; Type 2, adenoma; Type 3, 
deep submucosal invasive cancer) and has three 
components criteria (color, vessel pattern, and 
surface pattern).

8.3  Validation of the NICE 
Classification

First, performance characteristics of individual 
criterion (color, vessel, surface) was validated by 
novice or untrained students and summarized in 
Table 8.2 [13, 14]. Each component was highly 
associated with corresponding histopathology. 
Color criterion was worth incorporating to the 

NICE classification because the specificity of 
color was as high as that of vessel or surface, 
and anyone could evaluate it easily and quickly. 
Then, the CTING validated the whole classifica-
tion in two studies and obtained the performance 
characteristics for high-confidence prediction of 
adenoma (NICE 1 vs 2) and deep submucosal 
cancer (NICE 2 vs 3) (Table 8.3) [13, 14].

In the prior study, two experts made a prospec-
tive evaluation in differentiating adenoma from 
hyperplastic polyp during colonoscopy. They 
assessed 236 consecutive subcentimeter colorec-
tal polyps using NBI including 192 diminutive 
(≤5 mm) and 44 small (6–9 mm) polyps. Of 236 

Table 8.1 Combined performance characteristics of 
high-confidence prediction by international experts

Prediction Adenoma
Deep submucosal 
invasive cancer

Polyp (n) 118 80
Performance, % 
(95% CI)
Accuracy 99 (98–100) 84 (79–88)
Sensitivity 98 (95–99) 87 (79–92)
Specificity 100 (98–100) 82 (74–88)
PPV 100 (99–100) 81 (74–88)
NPV 98 (95–99) 87 (80–92)

CI confidence interval, PPV positive predictive value, 
NPV negative predictive value

Table 8.2 Performance characteristics of individual criterion when validated by novice or untrained students

Prediction Adenoma Deep submucosal invasive cancer
Participants (n) 44 5
Criterion Color Vessel Surface Color Vessel Surface
Accuracy, %
(95% CI)

71
(68–74)

86
(84–88)

86
(83–89)

71
(67–75)

79
(75–82)

77
(73–81)

Sensitivity, %
(95% CI)

49
(42–56)

80
(74–85)

83
(75–88)

71
(66–76)

88
(84–92)

73
(68–77)

Specificity, %
(95% CI)

93
(91–95)

92
(90–95)

90
(87–94)

71
(67–75)

72
(68–74)

81
(77–84)

PPV, %
(95% CI)

88
(86–91)

92
(90–94)

91
(88–93)

66
(61–70)

71
(67–74)

75
(70–79)

NPV, %
(95% CI)

65
(62–68)

83
(79–87)

85
(80–89)

76
(72–80)

89
(84–92)

79
(75–83)

Table 8.3 Performance characteristics of the NICE clas-
sification for high-confidence prediction

NICE 1 vs 2 NICE 2 vs 3
Prediction Adenoma Deep 

submucosal 
invasive cancer

Rater, n Experts, 2 Medical 
students, 5

Polyps (n) 236 400
Evaluation Real time 

during 
colonoscopy

Still images

Performance, % 
(95% CI)
Accuracy 89 (83–93) 90 (85–93)
Sensitivity 98 (94–100) 92 (87–95)
Specificity 69 (55–80) 88 (84–92)
PPV 87 (80–92) 88 (83–91)
NPV 95 (84–99) 92 (87–95)
HC rate, % 75 50

8 NBI International Colorectal Endoscopic (NICE) Classification
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polyps, 149 (63%) were adenoma with a mean 
size of 4.6 mm (range, 1–9) and 87 (37%) were 
non-adenomatous lesions with a mean size of 
3.2 mm (range, 1–8). 75% of all  polyps were pre-
dicted with high confidence (82% in adenomas; 
and 64% in hyperplastic polyps). The diagnostic 
performance with high-confidence prediction 
reached 89% in accuracy, and 95% in negative 
predictive value for all polyps, 88% in accuracy 
and 95% in negative predictive value for diminu-
tive polyps. These diagnostic performances 
potentially met the thresholds for adopting real-
time endoscopic assessment of the histology of 
diminutive colorectal polyps established by the 
American Society of Gastroenterology [18, 19].

In the latter study, five trained medical students 
assessed the performance characteristics of NICE 
3 lesions for deep submucosal invasive cancer by 
using a high-definition still NBI image library of 
consecutive colorectal tumors, which consisted of 
22 tubular adenomas with low-grade dysplasia, 23 
adenomatous lesions with high- grade dysplasia or 
superficial (<1000 μm) submucosal invasive can-
cer, and 35 deep submucosal invasive cancers. The 
mean size of the lesions was 21.2 ± 10.3 mm (range 
6–60 mm). All images were taken using high-defi-
nition colonoscopes without optical magnification 
(CF-H260AZI; Olympus, Tokyo, Japan). The five 
trained medical students made a high-confidence 
prediction in 50% of all polyps. Among the lesions 
with high- confidence prediction, the students 
achieved 90% of accuracy, 92% of sensitivity, 88% 
of specificity, 88% of positive predictive value, and 
92% of negative predictive value.

The CTNIG confirmed that the NICE clas-
sification is valid for real-time NBI diagnosis of 
adenoma in clinical practice and for diagnosis of 
deep submucosal cancer using still images with-
out optical magnification.

8.4  Treatment Strategy Using 
the NICE Classification 
in Clinical Practice

When you diagnose a polyp as NICE 1, the cor-
responding histopathology of the polyp is either 
hyperplastic polyp (HP) or sessile serrated polyp 

(SSP). There are several endoscopic findings and 
classifications which may be useful to differenti-
ate SSP from HP; however, the diagnostic per-
formance of these were unsatisfactory in terms 
of accuracy and sensitivity [20–22]. The main 
reason for this is the low concordance rate of 
its diagnosis among pathologists. As there is no 
standard consensus or diagnostic criteria for SSP, 
the treatment strategy of NICE 1 lesions depends 
on its location and size. Sano W et al. reported 
the proportion of SSP 5 mm or less in size was 
1.8% in proximal colon and 0.9% in distal colon 
and that of SSP 6–9 mm in size was 43.8% and 
22.2% among polyps with hyperplastic features 
[23]. Based on these data, NICE 1 lesions greater 
than 6 mm in size should be resected.

NICE 2 lesions predictive of adenoma should 
basically be treated by endoscopic resection. 
This category includes benign low-grade adeno-
mas as well as high-grade adenomas and submu-
cosal invasive cancer with malignant behavior 
(Fig. 8.3). These two types should be diagnosed 
individually in terms of choosing correct treat-
ment strategy. The former is basically benign 
and can be treated by polypectomy or piecemeal 
resection. The latter is malignant and should be 
treated by en bloc deep resection such as EMR or 
ESD to examine correct invasion depth of cancer 
for deciding curative or non-curative resection. 
The Japan NBI expert team (JNET) divided type 
2 category into type 2A (low grade adenoma) and 
2B (high grade adenoma and submucosal cancer) 
using magnifying endoscopy. They have devel-
oped advanced classification called the JNET 
classification based on the NICE classification 
[15, 24].

For NICE 3 category predictive for deep sub-
mucosal cancer, the diagnostic performance of 
NICE 3 achieved high accuracy of 90% when 
diagnosed with high confidence. If you diag-
nose NICE 3 with high confidence, surgical 
resection is recommended. However, in case of 
NICE 3 with low confidence, prior endoscopic 
resection should be considered carefully before 
surgical resection because the diagnostic perfor-
mance of NICE 3 with low confidence are not 
high, hence curative therapy may be achieved 
endoscopically.

M. Iwatate et al.
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The NICE classification is the simple and val-
idated classification developed by international 
experts. This classification has been established 
and disseminated in many countries where mag-
nifying endoscopy is not available.
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The Japan Narrow-Band Imaging 
Expert Team (JNET) Classification 
for the Characterization 
of Colorectal Lesion Using 
Magnifying Endoscopy

Yasushi Sano, Shinji Tanaka, and Yutaka Saito

9.1  History of Development 
of Magnifying NBI 
Classification for Colorectal 
Lesions

Narrow-band imaging (NBI) was initially devel-
oped by Yasushi Sano, Manabu Muto, and 
Hirokazu Gono et  al., under the supervision of 
Dr. Shigeaki Yoshida at the National Cancer 
Center Hospital East in 1999 [1, 2]. A prototype 
short-wavelength narrow-band RGB filter was 
successfully created in 2001 (monochrome NBI) 
[1, 2], and the microvascular architecture of the 
gastrointestinal tract and tumor surface structure 
were successfully visualized in color using 415 
and 540 nm short- and medium-wavelength fil-
ters in 2003 [3].

In 2004, Sano et  al. reported the usefulness 
of observing the pit pattern and the usefulness of 
vascular classification using NBI [3], and reported 
the first classification of the capillary pattern (so-

called “Sano classification”) using NBI mag-
nifying colonoscopy in 2006 [4–8]. Thereafter, 
the Magnifying Endoscopy Study Groups of the 
Ministry of Health, Labor and Welfare (Sin-ei 
Kudo, Yasushi Sano, and Haruhiro Inoue groups) 
discussed the usefulness of NBI classification 
based on the findings of NBI magnifying endos-
copy, which led to the proposal of new classifica-
tions (Hiroshima [9, 10], Showa [11], and Jikei 
[12] classifications) based on the capillary pat-
tern from several institutions.

A number of validation studies of NBI magni-
fying endoscopic classifications proposed in 
Japan have reported the usefulness of NBI mag-
nifying endoscopy in the qualitative and quantita-
tive diagnosis of colorectal lesions. However, 
clinical studies have raised the following issues: 
(1) existence of multiple terms for the same or 
similar magnifying findings, (2) the necessity of 
including the surface patterns in magnifying 
endoscopic classifications, and (3) differences in 
the NBI magnifying findings in elevated and 
superficial lesions. To resolve the aforementioned 
issues, the necessity of developing a universal 
classification was discussed.
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9.2  The Universal NBI 
Magnifying Endoscopic 
Classification of Colorectal 
Tumors: The Japan NBI 
Expert Team (JNET) 
Classification

To establish a universal NBI magnifying endo-
scopic classification of colorectal tumors, the 
Japan NBI Expert Team (JNET), consisting of 38 
members, mainly specialists in colonoscopy from 
throughout Japan, was formed within the 
“Research Group of the National Cancer Center 
Research and Development Fund” (Yutaka Saito 
Group) in 2011 (Fig. 9.1).

First, it was necessary to establish common 
evaluation criteria, and a working group mainly 
consisting of young but experienced researches 
from six institutions, including the institution to 
which the member who first proposed establish-
ment of a classification belonged to, was orga-
nized to hold discussions. Consequently, normal/
hyperplastic lesions/sessile serrated polyp were 
classified as type 1, low-grade adenomas as type 
2A, high-grade adenomas as type 2B, and deep 
submucosal invasive cancers as type 3, and a 
magnifying NBI scale including the vascular and 
surface patterns was created (Fig. 9.2a, b) [13].

To scientifically evaluate the NBI scale and 
determine the NBI findings and diagnostic cri-

teria used in the universal classification, a web 
image interpretation study was conducted by 
NBI specialists in colonoscopy belonging to the 
JNET in 2013 (Principal investigator: Yasushi 
Sano) [14]. Twenty-five expert colonoscopists 
in the JNET viewed 100 still NBI images with 
and without magnification on the web to evalu-
ate the NBI findings and necessity of each crite-
rion (vessel pattern and surface pattern) which 
was counted when the criterion gave a great 
contribution to the final diagnosis. We found 
that surface pattern in magnifying NBI images 
was necessary for diagnosis of polyps in more 
than 60% of cases, whereas vessel pattern was 
required in around 90%. Univariate/multivari-
ate analysis among five candidate findings of 
type 3 in the NBI scale identified three findings 
(loose vessel area, interruption of thick ves-
sel, and amorphous areas of surface pattern) 
significantly associated with deep submucosal 
cancer (Table 9.1). Evaluation of the diagnostic 
performance for these three findings in com-
bination showed that the sensitivity was high-
est (54.7%), and the specificity was acceptable 
(97.4%) when any one of the three findings was 
evident (Table 9.2). Similarly, three findings of 
type 2B (variable caliber of vessels, irregular 
distribution of vessels, and irregular or obscure 
surface pattern) were identified and the pres-
ence of any one of the three type 2B findings 

Fig. 9.1 Main member of Japan expert team (Tokyo, 2106)
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yielded the highest sensitivity of 44.9%, which 
could diagnose malignant polyps the most. 
Furthermore, we found that the macroscopic 
type (polypoid or non-polypoid) had only a lit-
tle influence on the key diagnostic performance 
of types 2B and 3.

Based on these data obtained from the present 
study, the Saito Group meeting on June 6, 2014 
reached a consensus on the universal NBI magni-
fying endoscopic classification of colorectal 
tumors based on scientific grounds using a modi-
fied Delphi method (Fig. 9.3).

Normal/
Hyperplasia

Type 1

a

b

Low grade adenoma

Type 2A 

Deep submucosal

invasive carcinoma

None, or isolated lacy
vessels may be present

coursing across the
lesion 

High grade adenoma

Type 2B Type 3

Has area(s) with markedly
distorted or missing vessels

Has area(s) with moderately
distorted vesselsRegular

• Vessels are invisible

• If vessels are visible, the
  vessel caliber in the lesion
  is the same as that in the
  surrounding normal
  mucosa

• Lacy vessels coursing
  across the lesion

• Distribution of dark brown
  microvessels

• Uniform and regular, relatively well-
  ordered reticular pattern

(*Note that microvessels are often
distributed in a punctate pattern and
the well-ordered reticular pattern is not
commonly observed in depressed
lesions.) 

• Varied caliber/caliber change 

• Thick vessels/vessel dilation

• Uneven and irregular distribution of
  vessels

• Vessel meandering

*Approximately ≥ 1.5 times thicker
than in adenomas

• Avascular areas or loose vascular
  areas

• Disrupted thick vessels

Polypoid type

Non-Polypoid type Non-Polypoid type Non-Polypoid type

Polypoid type Polypoid type

Dark or white spots of
uniform size, or

homogeneous absence of
pattern 

Regular

• Tubular or dendritic or papillary

• Regular surface pattern  

• Corresponding to type III or IV
  pit pattern

• Visible surface pattern with
  irregularity 

• Corresponding to the type Vi
   pit pattern

• Invisible surface pattern

• Corresponding to the type Vn
  pit pattern

Irregular Amorphous

• Regular dark or white spots

• Uniformly obscure structure

Normal/
Hyperplasia

Type 1

Low grade adenoma

Type 2A

High grade adenoma

Type 2B

Deep submucosal
invasive carcinoma

Type 3

Fig. 9.2 Magnifying NBI scale (a) NBI scale and definition for vascular pattern. (b) NBI scale and definition for sur-
face pattern
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The JNET classification consists of four cat-
egories of vessel and surface patterns, i.e., 
Types 1, 2A, 2B, and 3. Types 1, 2A, 2B, and 3 
are correlated with the histopathological find-
ings of hyperplastic polyp/sessile serrated 
polyp (SSP), low-grade adenoma, high-grade 
adenoma, and deep submucosal invasive can-
cer, respectively [15].

Magnifying endoscopy with NBI has been 
widely used not only in distinction between non- 
neoplasia and neoplasia, but also, in the differen-
tial diagnosis of deep submucosal colorectal 
cancers from superficial submucosal cancers and 
intramucosal neoplasms. However, resent sys-

tematic review and meta-analysis showed that 
magnifying NBI and magnifying chromoendos-
copy had comparable specificities in diagnosing 
deep submucosal colorectal cancers, but the sen-
sitivity of M-NBI was slightly lower than that of 
magnifying chromoendoscopy. Therefore, a 
detail observation using magnifying chromoen-
doscopy is recommended, when the lesion is 
showing JNET type 2B [16].

9.3  Application of the NICE 
and the JNET Classification

The NICE classification [17, 18] and the JNET 
classification are compatible with each other 
because the two classifications both contain three 
main categories predictive for the same histology 
(Fig.  9.4). When magnifying endoscopy is not 
available, the NICE classification should be used 
in clinical practice. While, the JNET classification 
is more advanced in selecting the correct therapeu-
tic strategy based on precise diagnosis when mag-
nifying endoscopy is available. A video article 
introducing the JNET classification with typical 
cases of each category will help you understand 
this classification easily in short time [19].

Table 9.1 Prevalence and univariate/multivariate analysis of the five candidate type 3 findings for deep submucosal 
invasive cancer

Type 3 candidate findings

D-SMC
(n = 500)
no. (%)

S-SMC/
HGIN
or LGIN
(n = 1000)
no. (%)

Univariate 
analysis

Multivariate 
analysis

OR (95% CI) OR (95% CI)
Loose vessel area 124

(24.8%)
13
(1.3%)

30.5
(16.9–54.9)

5.4
(1.6–18.0)

Interruption of thick vessels 124
(24.8%)

7
(0.7%)

57.0
(26.2–123.8)

12.1
(2.4–61.3)

Scattered vessels 106
(21.2%)

8
(0.8%)

39.5
(19.0–82.2)

2.0
(0.57–6.8)

Thick, linearized/meandering atypical vessels in 
the tumor

45
(9.0%)

5
(0.5%)

21.6
(8.5–54.9)

0.6
(0.08–3.8)

Amorphous areas of surface pattern 107
(21.4%)

10
(1.0%)

47.6
(24.3–93.2)

4.0
(1.29–12.4)

Table 9.2 Performance characteristics of diagnostic cri-
teria of type 3 in combination with three NBI findings for 
deep submucosal invasive cancer

Type 3 criteria in combination 
with three findingsa

Sensitivity 
(%)

Specificity 
(%)

1 Any one of 
three findings

54.7 97.4

2 Any two of 
three findings

50.5 98.6

3 All three 
findings

23.4 99.5

aThree findings: loose vessel area, interruption of thick 
vessel, and amorphous areas of surface pattern
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Type 1 Type 2A Type 2B Type 3

Vessel
pattern Invisible*1 

Regular caliber
Regular distribution

(meshed/spiral pattern)*2 

Variable caliber
Irregular distribution

 Loose vessel areas
 Interruption of thick vessels

Surface
pattern

Regular dark or white spots
Similar to surrounding

normal mucosa 

Regular
(tubular/branched/papillary) Irregular or obscure Amorphous areas

Most likely
histology

Hyperplastic polyp/
Sessile serrated polyp

Low grade intramucosal
neoplasia

High grade intramucosal
neoplasia/ Shallow

submucosal invasive cancer*3 

Deep submucosal
invasive cancer

Endoscopic
image

*1. If visible, the caliber in the lesion is similar to surrounding normal mucosa. 

*2. Micro-vessels are often distributed in a punctate pattern and well-ordered reticular or spiral vessels may not be observed in depressed lesions.

*3. Deep submucosal invasive cancer may be included.

Fig. 9.3 JNET classification (NBI magnifying endoscopic classification of colorectal tumors)

Type 1 Type 2 Type 3

Color
Same or lighter than

background

Browner relative to
background (verify color

arises from vessels)

Brown to dark brown
relative to background;

sometimes patchy whiter
areas

Vessels
None, or isolated lacy vessels

may be present coursing
across the lesion

Brown vessels surrounding
white structures** 

Has area(s) of disrupted
or missing vessels

Surface
pattern

Dark or white spots of
uniform size, or

homogeneous absence of
pattern  

Oval, tubular or branched
white structures**

surrounded by brown vessels  

Amorphous or absent
surface pattern 

Most likely
pathology

Hyperplastic & sessile
serrated polyp (SSP)*** Adenoma**** 

Deep submucosal invasive
cancer 

*  Can be applied using colonoscopes with / without optical (zoom) magnification  
**  These structures (regular or irregular) may represent the pits and the epithelium of the crypt opening.  
*** In the WHO classification, sessile serrated polyp and sessile serrated adenoma are synonymous. SSPs often demonstrate
     some dark, dilated crypt orifices.  
****   Type 2 consists of Vienna classification types 3, 4 and superficial 5 (all adenomas with either low or high grade dysplasia,
        or with superficial submucosal carcinoma). The presence of high grade dysplasia or superficial submucosal carcinoma
        may be suggested by an irregular vessel or surface pattern, and is often associated with atypical morphology (e.g.,
        depressed area).   

Fig. 9.4 NICE classification
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10.1  Introduction

The traditional approach to esophageal cancer 
consists of open or thoraco-laparoscopic surgery, 
chemoradiotherapy or both. Surgery has consis-
tently been associated with increased morbidity 
and mortality. An older large cohort study 
famously reported fairly high esophagectomy 
mortality rates ranging from 9.5 to 15.3% [1]. 
These numbers have improved drastically since 
the introduction of minimally invasive transtho-
racic esophagectomy. In a multicenter cohort 
study of over 1000 procedures, mortality from 
surgery ranged between 1.0 and 4.6% [2]. The 
benefits of endoscopic resection over surgery 
have been reported in a study by Zhang and col-
leagues who evaluated the perioperative mortality 
of esophagectomy compared to ESD in 596 

patients with T1a or T1b esophageal cancers. The 
mortality of surgery was five times higher than 
that of ESD [3]. In addition, esophagectomy was 
associated with higher episodes of severe adverse 
events (27.7 versus 15.2% for surgery and ESD, 
respectively). In a median follow-up of 21 
months, the all-cause mortality and cancer recur-
rence/metastasis was similar across both cohorts 
(10.9 versus 7.4% and 8.9 versus 9.1%, respec-
tively, for surgery and ESD). Current data do sug-
gest similar efficacy when ESD is compared to 
surgery not only in the esophagus but also in the 
stomach and colon [4, 5]. Nevertheless, ESD is 
an advanced endoscopic resection technique and 
has one of the highest complication rates in thera-
peutic endoscopy. As with other procedures 
requiring manual dexterity, the complication rate 
is inversely associated with procedural volume. 
Odagiri and colleagues reported an average com-
plication rate of 3.3% for esophageal ESD. 
Perforation or perforation associated complica-
tion rates varied almost fourfold depending on 
hospital’s ESD volume per year: very low vol-
ume centers (≤8 cases) having a complication 
rate of 4.8%; low volume (9–17 cases), 4.5%; 
high volume (18–38 cases), 2.5%; and very high 
volume (≥39 cases), 1.3% [6]. As opposed to 
perforation, post-ESD bleeding appears to be 
very rare (0–0.7%) [7]. However, even when 
these complications occur, surgery is rarely 
needed [8].
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10.2  Indication

Although a higher en bloc resection is achieved 
with ESD, there may be little clinically proven 
advantages of this method compared to a less 
complex procedure, Endoscopic Mucosal 
Resection (EMR) [9]. Currently, EMR may be 
considered for lesions that are <1 cm in size and 
deemed to be restricted to the mucosa by 
advanced imaging techniques.

ESD is indicated for larger superficial neopla-
sia that cannot be resected en bloc using the 
EMR technique and/or when invasion is pre-
dicted to reach the superficial submucosal layer. 
Before proceeding with the ESD, an in-depth 
understanding of advanced imaging techniques 
is paramount (please refer to Volume 1 for details 
on Endoscopic Imaging of superficial esopha-
geal neoplasia). Occasionally, it may be difficult 
to totally rely on endoscopic imaging alone. 
Therefore, endoscopic resection (either ESD or 
EMR) is now also used as a “staging 
procedure.”

The Japanese Esophageal Society (JES) 
guidelines for ESD state that endoscopic resec-
tion is deemed sufficient as treatment of early 
esophageal cancer for T1a lesions up to the lam-
ina propria and affecting less than two-thirds of 
the circumference of the organ. A broadened cri-
terion (relative indication) includes invasion up 
to 200  μm into the submucosa (sm1, 10]. The 
ESGE guidelines have a slightly different 
approach toward curative ESD and recommends 
that it should be confined to the superficial 
mucosa and not have lymphovascular invasion 
[11]. The ESGE also recognizes that for SCC, 
invasion up to 200 μm is most likely curative if 
there are no other high-risk criteria. The JES 
highlights that their guidelines are mostly based 
on SCC which has a higher lymph node metastasis 
rate compared to esophageal adenocarcinoma 
(EAC). In line with this, a Japanese study looking 
at EAC has proposed similar thresholds as the 
ESGE for EAC which has as relative indication 
for submucosal invasive tumors extending up to 
500 μm into the submucosa [12]. The indications 
according to ESGE and JES for both SCC and 
EAC have been summarized in Table 10.1.

Finally, it is important to touch on the use of 
antithrombotic agents and its influence on proce-
dural bleeding. It has been shown that aspirin 
may not influence bleeding during or after ESD 
in contrast to other antiplatelet and anticoagulant 
agents [7]. One should liaise with the patients’ 
general practitioner and/or specialist in order to 
discuss the risks and benefits of discontinuing 
these medications prior to performing an ESD. 
Using CO2 is mandatory in ESDs.

10.3  ESD Procedure

10.3.1  Preparation

As in all therapeutic endoscopic procedures, 
most ESDs are performed under General 
Anesthesia (GA). This prevents aspiration and 
provides better overall control for the procedural-
ist. The sedation duration should ideally be tai-
lored to patient and lesion characteristics (e.g., 
ESD in larger lesions could last for several hours, 
complicated by more intraprocedural bleeding 
and require numerous reinsertions of the 
endoscope).

10.3.2  Marking

This step begins with the clear delineation of the 
margin of the lesion. Either or both virtual chro-
moendoscopy (e.g., narrow band imaging—NBI) 
and vital stain (e.g., Lugol iodine) can be used 
(Fig. 10.1). The type of accessory used to perform 
the marking largely depends on personal experi-
ence and the equipment available but usually con-
sists of either argon plasma coagulation or the 
same knife that will be used for incision/submu-
cosal dissection (e.g., ERBE knife, dual knife J, 
triangular tip knife J), in the “coagulation mode.” 
This should be performed on normal mucosa sur-
rounding the lesion with at least a 2 mm normal 
margin “clearance” (Fig. 10.2). It is advisable that 
on the oral extremity, an additional marking be 
placed to make the orientation of the specimen 
easier after the procedure is completed. Therefore, 
one can inform the pathologist of the orientation 
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of the specimen, which could be  crucial when 
margins are compromised. In accordance with 
this, one must note that the marking line should 
not be breached during mucosal incision.

10.3.3  Submucosal Injection

Submucosal injection solution customarily consists 
of a saline/colloid mix with adrenaline and a small 
amount of coloring agent such as indigo carmine or 
methylene blue. The colloid generally used is 
Gelofusine® (succinylated fluid gelatin), MucoUp® 
(hyaluronic acid), or mannitol. The exact amount of 

Table 10.1 Endoscopic submucosal dissection in esophagus—standard and extended indication flowchart

Indication for esophageal ESD
ESGE guidelines JES guidelinesa

Standard Extended Standard Extended
Squamous Size Any Any <2/3rds of 

circumference
Any

Cell Depth m2 m3/sm1 (≤200 μm) T1a (up to lamina 
propria)

sm1 
(≤200μm)

Carcinoma Histology Any Well-differentiated Any Any
Lymphovascular 
invasion

No No Unclearb Unclearb

Esophageal Size Any Any ≤3 cm –

Adeno Depth m3 sm1 (≤500μm) sm1 (≤500μm) –

Carcinoma Histology Any Not poorly 
differentiated

Not poorly 
differentiated

–

Lymphovascular 
invasion

No No No –

aIndication for esophageal adenocarcinoma based on Ishihara et al. [12]
bUnclear if lymphovascular invasion status alone determines whether the lesion was completely resected or not [13]

Fig. 10.1 Area of interest on white light and NBI

Fig. 10.2 Marking
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each is debatable, but a common mix used in the 
East consists of 100 mL of saline + 1 mg of adrena-
line (1:100,000 solution) + 100 mL of hyaluronic 
acid + 0.4 mL of indigo carmine. This is usually 
injected with a 25G needle in 2–5 mL aliquots per 
injection (5–10 mL syringe).

10.3.4  Incision

There are different approaches used for the initial 
mucosal incision. For instance, for small lesions 
it is possible to perform an all-round mucosal 
incision prior to the submucosal dissection. For 
larger lesions, a 2–3 cm incision on the proximal 
edge is sufficient, followed by submucosal dis-
section. As the endoscopist is proceeding with 
the submucosal dissection, it may sometimes 
become difficult to progress due to restrain pro-
vided by the “un-incised” mucosa. The mucosal 
incision can then be extended on either side and 
dissection continued until the mucosal incision 
on either side are connected at the anal extremity. 
A number of alternative methods to tackle spe-
cific/difficult situations have also been devel-
oped, such as the pocket creation method. This 
consists of a smaller initial mucosal incision and 
tunneling the submucosa until the anal extremity 
if reached. The mucosal incisions are then 
“joined” on either side of the pocket after most of 
submucosal dissection has taken place.

Whenever possible, the mucosal incision 
should be extended to the depth of the deepest 
submucosal layer (Fig. 10.3). This will enable the 
endoscopist to cut the border loose during sub-
mucosal dissection as opposed to further “dig-
ging” underneath the incision line (which could 
be carried out blindly leading to complications). 
This is optimally and safely achieved in an angled 
approach (45–60 degrees). Avoiding a 90-degree 
angle helps in preventing perforations.

10.3.5  Submucosal Dissection

As per anatomic particularities (e.g., thinner wall, 
absence of serosa), the esophagus requires more 
“gentle” knives than the stomach. The most com-

mon knives available in the market that can be 
used for esophageal ESD are the IT knife nano, 
dual knife (1.5  mm), flush knife (1.5  mm), SB 
knife Jr, and the ERBE hybrid knife. All of these 
have their advantages and disadvantages.

The ability to visualize the muscular plane is 
one of the most important (and maybe one of the 
most difficult) steps (Fig. 10.4). This could be a 
drawback of the SB knife Jr. This device requires 
the assistant to rotate the knife to meet the paral-
lel plane of dissection, hence requiring at least 
two operators who are experienced in 
ESD. However, it is thought to lead to less com-
plications, especially for nonexperts as it pro-
vides more controlled cutting with a “scissor-type” 
action.

Fig. 10.3 Mucosal incision extended up to deep submu-
cosa

Fig. 10.4 Submucosal dissection
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The IT knife nano (and other insulated tip 
knives) have the peculiarity of needing a mucosal 
breach before initiating its use (e.g., with a nee-
dle knife). This knife does offer additional pro-
tection to prevent perforation when compared to 
the non-insulated tip types. With the IT knife 
nano, the incision and dissection should be pref-
erably performed in a retrograde or “pulling” 
fashion (i.e., from anal to oral) or sideways.

Other knives such as the Dual knife J, the tri-
angular tip knife and the ERBE hybrid knife can 
be used as sole devices, although they do require 
an injection prior. With the latter knives, incision 
and dissection should be preferably performed in 
an antegrade fashion (i.e., from oral to anal) or 
sideways.

A thin wall, surrounding vital structures (e.g., 
aorta, mediastinum) and absence of serosa layer 
make the esophagus a site for particular concern 
for perforation. When a muscular defect is sus-
pected, the patient vitals should be monitored 
closely and endoscopic closure of the defect 
attempted using standard endoscopic clips. If this 
is successful and the patient is stable, one could 
continue with the procedure with extra caution. If 
this is unsuccessful and/or the patient vitals dete-
riorate, an endoscopy-guided nasogastric tube 
must be swiftly placed and the procedure aborted. 
Depending on the endoscopist expertise with 
advanced endoscopy, other closure devices could 
be used to deal with the perforation (e.g., Over 
The Scope Clip-OTSC®, fully covered stents, 
endoscopic suturing using the OverStitch™).

Another difficulty one may find during esoph-
ageal ESD is related to the adequate presentation 
of the submucosa to the knife. This sometimes 
can be made easier with the traction technique. It 
can only be used when a mucosal incision and at 
least some submucosal dissection has been per-
formed. This technique consists of tying a line 
(e.g., dental floss) to an endoscopic clip which is 
advanced through the working channel prior to 
scope insertion (scope withdrawn, outside the 
patient). The line should pass outside the scope to 
enter the distal end of the working channel. After 
the line is tied, the clip is closed and withdrawn 
into the working channel. The scope is then intro-
duced into the patien t. The clip should then be 

deployed on the submucosal face of the to-be 
specimen, on its proximal edge. Once deployed, 
the clip and hence the specimen will be connected 
to the line which can be separately captured out-
side the patient’s oral cavity. An assistant could 
apply proximal and downward traction which is 
likely to allow easier access to the submucosa. A 
snare and clip technique could also be used which 
may help with both pushing and pulling. Although 
specialized through-the-scope clips with traction 
capability have been developed (e.g., S-O clip—
Zeon Medical, Tokyo, Japan), this are mostly 
used for colonic and gastric ESD as they require a 
broad lumen for optimal performance. Therefore, 
the manually prepared traction system described 
above is still preferred for esophageal ESD.

After the completion of resection, the specimen 
should be retrieved and fixed on a flat surface (e.g., 
cork with pins) before formalin is added, and then 
sent for histological evaluation (Fig.  10.5). The 
pathologist should be informed of the specimen’s 
orientation (e.g., different color pin on the proxi-
mal extremity), especially if the margins are not 
clear. It is also advisable to extensively photo doc-
ument the resected specimen and the resection bed 
for future reference. Once the ESD is complete 
and the specimen retrieved, a final assessment of 
the ulcer/bed should be done carefully, applying 
hemostatic forceps (e.g., Coagrasper™) to any vis-
ible vessels and clipping any muscular breaches.

As per variations in the abovementioned ESD 
technique, there are multiple different techniques 

Fig. 10.5 Specimen fixed on cork
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and devices that could be used and hence should 
be tailored to the Endoscopist’s experience.

10.3.6  Training

It is contentious how many procedures are 
required to achieve competency as previous 
experience can have a big impact on the learning 
curve. Full proficiency with both diagnostic and 
therapeutic gastroscopy and colonoscopy must 
be achieved before attempting ESD. In addition, 
watching a number of ESDs performed by experts 
is of utmost importance. However, the exact 
number of observed and mentored ESDs and the 
site where to start is debatable.

In the East, it is advised that one should begin 
with 50 gastric antral ESDs before proceeding 
with more complex areas such as the esophagus. 
This is mainly because the stomach has thicker 
submucosa and muscularis propria layers. It is 
also a common site for early neoplastic lesions in 
the East, making it a feasible target for early 
training. In the West however, this site is difficult 
to use for training mainly due to the low inci-
dence of early gastric cancers. Therefore, in the 
West, rectal lesions are generally targeted before 
progressing to the colon and esophagus [14]. In 
addition, the availability of mentoring for ESD is 
much more limited in the West as opposed to the 
East. These make the consensus of a minimum 
standard difficult to reach.

It is important to note that familiarity with 
other endoscopic resection techniques (e.g., 
EMR) influences the learning curve. Therefore, 
teaching should be individualized and tailored to 
the availability of cases and mentoring in each 
center. In addition, practice on animal models (in 
vivo or ex vivo) and observation of ESDs in high- 
volume centers is advised [11].

10.4  Conclusion

ESD of the esophagus is a complex therapeutic 
endoscopic procedure that allows even large 
superficial neoplasms to be resected in an en bloc 
fashion. Special attention must be given prior to 

the procedure to ensure it is performed for the 
correct indication; and during the procedure 
ensuring the lesion is clearly demarcated and 
cautiously dissected. Attention should also be 
focused on intra-procedural complications such 
as bleeding and perforation. In addition, suffi-
cient training is necessary to achieve optimal 
proficiency.
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Diagnosis of Early Neoplasia 
and Dysplasia in Inflammatory 
Bowel Disease

Moe Kyaw and Siew C. Ng

11.1  Introduction

Colorectal cancer (CRC) is one of the major 
causes of morbidity and mortality worldwide, 
representing the second most common cancer 
among females and the third among males [1]. 
Patients with inflammatory bowel disease (IBD) 
are at an increased risk for CRC and the risk 
increases with the duration and extent of the dis-
ease [2]. The earliest meta-analysis on risk of 
IBD-associated CRC concluded that the cumula-
tive probability of CRC was 2% by 10 years, 8% 
by 20 years, and 18% by 30 years after the diag-
nosis of IBD [3]. A more recent meta-analysis 
reported a lower cumulative risk of CRC at 1.2% 
by 15  years, 1.7% by 20  years, and 2.6% by 
25  years of disease duration [4]. Yet, there 
remains a 2.4-fold increased risk of CRC in 
patients with IBD compared to those without 
IBD [4] and this risk increases to 4.8-fold in 
patients with concomitant primary sclerosing 
cholangitis [5].

IBD-associated CRC and sporadic CRC (CRC 
in patients without any predisposition) differ in 
their pathological pathways. Unlike sporadic 
CRC that develops mostly from the standard 
adenoma- carcinoma sequence, IBD-associated 

CRCs develop from a background of inflamma-
tion and regeneration [6]. In addition, unlike the 
adenoma precursor in sporadic CRC, the precan-
cerous lesion in IBD is cellular dysplasia arising 
from flat mucosa that may not be readily seen by 
standard white light endoscopy.

Surveillance colonoscopy should be per-
formed approximately 8–10 years after the onset 
of ulcerative colitis or Crohn’s colitis (involving 
at least one-third of the colon). Traditionally, it 
has been agreed that a minimum of 32 random 
biopsies (non-targeted) should be performed at 
each surveillance colonoscopy by obtaining 
4-quadrant biopsies every 10  cm, with each 
quartet placed in a separate specimen container 
[7]. This technique is time-consuming and ran-
dom biopsies only cover a minute fraction of the 
entire colon. The rational for the random biop-
sies is based on the observation that dysplasia in 
IBD is invisible or difficult to detect. With 
recent advances in endoscopic technology, those 
dysplasia that was thought to be “invisible” with 
standard white light endoscopy has become 
identifiable. In this chapter, we describe the 
endoscopic imaging techniques currently avail-
able for the detection of IBD-associated 
neoplasia.
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11.2  Image Enhanced Endoscopy: 
Chromoendoscopy

11.2.1  Preparation and Technique 
of Chromoendoscopy

Three types of dyes are available to perform 
chromoendoscopy: indigo carmine (a contrast 
dye), methylene blue (an absorptive dye), and 
cristal violet.

If a suspicious lesion is identified, a selective 
spray of a more concentrated solution of dye can 
be helpful to enhance the border and surface 
tomography of the lesion.

11.2.2  Detection 
and Characterization 
of Lesions

During the inspection, the endoscopist should 
look for areas that appear to be different from 
surrounding mucosa in terms of the following 
characteristics: (1) color (discolored or red-
dened); (2) level of elevation (elevated, or 
depressed); (3) vascular pattern (obscure vascular 
pattern); and (4) surface pit pattern (Kudo pit pat-
tern). The endoscopist should not ignore the pres-
ence of surrounding mucosal inflammation or 
inflammatory polyps as these findings increase 
the risk for dysplasia.

The Paris and Kudo classification can used to 
describe lesion morphology and pit pattern simi-
lar to sporadic polyps. Using the Paris classifica-
tion, lesions are described as polypoid or 
non-polypoid lesions. Polypoid lesions are easier 
to detect and if deemed resectable should be 
removed by polypectomy or endoscopic mucosal 
resection or endoscopic submucosal dissection. 
Additional biopsy specimen should be taken from 
normal appearing mucosa surrounding the lesion 
to exclude dysplasia in the surrounding area.

It is more challenging to detect non-polyp-
oid lesions. Targeted biopsies of any suspicious 
appearing lesions remains a reasonable alterna-
tive if the yield of chromoendoscopy is reduced 
by significant underlying inflammation, inflam-

matory polyps, in any area of poorly visual-
ized mucosa or the endoscopist is uncertain of 
the presence of a definitive lesion [8]. Targeted 
biopsies should also be taken of any unresectable 
abnormality visualized through chromoendos-
copy to diagnose dysplasia [9]. Tattooing should 
be considered for any suspicious dysplastic 
lesions arising from a flat mucosa or those not 
amenable to endoscopic removal.

If biopsies for dysplasia are not done at a specific 
segment, two random biopsies in each bowel seg-
ment may be reasonable to document microscopic 
disease activity. Microscopic inflammation has 
been shown to affect disease outcome in UC includ-
ing risk of CRC and surgery [10, 11]. If no biopsies 
for dysplasia were taken, there should still be a total 
of eight random biopsies (two from caecum, two 
from transverse, two from descending colon, and 
two from rectum) after each colonoscopy.

11.2.3  Barriers to Effective 
Chromoendoscopy

The following factors can reduce the effective-
ness of surveillance chromoendoscopy and should 
be optimized accordingly. Quality of bowel 
preparation should be good and ideally excellent. 
Appropriate time should be allocated in endoscopy 
lists to permit chromoendoscopy and for meticu-
lous mucosal inspection. The British Society of 
Gastroenterology recommends adding 15 min per 
procedure [12]. Active inflammation during chro-
moendoscopy makes differentiation from dysplas-
tic areas very challenging. In such cases it may be 
best to perform random biopsies every 10 cm in the 
bowel segments of inflammation (Fig. 11.1).

11.3  Image Enhanced Endoscopy: 
NBI, i-scan, FICE, and AFI

11.3.1  Narrow-Band Imaging (NBI)

NBI can be used to identify dysplastic lesions in 
patients with IBD; however, guidelines have not 
recommended this technique as an alternative to 
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dye-based chromoendoscopy [9] (Fig. 11.1). This 
recommendation is based on results of four ran-
domized studies, which have not shown a signifi-
cant difference in the detection in number of 
patients with dysplasia between NBI and dye- 
based chromoendoscopy [13–16]. Nonetheless, 
the studies do not document a benefit of chromo-
endoscopy over NBI. Inconclusive findings from 
these studies are likely due to small sample size 
and a lack of power to address the superiority of 

CE over NBI. Furthermore, in all the studies, an 
older generation of NBI was tested, most likely 
limited by the inadequate brightness of the 
images (LUCERA SPECTRUM or EXERA II). 
With the latest generation of NBI (LUCERA 
ELITE or EXERA III) being widely available in 
most centers, providing brighter and improved 
image resolution, whether CE is truly superior to 
NBI in detection of dysplasia in IBD patients 
remains to be determined.

a b

c d

Fig. 11.1 (a) A patient with active ulcerative colitis—
random biopsies from inflamed segment suggestive of 
low-grade dysplasia. (b, c) Follow-up colonoscopy after 
treatment of ulcerative colitis, multifocal non-polypoid 

lesions detected at white light endoscopy, low-grade dys-
plasia from histology of lesion. (d) NBI images of the 
non-polypoid lesion
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11.3.2  i-scan

i-scan is a type of digital chromoendoscopy. It 
has three modes of image enhancement: (1) sur-
face enhancement (SE), (2) contrast enhance-
ment (CE), and (3) tone enhancement (TE) [17]. 
The three modes can be switched with a press of 
a button. Furthermore, SE mode and CE mode 
has three enhancement levels (low, medium, and 
high), and three different TE modes are available 
to examine esophagus, stomach, or colon.

Currently, there is a lack of evidence to support 
the use i-scan for surveillance endoscopy in 
patients with IBD. Few studies have explored the 
use of i-scan in patients with IBD. For detection of 
dysplasia, a randomized study concluded no addi-
tional benefit of i-scan over high-definition (HD) 
white light endoscopy or chromoendoscopy. The 
study published in abstract form only (96 patients 
in total) did not provide a detection rate for i-scan 
[18]. A recent case–control study published in 
abstract form reported that the detection of dyspla-
sia with i-scan (12.5%, 2/16) was comparable with 
chromoendoscopy (21%, 4/19, P  =  0.336) [19]. 
The only fully published randomized trial of the 
use of i-scan in IBD patients was for assessing 
inflammation. It reported that i-scan significantly 
improves the diagnosis of the severity and extent 
of mucosal inflammation in patients with IBD in 
comparison to HD white light endoscopy [20].

11.3.3  Fujinon Intelligent Color 
Enhancement (FICE)

Similar to i-scan, with FICE, each components of 
the white light image is converted along its tone 
curve followed by resynthesis of the three compo-
nents to reconstruct a new digital image. The num-
ber of combinations is endless but FICE is equipped 
with 10 filters with predefined absorption wave-
lengths, which can be activated by a press of the 
button or changed using the keyboard.

To our knowledge, there are no data as yet on 
the use of FICE for surveillance endoscopy in 
patients IBD, although a trial of FICE for the sur-
veillance of IBD patients is registered on 
Clinicaltrials.gov (identifier NCT01882205).

11.3.4  Autofluorescence Imaging 
(AFI)

AFI is performed with an endoscope (Lucera, 
Olympus, Tokyo, Japan), which has an additional 
charge-coupled device allowing differentiating 
normal tissue from neoplastic tissue. All tissues 
will exhibit autofluorescence when excited by 
ultraviolet (>400 nm) or short visible light (400–
550  nm) [21]. Autofluorescence is produced by 
fluorophores (biomolecules such as collagen, 
elastin) emitting a fluorescent light of longer 
wavelength. AFI is influenced by tissue architec-
ture, absorption of light (determined by absorp-
tive capability of neoplastic neovascularization), 
and concentration of fluorophores. With AFI, neo-
plastic tissue appears as purple color on a green 
fluorescence background of normal tissue [22].

Limited data exists on the use of AFI for sur-
veillance in patients with IBD.  In the only ran-
domized trial (prospective crossover trial) in 
patients receiving AFI first, 10 lesions in 25 
patients were detected and the subsequent white 
light endoscopy did not detect additional lesions. 
In the patients receiving white light endoscopy 
first, three lesions were detected in 25 patients, 
and AFI detected an additional three lesions. This 
resulted in a miss rate of 50% in the white light 
endoscopy group versus 0% in the AFI group 
(P = 0.036) [23]. Larger studies are required to 
investigate the potential role of AFI for surveil-
lance of patients with IBD.

11.4  Endomicroscopy

11.4.1  Confocal Laser 
Endomicroscopy

Confocal laser endomicroscopy (CLE) provides 
histologic real time in vivo imaging at subcellular 
level. After topical (acriflavine hydrochloride, cre-
syl violet) or intravenous administration (fluores-
cein sodium) of contrast agents, CLE emits a low 
power blue laser light onto the tissue. The light 
reflected from the tissue is refocused by the detect-
ing system, resulting in a 1000-fold magnification 
[24]. The key mechanism of CLE being blue laser 
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is focused at specific depth, and only light reflected 
back from that plane is refocused through a pin-
hole to the detector. Light emitting outside the 
plane of interest is not detected. Thus, the illumi-
nation and detection system are at the same focal 
plane and are, therefore, termed “confocal.”

Currently there are two types of CLE which are 
FDA-approved: (1) probe-based CLE (Cellvizio, 
Mauna Kea Technologies, Paris, France) and (2) 
integrated CLE (Pentax, Tokyo, Japan). With 
probe-based CLE, there are specific probes avail-
able for each area of the gastrointestinal tract 
(GastroFlex [300 cm length], Coloflex, [400 cm 
length]), which are advanced through the work-
ing channel of the endoscope. With integrated 
CLE, the CLE device is attached to the end of 
a high-resolution endoscope. The advantage of 
integrated-CLE is that imaging plane depth can 
be adjusted by the endoscopist (0–250 μm) and 
biopsy can be taken simultaneously.

CLE has been shown to be effective in detect-
ing neoplasia and CLE patterns for neoplasia has 
been described. The value of CLE has been shown 
in a randomized trial where CLE combined with 
dye-based chromoendoscopy increased the detec-
tion of neoplasia by 5.75-fold compared to white 
light endoscopy [25]. From a meta-analysis of 15 
studies (719 patients) with either sporadic polyps 
or IBD-associate neoplasia, CLE can distinguish 
neoplasm and non- neoplastic tissue with a sen-
sitivity of 83% and a specificity of 90% [26]. 
CLE pattern classification to predict colorectal 
neoplasm has been described in the Mainz cri-
teria [25] (Table  11.1). Generally, dysplasia in 
CLE is characterized by dark cells with crypt 
density attenuation, ridged- lined irregular epithe-
lial layer with irregular or loss of crypts, and dis-

torted blood vessels with leakage (Fig. 11.2). In 
contrast, inflammation is characterized by dilated 
crypt openings, enlarged spaces between crypts, 
and leakage of fluorescein into the crypt lumen, 
making the lumen brighter than the surrounding 
epithelium. Inflammation can be described using 
Chang-Qing Scale, a CLE-based rating scale for 
inflammation [27] (Table 11.2). CLE can also be 
used to predict disease relapse in patients with 
ulcerative colitis [28].

It would not be practical to use CLE as a pri-
mary examination of the entire surface area of the 
colon as required for IBD surveillance. Instead, 
its potential role would be in characterization of 
lesions identified during surveillance [9]. 
Furthermore, it may be useful in cases where it is 
difficult to differentiate between active colitis 
and underlying dysplasia.

11.4.2  Endocytoscopy

Endocytoscopy (Olympus, Tokyo, Japan) uses 
an ultra-high magnification (up to 1390-fold) 
to allow in  vivo microscopic imaging of the 
gastrointestinal tract [29]. It uses a high-power 
fixed- focus objective lens. Preparation for endo-
cytoscopy includes initial treatment with a muco-
lytic agent (10% N-acetylcysteine) followed by 
application of 1% methylene blue (which stain 
the nucleus) or 0.1% crystal violet (which stain 
both the nucleus and cytoplasm). Similar to CLE, 
endocytoscopy is available as probe-based endo-
cytoscopy and integrated endocytoscopy. There 
are two different probe-based endocytoscopy 
with either 450-fold magnification (XEC 300F) 
or 1390-fold magnification (XEC 120  U). The 

Table 11.1 Mainz criteria for neoplasia; CLE pattern classification to predict colorectal neoplasm [25]

Grading Crypt architecture Vessel architecture
Normal Regular lumen opening and distribution of crypts

Homogenous layer of epithelial cells and goblet 
cells

Hexagonal, honeycomb appearance that 
presents a network of capillaries outlining 
opening of crypts

Regeneration Star-shaped luminal crypt opening or focal 
aggregation of regular-shaped crypts with a regular 
or reduced amount of goblet cells

Hexagonal, honeycomb appearance with no or 
mild increase in number of capillaries

Neoplasia Rigid-lined irregular epithelial layer
Loss of crypts and goblet cells
Irregular cell architecture with little or no mucin

Dilated and distorted vessels with increase 
leakage, irregular architecture with little or no 
orientation to adjacent tissue
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a b

c d

Fig. 11.2 (a, b) Confocal endomicroscopy—Normal: 
Regular lumen opening and distribution of crypts (circle). 
(c) Dysplasia: Rigid-lined irregular epithelial layer 

(arrow) next to one normal appearing crypt (circle). (d) 
Dysplasia: Rigid-lined irregular epithelial layer (arrow), 
loss of crypts, and leakage of fluorescein

Table 11.2 Chang-Qing scale; CLE-based rating scales for inflammation [27]

Grading Crypt architecture
(A) No inflammation Regular arrangement and size of the crypts, Lumen of crypts shown as dark spots 

without fluorescein leakage
(B) Chronic inflammation Irregular arrangement of crypts and enlarged space between the crypts, fluorescein 

leakage into spaces among epithelial cells but not into crypt lumen (lumen of crypts is 
still free of fluorescein)

C) Acute inflammation The arrangement of crypts is more irregular and spaced between the crypts are more 
enlarged than in grade B, fluorescein leakage into crypt lumen (white appearance)

D) Acute inflammation Crypt destruction and/crypt abscesses, fluorescein leakage into crypt lumen (white 
appearance)
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recent second-generation  integrated endocysto-
scope (GIF-Y0002) allows a zoom from conven-
tional endoscopy level to 380- fold with the use of 
a hand lever. With the additional digital magnifi-
cation (X 1.6) the maximum zoom can reach to 
600-fold allowing continuous magnification from 
standard level to subcellular level.

Compared to CLE, there are fewer studies on 
the use of endocytoscopy in patients with 
IBD. The use of endocytoscopy in patients with 
IBD has only been reported for assessing inflam-
mation [30, 31]. Also, it has been demonstrated 
that endocytoscopy not only can visualize differ-
ent cellular structures within the mucosa by can 
visualize and identify single inflammatory cells 
[30]. In addition, it has been reported that endo-
cytoscopy can identify dysplasia in aberrant crypt 
foci of the colorectum [32]. Yet, there has been no 
studies reporting the role of endocytoscopy in 
detecting IBD-associated neoplasia.

11.5  Interval for Colonoscopic 
Surveillance

The management of patients and time interval for 
subsequent colonoscopy depends on the endos-
copy findings and patient’s risk factors. Below is 
a summary of the recommendations for manage-
ment of IBD-associated neoplasia, and surveil-
lance intervals from various existing guidelines 
[7, 33, 34]. It is important to note that recom-
mended surveillance intervals come from expert 
opinions, and not based on robust evidence. 
Importantly, the optimal surveillance interval 
should be applied after a risk–benefit discussion 
with individual patients.

Low-grade dysplasia found—if a visible dys-
plastic lesion is found, the lesion is completely 
resected, and surrounding mucosa is found to be 
non-dysplastic, repeat surveillance in 6  months 
should be recommended. If the dysplastic lesion 
is found to be unresectable or the surrounding 
mucosa is found to be dysplastic, discussion 
should be made with patient for options of repeat 
surveillance in 3 months or a colectomy.

High-grade dysplasia found—If a visible dys-
plastic lesion is found, the lesion is completely 

resected, and surrounding mucosa is found to be 
non-dysplastic—repeat surveillance in 6 months 
should be recommended. If the dysplastic lesion 
is found to be unresectable or surrounding 
mucosa is found to be dysplastic, discussion 
should be made to consider colectomy.

No dysplasia found—After risk stratification 
of patient, surveillance colonoscopy of 1  year, 
3 year, or 5 year will be recommended [33]. Risk 
factors include the presence of active inflamma-
tion, extent of inflammation, primary sclerosing 
cholangitis, family history of colorectal cancer, 
colonic stricture, multiple inflammatory polyps, 
and history of dysplasia.
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Chromoendoscopy

Noboru Hanaoka and Noriya Uedo

12.1  Introduction

Endoscopic treatment such as endoscopic muco-
sal resection (EMR), argon plasma coagulation 
(APC), radiofrequency ablation (RFA), etc. for 
gastrointestinal (GI) tract neoplasm is currently 
available as an option of minimally invasive treat-
ment all around the world. Moreover, recently 
developed endoscopic submucosal dissection 
(ESD) technique enables us to remove superficial 
neoplasms in the GI tract that were difficult to be 
removed en bloc by conventional EMR. In gen-
eral, identification of superficial GI tract neo-
plasms are difficult because its color and 
morphological changes are usually very subtle. 
However, if superficial GI neoplasms are detected 
in an early stage without risk of lymph node 
metastasis, local treatment with endoscopy can be 
offered to the patients. Moreover, accurate diag-
nosis of lesion extent is mandatory for endoscopic 
treatment because the lesion must be completely 
removed by local endoscopic resection, and the 

lesion size is related to risk of lymph node metas-
tasis, thus indication for endoscopic resection.

Chromoendoscopy was initially developed in 
the 1960s as a method to improve detection, char-
acterization, and staging of early GI neoplasms. 
Since then, several types of chromoendoscopy 
have been developed and their usefulness has 
been reported. Recently, instead of dye-based 
image enhanced endoscopy (IEE), equipment- 
based IEE, i.e., narrow-band imaging (NBI), 
flexible spectral imaging color enhancement 
(FICE), iScan, Blue LASER imaging (BLI), etc. 
has developed and implemented in clinical prac-
tice in some countries. Equipment-based IEE is a 
novel imaging technology that enhances both 
surface and vascular patterns of the superficial 
mucosa without dye spraying. Equipment-based 
IEE, particularly in combination with magnify-
ing endoscopy, shows significant improvement in 
characterization of neoplastic lesions in the GI 
tract. However, the equipment-based IEE or mag-
nifying endoscopy is not always available in all 
institutions, and the clinical usefulness have 
remained controversial in some aspect. Therefore, 
the chromoendoscopy is still worthwhile to 
implement in clinical practice because of its sig-
nificant improvement on diagnostic yield for 
endoscopic detection and characterization of 
superficial GI tract neoplasms compared to con-
ventional white light endoscopy. In this chapter, 
the currently available methods of chromoendos-
copy in the GI tract are introduced.
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12.2  General Information

12.2.1  Classification

Chromoendoscopy is classified according to the 
mechanisms of dye application as contrast, absorp-
tive, and reactive methods, and representative 
reagents for each method are listed in Table 12.1. 
In contrast method, dye retains in the depressed 
part of the mucosa, thus the mucosal pits or 
grooves are represented as dye-stained (pooled) 
areas (Fig.  12.1, left). In the absorptive method, 
dye stains epithelium by absorption or diffusion 
across the cell membrane, thus the mucosal pits or 
grooves are represented as dye- non- stained area 
(Fig. 12.1, middle). Recently, absorptive method is 
also used for nuclear staining for endocytoscopic 
observation. In the reactive method, dye under-
goes chemical reactions, i.e., iodine–glycogen 
reaction, etc. with specific cellular constituents, 
resulting in a color change (Fig. 12.1, right).

12.2.2  Preparation

Before dye application, it is important to remove 
mucous and bubble on the surface of the mucosa 

(Fig.  12.2a). When the mucosa is covered by 
the mucous or bubble, the dye does not reach 
to the mucosal surface and neither contrast nor 
absorptive chromoendoscopic effect is achieved 
(Fig. 12.2b).

Pronase mixture: 40–60  ml of water with 
20,000 U pronase (Kaken Pharmaceutical, Tokyo, 
Japan), 1  g sodium bicarbonate, and 2–3  ml 
(20  mg/ml) of dimethylpolysiloxane (Gascon 
drop, Horii Pharmaceutical Inc., Osaka Japan) 
is administered before the insertion of the scope 
if it is available [1]. In a place where pronase is 
not available, acetylcysteine mixture: 40–60 ml 
of water, 2  ml of acetylcysteine (200  mg/ml, 
Parvolex, Celltech, UK, or Mucomyst, Bristol- 
Myers Squibb, USA), and 0.5  ml of (40  mg/
ml) activated dimethicone (Infacol, Forest 
Laboratories, Slough, Berkshire, UK) can be used 
as an alternative to pronase solution [2]. Even 
just simple syringe flushing with dimethylpoly-
siloxane solution before mucosal observation can 
facilitate detailed characterization of the mucosa 
and improve accuracy of chromoendoscopy.

Dyes for chromoendoscopy can be purchased 
from several vendors of pharmaceutic companies 
but none of the dye are specifically marketed for 
chromoendoscopy. Therefore, preparation and 

Table 12.1 Types of chromoendoscopy

Method
Representative dyes and concentration Organ Indications
Reagent Color Concentration Detection Characterization

Contrast Indigo 
carmine

Blue 0.04–0.2% Barrett’s esophagus, 
stomach, colon 
(columnar 
epithelium)

○ ○

Methylene 
blue

Blue 0.05% ○

Absorptive Methylene 
blue

Blue 0.2–1.0% Barrett’s esophagus, 
stomach, 
Colorectum 
(columnar 
epithelium)

○

Crystal violet Violet 0.05% Colorectum 
(columnar 
epithelium)

○

Toluidine blue Dark blue 0.25%–1% Oropharynx, 
Esophagus 
(squamous 
epithelium)

○

Reactive Iodine Reddish brown Iodine 
concentration 
of 1.0–3.0%

Esophagus 
(squamous 
epithelium)

○ ○

Congo red pH 3: Blue- 
black、pH 5: 
Red

0.3% Stomach ○
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dilution of the stock dye solution must be done in 
house. As all the solutions do not contain preser-
vative, it is recommended to prepare the stock 
dye solution every day. Otherwise, the solution 
could be stored in a refrigerator and should be 
spent within a few days.

In contrast method, low-concentration dye 
solution is generally suitable for observation of 
gross morphological appearance and original 
color of lesions (Fig.  12.3a and b). Whereas, 
high-concentration dye solution is suitable for 
observation of fine microstructure or pit pattern 

Contrast method
Absorptive method
(epithelial staining)

Reactive method

Indigo carmine Crystal violet Iodine

Fig. 12.1 Classification of chromoendoscopy. In contrast 
method, pits are seen as dye pooled areas and the interven-
ing parts are seen as dye-shed areas (Left). In absorptive 
method, pits are seen as non-stained areas and the inter-

vening parts are seen as stained areas (Middle). In reactive 
method (iodine chromoendoscopy), a neoplastic area is 
seen as non-stained area and surrounding mucosa are seen 
as stained (iodine–glycogen reaction) areas (Right)

Fig. 12.2 After removal of the mucous or bubble, muco-
sal characteristics is well-enhanced by chromoendoscopy 
(Left). Without removal of the mucous or bubble, dyes 

applied on the surface of the mucous or bubble only masks 
mucosal appearance (Right)

12 Chromoendoscopy
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of the mucosa using magnifying observation 
(Fig. 12.3b and e). Even application of low and 
high concentration of contrast dye solution, 
narrow- band imaging observation is not affected 
(Fig. 12.3c and f).

For iodine chromoendoscopy, around 50–60% 
of patients complain adverse symptom such 
as retrosternal pain, discomfort, or nausea, and 
administration of sodium thiosulfate solution 
relieve the symptoms [3]. High-concentration 
iodine solution stains the mucosa better than 
low- concentration solution (Fig.  12.4a), but it 
increases adverse symptoms such as retroster-
nal discomfort or pain, or nausea, etc. Moreover, 
superficial or small lesions are obscured by muco-
sal irritation caused by iodine. Recently, there-
fore, low-concentration (<1.5%) iodine solution 
(Fig.  12.4b) is preferred to high- concentration 
solution in clinical practice. When staining is 
weak or is faded early, dye solution is applied 
repeatedly with syringe flushing.

12.2.3  Application

For lesion detection or evaluation of wide areas 
(panchromoendoscopy), the dye is better to be 
applied with spraying catheter (PW-205V, PW-5L-
1, PW-6P-1, Olympus Medical Systems. Tokyo, 
Japan; S2816, Fine jet, Top Corp. Tokyo, Japan). 
The tip of catheter is protruded from the scope 
and the dye solution is sprinkled onto the entire 
lumen with scope maneuvering (Fig. 12.5a). For 
colonic panchromoendoscopy, dye is diluted into 
the bottle of water jet pump and the solution can 
be applied via scope waterjet [4].

For lesion characterization (target chromoen-
doscopy), the dye is applied to a suspicious area 
in standard endoscopic observation such as an 
area with uneven surface, discoloration, disap-
peared vascular network of the background 
mucosa, or spontaneous bleeding. Syringe flush is 
commonly used for topical application of dye 
solution. It is important to apply the dye solution 
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Fig. 12.3 Low-concentration (0.04%) indigo carmine (a, 
b, and c) facilitate evaluating gross morphology and origi-
nal color of the lesion (whitish lesion color appears better 
in a than in d). While high-concentration (0.2%) indigo 
carmine (d, e, and f) contrast fine mucosal surface struc-

ture better than low-concentration dye. Even high- 
concentration indigo carmine does not interfere 
observation of the surface structure and vasculature in 
magnifying NBI (c and f)
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not only to the lesion but also surrounding mucosa 
because lesion characterization is often carried 
out in comparison with finding of the surrounding 
mucosa. Moreover, GI naoplasms are often 
accompanied by superficial lesion extension, thus 
it can be a chance to detect the lateral extent of the 
lesion. The syringe flush can be used for wide 
areal application of dye solution as well. In this 

case, more than 20 mL of dye solution is adminis-
tered into the lumen and is applied onto the wide 
luminal surface by collapse of the lumen with air 
suction.

Highly targeted dye application is performed 
with nontraumatic catheter (6233064, Olympus 
Medical Systems. Tokyo, Japan, Fig. 12.5b). This 
method is used for pit pattern analysis of colorec-

3% Iodine 0.6% Iodine

a b

Fig. 12.4 High-concentration (3%) iodine solution (a) stains the mucosa better than low-concentration (0.6%) iodine 
solution (b), but it is likely to cause unpleasant symptoms

a b

Fig. 12.5 Indigo carmine solution is sprinkled onto the 
gastric mucosa (a). Only tip of the spraying catheter is 
protruded from the working channel, and endoscope is 
maneuvered to be kept in the center of the lumen 

because close dye sprinkling to the mucosa may cause 
bleeding. Crystal violet is topically applied to the 
colonic adenoma using non-traumatic catheter 
(6233064, Olympus Medical Systems) (b)
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tal neoplasms using magnifying colonoscopy and 
nuclear observation using endocytoscopy (GIF- 
H290EC, CF-H29ECI, Olympus Medical 
Systems. Tokyo, Japan).

12.3  Specific Information

12.3.1  Contrast Method

12.3.1.1  Indigo Carmine
Indigo carmine blue dye pools in mucosal 
grooves and depressed areas and contrast muco-
sal surface topography (Fig.  12.6). Superficial 
neoplasms often have shallower and narrower 
crypts, and this likely to contribute to the lesion 
having less dye on its surface (Fig. 12.7). In this 
method, a 0.04–2.0% solution of indigo carmine 
is applied onto the mucosa. It is widely used in 
the columnar epithelium, i.e., Barrett’s esopha-
gus, stomach, and colorectum. Use of 0.1–0.5% 
indigo carmine pancolonic chromoendoscopy 
with targeted biopsies is recommended for neo-
plasia surveillance in patients with long-standing 
colitis [5]. Zhao et al. reported the pooled sensi-
tivity, specificity, and area under the curve of 
indigo carmine chromoendoscopy for diagnostic 
of early gastric cancer were 0.90, 0.82, and 0.94, 
respectively [6], and the diagnostic accuracy of 
chromoendoscopy was higher than that of stan-

dard white light endoscopy. Nagahama T, et  al. 
indicated that indigo carmine chromoendoscopy 
showed the clinically equivalent accuracy for 
lesion delineation of early gastric cancer com-
pared to magnifying narrow-band imaging [7].

12.3.1.2  Methylene Blue
0.05% methylene blue can be also used as a con-
trast method, but it requires vigorous washing of 
the mucosal surface before application because it 
stains the mucous well.

12.3.2  Absorptive (Vital Staining) 
Methods

12.3.2.1  Methylene Blue
Methylene blue is absorbed by intestinal type 
epithelium such as the normal small intestinal 
and colorectal mucosa, or intestinal type meta-
plasia in the stomach or the esophagus.

0.5% methylene blue is used for staining of 
the specialized intestinal metaplasia (SIM) in the 
esophagus, facilitating diagnosis of Barrett’s 
esophagus and detection of dysplasia and carci-
noma in the Barrett’s esophagus. Some investiga-
tors proposed classifications of pit patterns of 
columnar esophageal mucosa [8–10], and indi-
cated excellent diagnostic accuracy (sensitivity 
of 95% and specificity of 97%) for detection of 

a b

Fig. 12.6 Laterally spreading tumor in the transverse colon (a). After application of 0.2% indigo carmine solution, 
tumor morphology became apparent (b)
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SIM. Ragunath et al., in their randomized cross-
over trial, demonstrated methylene blue-directed 
biopsy had significantly better accuracy for 
detection of SIM, but not for dysplasia or carci-
noma, in the Barrett’s esophagus compared to 
conventional random biopsy [11].

Dinis-Ribeiro M. et  al. used 1% methylene 
blue magnifying chromoendoscopy for diagnosis 
of gastric intestinal metaplasia and dysplasia, and 
indicated diagnostic accuracy of 84 and 83%, 
respectively [12].

1% Methylene blue stains nuclei, and can be 
used for nuclear observation of the squamous 
epithelium in combination with endocytoscopy 
[13, 14].

12.3.2.2  Crystal Violet
Crystal violet, which is also known as a topical 
antimicrobial agent, is absorbed by the epithe-
lium and stain it. It is used for detection of intes-
tinal metaplasia and dysplasia in the Barrett’s 
esophagus [15] and for enhancing visualization 
of the pit patterns in the colon [16, 17]. For 
colonic pit pattern analysis, small amount 
(1–2 ml) of 0.05–0.1% crystal violet solution is 
usually applied with a catheter to avoid excessive 
darkened staining of the surrounding mucosa. 
Based on stereomicroscopic investigation, the pit 
patterns of colonic tumors are classified accord-
ing to the shape of crypt openings (Type I, round 
pits; Type II, stellar or papillary pits; Type IIIL, 

a b

c d

Fig. 12.7 Small superficial depressed type early gastric 
cancer in the posterior wall of the lower gastric body (a). 
After spraying 0.2% indigo carmine solution, the lesion 
looked as a dye shed area (b). Because cancerous pits are 

usually shallower and narrower than surrounding 
mucosa, surface structure in the cancerous mucosa looks 
absent (c), therefore the dye does not retain in the can-
cerous area (d)
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large tubular pits; Type IIIS, small tubular pits; 
Type IV, branch- and gyrus-like pits; and Type V, 
irregular or nonstructural pits), which correlate 
with histological finding of the lesions (Fig. 12.8). 
The pit patterns observed in magnifying chromo-
endoscopy were fundamentally similar to those 
in stereomicroscopic images. When the diagnosis 
by magnifying endoscopy was compared with 
the stereomicroscopic diagnosis, the concor-
dance rate was 81.5% (1130 of 1387 lesions). 
Later, Kudo’s pit pattern Type V was divided into 
Type VI: irregular pits and VN, nonstructural pits. 
Matsuda et al. indicated as “invasive pattern” that 
include Type VI pits within demarcated area and 
Type VN pits showed sensitivity of 86% and spec-
ificity of 99% for deep (≥1000 μm) submucosal 
invasive colorectal cancers [18].

0.05% crystal violet is used for staining of 
cytoplasm in endocytoscopy [14, 19].

12.3.2.3  Toluidine Blue
Toluidine blue is an absorptive dye, and it was 
initially used for the detection of squamous dys-
plasia and carcinoma of the oral cavity [20].

0.5% Toluidine blue stains cell nucleus in the 
stomach and the colon better than 1% methy-
lene blue, and is used for endocytoscopic obser-
vation [14].

12.3.3  Reactive Method

12.3.3.1  Iodine
When 1–3% iodine solution is applied, normal 
squamous epithelium turns the color into brown 
because of chemical reaction between iodine and 
glycogen which is contained in the normal squa-
mous epithelium (Figs. 12.3 and 12.9). Besides, 
the neoplastic squamous epithelium appears yel-

III

IV VI

IIIL

VN

Fig. 12.8 Kudo’s pit pattern classification. Type I, round pits; Type II, stellar pits; Type IIIL, large tubular pits; Type IV, 
branch- and gyrus-like pits; Type VI, irregular pits; and Type VN, nonstructural pits
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lowish non-stained areas because glycogen in the 
cancerous epithelium is consumed by excessive 
glycolytic metabolism.

Iodine non-stained areas, especially when the 
lesion is small, include not only high-grade dys-
plasia or squamous cell carcinoma but also low- 
grade neoplasia or even normal mucosa. Hence, 
Iodine chromoendoscopy is a highly sensitive 
(91–100%) but not very specific (40–95%) for 
detecting squamous cell carcinoma. However, the 
diagnostic accuracy of iodine chromoendoscopy 
for squamous cell carcinoma is improved by 
additional assessment of pinkish color change, 
so-called pink-color sign, of the non-stained area 
(sensitivity and specificity of 91.9 and 94%, 
respectively, Fig. 12.9) [21].

Multiple Lugol voiding lesions in iodine chro-
moendoscopy is associated with risk of synchro-
nous esophageal squamous cell carcinoma in 
patients with head and neck cancer [22], and a 
strong predictor for development of metachro-
nous esophageal, head and neck squamous carci-
noma in patients received endoscopic resection 

of superficial esophageal squamous cell carci-
noma (Fig. 12.9) [23].

12.3.3.2  Congo Red
Congo red dye is a pH indicator and it changes 
the color from red to dark blue-black under 
acidic conditions (<pH 3). Congo red chromoen-
doscopy technique involves stimulation of acid 
secretion with 250 mg of intravenous pentagas-
trin, application of 0.5% sodium bicarbonate 
solution followed by 0.3% Congo red solution. 
This method has been used for mapping acid- 
secreting normal fundic (oxyntic) mucosa. Areas 
where acid secretion is impaired by chronic 
fundic gastritis are seen as non-discolored areas 
(red color) in Congo red chromoendoscopy 
(Fig. 12.10).

A double staining technique using methylene 
blue and Congo red has been used to identify early 
gastric cancers as non-discolored or “bleached” 
areas of mucosa (Fig.  12.10) [24]. Iishi et  al. 
demonstrated that Congo red methylene blue 
chromoendoscopy detected synchronous early 

a b

Fig. 12.9 After application of iodine solution, the normal 
esophageal mucosa turns the color into brownish, whereas 
squamous cell carcinoma does not change the color (a). 
Multiple Lugol voiding areas (white arrows in a) is asso-
ciated with risk of squamous cell carcinoma in the esoph-

agus, head and neck. After 30  s to 1  min, a cancerous 
non-stained area turns the color into pinkish (b), while 
noncancerous non-stained areas remain yellowish (yellow 
arrows in b)
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gastric cancers better (89%) than standard white 
light endoscopy (28%) [25].

12.3.4  Others

12.3.4.1  Acetic Acid
Acetic acid alters tertiary structure of cytoplas-
mic proteins and causes transient whitening of 
the surface epithelium. Acetic acid is not 
regarded as chromoendoscopy because the ace-
tic acid is not a dye, but the actual effect is 
similar to that achieved in an absorptive 
method. Acetic acid endoscopy was first used 
to observe the specialized columnar epithelium 
in the Barrett’s esophagus [26], and was then 
adopted for the diagnosis of gastric [27] of 
colorectal neoplasms [28]. 10–20  mL of 1.5–

3% acetic acid is applied onto the mucosal sur-
face. Use of magnification endoscopy and 
narrow-band imaging enhances observation of 
detailed micro-surface structure (Fig.  12.11a 
and d).

12.3.4.2  Combination of Indigo 
Carmine with Acetic Acid

When acetic acid and indigo carmine are applied 
together, the surrounding noncancerous mucosa 
stained blueish but the cancerous mucosa does 
not stained, showing as a well-contrasted reddish 
area (Fig. 12.11c and d). The method is originally 
performed as administration of mixture solution 
(0.6% acetic acid–0.4% indigo carmine mixture, 
AIM) [29], but latterly it is also performed by 
subsequent administration of 1% acetic acid and 
1% indigo carmine solution [30].

a b

Fig. 12.10 Superficial depressed type early gastric can-
cer in the lower gastric body (a). In Congo red chromoen-
doscopy, mucosa in the corpus greater curvature are seen 
as discolored area (blue-black mucosa) indicating pres-
ence of normal oxyntic mucosa, while the mucosa in the 

lesser curvature are seen as non-discolored area (red 
mucosa) because of loss of oxyntic glands by atrophic 
gastritis. The early gastric cancer remains as non- 
discolored areas (red color, b)
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12.4  Summary

Chromoendoscopy enhances mucosal morphol-
ogy and color, and improves diagnostic yield of 
endoscopy for detection and characterization of 

superficial neoplasms in the digestive tract. In 
contrast to equipment-based IEE, chromoendos-
copy requires extra time and effort for prepara-
tion and application of the method. However, in 
other words, if a little effort is taken, significant 

a b

c d

Fig. 12.11 A superficial flat type early gastric cancer (a). 
Mucosal surface is whitened by 3% acetic acid applica-
tion (b). A superficial depressed type early gastric cancer 

near the cardia (c). After application of 3% acetic acid and 
0.2% indigo carmine, the lesion is seen as a well- 
contrasted reddish area (d)
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benefit in clinical practice is achieved even with 
conventional endoscopy systems. The equipment 
and reagents for chromoendoscopy are widely 
available at reasonable price around the world. 
Implementation of this method in clinical prac-
tice is at endoscopists’ discretion.
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Narrow-Band Imaging

James Weiquan Li and Tiing Leong Ang

13.1  Introduction

Image-enhanced endoscopy (IEE) is widely used 
in many centers for the detection and character-
ization of gastrointestinal (GI) lesions found in 
various parts of the GI tract, namely the esopha-
gus, stomach, and large colon. IEE includes chro-
moendoscopy, optical filtering and digital 
filtering, and the features can further be enhanced 
with high magnification.

Narrow-band imaging (NBI) represents the 
most commonly used optical digital method of 
IEE currently. This form of imaging was first 
conceptualized in the 1990s, and its feasibility 
was soon reported in the literature where it was 
demonstrated to increase the contrast between 
vascular patterns and intervening mucosa on the 
underside of the tongue [1]. In collaboration with 
Sano, an NBI system for GI endoscopy was 
developed, and in 2006, the first such system was 
launched in the form of the EXERA II (Olympus 
CLV-180 EVIS EXERA II xenon light source, 
Olympus CV-180 EVIS EXERA II video system 
center).

This chapter aims to outline the principles 
behind the use of NBI and its utility in the field of 
GI endoscopy.

13.2  Principles of NBI

Light is an electromagnetic wave consisting of 
wavelengths in the ultraviolet, visible light, and 
infrared spectra. Within the visible spectrum of 
light, the primary colors are represented in 
increasing order of wavelengths by blue, green, 
and red light, respectively. Blue light, with its 
shorter wavelength, is scattered and reflected in 
the superficial mucosa, while the longer red 
wavelength penetrates deeper into the tissue lay-
ers. When normal white light hits tissues, some 
of it reflects off the surface while others diffuse in 
a three-dimensional manner, which results in 
light scattering. The extent to which this occurs 
differs according to the wavelengths within the 
visible spectrum of light making contact with the 
tissue. As a result, unfiltered white light has the 
tendency to mask details of the surface pattern of 
the mucosa along with its vascular structures.
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NBI utilizes the following two phenomena 
about the visible spectrum of light to enhance the 
contrast between blood vessels and the surface 
mucosa, which enables the operator to character-
ize lesions in greater detail with regards to muco-
sal surface architecture and vascular patterns 
(Fig. 13.1):

 1. The wavelengths of visible light absorbed by 
hemoglobin is different from the surface 
mucosa.

 2. The depth of penetration of light in the tissue 
layers is directly proportional to the 
wavelength.

The active site of hemoglobin is heme, and the 
configuration of the iron atom together with the 
attached protein ring modifies the wavelength of 
absorption of light from the visible spectrum, 
giving rise to its characteristic color. Hemoglobin 
has an absorption peak at 415 nm. The NBI filter 
eliminates the red wavelength of light, leaving 
the blue and green wavelengths. As a result, when 
the filtered blue and green wavelengths hit the tis-

sue surface being examined, these wavelengths 
of light are absorbed by hemoglobin contained 
within the blood vessels while being reflected by 
the mucosa, enhancing the contrast of these vas-
cular structures with respect to the surrounding 
mucosa. This allows the endoscopist to observe 
subtle differences in vascular and patterns which 
may indicate the presence of dysplasia and early 
cancer.

In addition, NBI also exploits the differences 
in penetration of the two different wavelengths of 
light filtered to enable more details of suspicious 
lesions to be appreciated. The shorter blue wave-
length can only penetrate the superficial layer 
and hence is absorbed by capillaries on the sur-
face of the mucosa. Green light, with its longer 
wavelength, is able to penetrate deeper into the 
mucosa and submucosa, where it is absorbed by 
deeper vessels. This explains why superficial 
capillaries have a brown appearance on NBI, 
while deeper vessels appear cyan in color. By 
narrowing the spectrum of light which hits the 
surface mucosa, less scattering occurs compared 
to when white light is used for endoscopy, result-
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Fig. 13.1 Mechanism of NBI
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ing in sharper and less distorted images of the 
capillary networks in the mucosa.

13.3  Technical Aspects

To achieve this desired effect, an NBI filter is 
placed between the xenon lamp and the red–
green–blue (RGB) rotatory filter in the light 
source unit [2]. The NBI filter restricts spectrum 
of light to two narrow bands of blue at 415 nm 
and green at 540  nm. In addition, the spectral 
bandwidth of these filtered wavelengths is also 
reduced. It can be turned on or off by the endos-
copist using a button on the endoscope, which 
may vary depending on how the buttons have 
been configured.

However, despite the many advantages of 
NBI, one of the major drawbacks of the first- 
generation system is its lack of brightness. This 
limited its operability, as the viewable distance in 
NBI mode was severely reduced and the distal tip 
of the endoscope had to be moved very close to 
the lesion in question in order to obtain sufficient 
brightness for viewing. Aware of this limitation, 
Olympus has performed much research and 
development to improve the brightness of images 
in NBI mode. Through the development of a 
brighter light source, an improved sensitivity of 
the charge coupled device (CCD), and modifica-
tions to the image processor to reduce noise, the 
newer systems such as the EVIS EXERA III 
(CV-190 and CLV-190) and EVIS LUCERA 
ELITE (CV-290 and CLV-290SL) systems have 
been able to deliver increased brightness, which 
in turn translates into twice the viewable distance 
compared to the EVIS EXERA II system 
described earlier.

13.4  Role of Magnifying 
Endoscopy Combined 
with NBI

Magnifying endoscopy is often used in conjunc-
tion with NBI to distinguish between neoplastic 
and non-neoplastic lesions [3, 4]. In some clas-
sification systems which will be discussed later 
in this and other chapters of this book, magnifi-

cation is essential to differentiate between the 
types of neoplastic lesions. Two modalities for 
magnification endoscopy currently exist: digital 
magnification combined with dual focus and 
optical zoom.

With dual focus, the endoscopist can toggle 
between normal focus and near focus using a 
preconfigured button on the endoscope. The 
near- field magnification utilizes a two-stage 
optical lens technology from Olympus, allow-
ing ready use of a 40X magnification capability 
without the need for use of a cap or hood, as the 
predetermined magnification setting is fixed and 
the endoscopist only needs to maneuver the 
endoscope to achieve the clearest image possi-
ble (Fig. 13.2). In contrast, optical zoom requires 
the use of a cap or hood mounted on the distal 
tip of the endoscope for the endoscopist to con-
sistently fix the mucosa at a distance of approxi-
mately 2  mm. The degree of magnification is 
controlled by a rocker button is positioned on 
the endoscope such that it can be operated by 
the left thumb, with the down configuration 
allowing the endoscopist to zoom into the lesion 
and the up configuration for zooming out. An 
example of an endoscope with optical magnifi-
cation capabilities is the Olympus 
CF-H260AZL/I scope, which has an optical 
magnification of 90X (Fig. 13.3).

Magnification refers to the ability to enlarge 
an image to several times optical power using a 
movable lens controlled by the endoscopist, 

Fig. 13.2 Narrow-band imaging of superficial esopha-
geal squamous cell carcinoma using dual focus 
magnification
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while resolution is the ability to distinguish 
between two points that are close together. 
Pixilation and resultant blur images can occur 
with conventional endoscopes and when images 
are viewed in high magnification due to poor 
resolution. This problem is overcome with a 
high-definition compatible CCD, which increases 
the number of pixels in the CCD, with current 
high-definition endoscopes producing signal 
images ranging from 850,000 to more than 
1,000,000 pixels. Thus, magnifying NBI with 
optical zoom can produce sharp images even 
with full magnification when connected to a 
high-definition system.

13.5  Clinical Application of NBI

NBI has been used extensively in the detection, 
characterization, and management of neoplastic 
lesions in the esophagus, stomach, and colon. 
Several classification systems employing NBI 
with or without magnification have also been 
developed to aid in the identification and descrip-
tion of suspicious lesions in various parts of the 
GI tract. Detection of early cancers and their pre-
cursors in the esophagus, stomach, and colon 
renders the lesions amenable to endoscopic ther-
apy in the form of endoscopic mucosal resection 

(EMR), endoscopic submucosal dissection 
(ESD), or endoscopic ablation, with improved 
prognosis and the avoidance of surgery, which is 
usually associated with higher morbidity. In par-
ticular, magnifying NBI can be used to accurately 
determine the depth of invasion (i.e., mucosal or 
submucosal), and to differentiate between high- 
and low-grade intraepithelial neoplasia. These 
factors directly impact on the choice of therapy 
and the consequent efficacy of the treatment 
modality chosen, as lesions confined to the muco-
sal layer and histologically well-differentiated 
tumors in general have low to zero risk of lymph 
node metastasis.

13.6  Esophagus

The intrapapillary capillary loop (IPCL) or 
Inoue Classification uses magnifying NBI to 
describe the vascular patterns of microvessels 
in the esophageal mucosa, namely the degree of 
dilatation, tortuous or meandering course, 
change in caliber, and differences in shapes [5]. 
In general, increased dilatation of the IPCLs 
and a tortuous course indicate higher grades of 
dysplasia. These IPCL features are then used to 
categorize lesions into non-neoplastic (IPCL-I 
and IPCL-II), borderline (IPCL-III and 
IPCL-IV), and cancer (IPCL-V). Squamous 
cell carcinomas (SCC) are further subclassified 
to reflect the depth of invasion as intramucosal 
(IPCL-V1 and IPCL-V2), deep mucosal or 
superficial submucosal (IPCL-V3) and submu-
cosal cancer (IPCL-VN), based on the IPCL 
patterns. Using this classification system, Sato 
et al. [6] demonstrated a sensitivity and speci-
ficity for IPCL-VI/V2 of 89.5% and 79.6%, 
respectively, while that for IPCL-V3 was 58.7% 
and 83.8%, respectively. With regards to 
IPCL-VN lesions, there was specificity of 
98.6%, although the sensitivity was 55.8%. 
There was also relatively good inter- and intra-
observer agreement in this study.

The effectiveness of NBI in the detection of 
esophageal SCC was also shown in a multicenter, 
prospective, randomized controlled trial con-
ducted by Muto et al. [7] Patients with  esophageal 

Fig. 13.3 Narrow-band imaging of superficial esopha-
geal squamous cell carcinoma using optical magnification
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SCC were randomly assigned to primary white 
light endoscopy (WLE) followed by NBI or vice 
versa in a back-to-back fashion. The sensitivity 
of primary NBI for detection of superficial 
esophageal SCC was 97.2% compared to 55.2% 
with primary WLE.  The accuracy of NBI was 
also 88.9% in this study, compared to 56.5% with 
primary WLE. However, this came at the expense 
of a lower specificity (42.1% versus 63.2%, 
respectively). The diagnostic yield of NBI was 
especially pronounced with smaller lesions in 
comparison to WLE, being 94% and 95% for 
superficial esophageal SCC measuring <10 mm 
and 11–20  mm, respectively, while that with 
WLE was 39 and 33%, respectively. An earlier 
study by Takenaka et  al. [8] comparing NBI 
against the gold standard of Lugol’s iodine also 
produced similar results, with a sensitivity of 
90.9% and accuracy of 95.1%.

Detection of dysplasia and esophageal adeno-
carcinoma (EAC) in the setting of Barrett’s 
esophagus (BE) is another area of interest in the 
field of IEE using NBI.  Earlier classifications 
using NBI with magnification such as that from 
Nottingham, Kansas, and Amsterdam, aimed to 
differentiate normal mucosa from intestinal 
metaplasia (IM) and dysplasia using mucosal pit 
patterns and vascular patterns. For instance, vil-
lous or ridged patterns with the absent of abnor-
mal vasculature pointed toward IM changes, 
while distorted, irregular pits with abnormal ves-
sels indicated the presence of dysplasia. Using 
these features, the sensitivity and specificity of 
NBI in detecting high-grade intra-epithelial neo-
plasia (HGIN) ranged 94–100% and 76–98.7%, 
respectively [9–11].

An international, randomized, crossover trial 
by Sharma P et al. [12] compared high-definition 
white light endoscopy (HD-WLE) and NBI in 
patients referred for BE screening and surveil-
lance. The HD-WLE group had random biopsies 
by the Seattle protocol together with targeted 
biopsies of visible lesions, in contrast to the NBI 
group where targeted biopsies were obtained 
based on mucosal and vascular patterns noted 
during endoscopy. Although both modalities of 
screening and surveillance detected similar rates 
of IM, fewer biopsies were required per patient to 

establish this diagnosis with NBI (3.6 versus 7.6; 
p < 0.001). Moreover, NBI detected significantly 
more areas of dysplasia than HD-WLE (30% ver-
sus 21%).

Recently, a simple and internally validated 
classification system for the detection of HGIN 
and EAC in BE was developed by the Barrett’s 
International NBI Group (BING). This utilized 
near-focus technology in combination with NBI 
to identify absent or irregular mucosal patterns 
and vessels which did not follow the normal 
architecture of the mucosa either focally or dif-
fusely. Using the BING criteria, dysplasia was 
identified with a sensitivity and specificity of 80 
and 88%, respectively. The overall accuracy in 
the identification of dysplasia was 85%, and the 
inter-observer agreement was substantial with a 
kappa value of 0.681 [12].

13.7  Stomach

Intestinal metaplasia (IM) is a recognized precur-
sor to gastric cancer in the Correa cascade [13]. 
The “light blue crest” sign, defined as a fine, 
blue-white line seen on the gyri of the epithelial 
surface, has been shown to be highly specific 
93%) for gastric IM, although its absence does 
not exclude this diagnosis. This can be seen on 
magnifying NBI, and has a high accuracy of 91% 
[14]. NBI was shown in a multicenter, prospec-
tive, randomized study by Ang et  al. [15] to 
increase the detection rate of IM compared to 
HD-WLE from 7.7 to 17.7% in patients older 
than 50 years undergoing esophagogastroduode-
noscopy. Similarly, NBI in combination with 
magnifying endoscopy can also be used in the 
diagnosis of early gastric cancer (EGC).

The vessel plus surface (VS) classification, 
as its name suggests, leverages on the properties 
of magnification NBI to clearly visualize the 
microvascular (MV) and microsurface (MS) 
patterns [16]. These MV and MS patterns are 
categorized into regular, irregular, and absent. 
For instance, a regular MS pattern is defined by 
a uniform and homogeneous marginal crypt epi-
thelium which appears regular with a symmetri-
cal distribution, whereas an irregular pattern 
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arises when the  marginal crypt epithelium 
appears as irregular and heterogeneous struc-
tures with asymmetrical distribution. Similarly, 
mucosal capillaries have uniform shapes with 
regular arrangements and symmetrical distribu-
tion in a regular MV pattern, while an irregular 
pattern displays a more haphazard appearance 
with tortuous, branched, and bizarrely shaped 
vessels distributed asymmetrically and in an 
irregular fashion. In EGC, NBI with magnifica-
tion also has the ability to identify a demarca-
tion line between cancerous and noncancerous 
mucosa, which has a high sensitivity of 95% for 
predicting cancerous lesions [17].

Using the VS classification system, an EGC 
can be identified by the presence of a clear 
demarcation line and an irregular MS and/or 
MV pattern within the demarcation line. In a 
study by Yao et al. [16], it has been shown that 
97% of EGC fall within the mentioned criteria. 
The importance of a demarcation line has 
already been emphasized given its high sensitiv-
ity for EGC, thus a lesion without a demarcation 
line is unlikely to be a malignant lesion. 
However, it needs to be noted that the presence 
of a demarcation line alone is insufficient for the 
diagnosis of EGC given its low specificity of 
49%. This reinforces the utility of NBI with 
magnification to identify irregular MS and/or 
MV patterns as this increases the specificity for 
the diagnosis of a cancerous lesion to 95%. 
Moreover, the same investigator also demon-
strated in a separate study that magnifying NBI 
in the context of screening for EGC may 
decrease the number of biopsies required to 
establish such a diagnosis [18].

The usefulness of magnifying NBI in EGC 
has also been demonstrated in several other stud-
ies. In a multicenter, prospective, randomized, 
controlled trial conducted by Ezoe et al. [19], the 
real-time diagnostic yield of WLE and NBI with 
magnification for small (>10 mm) depressed gas-
tric lesions were compared. While the accuracy 
and specificity of magnifying NBI was statisti-
cally greater than WLE, the increased sensitivity 
of magnifying NBI failed to achieve statistical 
significance. However, when magnifying NBI 

was combined with WLE, very high rates of 
accuracy, sensitivity, and specificity were 
achieved (96.6%, 95%, and 96.8%, respectively), 
which were statistically greater than either 
modality alone. It should be noted that the median 
time taken for this combined approach was lon-
ger than that of magnifying NBI alone, which in 
turn was longer than WLE alone. Li et  al. [20] 
was also able to demonstrate high sensitivity, 
specificity, and accuracy in using magnifying 
NBI to differentiate cancerous from noncancer-
ous lesions (97.3%, 84.4%, and 90.2%, respec-
tively) in a prospective study conducted in a 
single academic center. In this study, magnifying 
NBI was also able to accurately predict the depth 
of invasion in 95% of cases. Another study by 
Maki et al. [21] also demonstrated higher sensi-
tivity (95% versus 64%) and accuracy (92% ver-
sus 74%) for magnifying NBI compared to WLE 
in differentiating EGC and adenoma in superfi-
cial elevated lesions of the stomach, although this 
was at the expense of a lower specificity com-
pared to WLE (88% versus 94%).

In addition, magnifying NBI has also been 
demonstrated to be effective in determining the 
horizontal extent of EGC. In a study of 350 con-
secutive cases of EGC resected en bloc using 
ESD by Nagahama et al. [22], 66 cases (18.9%) 
could not be delineated successfully using 
WLE. Sixty-two of these 66 cases went on to be 
examined using magnifying NBI, of which 45 
(72.6%) were then successfully delineated. This 
is an important use of magnifying NBI in order to 
achieve R0 resection for EGC with ESD.

13.8  Colon

A pilot study comparing NBI with WLE and 
chromoendoscopy conducted by Machida et  al. 
[23] showed that NBI was better in the visualiza-
tion of the vascular network of colorectal muco-
sal lesions, although there was no significant 
difference compared to chromoendoscopy in dif-
ferentiating neoplastic and non-neoplastic 
lesions. However, a meta-analysis of earlier stud-
ies comparing the adenoma detection rate with 
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first-generation NBI versus WLE did not show a 
benefit with the use of NBI, although substantial 
clinical and statistical heterogeneity between the 
included studies may have compromised the 
accuracy of the pooled estimates [24].

In a later study by Leung et  al. [25], the 
newer generation NBI system with twice the 
brightness of the first-generation NBI system 
was studied in comparison to HD-WLE.  This 
randomized controlled trial with tandem colo-
noscopy demonstrated that NBI significantly 
increased the adenoma and polyp detection 
rates compared to HD-WLE (48.3% versus 
34.4%, p  =  0.01, respectively, for adenomas; 
61.1% versus 48.3%, p  =  0.02 for polyps), 
regardless of the experience of the endoscopist 
in this study. Moreover, NBI was also shown in 
systematic review by van den Broek et al. [26] 
to have similar overall accuracy in differentiat-
ing neoplastic and non-neoplastic polyps com-
pared to dye-based chromoendoscopy. Several 
other studies also demonstrated similar find-
ings, with magnifying NBI having better diag-
nostic accuracy in differentiating neoplastic 
from non-neoplastic lesions compared to WLE, 
but being equivalent to that using dye- based 
chromoendoscopy [3, 27, 28].

Perhaps the most commonly used NBI clas-
sification system for colorectal polyps is that of 
the NBI International Colorectal Endoscopic 
(NICE) classification system, which was devel-
oped by consensus based on the surface pattern, 
color, and appearance of vessels. This classifica-
tion system was validated using still images 
read by NBI-trained Gastroenterology Fellows 
in a study by Hewett et  al. [29]. In this same 
study, the NICE classification system was also 
evaluated during real-time colonoscopy, where 
endoscopists made diagnoses with high confi-
dence for 75% of consecutive small colorectal 
polyps. In this real-time evaluation, the reported 
sensitivity and accuracy were 98 and 89%, 
respectively. In addition to being simplified, the 
NICE classification system also offers the 
advantage of not requiring optical magnifica-
tion, allowing it to be used in centers where this 
technology is not available.

A well-known example of an NBI classifica-
tion system for colorectal polyps utilizing magni-
fication endoscopy is the Sano classification [30]. 
In this classification, NBI in combination with 
magnification is used to scrutinize the mucosal 
surface for meshed capillary vessels, irregularity, 
lack of uniformity, high density of capillary ves-
sels, branching and blind-ending vessels, as well 
as other features to point out neoplastic lesions 
and the degree of dysplasia.

Recently, the Japanese NBI Expert Team 
(JNET) classification was developed [31]. This 
new classification system incorporates the use 
of magnification to subdivide NICE type 2 (ade-
nomatous polyps) into NICE type 2A, repre-
senting low-grade intraepithelial neoplasia 
(LGIN), and NICE 2B, representing HGIN and 
shallow submucosal invasive cancer. The JNET 
classification system is the first universal mag-
nifying NBI classification system for colorectal 
polyps, combining the expertise and experience 
of previous magnifying NBI classifications with 
their multiple terms and differences in charac-
terization of lesions to predict the histopathol-
ogy of colorectal polyps.

13.9  Conclusions

IEE with NBI compliments high-quality WLE in 
the detection and characterization of lesions in 
the GI tract. This early detection of neoplastic 
lesions allows for endoscopic therapy such as 
resection and ablation to be used effectively, 
avoiding the morbidity associated with surgery. 
Magnification is a very useful adjunct to NBI, 
and has been incorporated into many classifica-
tion systems. Newer classification systems con-
tinue to be developed which further refine the 
endoscopist’s ability to predict tumor grade and 
depth of invasion. Although more validation 
studies are required for these new classification 
systems outside their countries of origin, where 
expertise may differ vastly from the rest of the 
world, they highlight the ongoing thrust in this 
exciting field of IEE toward excellence in imag-
ing techniques.
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Endocytoscopy for Diagnosis 
of Early Gastrointestinal Neoplasia

Philip W. Y. Chiu, Hitomi Minami, 
and Haruhiro Inoue

14.1  Introduction

The diagnosis of the gastrointestinal diseases is 
usually based on histopathology. The examina-
tion of the cytoplasmic morphological changes, 
irregular enlargement of the nucleus are key fea-
tures to define neoplastic process [1]. The prereq-
uisite to this diagnostic process is adequate tissue 
acquisition from the gastrointestinal pathology, 
followed by histological examination by patholo-
gist. It will be an ideal situation when in  vivo 
imaging can be achieved to cellular levels during 
diagnostic endoscopy. In vivo cellular imaging 
will serve as optical real-time biopsy, hence the 
endoscopist do not need to remove any tissue 
from the lesion during endoscopy and minimize 
trauma to the disease. This could have significant 
advantage especially when endoscopic resection 
is contemplated so that submucosal fibrosis could 
be minimized to reduce adhesions.

Currently, different technologies have been 
developed to achieve endomicroscopy [2]. These 
included endocytoscopy and confocal endomi-
croscopy. The current chapter will focus on 
review of the technology for endocytoscopy and 
the current clinical applications and evidence for 
its efficacy in achieving optical biopsy.

14.2  Endocytoscopy: 
Technological Development

The proposal of an ultra-high magnifying contact 
endoscope was reported in 1982 [3]. The magni-
fication power was 500 times at that time. The 
first reported observation of cellular changes dur-
ing endoscopy was in 1995 using a rigid-type 
contact endoscope at vocal cord [4]. Kumagai 
et al. reported the use of contact endoscope for 
ex vivo observation of squamous esophageal car-
cinoma [5]. These reports confirmed the feasibil-
ity of observation of cellular neoplastic changes 
through the concept of endomicroscopy.

Endocytoscopy system was first developed by 
Olympus Co Ltd. as a contact catheter type that 
could pass through the working channel of ordinary 
endoscopy [2]. The two initial prototypes had mag-
nification power of 450 times and 1100 times, 
respectively, on 14-inch monitor [2, 5]. The outer 
diameter was 3.4 mm with a length of 250 cm. The 
catheter type endocytoscope was designed to 
observe cellular changes by direct contact after 
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appropriate staining through the working channel of 
double channel endoscope, with a distal cap attach-
ment to stabilize the  endoscope (Fig.  14.1). Both 
prototypes could allow endoscopists to distinguish 
between nucleus and cytoplasm after dye staining 
with methylene blue [6]. However, red blood cells 
movement within the capillary flow could be 
observed under 1100 times magnification [2].

In the second phase of development, the endo-
cytoscopy system was integrated into the ordinary 
diagnostic endoscope [5]. The upper (103  cm) 
and lower (133 cm) GI endoscopes could achieve 
a magnification of 580 times in 19-inch monitor, 
in addition to the optimal magnification and nar-
row-band imaging capabilities. This integration 
aimed to enhance the clinical application of endo-
cytoscopy system during diagnostic endoscopy 
for characterization of disease pathology within 
the gastrointestinal tract (Fig. 14.2).

a

c

b

Fig. 14.1 First prototype of Endocytoscopy—comparing 
normal squamous esophageal mucosa (a) to cancerous 
lesion (b); the prototype endocytoscope as a probe based 

catheter passing through working channel of double chan-
nel endoscope (c)

Fig. 14.2 The latest model of endocytoscopy which is 
incorporated into an ordinary upper gastrointestinal endo-
scope. The intracapillary papillary loops (IPCL) can be 
observed during endocytoscopy with narrow-band imag-
ing (NBI)
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14.3  Endocytoscopy: Clinical 
Application in Upper GI Tract

Kumagai et  al. reported in  vivo application of 
rigid contact endocytoscope for examination of 
superficial esophageal cancers in 12 patients [7]. 
After dye staining with methylene blue, excellent 
images were observed to enable differentiation 
between normal and cancerous lesions through 
differences in density, heterogenicity as well as 
variation in nuclei of cells, similar to observation 
of reverse N/C ratio in cytology. Inoue et  al. 
reported the application of endocytoscopy for 
examination of gastrointestinal neoplasia in 87 
patients, 38 cases in esophagus, 18 cases in stom-
ach and 35 cases in colon [2]. High quality 
images were obtained in 83 cases (95.4%), while 
for 4 cases of gastric neoplasia the images were 
suboptimal due to inadequate staining caused by 
significant mucous secretion. A classification 
system based on endocytoscopic findings 
(Endocytoscopic atypia (ECA)) was applied to 
differentiate esophageal lesions into five types 
according to size and uniformity of nuclei, num-
ber of cells, and regularity of cellular arrange-
ment (Fig. 14.3). ECA I represents normal; ECA 
II represents non-neoplastic reactive; ECA III 
represents borderline; ECA IV strongly sugges-
tive of cancer; and ECA V represents cancer [6]. 
Minami et al. reported the performance of endo-
cytoscopy for 110 patients from 2003 to 2009. 

One hundred and forty-six esophageal lesions 
were classified according to ECA classification. 
Eighty-one out of 89 ECA-1 to ECA-3 lesions 
(91.0%) corresponded to Vienna categories 1–3. 
Seventy-one out of 84 ECA-4 or ECA-5 lesions 
(91.2%) corresponded to Vienna category 4 or 5 
with an accuracy of 91.3% [8, 9].

Endocytoscopy was also applied to diagnose 
pathology in stomach. Kimura et al. reported the 
observation of H. pylori cultured ex vivo using 
endocytoscope in stomach [10]. Our group dem-
onstrated the diagnosis of gastric intestinal meta-
plasia basing on observation of presence of goblet 
cells upon endocytoscopy achieved a diagnostic 
accuracy of 86% in 102 suspicious gastric lesions 
[11] (Fig. 14.4). Kaise et al. applied endocytos-
copy for differentiation of benign, gastric ade-
noma and early gastric cancer in 82 lesions using 
irregularities within glandular structure and cell 
nuclei [12]. The sensitivity and specificity using 
the high-grade ECS atypia as the criterion for 
diagnosis of gastric cancer were 86 and 100% 
respectively, and the authors concluded that 
endocytoscopy is feasible with high accuracy in 
diagnosis of early gastric cancer in  vivo. Sato 
et  al. reported the application of features upon 
endocytoscopy for differentiation of normal gas-
tric mucosa at body and antrum through observa-
tion of pit-dominant type and papilla-dominant 
type mucosa [13]. These features were indeed 
similar to those reported upon magnifying 

ECA (endocytoscopic atypia) classification in the esophagus

ECA-I

ECA-I     :    normal tissue
ECA-II    :    non-neoplastic reactive
ECA-III   :    border line
ECA-IV   :    strongly suspected cancer
ECA-V    :    cancer

ECA-II ECA-III ECA-IV

Inoue H et al, Endoscopy 2006: 38: 891-895

ECA-V

Fig. 14.3 Classification of endocytoscopic findings for squamous esophageal neoplasia
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 endoscopy by Yao et  al. to differentiate normal 
gastric body and antrum [14]. In gastric body, 
mucosa demonstrated regular honeycomb 
arrangement of subepithelial capillary network 
(SECN) surrounding each pit. In gastric antrum, 
since the opening of the glandular pits are 
arranged in oblique manner, the SECN will 
appear as coil- shaped. The same features were 
observed with endocytoscopy attributing to a 
sensitivity and specificity of 94.4 and 97.1% for 
gastric corpus, and sensitivity and specificity of 
92.0 and 86.7% for gastric antrum, respectively 
[13]. Tsurudome et al. performed endocytoscopy 
in 30 patients with early gastric cancer and found 
that using double staining method of 0.05% crys-
tal violet and 0.1% methylene blue, early gastric 
cancer demonstrated irregular glandular struc-
tures with deeply stained nuclei as well as 
increased nuclear density and atypia [15].

14.4  Endocytoscopy: Clinical 
Application in Lower GI Tract

The group from Digestive Disease Center, Showa 
University Northern Yokohama Hospital first 
reported the clinical application of endocytos-
copy for differentiation of colorectal neoplasia 

and developed the EC classification [16, 17] 
(Fig. 14.5). EC 1 are typically benign lesions or 
hyperplastic lesions, EC2 represents dysplasia 
while EC3 are further differentiated into EC3a of 
intramucosal carcinoma and EC3b of submuco-
sal carcinoma. The lesion was usually stained 
with 1% methylene blue, and the excessive stain 
would be washed off. The factors for consider-
ation to differentiate neoplasia and non- neoplastic 
polyps included: (1) Pattern of cellular arrange-
ments; (2) Size, shape, and arrangements of 
glands; (3) Size and shapes of cells; (4) Size and 
shape of nuclei; and (5) Nuclear–cytoplasmic 
ratio. Mori et  al. conducted a prospective ran-
domized noninferiority trial comparing endocy-
toscopy to standard biopsy for diagnosis of 
colorectal neoplasia [18]. Two hundred and three 
lesions from 170 patients were randomly assigned 
to either endocytoscopy group where lesions 
were interpreted by endocytoscopy, or standard 
biopsy interpreted by pathologist. The diagnostic 
accuracy of endocytoscopy to discriminate neo-
plastic lesions was 94.1% compared to 96.0% for 
standard biopsy, demonstrating similar accuracy 
and hence allowing on-site diagnosis possible 
[18]. One of the important features to recognize 
the diagnosis of sessile serrated adenoma/polyps 
(SSAP) is the recognition of dilated crypt 

a b

Fig. 14.4 Endocytoscopy for diagnosis of (a) gastric intestinal metaplasia with presence of goblet cells and (b) early 
gastric cancer with irregular morphology of the cells and reversed nuclear–cytoplasmic ratio
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 opening. Ogawa et al. applied the observation of 
a dilated crypt opening under endocytoscopy in 
101 lesions to differentiate SSAP from hyper-
plastic polyps (HP) [19]. The results showed that 
SSAP had significantly larger luminal area com-
pared to HP, and the use of luminal area to dif-
ferentiate SSAP showed an accuracy of 78.0% 
and area under ROC curve of 0.865.

14.5  Endocytoscopy: Future 
Development

The real-time diagnosis upon recognition of cel-
lular morphological changes, enlargement and 
irregularities in nuclei as well as reversed N:C 
ratio required learning and experience of endos-
copists. Recently, the development of computer- 

aided diagnosis (CAD) system recognize 
endocytoscopic changes to differentiate neoplas-
tic from non-neoplastic lesions [20, 21]. A cus-
tomized software named EndoBRAIN (Cybernet 
System Co Ltd., Tokyo, Japan) was developed to 
analyze images from endocytoscopy. Computer- 
aided diagnosis (CAD) has potential advantages 
of improving the accuracy in real-time histologi-
cal diagnosis, as well as reducing interobserver 
variation. Mori et al. applied the EndoBRAIN to 
automatically classify colorectal polyps accord-
ing to the nuclear characteristics, and compared to 
the diagnosis by endoscopists from three interna-
tional institutes [21]. The algorithm for computer- 
aided diagnosis for endocytoscopy (EC-CAD) is 
composed of four steps: extraction of nuclei, tex-
ture analysis, classifier, and diagnostic output. 
EC-CAD achieved an accurate for 89% for dimin-

Classification Endocytoscopic images Endocytoscopic findings Histopathology

Normal mucosa

Hyperplastic polyp

Dysplasia

High grade
dysplasias or
SMs cancer

SMm cancer or
worse

Agglomeration of distorted nuclei

Unclear gland formation

A large number of roundish nuclei

Irregular and rought lumens

Uniform fusiform or roundish nuclei

Slit-like smooth lumens

Small roundish nuclei

Narrow serrated lumens

Fusiform nuclei

Roundish lumens

a

b

a

b

EC1

EC2

EC3

Fig. 14.5 Classification of endocytoscopic findings for colorectal neoplasia
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utive polyps and 89% for small polyps, which 
were significantly higher than those achieved by 
nonexperts (73%, P < 0.001; and 76%, P < 0.001, 
respectively) and comparable with the experts’ 
results (90%, P  =  0.703, and 91%. P  =  0.106, 
respectively). In the future, with the assistance 
from CAD, endoscopists will be more confident 
in diagnosis of both diminutive and small colorec-
tal polyps and adopt the strategy of resect and dis-
card, hence renders screening and surveillance 
endoscopy more cost-effective.

14.6  Summary

Over the past decade, the technology of endocy-
toscopy has been revolutionized with a better 
integration and availability for clinical usage. 
The clinical observation of cellular and morpho-
logical changes under endocytoscopy had been 
investigated with various classifications devel-
oped for the diagnosis of superficial esophageal 
neoplasia and early colorectal neoplasia. The 
observation of changes in gastric cellular mor-
phology is limited by the difficulties in achieving 
good staining. Further research will be focus on 
clinical applications of endocytoscopy to differ-
entiate neoplasia especially in a wide field of pre-
malignant changes so that better target biopsy 
can be achieved. The clinical application of endo-
cytoscopy will be enhanced by the development 
of computer-aided diagnosis system.
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for Diagnosing and Staging Early 
GI Cancers: Endoscopic 
Ultrasonography in GI Diseases

Calvin Jianyi Koh and Khek Yu Ho

15.1  Introduction

Endoscopic ultrasound (EUS) has evolved to be a 
key tool in the management of gastrointestinal 
conditions, and is particularly useful in the man-
agement of gastrointestinal malignancy, where 
the stage depends on the depth of invasion, as 
well as malignant involvement of locoregional 
lymph nodes, which besides visualization, can be 
sampled by concurrent fine-needle aspiration or 
biopsy.

The aim of this section would be to outline the 
role of EUS in various GI malignancies by ana-
tomic region, and highlight key points that EUS 
can deliver over other imaging modalities. Like 
many diagnostic modalities in cancer, EUS is not 
used in lieu of cross-sectional imaging, but in 
many cases, can deliver high-resolution locore-
gional information that complements existing 
imaging modalities to provide additional infor-
mation which leads to accurate prognostication 
for management.

15.2  Endoscopic Ultrasonography 
Technology and Equipment

In general, echoendoscopes fall into three broad 
categories [1], radial and linear probes which are 
incorporated into the endoscope platforms, as 
well as a third category of specialty probes or 
“miniprobes” which are modified radial probes 
that are designed to fit through the channel of a 
regular endoscope, such as a gastroscope or duo-
denoscope, and provide high-resolution images 
at a shallow depth. These also offer additional 
advantage of being smaller and able to get into 
tight spaces such as circumferential esophageal 
tumors for accurate staging.

15.2.1  Radial EUS Scopes

Radial EUS scopes are often used in staging of 
GI cancers as they offer a 360-degree view per-
pendicular to the scope that makes it easier to 
identify the margins as well as the depth of the 
lesion in relation to surrounding structures. They 
also have the advantage of being able to “scan” 
the region quickly for local lymphadenopathy, 
which sometimes can be harder to appreciate 
using a linear EUS scope.
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15.2.2  Linear EUS Scopes

Linear EUS scopes are helpful in situations 
where both imaging and tissue acquisition are 
required. The accessory channel in these plat-
forms allow the passage of fine-needle aspiration 
and biopsy needles for sampling of endosono-
graphically visualized structures not usually 
accessible in diagnostic endoscopy such as 
locoregional lymph nodes, as well as solid organ 
tissue sampling such as pancreas or adrenal gland 
for primary or secondary tumor involvement.

15.2.3  Specialty Probes

Catheter-based probes typically require a separate 
unit for image processing and mechanical actua-
tion, but offer the advantage of being able to pig-
gyback on an existing endoscope platform, or even 
if the situation allows, during the same procedure.

These probes are usually high frequency, typi-
cally 20 MHz and above resulting in a very shal-
low depth of penetration. Consequently, although 
they are not very good for large tumors where the 
ultrasound is attenuated rapidly the base, they are 
excellent for inspecting small mucosal and sub-
epithelial lesions and for intraductal use.

They can also potentially be passed through 
narrowed malignant strictures such as in esopha-
geal malignancy, although often in such cases, 
attenuation of ultrasound makes it difficult to 

visualize the depth of invasion. Such lesions are 
often advanced and staging information can usu-
ally be easily obtained through standard cross- 
sectional imaging.

A recognized limitation of endoscopic ultra-
sound for staging particularly in a more confined 
luminal space such as the esophagus, is that if the 
malignant stricture is tight enough, the EUS 
scope is often not able to be pass and oppose the 
mucosa adequately for accurate image acquisi-
tion. Bang JY and colleagues have in a multi-
center study evaluated this concern and found 
that all cases where a standard gastroscope was 
unable to traverse a stricture were found to be 
100% predictive of locally advanced disease (T3 
or T4), where EUS is unlikely to make an impact 
on the clinical management [2].

15.3  Endoscopic Ultrasound 
in Early Esophageal 
Neoplasia

Esophageal cancer is the sixth-leading cause of 
cancer-related mortality and the eight most com-
mon cancer worldwide [3]. This comprises two 
types of cancer that have different risk factors, 
incidence, and management—esophageal adeno-
carcinoma and esophageal squamous cell cancer.

Regardless of the subtype, early-stage esopha-
geal cancer can be managed endoscopically [4] 
as summarized in Table 15.1, either via ablation 

Table 15.1 Management of early esophageal cancer (National Comprehensive Cancer Network 2017 [4])

Stage Description
Esophageal squamous cell carcinoma 
management

Esophageal adenocarcinoma 
management

Tis High-grade dysplasia Endoscopic ablation, endoscopic 
resection.
Endoscopic resection followed by 
ablation, or esophagectomy

Endoscopic ablation, endoscopic 
resection.
Endoscopic resection followed by 
ablation, or esophagectomy

T1a Tumor invading lamina 
propria or muscularis mucosa

Endoscopic ablation, endoscopic 
resection.
Endoscopic resection followed by 
ablation, or esophagectomy

Endoscopic resection.
Endoscopic resection followed by 
ablation or esophagectomy

T1b Tumor involving submucosa Esophagectomy Endoscopic resection or 
esophagectomy

T2 Tumor invading the 
submucosa

Neoadjuvant chemoradiation
Definitive chemoradiation
Or esophagectomy.

Esophagectomy
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for very superficial lesions, or endoscopic resec-
tion, either using mucosectomy kits or endo-
scopic submucosal dissection (ESD).

It must be noted that the Japanese further sub-
divide T1b into SM1, SM2 or SM3, depending on 
whether the tumor has invaded the upper, middle, 
or lower third of the submucosal layer, respec-
tively [5], and would generally consider ESD for 
lesions in the upper part of the submucosa 
(T1b-SM1), generally up to 200  μm deep. For 
deeper lesions T1b-SM2, more than half of these 
lesions are associated with metastasis and should 
be treated the same as more locally advanced 
lesions [6]. The principle being that the submuco-
sal space has a rich network of lymphatics and 
that even with some invasion, the possibility of 
lymph node involvement increases dramatically.

With such narrow margins for staging, which 
determines the difference between endoluminal 
therapy and esophagectomy, endoscopic ultra-
sound plays a pivotal role in determining the 
stage, and hence the treatment selection of early 
esophageal cancer.

15.3.1  Initial Staging

Endoscopic ultrasound has in meta-analysis of 
2558 patients shown to be able to distinguish T1 
disease with 81.6% sensitivity and 99.4% 
 specificity [7]. A validated algorithm has been 
developed which combines CT, PET scan as well 
as EUS to optimize the investigation yield. In 
this workflow, only patients with CT suggesting 
no more than locally advanced disease (T1), that 
the endoscope can pass through, should be eval-
uated with EUS for suitability for endoscopic 
therapy [8].

Several limitations of endoscopic ultrasound 
for staging of esophageal cancer exist. Some 
data from single-center studies [9, 10], suggest 
that in the subgroup of T1a and T1b patients 
were only accurately staged 39 and 51% of the 
time, respectively. In this study, part of the stag-
ing inaccuracy came from lymph node metasta-
ses and for anything but lymph nodes 
immediately adjacent to the GI tract, CT with 
PET would probably perform better than EUS 

for the determination of lymph node involve-
ment. This is supported by data from Germany 
suggesting that in patients with early disease 
who underwent an upfront PET/CT evaluation, 
the addition of EUS had an impact on given 
treatment in 29% of the time [11].

15.3.2  Evaluating Response 
to Therapy

EUS is also useful to evaluate the response to neo-
adjuvant chemotherapy. In a meta-analysis of 16 
studies encompassing 724 patients, concluded that 
EUS is relatively sensitive at 81% in T3 disease, 
while yielding specificity of 95%, 84%, and 96%, 
respectively, for T1, T2, and T4 disease. In this 
dataset, EUS did not perform well at N staging, 
reflecting again the need for multimodal imaging 
evaluation which is current standard of care.

15.3.3  Summary for EUS in Early 
Esophageal Neoplasia

In summary, although some studies have raised 
concerns about its accuracy in early disease, EUS 
still plays a key role in the staging of early esoph-
ageal cancer to determine suitability for endo-
scopic therapy, and remains the most sensitive 
test for locoregional evaluation of esophageal 
cancer. EUS-FNA of suspect lymph nodes fur-
ther allow confirmation of regional lymph node 
involvement, although as a scanning tool for 
regional lymph node staging, EUS expectedly 
does not perform as well as high-resolution cross- 
sectional imaging.

15.4  Endoscopic Ultrasound 
in Early Gastric Neoplasia

15.4.1  Gastric Cancer Incidence 
and Epidemiology

Nearly a million cases of gastric cancer occur 
annually, making it the fifth most common 
 malignancy worldwide, and the third leading 
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cause of cancer death with more than 700,000 
deaths annually [12], the majority of cases from 
Asia, due to overall advanced presentation and 
poor prognosis of advanced disease. Overall 
5-year- survival remains a dismal 24% interna-
tionally, but this can rise to as high as 95% if 
picked up in stage I disease.

Besides addressing the modifiable risk factors, 
the strongest of which is the presence of 
Helicobacter pylori, for countries that have high 
incidence, screening for gastric cancer is an 
opportunity for secondary prevention. Currently 
Japan and Korea have well-established screening 
programs that have shown efficacy in reducing 
gastric cancer deaths [13, 14].

15.4.2  Early Gastric Neoplasia: 
The Role of EUS

The availability of screening has driven the devel-
opment of endoscopic techniques to manage 
early gastric cancer as with early esophageal can-
cer discussed above. Endoscopic resection via 
endoscopic submucosal dissection is the recom-
mended modality in management of early gastric 
cancer Tis (carcinoma-in-situ) or T1a (tumor 
invades the lamina propria or muscularis mucosa) 
[15] in the US National Comprehensive Cancer 
Network (NCCN).

The Japanese guidelines for ESD for early 
gastric cancer, in addition to the depth of the 
lesion (T1a), further take into account the size of 
the lesion, which by extended criteria should be 
less than or equal to 3  cm for differentiated 
tumors and 2 cm for undifferentiated tumors, and 
should not be ulcerated on the surface which 
implies deeper invasion.

Hence, given the need for accurate T staging 
to determine depth of tumor invasion, EUS is 
currently the only pre-therapeutic modality that 
assesses this. It provides initial clinical staging of 
locoregional gastric cancer.

EUS also has a role of assessing perigastric 
lymph nodes, which have echofeatures that sug-
gest malignant involvement—being hypoechoic, 
homogenous, and rounded are suggestive of 
malignant or inflammatory lymph nodes. This 

can be confirmed with the use of fine-needle aspi-
ration to obtain cytology. Other adjunctive roles 
EUS may play in gastric cancer would be to iden-
tify ascites, and sample the fluid to evaluate for 
peritoneal involvement which would indicate T4 
disease, or sampling of distant lymph nodes, for 
example, mediastinal lymph nodes that would 
suggest metastatic disease.

In a large meta-analysis [16] pooling data from 
2445 patients who underwent EUS for preopera-
tive staging, considerable heterogeneity in the 
performance vof EUS for T staging was found, 
wit the accuracy ranging from 56.9 to 87.7% giv-
ing a pooled statistic of 75%. The diagnostic 
accuracy for N staging was correspondingly 
lower, with pooled statistic of 64%, ranging from 
43 to 84% with considerable heterogeneity 
amongst studies. This suggests besides the known 
challenge that EUS is operator dependent, that the 
populations in which they were evaluated were 
diverse and that EUS had different performance 
among the stages, with observed best accuracy for 
T3 disease followed by T4, T1, and T2.

15.4.3  Factors Influencing EUS 
Performance

Multiple factors could account for variability in 
EUS accuracy. Clinicopathologic factors of the 
tumor such as location of the lesion [17–19], size 
[17, 19], morphology [18, 19], the presence of 
ulceration [19, 20], and the histology [17] all 
have been shown to influence the diagnostic per-
formance of EUS. In terms of inter-operator vari-
ability, various factors have been evaluated such 
as training and volume. It has been also proposed 
that obtaining good quality images as a surrogate 
quality marker would help to control for some of 
these technical differences between endoscopists 
and improved diagnostic yield [21].

15.4.4  Role of EUS in Excluding 
Patients from Surgery

The European Society of Gastrointestinal 
Endoscopy (ESGE) offers another view in the 
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role of EUS in gastric cancer [22]. They sug-
gest based on evidence from three studies [23–
25] that EUS FNA should mainly be offered to 
avoid unnecessary surgery by proving advanced 
disease—for example by proving distant lymph 
nodes—retropancreatic, paraaortic, mesenteric, 
or mediastinal that would change the course from 
a curative resection to palliation. In the studies 
cited, about 15–19% of the patients who had EUS 
were found to have findings that proved advanced 
disease and changed their management.

15.4.5  Summary of EUS in Early 
Gastric Cancer

In summary, EUS, although with its limitations 
as cited above, is still the best imaging modality 
and standard of care in the evaluation of early 
gastric cancer, to evaluate the depth of invasion 
for consideration of ESD. Although still helpful 
in sampling lymph nodes, its role in N staging is 
less accurate when compared to multi-detector 
CT imaging, and in some situations, it can poten-
tially spare patients needless surgery by proving 
advanced disease that might not be otherwise 
apparent.

15.5  Endoscopic Ultrasound 
in Early Pancreatobiliary 
Neoplasia

Apart from the ampulla, pancreatobiliary neopla-
sia has the unique characteristic of not being 
directly accessible with direct luminal endos-
copy, and this is where EUS has the advantage of 
being able to visualize these lesions sonographi-
cally as well as being able to obtain tissue sam-
ples for cytopathologic examination with 
fine-needle aspiration or biopsy.

15.5.1  EUS in Pancreatic Cancer

Pancreatic cancer often presents late, being rela-
tively asymptomatic until it is advanced, where 
standard treatments are generally ineffective. It 

affects more than 300,000 people annually [26], 
and due to dismal prognosis, mortality rate 
closely mirrors the incidence rate.

While the incidence is not high enough for 
population screening to be considered, there are 
studies evaluating the role of screening high-risk 
populations [27] for pancreatic cancer via MRI 
and EUS. These include individuals with familial 
pancreatic cancer, Peutz–Jeghers syndrome, 
hereditary pancreatitis (PRSS1 mutation), famil-
ial atypical multiple mole melanoma syndrome, 
and hereditary breast ovarian cancer syndrome.

Endoscopic ultrasound has been shown to be 
more sensitive that CT for detecting pancreatic 
cancer, particularly for smaller tumors [28] 
although the two modalities are often compli-
mentary as CT is concurrently done to evaluate 
metastatic disease and nodal disease not always 
visualized on EUS. EUS also has the advantage 
of obtaining a tissue diagnosis with fine-needle 
aspiration and a meta-analysis by Puli et al. [29] 
showed that EUS FNA has a polled sensitivity of 
86.8% and a specificity of 95.8%. When compar-
ing time periods, there is also an increase in sen-
sitivity over time, suggesting refinements on 
techniques and equipment.

Depending on the high-risk cohort composi-
tion, between 19 and 25% have abnormal EUS 
findings. The largest multicenter prospective 
study by Canto et al. [30] (the CAPS 3 study) CT, 
MRI, and EUS detected pancreatic abnormalities 
in 11%, 33.3%, and 42.6%, respectively. 
Eventually 3 out of the cohort of 216 had high- 
grade dysplasia proved on surgical resection, giv-
ing a pick up rate of 1.4%.

Eventually the hope is that systematic targeted 
screening of high-risk individuals would be able 
to identify and intervene in early pancreatic 
cancer.

15.5.2  EUS in Pancreatic Cystic 
Lesions

Pancreatic cystic lesions are often incidentally 
diagnosed due to the extensive use of cross- 
sectional imaging. But although incidental and 
mostly benign, they have been found in a case–
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control study to be associated with an increase in 
mortality in patients younger than 65 years and 
an increased risk of pancreatic ductal adenocarci-
noma [31].

These cystic lesions are mostly one of four 
conditions—pancreatic pseudocyst, serous cyst-
adenomas, mucinous cystadenomas, and intra-
ductal papillary mucinous neoplasm (IPMN), 
and as the latter two have malignant potential, 
differentiation between these conditions should 
be attempted as it would affect immediate man-
agement and long-term follow-up.

Sampling of the cyst fluid via EUS/FNA plays 
a key role in evaluation of the pancreatic cystic 
lesion as it allows access to the cyst fluid for 
amylase, carcinoembryonic antigen, cytology as 
well as KRAS mutation analysis. There is also 
recently available a through-the-needle microfor-
ceps which can take biopsies of the cyst wall or 
intramural nodule, hence allowing direct patho-
logic examination of the lesion.

15.5.3  EUS in Indeterminate Biliary 
Stricture

For biliary strictures where brushings have proven 
indeterminate, endoscopic ultrasound has been 
shown to be effective, in a meta-analysis by 
Sadeghi et al. [32] evaluating 20 studies enrolling 
a total of 957 patients, EUS-FNA had a pooled 
sensitivity of 80% and specificity of 96% for 
malignant biliary stricture. While EUS remains an 
option, newer modalities such as the 
cholangioscope- directed biopsies are also avail-
able and also provide 92–94% accuracy in differ-
entiating benign from malignant strictures in two 
separate prospective multicenter studies [33, 34].

15.5.4  EUS in Ampullary Lesions

In the evaluation for ampullary cancer for exam-
ple in surveillance for ampullary adenomas in 
familial adenomatous polyposis, white light and 
image-enhanced endoscopic examination with a 
duodenoscope, and taking targeted mucosal biop-
sies is still the standard of care. However for 

instances where the clinical suspicion is high, 
such as where there is obstructive jaundice and 
repeated ampullary biopsies are negative, EUS 
and FNA would be able to sample tissue not oth-
erwise accessible via the standard 
duodenoscope.

15.6  Endoscopic Ultrasound 
in Early Rectal Neoplasia

Colorectal cancer, currently the second most 
common cancer in females and the third most 
common in males worldwide, is still on a rising 
trend and it is estimated to increase from an inci-
dence of more than 1.3 million cases per year to 
2.2 million cases per year in 2030 [35].

Of these, rectal cancers, defined as within 
15  cm from the anal verge lend themselves to 
ready EUS evaluation due to the relatively 
straight passage of the rectum. Like other luminal 
malignances, the depth of invasion influences the 
management strategy and early rectal cancer 
(T1-invading submucosa/T2-invading muscularis 
propria) without nodal involvement can be man-
aged with surgical resection alone without adju-
vant chemoradiotherapy if the resection margins 
are clear [36].

Several meta-analyses comparing EUS, MRI, 
and CT for the preoperative staging of rectal can-
cer have been performed, of which one of the ear-
lier pivotal work by Bipat published in 2004 [37] 
who evaluated 90 articles and showed that although 
both EUS and MRI were equally sensitive in pick-
ing up muscularis propria invasion (94%), EUS 
had a specificity of 86% versus MRI specificity of 
69%. Imaging technologies have since evolved 
much since then, and a more recent study by Puli 
et al. in 2009 looking at aggregate data from 5039 
patients over 41 studies determined the accuracy 
of EUS in staging T1 disease at a sensitivity of 
87.9% with a specificity of 98.3%.

The inter-operator variability of EUS is fur-
ther demonstrated by Marusch [38] who evalu-
ated 7096 patients with rectal cancer who 
underwent EUS and surgery affording an oppor-
tunity to compare EUS stage with the pathologic 
stage of the resected specimen. It was observed 
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that centers that perform >30 cases per  annum 
tended to have better sensitivity and specificity, 
suggesting that experience influences the accu-
racy of EUS.

Due to the possibility of regional lymph 
nodes beyond the range of the ultrasound probe, 
such as iliac, retroperitoneal, or mesenteric 
lymph nodes, cross-sectional imaging—a pelvic 
MRI is typically obtained for accurate staging. 
Hence it is unsurprising that EUS does not per-
form as well as MRI for the evaluation of N 
stage involvement [39].

A multimodal approach is often considered in 
many cases, with EUS being complementary 
rather than replacing MRI. Despite advances in 
MRI technology, the submucosal layer is not 
always visualized clearly [40], and hence in early 
cancers, EUS is still helpful to distinguish T1 
from T2 cancers. EUS can also help sample 
lymph nodes in presumed early cancer (T1 or T2) 
which if proven positive would lead a change 
management from surgery alone to neoadjuvant 
chemoradiotherapy prior to surgical resection.

15.7  Conclusion

EUS allows precise visualization of the layers of 
the GI tract in higher resolution than any other 
standard modality and is extremely useful, if not 
indispensable, in the evaluation of the depth of 
invasion of early GI malignancies. Accurate stag-
ing of early GI malignancies impacts management 
as endoscopic resection options are available if 
the cancer has not spread to deeper layers, in par-
ticular the submucosa which has a rich lympho-
capillary network and portends higher chance of 
regional lymph node involvement.

EUS also has an additional role in the screen-
ing and evaluation of locoregional lymphadenop-
athy, and can through fine-needle aspiration or 
biopsy prove nodal involvement and upstage the 
cancer—directly impacting therapeutic options.

Finally, for pancreatobiliary malignancies, 
EUS with needle aspiration provides a way to 
confirm the diagnosis and in some high-risk pop-
ulations, potentially providing a screening 
modality that might pick up these cancers early.
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Case Atlas and Illustrations: 
Stomach

Fang Yao, Weixun Zhou, Xi Wu, Yamin Lai, 
Qingwei Jiang, and Yan You

16.1  Case 1

Multiple well-differentiated adenocarcinoma, 0 
IIc, depth of invasion M1, in the lower 1/3 of 
stomach.

The case well demonstrates the use of ME-NBI 
to identify the malignant foci among multiple 
lesions.

This is a 65 –year-old male who has suffered 
upper abdominal discomfort for about 3  months 
without any alert symptoms. Physical examination 
revealed a mild pressing discomfort on the upper 
abdomen. Lab examination found normal blood 
routine test with normal CEA and CA19-9. The pre-
vious EGD in a local hospital found there were 
multiple erosions in the gastric antrum, biopsies 
were taken at several erosive lesions, and the fol-
lowing histologic examination revealed a severe 
dysplasia lesion on the anterior wall. The abdomi-
nal CT scan was normal. The patient was then 
referred to our hospital for further management.

Magnifying endoscopy with GIF-HZ260 
(Olympus Medical System Corporation, Tokyo, 
Japan) was performed on him. Lots of nodular 
erosions on the lesser curvature and anterior wall 
of gastric antrum were found on white light 

endoscopy. We changed to NBI model and used 
the low-grade magnification to closely but 
quickly observe all the lesions. Two of the nod-
ules were discerned with irregular central reddish 
depression. We put the tip of the scope closer to 
each target lesion and changed the magnification 
ratio gradually to maximal level. Observing from 
the surrounding mucosa to the center,we identi-
fied the clear demarcation line (DL), and further 
examination found the cancerous changing 
according to VS classification within the DL. One 
piece of target biopsy was performed for each 
lesion, and the histologic examination confirmed 
it to be high-grade intraepithelial neoplasia.

The two lesions were removed completely 
soon by ESD. The following histologic examina-
tion revealed  that they were both well- 
differentiated adenocarcinoma according to 
Japanese classification or high-grade intraepithe-
lial neoplasia (WHO classification).

16.2  Case 2

Well-differentiated adenocarcinoma, 0 IIa, depth 
of invasion M1, in the middle 1/3 of stomach.

The case demonstrates the use of ME-NBI to 
well discern the margin of superficial early gas-
tric cancer and the consistence of ME-NBI with 
pathology for recognizing the malignancy.

This is a 67-year-old male who has suffered 
upper abdominal discomfort for about 5  years. 
Nothing remarkable was found on physical 
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examination. Lab examination revealed normal 
blood routine test with normal CEA and CA19-9. 
The diagnosis of EGD 1 year ago in a local hos-
pital was chronic atrophic gastritis.

Magnifying endoscopy with GIF-HZ260 
(Olympus Medical System Corporation, Tokyo, 
Japan) was performed for him. There was a mild 
elevated lesion on the gastric angulus with irregu-
lar shape, the color was mild reddish with hetero-
geneity. The size of the lesion was about 6.0 cm 
by 4.0 cm in diameter. Clear circumferential DL 
was discerned on ME-NBI examination, while 
the MSP within it was mainly irregular with local 
absence of MSP, and the MVP is also irregular. 
The lesion was then assessed as DL(+) + IMSP/
AMSP + IMVP, which met the VS diagnosis cri-
teria for gastric adenocarcinoma. However, two 

pieces of biopsy were taken from the central part 
of lesion, and the histologic diagnosis was low- 
grade intraepithelial neoplasia.

Here we had to face the conflict of endoscopic 
diagnosis to histologic evaluation. Being consid-
ered the typical characteristics of malignancy on 
ME-NBI, ESD was recommended and conducted 
after full and detailed discussion with the patient. 
The lesion was en bloc resected successfully, and 
the further histologic evaluation for the whole 
specimen identified several small areas of high-
grade intraepithelial neoplasia, which corre-
sponded to the results of ME-NBI.  The final 
diagnosis according to Japanese classification 
was early gastric cancer, Type 0-IIb + IIa, well- 
differentiated type, 58 × 42 mm in size, M1, ly0, 
v0, LM(−), VM (−).

Fig. 16.1 Non-magnified examination on white light endoscopy. We can see multiple nodules with central reddish 
depression on the lesser curvature and anterior wall of gastric antrum (arrows)

Fig. 16.2 Non-magnified examination on NBI model. The nodules change to brownish with central depression on the 
lesser curvature and anterior wall of gastric antrum (arrows)

F. Yao et al.
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Fig. 16.3 Low-grade magnified NBI reveals a IIa + IIc 
lesion with size of 1.5 cm by 1.5 cm on the anterior wall 
of gastric antrum. The margin of central depression is 
irregular. The previous biopsy scar is identified in the 
upper part of lesion (yellow arrows). Close magnified 
examination with maximal ratio discerns the demarcation 
line (DL) between the surrounding mucosa and the lesion 
(blue arrows). Within the DL, the microsurface pattern 
(MSP) is obviously irregular with different size and mor-

phology. The distribution is asymmetrical and the arrange-
ment is irregular. The microvascular pattern (MVP) is also 
irregular comparing to those in the noncancerous mucosa 
with greater diameter, higher vessel density, and different 
morphology. The lesion was assessed as 
DL(+) + IMSP + IMVP. One piece of biopsy was taken 
from the site as the red arrow shows. The pathologic eval-
uation confirmed it to be a lesion with high-grade intraepi-
thelial neoplasia

16 Case Atlas and Illustrations: Stomach
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Fig. 16.4 Low-grade magnified NBI finds another 
IIa + IIc lesion with size of 1.0 cm by 1.0 cm on the lesser 
curvature of gastric antrum. Close magnified examination 
also identifies the demarcation line (DL) between the 
lesion and the surrounding mucosa (blue arrows). In the 
small area within the DL, the MSP is obviously dilated 

with different size and morphology. The MVP is also 
irregular with greater diameter, discordant shape and 
arrangement. The lesion was assessed as DL(+) + IMSP+ 
IMVP. One piece of biopsy was taken from the site as red 
arrow shows. The pathologic examination confirmed it to 
be a lesion with high-grade intraepithelial neoplasia

F. Yao et al.
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Fig. 16.5 The two lesions were removed by ESD. The pictures demonstrate the lesions with markings, the wound after 
ESD, the two specimens after ESD and fixed in formalin

16 Case Atlas and Illustrations: Stomach
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Fig. 16.6 The specimen on the anterior wall was cut 
every 2  mm and evaluated carefully by pathologist. 
According to the results of all slides, we reconstructed the 
cancerous area on the resected specimen and marked it 
with yellow lines on the photo of the ESD specimen fixed 
in formalin. The orange lines in slides and yellow lines in 

specimen indicate the cancerous area, and the histologic 
findings are demonstrated with higher power field. The 
final diagnosis according to Japanese classification  was 
early gastric cancer, 0 IIc, well-differentiated type, 
7 mm × 4 mm, M1, ly0, v0, LM(−), VM (−)

F. Yao et al.
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Fig. 16.7 The specimen on the lesser curvature was cut 
every 2  mm and evaluated carefully by pathologist. 
According to the results of all slides, we reconstructed the 
cancerous area on the resected specimen and marked it 
with yellow lines on the photo of the ESD specimen fixed 
in formalin. The orange rectangle in slides and yellow 

lines in specimen indicate the cancerous area, and the his-
tologic findings are demonstrated with higher power field. 
The final diagnosis according to Japanese classifica-
tion was early gastric cancer, type 0 IIc, well- differentiated 
type, 3.0 mm × 1.5 mm, M1, ly0, v0, LM (−), VM (−)

16 Case Atlas and Illustrations: Stomach
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Fig. 16.8 Non-magnified examination on white light 
endoscopy. We can see a mild elevated lesion on the gas-
tric angulus with irregular margin, the color is mild red-
dish with heterogeneity. The red line shows the lateral 

margin between the lesion and the surrounding mucosa 
(demarcation line, DL). The size of the lesion is about 
6.0 cm by 4.0 cm

F. Yao et al.
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Fig. 16.9 ME-NBI examination was performed for this 
patient. We started evaluation from the anterior side of the 
lesion, observing from the surrounding mucosa toward the 
lesion with maximal magnifying ratio, we could see the 
abrupt changing of MSP from villous to small, dense 
round shape, while the morphology and distribution was 
irregular, which showed a clear DL (colorful curve lines). 

The MVP within the DL was obviously different compar-
ing with the subepithelial capillary network (SECN) in 
surrounding mucosa. The lesion was assessed as IMSP + 
IMVP with DL (+). Applying the tip of black hood against 
on the background mucosa outside the DL and moving 
slowly along the circumferential margin of lesion, we 
could clearly demonstrate the whole DL

16 Case Atlas and Illustrations: Stomach
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Fig. 16.10 ME-NBI examination of the patient. The scope moved toward anterior anal side of the lesion, the DL was 
also well indicated. The lesion had typical IMSP + IMVP with DL (+)

F. Yao et al.
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Fig. 16.11 ME-NBI examination of the patient. The scope moved toward anal side of the lesion along the DL. The 
lesion had typical IMSP + IMVP with DL (+)

16 Case Atlas and Illustrations: Stomach
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Fig. 16.12 ME-NBI examination of the patient. The scope moved toward posterior side of the lesion along the DL. The 
lesion had typical IMSP + IMVP with DL (+), and we could see an area of AMSP with IMVP in the left lower picture

F. Yao et al.
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Fig. 16.13 ME-NBI examination of the patient. The 
scope moved toward oral side of the lesion along the 
DL. The lesion had typical IMSP and IMVP with DL (+), 

and we could see areas of AMSP with IMVP in the two 
lower pictures

16 Case Atlas and Illustrations: Stomach
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Fig. 16.14 ESD was conducted after full and detailed discussion with the patient, and the lesion was en bloc resected. 
The specimen after ESD and fixed in formalin are both demonstrated. The size of specimen is 82 × 56 mm

Fig. 16.15 The specimen was cut every 2 mm and evalu-
ated carefully by pathologist. According to the results of 
all slides, we reconstructed the whole area on the resected 
specimen and marked it with different color line on the 
photo. The red lines indicate the areas of low-grade 
intraepithelial neoplasia, and the yellow lines mean local 
high-grade intraepithelial neoplasia. The final diagnosis 
according to Japanese classification was early gastric can-
cer, Type 0-IIb + IIa, well differentiated, 58 × 42 mm in 
size, M1, ly0, v0, LM(−), VM (−)

F. Yao et al.
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Fig. 16.16 The comparison between endoscopic image 
and pathologic exam at the site of anterior anal part of 
lesion (Orange arrow on photo of specimen fixed in for-

malin). The ME-NBI reveals typical IMSP + IMVP with 
DL (+). The pathologic images demonstrate the area of 
local high-grade intraepithelial neoplasia and the margin

16 Case Atlas and Illustrations: Stomach
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Fig. 16.17 The comparison between endoscopic image 
and pathologic exam at the site of posterior of lesion 
(Orange arrow on photo of specimen fixed in formalin). 

The ME-NBI reveals typical AMSP + IMVP with DL (+). 
The pathologic images show the area of local high-grade 
intraepithelial neoplasia

F. Yao et al.
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Careful Observation Using 
Magnifying Endoscopy Before 
Choice of Treatment Strategy 
for Early Colorectal Lesions

Qing-Wei Zhang and Xiao-Bo Li

Many studies have shown that histology of a 
colorectal lesion or even whether endoscopic 
resection is suitable for a suspected colorectal 
cancer could be accurately diagnosed by careful 
observation before treatment [1–6]. The morpho-
logical parameters observed under white light 
endoscopy could help in delineating the risk of 
invasion and the depth of invasion. It has been 
reported that expansion appearance, deep and 
irregular depression surface, folds converging 
toward the tumor, non-lifting sign, submucosal 
mass-like elevation or large nodule, and depres-
sion in laterally spreading tumors (LSTs) are risk 
factors for deep invasion [1–6].

Magnifying endoscopy, defined as endos-
copy used to observe the microstructure of the 
gastrointestinal mucosa under magnifying view, 
has been developed with a magnifying power 
of  ×  75–125. Magnifying chromoendoscopy 
(M-CE) has been widely used in differentially 
diagnosing deep invasive colorectal cancers 
from superficial submucosal colorectal cancers 
and intramucosal carcinomas using the pit pat-
tern with high diagnostic efficacy in Japan [7]. 

Magnifying endoscopy combined with narrow- 
band imaging (M-NBI) has enabled real-time 
diagnosis by allowing the surface structures and 
mucosal microcapillaries to be more carefully 
observed. In our previous studies, we estab-
lished superiority of M-CE to M-NBI in diagno-
sis of deep submucosal cancers, not suitable for 
endoscopic resection, with higher sensitivity 
and similar specificity [1, 8–10]. For M-NBI, 
there were many classifications used for differ-
entiation of deep submucosal cancers and super-
ficial colorectal cancers [11–16]. Among them, 
the JNET classification is now the mostly used 
M-NBI classification for diagnosis of colorectal 
lesions. However, it should be acknowledged 
that magnifying endoscopy or chromoendos-
copy is not widely used in Western countries 
and classification for non-magnified NBI was 
established for optical diagnosis of colorectal 
lesions, named narrow-band imaging interna-
tional colorectal endoscopic (NICE) classifica-
tion [17, 18].

Therefore, based on previous published stud-
ies for diagnosis of colorectal lesions especially 
evaluation of whether endoscopic resection is 
suitable for a suspected colorectal cancer, it is 
suggested that white light view be firstly per-
formed for assessment and NBI be switched to 
assess histology of colorectal lesions (hyper-
plastic polyps or neoplasia). Then, it is recom-
mended that M-NBI be used to evaluate the 
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histopathology and further invasiveness of 
lesions that have been detected by conventional 
white-light view to make an endoscopic thera-
peutic decision. It would be better to use M-CE 
to reevaluate  invasion depth of suspected deep 
invasive colorectal cancers.

In this chapter, we show three cases of colorec-
tal lesions evaluated for histology and invasion 
depth by application of white light endoscopy, 
M-NBI, and M-CE for better understanding of 
optical diagnosis of colorectal lesions.

Case 1
A 2.5 × 3.5 cm LST-G (Is) was detected during 
the screening colonoscopy (Fig. a, b). Using mag-
nifying endoscopy with narrow-band imaging, 
JNET 2A was diagnosed with regular vessels and 
gyrus surface pattern for the LST (Fig. c, d) and 
the Kudo pit pattern was the type IV under magni-
fying chromoendoscopy using crystal violet (Fig. 
e, f). After no suspicion of carcinoma, the LST 
underwent ESD (Fig. g, h), with final histopathol-
ogy proved to be tubular adenoma.
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Case 2

A 1.5 × 3.5 cm large polypoid lesion (Is) with vil-
lous feature was detected in the sigmoid colon 
(Fig. a). We attached the button from the white 
light view to the narrow-band imaging view. 
Villous surface pattern was regular at the base 
(Fig. b), but it changed to smaller and irregular at 
the top of the lesion suggesting JNET 2B (Fig. c). 
After narrow-band imaging observation, the Kudo 
pit pattern was the type IV with focal VI-low pits 
under magnifying chromoendoscopy using crys-
tal violet (Fig. d–f). With suspicion of malignancy, 
the lesion must be resected en bloc with ESD and 
final  histopathology proved to be villous adenoma 
with focal high-grade dysplasia (Fig. g, h).
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h

 

Case 3

A 1.5 × 2.5 cm LST-G was detected in the rectum 
(Fig. a). Under magnifying endoscopy with 
narrow- band imaging, JNET 2A was considered 
for most parts of the lesion (Fig. b) but in little 
depressed and a larger nodule at the center of the 
lesion, the JNET 2B was suspected (Fig. c, d). 
After narrow-band imaging observation, the 
Kudo pit pattern was the type IV for most parts of 
the lesion but type Vi-low for some parts of the 
lesion under magnifying chromoendoscopy using 
crystal violet (Fig. e, f). It was considered malig-
nancy but could be resected endoscopically with 
en bloc ESD (Fig. g). Final histopathology proved 
to be villous adenoma with high-grade dysplasia 
(Fig. h).
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The NICE type 1 polyps are most likely nonneo-
plastic. The color of polyps is similar to or lighter 
than the background; there is no blood vessels or 
only isolated lacy vessels on the surface. The sur-
face may show uniform dark spots (Fig.  18.1), 
white spots (Fig. 18.2), or absence of surface pat-
tern [1] (Fig. 18.3).

The NICE type 2 polyps are most likely 
intramucosal neoplasia. Their color is darker than 
the background. There are brown blood vessels 
surrounding white structures which represent pit 
pattern. These surface pit pattern may be oval 
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Fig. 18.1 Hyperplastic polyp with uniform dark spots

Fig. 18.2 Hyperplastic polyp with uniform white spots

Fig. 18.3 Hyperplastic polyp with absence of surface 
pattern
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(Fig. 18.4), tubular (Fig. 18.5), or branched pat-
tern [1] (Fig. 18.6).

The NICE type 3 polyps are most likely inva-
sive cancer. In this group, the color is darker than 
the background. Moreover, they have area of dis-
rupted blood vessels and the surface pattern are 
absent [1] (Fig. 18.7).

However, the NICE classification has limita-
tions for differentiation of sessile serrated pol-
yps [2] which are also the precursor lesions of 
colorectal cancer. The “Workgroup serrAted 
polypS and Polyposis” (WASP) classification 

combines four features, namely, cloud-like sur-
face, indistinct border, irregular shape, and dark 
spots inside the crypts into the NICE classifica-
tion and the polyps with at least two features 
should be considered sessile serrated lesions [3] 
(Figs. 18.8 and 18.9). The mucus cap is a com-
mon feature of sessile serrated lesions as well 
[4] (Fig.  18.10). Some of the sessile serrated 
lesions may have NICE classification type 1 
(Figs.  18.11 and 18.12) while the others may 
have NICE classification type 2 [3] (Figs. 18.13 
and 18.14).

Fig. 18.4 Tubular adenoma with oval surface pattern

Fig. 18.5 Tubular adenoma with tubular surface pattern

Fig. 18.6 Tubular adenoma with branched surface 
pattern

Fig. 18.7 Colonic carcinoma
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Fig. 18.8 Sessile serrated lesion with white light 
imaging

Fig. 18.9 Sessile serrated lesion with cloud-like surface, 
indistinct border, irregular shape, and dark spots inside the 
crypts

Fig. 18.10 Sessile serrated lesion with mucus cap

Fig. 18.11 Sessile serrated lesion

Fig. 18.12 Sessile serrated lesion with NICE 1 pattern

Fig. 18.13 Sessile serrated lesion with white light 
imaging
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Case Atlas and Illustrations:  
Upper GI

Vikneswaran Namasivayam

19.1  Case 1

An 80-year-old male was referred for further 
management of a gastric lesion diagnosed on 
evaluation of iron deficiency anemia. Physical 
examination was unremarkable. OGD showed a 
0IIa lesion at the antrum lesser curve extending 
to the incisura with two focal ulceration seen 
raising possibility of deeper invasion. ESD was 
performed and histology showed gastric adeno-
carcinoma with superficial submucosal invasion 
that was within the expanded criteria.

Diagnosis: Gastric adenocarcinoma with 
superficial submucosal invasion within expanded 
criteria.

Discussion: The presence of early gastric can-
cer is first suspected on WLE by the presence of 
an irregular color or surface pattern. The NBI 
diagnosis of early gastric cancer is made based 

on the presence of a demarcation line in combi-
nation with irregular microsurface or microvas-
cular pattern [1, 2]. This patient has a lesion in 
the antrum lesser curve that extends to the inci-
sura. It is characterized by a red mucosa with 
subtle elevation and central depression. This is 
readily appreciated when compared to the sur-
rounding gastric mucosa. NBI reveals the pres-
ence of a demarcation line as well as abnormal 
microsurface pattern and loss of microvascular 
pattern which is consistent with early gastric can-
cer. Surveillance OGD following ESD reveals 
mucosal healing on WLE and NBI.
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a

Fig. 19.1a WLE of gastric lesion
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d

Fig. 19.1d NBI with zoom

b

Fig. 19.1b NBI view

c

Fig. 19.1c NBI with zoom

e

Fig. 19.1e NBI with zoom

f

Fig. 19.1f WLE view of surveillance endoscopy after 
ESD

g

Fig. 19.1g NBI view of surveillance endoscopy after 
ESD
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167

19.2  Case 2

A 77-year-old female was referred for further 
management of a gastric lesion diagnosed on 
evaluation of pernicious anemia. Physical 
examination was unremarkable. OGD showed a 
2  cm prepyloric 0IIa lesion extending to the 
pyloric ring but not involving the duodenum. 
NBI imaging revealed white opaque substance 
(WOS) and relatively regular microsurface pat-
tern in remaining mucosa. Platelet count was 
83,000.

ESD was performed. Histology of resected 
specimen was gastric high-grade dysplasia in 
background of intestinal metaplasia.

Diagnosis: Gastric prepyloric high-grade 
dysplasia

Discussion: Pernicious anemia is associated 
with an increased risk of gastric carcinoma and 
gastric carcinoid tumors [3]. Magnification 
endoscopy enables assessment of the microsur-
face (MS) pattern of the gastric mucosa. NBI 
with magnification enables assessment of the 
mucosal microvasculature (MV), which is 
 composed of the subepithelial capillary network 
(SECN) and collecting venules (CVs). However, 
in 0IIa gastric lesions the MV pattern may be 
obscured by WOS [4]. This is evident in this 
patient who has a WOS deposits with an irregu-
lar distribution. WOS correlates with lipid 
deposits seen on histological specimens after oil 
red O staining [5]. WOS may be seen in gastric 
adenoma and carcinoma though more recent 
studies have described their presence in gastric 

intestinal metaplasia as well [6]. The presence 
and distribution of WOS sign may be used as an 
adjunctive feature in differentiating adenoma 
(regular, in line with SECN) from carcinoma 
(irregular) [4].

a

Fig. 19.2a Prepyloric lesion demonstrating WOS pattern 
on WLE

b

Fig. 19.2b WOS pattern seen on WLE with zoom 
magnification
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19.3  Case 3

A 67-year-old male underwent OGD for severe 
iron and vitamin B12 deficiency anemia (Hb 3.4 g/
dL). He had a partial gastrectomy with gastrojeju-
nostomy for peptic ulcer bleeding 40 years ago.

OGD showed two gastric nodules (0Is) in 
the remnant stomach close to the anastomosis. 
Endoscopic mucosal resection was performed for 
both nodules. Histology for both nodules revealed 
intramucosal adenocarcinoma in a hyperplastic 
polyp.

Diagnosis: Intramucosal adenocarcinoma in 
hyperplastic polyps in remnant stomach

Discussion: Gastric carcinoma may develop in 
the remnant stomach several decades after distal gas-
trectomy for benign disease [7]. Malignant transfor-
mation in gastric hyperplastic polyps is uncommon 
but is more likely in large polyps more than 2 cm. 
The presence of malignant transformation may be 
identified on magnifying NBI by changes in the fine 
mucosal structures (FMS). A reduction in the FMS 
(known as micrification) compared to the surround-
ing reference FMS is indicative of the presence of 
neoplasia in hyperplastic polyps [8].

ESD in early gastric cancer in the remnant 
stomach is technically challenging with higher 
complication rates due to the limited space for 
manipulation and the presence of staples and 
severe fibrosis along the anastomosis and suture 
line. The rate of perforation for ESD is higher in 
the remnant stomach especially at the anasto-
motic site [9, 10].

c

Fig. 19.2c WOS pattern seen on NBI with zoom 
magnification

d

Fig. 19.2d Demarcation of margins for ESD

e

Fig. 19.2e Gastric varix

a

Fig. 19.3a Gastric polyps in remnant stomach
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b

Fig. 19.3b Close up view

c

Fig. 19.3c Close up view

d

Fig. 19.3d Retroflexed view with WLE

e

Fig. 19.3e Retroflexed view with NBI zoom

f

Fig. 19.3f Retroflexed view with NBI zoom

g

Fig. 19.3g Retroflexed view with WLE zoom
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19.4  Case 4

A 75-year-old female underwent OGD for unex-
plained weight loss. It showed a sessile polyp in 
the gastric body that was resected. Histology was 
consistent with a gastric hyperplastic polyp.

Diagnosis: Gastric hyperplastic polyp
Discussion: WLE examination reveals a red 

polypoid lesion with a smooth surface. NBI 
examination reveals that this polyp has a regular 
MV and MS (villous) pattern [11]. Malignant 
transformation is uncommon in gastric hyper-
plastic polyps. In this patient, there is no evidence 
of any white opaque substance or micrification 
within the polyp. This is consistent with the 
benign histology and absence of malignant trans-
formation [8].

h

Fig. 19.3h Retroflexed view with WLE

i

Fig. 19.3i Close up view

a

Fig. 19.4a WLE gastric polyp

b

Fig. 19.4b NBI gastric polyp

c

Fig. 19.4c NBI with zoom gastric polyp
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19.5  Case 5

A 56-year-old female underwent gastroscopy for 
iron and vitamin B12 deficiency anemia. Her 
intrinsic factor antibody was positive. OGD 
showed gastric atrophy which was clearly evi-
dent even on white light endoscopy.

Diagnosis: Pernicious anemia with gastric 
atrophy

Discussion: Pernicious anemia and gastric 
atrophy are associated with an increased risk of 
gastric carcinoma [3, 12]. Careful examination 
on white light endoscopy is crucial as the recog-
nition of gastric atrophy, would prompt a more 
careful survey for the possible presence of early 
gastric cancers.

While gastric atrophy is a histological diagno-
sis, its presence may be predicted by endoscopic 
features [13]. These would include mucosal dis-
coloration, prominent submucosal vascular pat-
tern due to mucosal thinning, uneven surfaces, 
and disappearance of folds.

In this patient, the mucosal thinning exposes 
the underlying submucosal vascular pattern. NBI 
with optical zoom further characterizes the 
marked atrophy in the gastric mucosa. The col-
lecting venules are very prominent but the 
honeycomb- like subepithelial capillary network 
pattern can hardly be identified. Neither marginal 
crypt epithelium nor crypt opening can be identi-
fied in the atrophic mucosa. These findings are 
consistent with gastric atrophy.

a

Fig. 19.5a WLE gastric atrophy at antrum

b

Fig. 19.5b WLE gastric atrophy at fundus

c

Fig. 19.5c WLE gastric atrophy at fundus close-up view

d

Fig. 19.5d NBI gastric atrophy
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19.6  Case 6

An 81-year-old female was referred for further 
evaluation of intermittent epigastric pain. A diag-
nostic OGD was performed. OGD showed a 0IIa 
lesion with ulceration extending across the poste-
rior wall of the body to the antrum and incisura.

Diagnosis: Gastric cancer
Discussion: The presence of early gastric can-

cer may be suspected on WLE by the presence of 
an irregular color or surface pattern. The diagno-
sis of early gastric cancer may be made on NBI 
by the presence of a demarcation line in combi-
nation with irregular microsurface and microvas-
cular pattern [1, 2]. This patient has a lesion in 
the posterior wall of the gastric body which is dif-
ferent in color to the surrounding mucosa and 
demonstrates superficial elevation. NBI evalua-
tion reveals the presence of a demarcation line 
and loss of microvascular pattern which, once 
recognized on NBI, may also be appreciated on 
WLE as well.

e

Fig. 19.5e NBI with zoom gastric atrophy

a

Fig. 19.6a WLE gastric lesion

b

Fig. 19.6b WLE close-up view of gastric lesion

c

Fig. 19.6c NBI close-up view of gastric lesion
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19.7  Case 7

A 72-year-old patient underwent OGD for 
abdominal pain. A previous OGD performed in 
another country had revealed a H. pylori gastric 
ulcer which had been treated with eradication 
therapy.

Diagnosis: Healed gastric ulcer with intestinal 
metaplasia

Discussion: The identification of a gastric 
ulcer on OGD raises the possibility of a benign 
peptic ulcer, malignant ulcer or peptic change 
within an early gastric cancer. Hence, careful 
examination is needed to clarify the findings as 
biopsies may not always be representative. In this 

d

Fig. 19.6d NBI with zoom view of demarcation line and 
IMVP

e

Fig. 19.6e NBI with zoom view of demarcation line and 
IMVP

f

Fig. 19.6f NBI with zoom view of demarcation line and 
IMVP

g

Fig. 19.6g NBI with zoom

h

Fig. 19.6h Corresponding area in WLE with zoom
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patient, WLE examination reveals abnormal red 
mucosa in the incisura at the site of the previous 
gastric ulcer which raises concerns of a sinister 
diagnosis. However, NBI examination reveals a 
regular MS, MV pattern and there is no demarca-
tion line. These findings are consistent with gas-
tritis rather than cancer. In addition, light blue 
crests are seen indicating the presence of intesti-
nal metaplasia.

a

Fig. 19.7a WLE of incisura

b

Fig. 19.7b WLE close up view of incisura

c

Fig. 19.7c NBI view of incisura

d

Fig. 19.7d NBI with zoom view of incisura showing 
light blue crests

e

Fig. 19.7e NBI view of antrum
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19.8  Case 8

A 77-year-old male was referred for further manage-
ment of a gastric lesion in the proximal stomach that 
was diagnosed on endoscopic surveillance for gas-
tric intestinal metaplasia. Biopsies showed gastric 
low-grade dysplasia. Repeat endoscopy in our unit 
revealed the presence of a 0IIc lesion in the proxi-
mal stomach. Unfortunately the lesion had been tat-
tooed which obscured the borders of the lesion and 
the MS and MV pattern on NBI. Furthermore, the 
lesion could not be raised, and hence, endoscopic 
resection could not be performed.

Diagnosis: Tattoo precludes definitive charac-
terization

Discussion: Extensive biopsies, partial endo-
scopic removal, and tattooing of lesions that are 
otherwise amenable to endoscopic resection 
should be avoided [14]. These maneuvers lead to 
submucosal fibrosis which makes subsequent 
ESD technically challenging while increasing the 
risk of perforation during ESD [15]. The pres-
ence of fibrosis is indicated by poor lifting after 
submucosal injection [16]. The need for tattooing 
can largely be avoided with adequate photo- 
documentation of the lesion. Endoscopic tattoo-
ing, if needed to guide subsequent surgery, should 
be placed away from the lesion.

a b

Fig. 19.8 (a and b) Lesion with tatoo
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19.9  Case 9

A 63-year-old female presented with vomiting, 
weight loss, leg edema, and serum hypoalbumin-
emia (serum albumin 20 g/L). She was referred for 
further evaluation of suspected linitis plastica on 
index endoscopy. OGD showed markedly thickened 
gastric mucosal folds with adherent mucoid secre-
tion (gastric pH 7) primarily affecting the proximal 
stomach with relative sparing of the antrum.

Diagnosis: Menetrier’s Disease
Discussion: Menetrier’s Disease is a rare 

protein- losing gastropathy characterized by hyper-
proliferative gastric foveolar epithelium. It is 
caused by dysregulated epidermal growth factor 
receptor signaling that leads to expansion of sur-
face mucous cells in the body and fundus of the 
stomach [17]. The presenting symptoms include 
epigastric pain, vomiting, generalized edema, and 
hypoalbuminemia [18]. Endoscopy demonstrates 
enlargement of gastric folds which is usually con-
fined to the oxyntic mucosa (body and fundus). 
Sparing of the antrum is typical but not invariable 
[19]. Diagnosis is confirmed by biopsies showing 
marked foveolar hyperplasia and glandular atro-
phy and a paucity of inflammatory infiltrates. The 
demonstration of glandular atrophy may require 
full-thickness mucosal biopsies. The differential 
diagnoses would include polyps and polyposis syn-
dromes. These are differentiated from Menetrier’s 
Disease by family history, extra-gastric manifesta-
tions, genetic testing, endoscopic appearance, and 
histological presentation. Juvenile polyposis syn-
drome (JPS) patients may have colonic polyps or a 
family history of JPS. Cronkhite–Canada syndrome 
may have characteristic hyperpigmentation, hair 
and nail changes in addition to multiple hamarto-
matous polyps throughout the gastrointestinal tract 
[19]. Other differential diagnoses to consider would 
include lymphoma, gastric carcinoma, gastrointes-
tinal stromal tumors (GIST), tuberculosis, or other 
infiltrative disease [17]. CMV associated forms of 
Menetrier’s Disease have been described [20, 21]. 
Cetuximab, a monoclonal antibody to the epider-
mal growth factor receptor, has been reported to be 
an effective treatment for Menetrier’s Disease [22]. 
There have also been reports of remission with H. 
pylori eradication.

a

Fig. 19.9a Prominent folds in proximal stomach with 
mucoid secretions

b

Fig. 19.9b Antrum is relatively normal

c

Fig. 19.9c Appearance on NBI
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20.1  Case 1

68 years old male screening colorectal cancer

• Location: Rectum
• Morphology: 0+Is size 3 mm
• NBI: NICE 2 (JNET 2A)
• Treatment: EMR
• Pathology: Tubular adenoma
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Thailand
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20

 A reddish sessile lesion

 A regular caliber and tubular surface pattern can be seen

 A tubular adenoma with low grade dysplasia
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20.2  Case 2

77 years old male screening colorectal cancer

• Location: Rectosigmoid
• Morphology: 0+IIa+IIc size 2 cm
• NBI: NICE 3 (JNET 3)
• Treatment: Laparoscopic anterior resection
• Pathology: Moderate differentiated adenocar-

cinoma invade to muscularis propria no LVI 
no LN pT2N0Mx

 

 

 

 

 

 A flat elevated with irregular surface tumor can be seen

 Loose vessel areas can be seen

 An amorphous area can be seen

 Loose vessel areas can be seen

A indigocarmine spraying view. A depressed area with 
irregular surface can be seen
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20.3  Case 3

62 years old female bowel habit change

• Location: Ascending colon
• Morphology: 0+Is size 5 mm
• NBI: NICE 1 (JNET 1)
• Treatment: EMR
• Pathology: Sessile serrated lesion

 

 

A histology reveales moderate differentiated adeno carci-
noma invade to musulavis propria (pMP)

 A whity sessile lesion can be seen

The lesion showed acloud-like surfase. Dilated crypts can 
be seen in upper part of the lesion
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20.4  Case 4

62 years old female bowel habit change

• Location: Ascending colon
• Morphology: 0+IIa size 5 mm
• NBI: NICE 2 (JNET 2A)
• Treatment: EMR
• Pathology: Tubular adenoma

 

 

 

 Dilated hyperplastic glands can be seen

 A flat elevated lesion with nodular surface can be seen

 A regular caliver can be seen

 Tubular surface patterns can be seen
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20.5  Case 5

80 years old male bowel habit change

• Location: Cecum
• Morphology: 0+IIa size 5 mm
• NBI: NICE 1 (JNET 1)
• Treatment: EMR
• Pathology: Sessile serrated lesion

 

 

 A tubular adenoma with low grade dysplesia

A flat elevated lesion with yellowish mucous can be seen

Dilated crypts can be seen
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20.6  Case 6

88 years old female with history of bleeding per 
rectum

• Location: Descending colon
• Morphology: 0+Is size 5 mm
• NBI: NICE 2 (JNET 2A)
• Treatment: EMR
• Pathology: Tubular adenoma

 

 

 Dilated crypts can be seen in lower part of the lesion

 A sessile lesion can be seen

Tubular surface patterns can be seen
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20.7  Case 7

79 years old female screening colonoscopy

• Location: Ascending colon
• Morphology: 0+IIa+IIc size 1 cm
• NBI: NICE 3 (JNET 3)
• Treatment: Laparoscopic Right Colectomy
• Pathology: Moderate differentiation adeno-

carcinoma invade to submucosa with exten-
sive lymphovascular invasion with perineural 
invasion, LN positive 5/9 apical and 3/20 peri-
colic pT1N2bMx

 

 

 

 A flat elevated lesion can be seen

A deprressed area can be seen in the center of the lesion

Amorphous areas can be seen in the depressed area

20 Case Atlas and Illustrations: Colon
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