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Abstract
AIM: To investigate whether magnifying endoscopy 
with narrow band imaging (ME-NBI) is useful for evalu-
ating the area of superficial, depressed- or flat-type dif-
ferentiated adenocarcinoma of the stomach.

METHODS: This procedure was performed in Saitama 
Medical University International Medical Center, Japa-
nese Red Cross Kumamoto Hospital and Kitakyushu 
Municipal Medical Center. The subjects were 31 patients 
in whom biopsy findings, from superficial, depressed- 
or flat-type gastric lesion, suggested differentiated 
adenocarcinoma in the above 3 hospitals between 

January and December 2009. Biopsy was performed on 
the lesion and non-lesion sides of a boundary (imagi-
nary boundary) visualized on ME-NBI. The results were 
pathologically investigated. We evaluated the accuracy 
of estimating a demarcation line (DL) on ME-NBI in 
comparison with biopsy findings as a gold standard.

RESULTS: The DL that could be recognized at 2 points 
on the orifice and anal sides of each lesion during ME-
NBI was consistent with the pathological findings in 22 
patients with 0-Ⅱc lesions, 7 with 0-Ⅱb lesions, and 
2 with 0-Ⅱb + Ⅱc lesions, showing an accuracy of 
100%.

CONCLUSION: The results suggest the usefulness 
of ME-NBI for evaluating the area of superficial, de-
pressed- and flat-type differentiated adenocarcinoma of 
the stomach. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Narrow band imaging (NBI) is a new endoscopic tech-
nique developed by Olympus Co., Ltd., which facili-
tates the visualization of  microvascular features on the 
mucosal surface and their fine structure with high-level 
contrast employing two types of  ray (central wavelengths: 
415 and 540 nm, respectively)[1]. The endoscopic diagno-
sis of  intramucosal gastric carcinoma of  the superficial 
depressed type or flat type with nonmagnified instru-
ment is often difficult because such carcinoma, so-called 
“gastritis-like cancer”, are manifest as only subtle changes 
in color and shape. Yao et al[2] have reported that magni-
fied observation without NBI of  the microvascular archi-
tecture of  intramucosal gastric carcinoma may be useful 
for characterizing flat carcinoma that exhibit only subtle 
changes in color and shape at standard endoscopy, and 
also be useful for determining the extent of  intramucosal 
spread of  differentiated carcinomas that have an irregular 
margin. 

Yao et al[3] reported that a regular subepithelial capil-
lary network (SECN) pattern was present in the mucosa 
around gastric carcinoma, but the pattern was lost in 
the microvascular architecture of  differentiated gastric 
carcinoma, in which microvascular growth with an ir-
regular morphology and distribution was noted, and a 
clear demarcation line (DL) was formed at the boundary 
between the cancerous and non-cancerous regions due 
to differences in the microvascular architecture between 
the regular SECN pattern and irregular microvascular 
pattern. However, they employed magnifying endoscopy 
(ME) without NBI. 

Recent studies have reported that the use of  NBI, 
which facilitates the visualization of  microvascular and 
fine mucosal architectures, contributes to the detection 
of  small, superficial, depressed- or flat-type adenocarci-
noma of  the stomach and improvement in the diagnostic 
capacity[4-9]. However, to date, few studies have reported 
the usefulness of  determining of  the DL of  gastric 
cancer by ME with NBI (ME-NBI)[7,8,10,11]. In addition, 
according to recent studies, it is impossible to examine 
vascular features using this procedure in some patients 
with differentiated adenocarcinoma of  the stomach[12,13]. 
When evaluating the extent of  differentiated adenocar-
cinoma using NBI, not only differences in the microvas-
cular architecture but also those in the fine structure of  
mucosa between cancerous and non-cancerous regions 
must be considered. Furthermore, the usefulness of  ME-
NBI for establishing/marking the extent of  resection has 
been discussed. However, it is controversial to evaluate 
whether diagnosis of  the extent of  cancer using ME-NBI 
is accurate in a resected specimen involving a mark drawn 
in an area lateral to the DL visualized on ME-NBI. 

Unlike the previously reported evaluation of  its use-
fulness in endoscopic submucosal dissection (ESD) speci-
mens[7,9-11], the present study investigated the usefulness of  
a new method of  gastric biopsy performed during ME-
NBI.

MATERIALS AND METHODS
We used magnifying endoscope (GIF-Q240Z, Olympus 
Optical Co., Ltd., Tokyo, Japan) combined with NBI sys-
tem, consisting of  an image processor (CV-260SL, Olym-
pus), a light source (CLV-260SL, Olympus) in this study. 
Before the examination, a hood was mounted on the tip 
of  the endoscope to enable the endoscopist to fix the fo-
cal distance at 2 mm between the tip of  the instrument 
and the mucosal surface.

Thirty-one patients with superficial, differentiated 
carcinoma of  the stomach who underwent ME-NBI in 
3 hospitals (our hospital, Kitakyushu Municipal Medical 
Center, and Japanese Red Cross Kumamoto Hospital) 
between January and December 2009 were enrolled in this 
prospective, uncontrolled study. Examinations were car-
ried out by 3 endoscopists specializing in NBI (1 per hos-
pital). In all patients, the differentiated adenocarcinoma 
had been diagnosed previously at conventional endoscopy 
including biopsies with histopathologic confirmation. 

Macroscopic type of  the carcinoma was classified ac-
cording to the classification for early stage gastric cancer of  
the Japanese Research Society of  Gastric Cancer (Type Ⅰ, 
protruded; Type Ⅱa, superficial elevated; Type Ⅱb, flat; 
Type Ⅱc, superficial depressed; and Type Ⅲ, excavated). 
Carcinoma of  the superficial depressed or flat types as 
determined at standard endoscopy were included in this 
study. Protruded and superficial elevated types were ex-
cluded as these are easily identified by standard endoscopy 
alone. Patients were excluded if  the endoscopic findings 
using conventional endoscopy or endoscopic ultrasonog-
raphy clearly suggested ulceration within the lesion, or 
obvious submucosal invasion, because both of  these find-
ings may influence the microvascular architecture of  the 
lesion. In addition, we excluded patients in whom biopsy 
findings suggested the coexistence of  undifferentiated 
with differentiated carcinoma.

ME-NBI was applied for 31 flat-type and superficial 
depressed-type lesions with unclear boundaries diagnosed 
as differentiated gastric carcinoma based on conventional 
observation and biopsy. The presence or absence of  
DL was judged on the oral and anal sides of  the lesions. 
The nearest part of  the lesion from the esophagogastric 
junction was determined by endoscopic observation and 
defined as oral side of  the lesions. The nearest part of  
the lesion from the pyloric ring was also determined by 
endoscopic observation and defined as anal side of  the 
lesions. Lesions with and without DL identification were 
presented as DL (+) and (-), respectively. Biopsy was per-
formed, assuming regions sandwiching the DL as cancer-
ous and non-cancerous mucosa (Figures 1 and 2).

For biopsy, we employed biopsy forceps measuring 
1.8 mm in tip diameter (FB-21K-1, Olympus Tokyo). 
To measure the distance from the DL as objectively and 
accurately as possible, biopsy forceps were used as an 
indicator. The study used 1.8 mm biopsy forceps, the 
smallest commercially available, to avoid taking too much 
tissue and minimize the distance between two biopsy 
sites sandwiching the DL.
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Establishing a distance of  approximately 1.8 mm 
from the boundary (DL) estimated on NBI observation, 
two regions sandwiching it were assumed as cancerous 
and non-cancerous. As described above, biopsy was per-
formed on the orifice and anal sides of  each lesion. Based 
on the diagnostic criteria, the assistant doctor recorded 
the presence or absence of  DL during the procedure to 
ensure the objectivity of  the examination. The rate of  
consistency of  the boundary between the cancerous and 
non-cancerous mucosa on magnified NBI and that iden-
tified in the biopsied specimen was investigated. A total 
of  4 biopsy specimens per lesion were collected. There-
fore, 124 biopsy specimens were collected in 31 patients.

All patients gave their written informed consent. 
Patients who were receiving warfarin or any other anti-
coagulant treatment were excluded from this study. This 
study was approved by the Medical Ethics Committee 
of  Saitama Medical University International Medical 
Center, Japanese Red Cross Kumamoto Hospital and 
Kitakyushu Municipal Medical Center. The UMIN Clini-
cal Trials Registry identification number for this study is 
C000001769.

Statistical analysis
There is no statistical analysis. The calculations were 
performed by using SAS version 8.0 (SAS Institute Inc., 
Cary, NC). 

RESULTS
In the 31 patients, we investigated the age, gender, le-
sion site, maximum diameter, morphology, presence or 
absence of  DL at each 2 points on the orifice and anal 
sides, and proportion of  patients in whom NBI find-
ings were consistent with biopsy findings (Table 1). The 
number of  patients did not reach the initial target 60, but 
enrollment was discontinued because the 1-year enroll-
ment period had ended. The lesion size was measured us-
ing resected specimens. In untreated patients from whom 
no specimen had been resected, measuring forceps for 
routine observation were employed. The median age was 
71 years (57-87 years). The male-to-female ratio was 25:6. 
Lesions were localized in the upper, middle, and lower 
areas in 8, 15, and 8 patients, respectively.
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Table 1  Clinicopathologic characteristics of patients

Age (median, yr) 71
Sex (M:F) 25:6
Location (U:M:L) 8:15:8
Tumor size (median) (range) (mm) 22 (3-72)
Macroscopic type [Ⅱb:Ⅱc:(Ⅱb + Ⅱc)] 7:22:2

The area of the lesser and greater curvatures was divided into 3. The 
orifice side was regarded as upper (U), intermediate area as middle (M), 
and anal side as lower (L). IIb: Flat type; IIc: Superficial depressed type. 

DC

BA

Figure 1  Narrow band imaging findings. A: Ordinary [non magnifying endoscopy with narrow band imaging (ME-NBI)] endoscopic findings of intramucosal gastric 
carcinoma. A flare-like flat-type (0-Ⅱb) lesion measuring 25 mm in diameter, with an unclear border, was observed at the greater curvature of the inferior gastric body 
(arrows); B: NBI finding of the lesion (non-ME); C: Strongly-magnified NBI finding at the lesion center; D: Moderately-magnified NBI finding at the margin: a demarca-
tion line between the cancerous and non-cancerous regions could be recognized based on differences in the fine structure of mucosa and microvascular features 
(arrows). This was established as an imaginary boundary.
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Macroscopically, the morphology was evaluated as Ⅱb  
in 7 patients, Ⅱc in 22, and Ⅱb + Ⅱc in 2. The median 
lesion diameter was 22 mm, with an inter-quartile range of  
40 mm to 14 mm. On NBI observation, the DL could be 
recognized at all 62 points. As shown in Figures 1 and 2, 
biopsy was performed, assuming two regions sandwich-
ing the DL that could be recognized on NBI as cancerous 
and non-cancerous. In each 2 points in 31 patients, the 
imaginary boundary was consistent with a pathologically 
detected border between the cancerous and non-cancer-
ous regions as a gold standard (Figure 3).

DISCUSSION
An NBI endoscopic system with 415-nm and 540-nm 
rays has facilitated the visualization of  blood vessels in 
high-level contrast[1]. In this system, an incoming ray pen-
etrates the superficial layer of  translucent tissue below 
the mucosal epithelium, and is strongly absorbed by he-
moglobin. As a secondary action, the contrast of  vascular 
features makes it possible to evaluate the fine structure of  
mucosa, and an incoming ray may be strongly reflected 
from the mucosal surface, contributing to the visualiza-
tion of  its fine structure.

Based on this principle, the NBI system has common-
ly been employed for the diagnosis of  epithelial and non-

epithelial tumors of  the digestive tract[12,14-17]. Previous 
studies involving gastric cancer patients have reported a 
vascular pattern (fine network pattern) specific to differ-
entiated adenocarcinoma and a corkscrew pattern specific 
to undifferentiated carcinoma, employing NBI-combined 
magnified endoscopy. This procedure is routinely used in 
clinical practice. With respect to fine mucosal structures, 
Uedo et al[18] proposed a “light blue crest”, Yao et al[12] a 
“white opaque substance”. Diagnoses are made based on 
microvascular features and these mucosal structures. 

Despite the widespread use of  NBI, few studies to 
date have reported the usefulness of  ME-NBI for de-
termining the extent of  gastric cancer[7,9-11]. In Japan, the 
widespread use of  ESD has facilitated resection regardless 
of  the tumor size in patients with early gastric cancer[19,20]. 
Therefore, it is very important to evaluate the extention 
of  the lesions. Kiyotoki et al[11] compared ME-NBI and 
indigo carmine chromoendoscopy without magnification 
to determine the gastric tumor margin, and found that the 
diagnostic accuracy of  the former technique was signifi-
cantly higher, at 97.4%, than that of  the latter, at 77.8% (P 
= 0.009). Their study included 13 patients with adenoma, 
in only one of  whom the extent of  tumor invasion by 
ME-NBI was misdiagnosed. As we previously reported[21], 
gastric adenoma differs from gastric carcinoma in that, 
in many cases, microvessels cannot be visualized by NBI, 
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Figure 3  Pathological findings. A: HE staining of a biopsy specimen collected from the demarcation line (DL) (+) site of the patient presented in Figure 2; B: HE 
staining of a biopsy specimen collected from the DL (-) site of the patient presented in Figure 2.
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Figure 2  Biopsy findings and standard observation biopsy. A: As shown in the photograph, biopsy was performed by measuring a distance of approximately 1.8 
mm using forceps (tip diameter: 1.8 mm), regarding two regions sandwiching the boundary estimated on NBI as cancerous and non-cancerous; B: Standard observa-
tion after biopsy.
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or only microvessels similar to those of  the surrounding 
mucosa can be observed and the mucosal microstructure 
is very difficult to distinguish from intestinal metaplasia 
in the surrounding gastric mucosa. Kiyotoki et al[11] con-
sidered that these features of  gastric adenoma led to the 
misdiagnosis of  the adenoma patient. However, the diag-
nostic accuracy of  ME-NBI in 38 gastric cancer patients 
was 100%, which was similar to our results.

In a study by Kadowaki et al[10], a group of  eight experts 
and a group of  eight non-experts compared the useful-
ness of  four different methods: conventional ME (CME), 
NE-MBI, enhanced-ME with acetic acid (EME), and ME 
with NBI and acetic acid (NBI-EME), for determining the 
extent of  gastric cancer using the original scoring system. 
Both groups found that ME-NBI and NBI-EME were 
more useful for the diagnosis of  the extent of  gastric can-
cer than CME, suggesting that NE-MBI is useful even for 
non-experts in the diagnosis of  gastric cancer invasion.

These two studies were problematic in that they did 
not include patients with 0-Ⅱb lesions, the extent of  
which is the most difficult to determine among gastric 
cancers, but included many with elevated lesions, the 
margins of  which are relatively easily recognizable during 
routine observation. Yao et al[2] considered that lesions in 
which it is difficult to determine their extent by routine 
observation were superficial depressed- (0-Ⅱc) and flat-
type (0-Ⅱb) gastric carcinomas (so-called “gastritis-like 
cancer”), performed magnified observation of  these le-
sions without NBI, and reported the results using the ex-
pression “demarcation line”. Based on this first report, we 
examined patients with 0-Ⅱc or 0-Ⅱb lesions. Although 
the present study was limited to patients with Ⅱb (flat-
type) or Ⅱc (superficial depressed-type) lesions, the diag-
nostic accuracy for determining the cancer extent was as 
high as 100%. 

Physicians must recognize the limitations of  determin-
ing the extent of  undifferentiated carcinoma, which may 
extend at the middle part of  the lamina propria, showing 
no abnormal findings in the superficial mucosal layer, as 
well as the absence of  evidence regarding the consistency 
between NBI-recognized and pathological boundaries in 
differentiated carcinoma patients who have undergone 
ESD involving a 2- or 3-mm marginal region via marking 
at points 2- or 3-mm lateral to the boundary estimated on 
NBI. In this study, to overcome these limitations, we ex-
amined the usefulness of  diagnosing the extent using NBI 
in reference to biopsy findings as a gold standard.

According to Yao et al[2], when employing novel ME 
without NBI, the DL can be recognized based on differ-
ences in microvascular features between the cancerous 
and non-cancerous regions in patients with differentiated 
adenocarcinoma of  the stomach. Araki et al[22] analyzed 
NBI-combined ME images of  differentiated adenocarci-
noma of  the stomach using a computer. There were no 
significant differences in the density or mean diameter of  
microvessels between the cancerous and non-cancerous 
regions. However, branching and fusion were significantly 
more marked in the cancerous region. Therefore, they re-

ported that ME-NBI was useful for evaluating the border 
between the cancerous and non-cancerous regions. How-
ever, actually, it is difficult to recognize microvascular 
features in some patients. Ezoe et al[13] indicated that there 
was no abnormal blood vessel in 17% of  patients with 
gastric small depressive cancer. In their study described 
above, patients in whom no abnormal blood vessel was 
visually detected were also excluded[22].

ME-NBI has facilitated the visualization of  micro-
vascular features and fine mucosal structures, making it 
possible to recognize a boundary based on differences 
in the fine structure of  mucosa between cancerous and 
non-cancerous regions. For diagnosis of  the extent using 
NBI, it is important to initially recognize marked vascular 
abnormalities or those in the fine structure of  mucosa at 
the lesion center and expand the extent of  observation 
toward the lateral side.

In this study, we reviewed serial cases over 1 year, 
and the results suggested the usefulness of  boundary 
diagnosis using NBI. However, the number of  patients 
was small, and the 3 endoscopists participating in this 
study were familiar with NBI diagnosis. In the future, a 
larger number of  patients should be investigated, and the 
results of  this procedure carried out by beginners must 
be reviewed. However, taken together with the report 
of  Kiyotoki et al[11], we can conclude that diagnosis of  
the extent using NBI is as useful as or more useful than 
conventional diagnosis based on standard observation. 
In hospitals in which 4-point biopsy has been performed 
to evaluate the extension of  the lesion, the introduction 
of  this method may eliminate unnecessary biopsy. In our 
series, biopsy led to a diagnosis of  cancer before DL as-
sessment. However, Yao et al[3] reported that 25.3% of  
patients with gastritis showed a DL on magnifying WLI. 
Ezoe et al[13] indicated DL presence on magnifying NBI in 
42% of  patients with non-cancerous gastric small depres-
sive lesions. Their findings must be considered. Briefly, 
ME-NBI may be very useful for evaluating the extent of  
differentiated adenocarcinoma, but may not become an 
absolute diagnostic criterion for cancer.

COMMENTS
Background
Recent studies have reported that the use of narrow band imaging (NBI), which 
facilitates the visualization of microvascular and fine mucosal architectures, 
contributes to the detection of small, superficial, depressed- or flat-type adeno-
carcinoma of the stomach and improvement in the diagnostic capacity. 
Research frontiers
There have been few studies reported the usefulness of determining of the 
demarcation line (DL) of gastric cancer by magnifying endoscopy with NBI (ME-
NBI).
Innovations and breakthroughs
Previous studies have shown the usefulness of ME-NBI for determination of the 
range of early gastric cancer. However, in each study, endoscopic submucosal 
dissection (ESD) specimens were used for evaluation. The authors consider it 
difficult to discuss the usefulness of this method using ESD specimens obtained 
by marking a few mm outside the line recognized as the lesion border and inci-
sion a few mm outside the marking. This problem could be overcome in the 
present study.
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Applications
In hospitals in which 4-point biopsy has been performed to evaluate the exten-
tion of the lesion, the introduction of this method may eliminate unnecessary 
biopsy.
Terminology
DL was formed at the boundary between the cancerous and non-cancerous re-
gions due to differences in the microvascular architecture between the regular 
subepithelial capillary network pattern and irregular microvascular pattern.
Peer review
The authors prospectively studied usefulness of ME-NBI on diagnosis of dif-
ferentiated early stage of gastric adenocarcinoma. This is a very interesting 
and novel topic. Information of this study is very important for future progress of 
gastrointestinal endoscopy field.
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