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Abstract
Gastric cancer is the third most common cause of 
cancer-related death. Advanced stages of gastric cancers 

generally have grim prognosis. But, good prognosis 
can be achieved if such cancers are detected, diagnosed 
and resected at early stages. However, early gastric 
cancers and its precursors often produce only subtle 
mucosal changes and therefore quite commonly remain 
elusive at the conventional examination with white light 
endoscopy. Image-enhanced endoscopy makes mucosal 
lesions more conspicuous and can therefore potentially 
yield earlier and more accurate diagnoses. Recent 
years have seen growing work of research in support 
of various types of image enhanced endoscopy (IEE) 
techniques (e.g. , dye-chromoendoscopy; magnification 
endoscopy; narrow-band imaging; flexible spectral 
imaging color enhancement; and I-SCAN) for a variety 
of gastric pathologies. In this review, we will examine 
the evidence for the utilization of various IEE techniques 
in the diagnosis of gastric disorders. 
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Core tip: Image-enhanced endoscopy is useful for 
an accurate real-time diagnosis of a variety of gastric 
diseases. But, good prognosis can be achieved if 
such cancers are detected, diagnosed and resected 
at early stages. However, early gastric cancers and its 
precursors often produce only subtle mucosal changes 
and therefore quite commonly remain elusive at the 
conventional examination with white light endoscopy. 
Image-enhanced endoscopy makes mucosal lesions 
more conspicuous and can therefore potentially yield 
earlier and more accurate diagnoses. Recent years have 
seen growing work of research in support of various 
types of image enhanced endoscopy (IEE) techniques 
(e.g. , dye-chromoendoscopy; magnification endoscopy; 
narrow-band imaging; flexible spectral imaging color 
enhancement; and I-SCAN) for a variety of gastric 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4253/wjge.v8.i20.741

World J Gastrointest Endosc  2016 December 16; 8(20): 741-755
ISSN 1948-5190 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.



pathologies. In this review, we will examine the 
evidence for the utilization of various IEE techniques in 
the diagnosis of gastric disorders.
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INTRODUCTION
In 1957, Hirchowitz et al[1] pioneered the use of 
flexible endoscope to visualize the gastrointestinal 
(GI) tract. These early fibreoptic endoscopes were 
cumbersome to use and had dim views of the GI 
tract. Diagnosis of frank gastric pathologies (e.g., ulcer 
or malignant tumor) was straightforward. However, 
subtle abnormalities in the mucosa often got missed 
or misdiagnosed. This is especially relevant in stomach 
where early and confident detection of subtle pre-
malignant features has potential to save the organ and 
life of a patient[2]. 

Recent years have witnessed tremendous progress 
in various novel endoscopic techniques. These techni
ques claim easy and confident detection, diagnosis 
and assistance in endoscopic resection of gastric subtle 
mucosal abnormalities. Simplistically, these techniques 
make a GI mucosal lesion appear more conspicuous. 
In a consensus methodological classification (in year 
2008), such techniques were classified into five cate
gories by Tajiri et al[3]: (1) conventional white light 
endoscopy (WLE); (2) image-enhanced endoscopy 
(IEE); (3) magnification endoscopy (ME); (4) microscopic 
endoscopy; and (5) tomographic. As these technologies 
offer different advantages and disadvantages, some 
have become indispensable tools inside every endoscopy 
room while others remain research tools.

Like in any disease, the endoscopic assessment 
of a mucosal abnormality also follows the logical sequ
ence comprising “identification (or screening)”, “charac­
terization”, “confirmation” by a gold standard (e.g., 
histology), and finally “treatment”. Explicit identification 
or screening of significant lesions is important to achieve 
low false miss-rates during endoscopy. At the same 
time, an accurate characterization, before histological 
assessment, is equally crucial to enable endoscopic 
resection for a significant lesion while leaving behind 
benign findings. Various IEE techniques have been 
studied for “identification” and “characterization” of 
gastric pathologies. In this review, we will study various 
IEE techniques and review their respective evidences for 
utilization in stomach.

METHODOLOGY
Publications in English language, limited to humans, 

were searched in the databases of “PUBMED/MEDLINE”, 
“the Cochrane Library”, and “Google Scholar”. The 
studies were searched between January 1995 and 
January 2016. Only studies published in peer-reviewed 
journals were taken into consideration. Relevant 
studies from the references of selected articles were 
also screened. The search keywords were: “Endoscopy, 
digestive system”, “Narrow band”, “Narrow-band 
imaging (NBI)”, “White light”, “Image enhance”, “Image 
enhanced”, “Endoscopy/methods”, “Gastroscopy/
methods”, “White light endoscopy”, “Chromoendoscopy 
(CE)”, “Blue laser”, “Fujinon intelligent”, “Flexible 
spectral imaging color enhancement (FICE)”, “I-SCAN”, 
“Methylene blue”, “Indigo carmine”, “Acetic acid”, “Dye 
endoscopy”, “Helicobacter”, “Gastric atrophy”, “atrophic 
gastritis (AG)”, “Intestinal metaplasia”, “Gastric tumor”, 
“Gastric cancer”, “Stomach cancer”, and “Gastric 
neoplasm”. The two sets of keywords were combined 
individually. The studies were searched as free texts and 
as Medical Subject Headings terms. 

WHITE-LIGHT ENDOSCOPY 
The last decades of 20th century saw the advent of 
video-endoscopes equipped with charge-coupled devices 
(CCDs). These CCD chips produced image signal of 
100000 to 400000 pixels, allowing clear images of 
GI mucosa[4]. Each pixel represents a unit of sample 
image, and therefore higher pixel-density meant greater 
spatial resolution and sharper images. Although good 
in detecting significant lesions in the GI tract, these 
standard definition (SD) video-endoscopes still had high 
miss-rates for subtle mucosal abnormalities. 

The currently available high-definition (HD) endos­
copes produce images with resolution of up to a million 
pixels and can magnify the mucosal image by 30- to 35 
fold. These images can be further magnified optically by 
having an in-built motor-driven optical lens at the tip of 
endoscope. The lens can be focused upon an area-of-
interest to provide a genuinely close-up image without 
sacrificing any pixel or image resolution. Contrary to 
the electronic magnification, the optical zoom produces 
a truly magnified (up to 150-times) and sharp image. 
Since the lens needs to be focused 2-3 mm away from 
the lesion, it is almost essential to have short hood or 
cap at the tip of magnifying-endoscope to maintain the 
focal length. These advances in endoscopic resolution 
have accompanied the considerable improvements in 
endoscope processors, which can convert tremendous 
amount of photonic data into a high-definition image 
without many artefacts. To get such HD images, it is 
imperative to have a compatible set of HD endoscopes, 
processor, monitors and transmission cables. Figure 
1 illustrates cases of EGC detected by HD-WLE. They 
appear as a mildly depressed lesion with discoloration 
compared to adjacent normal mucosa. 

Very few studies have directly compared HD-endos
copy with SD-endoscopy. For example in colon, these HD 
endoscopes showed marginal benefit in a meta-analysis 
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with a number needed to treat of 25 to identify one 
additional polyp or adenoma[5]. Such objective data are 
not available for the upper GI tract but the expectation is 
similar. 

WLE WITH MAGNIFICATION 
WLE with magnification has potential to provide detailed 
mucosal views. In 1978, Sakaki et al[6] described 
classification of the stomach mucosa according to the 
“minute gastric mucosal patterns”. Since 1999, true 
magnifying endoscopes (for example, GIF-Q240Z by 
Olympus Corporation or EG-450ZH by Fujinon) were 
introduced which could optically zoom the image by 
up to 80 times. Such spatially resolved and magnified 
images revealed surface and microvascular patterns 
of stomach mucosa in great details. These studies are 
summarized in Table 1. 

Appearance of normal gastric mucosa with “only ME”
Magnified views of normal gastric mucosa have been 
classified and named differently by various authors. In 
a preliminary study in 2001, Yao et al[7] described the 
magnifying views of antrum as coil-shaped network 
with rare collecting venules, and of corpus as honey
comb pattern with interspersed collecting venules. 
Absence of sub-epithelial capillary network (SECN) 
along with proliferation of irregular microvessels was 
observed in differentiated early gastric cancer (EGC). 
Similarly, Yagi et al[8] studied the mucosal patterns in 
normal stomach without Helicobacter pylori (H. pylori) 
infection. The study concluded that the presence of 
regular arrangement of collecting venules (RAC) could 
predict the absence of H. pylori gastritis with 95.5% 
accuracy. Moreover, the presence of well-defined ridge 
pattern (wDRP) in antrum had 100% specificity for the 
absence of H. pylori gastritis, although its sensitivity 
was relatively low at 54.5%. In another study, the ME 
views of corpus were grouped into four types (Z-0 to Z-3) 
and almost all patients without H. pylori gastritis had Z-0 
pattern[9]. 

H. pylori assessment with “only ME”
Six prospective studies have reported the use of “only 
ME” in predicting the gastritis (especially H. pylori 
gastritis)[8-13]. However, a variety of different mucosal 
classifications were used and proposed to correlate with 
H. pylori status. As mentioned in the earlier section, Yagi 
et al[8,9] correlated H. pylori status with RAC in corpus, 
wDRP in antrum and Z0-Z4 classification in corpus with 
good success. Based on the same Z0-Z4 classification, 
a group from Turkey showed superior results with 
H. pylori detection when compared with standard 
endoscopy[10]. In another study, Anagnostopoulos et 
al[11] grouped ME views of corpus (GIF Q240-Z, 115 
× magnifications) into four types with high inter-
observer agreement. Their classification identified H. 
pylori gastritis with sensitivity and specificity of 100% 
and 92.7% respectively. Similarly, other authors have 
reported excellent results with other classifications. 

Worldwide, H. pylori gastric infection is considered 
the primary carcinogen for development of gastric 
adenocarcinoma[14]. Real-time diagnosis of H. pylori and 
other types of gastritis with ME may be beneficial in a 
sense that detection of such types of abnormal mucosal 
patterns may make an endoscopist more vigilant to 
the possibility of dysplastic gastric lesions. However it 
should be emphasized that there are inherent difficulties 
in interpretation of these subjective classifications 
and all studies have been done by experts. Moreover, 
given the widespread availability of relatively cheap, 
objective and sensitive tests to detect H. pylori gastritis 
(e.g., rapid urease test), routine utilization of ME alone 
for diagnosis of H. pylori should be undertaken with 
caution and biopsy based tests remain the standard for 
diagnosis.

Characterization of EGC with “only ME”
As the area of mucosal view is small with ME, its role 
for screening or identification of pre or early malignant 
lesions in stomach is limited. However, ME has a role 
in characterization of subtle gastric lesions which are 
detected by screening WLE. A variety of patterns 
have been described to differentiate EGC from benign 
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Figure 1  High definition white light endoscopy view. A: A depressed lesion with mucosal discoloration due to early gastric cancer; B: High definition white light 
endoscopy view of early gastric cancer.
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later known as the “VS classification”. Non-cancerous 
mucosa were found to have regular appearances of 
SECN, all differentiated EGC had a demarcation line and 
irregular microvessels, while all undifferentiated EGC 
had absent demarcation line with absent or reduced 
SECN. In 2007, Yao et al[18] validated their classification 
on a larger sample. For characterization of EGC with ME, 
other authors have used varied classification with good 
results[19,20]. 

Overall, the efficacy of ME-alone in the stomach has 
been studied by a few authors, mainly from Japan. The 
various uses of ME-alone in stomach are summarized in 
Table 1. However as will be discussed later, the majority 
of studies of ME in stomach have been performed in 
combination with other IEE techniques. 

CONVENTIONAL CHROMOENDOSCOPY
Introduced in the 1990s, CE refers to spraying of harm
less dyes to stain the mucosal surface. This is usually 
done after a preliminary inspection with WLE. The 
staining of surface makes subtle mucosal patterns 
more obvious. A variety of stains have been used in 
the GI tract and these are classified into three types 

gastric mucosa. A variety of patterns have also been 
described for characterization of differentiated EGC 
from undifferentiated EGC. There have been six 
prospective studies using ME-alone for characterization 
of EGC[15-20]. In 2001, Tobita[15] from Japan first 
described ME findings in 103 depressed gastric lesions 
(including 63 malignant lesions) using Fujinon, EG-
410CR at × 60 magnification. It was concluded that the 
findings of “irregular protrusion” and “minute vessels 
in amorphia” were specific for malignancy. However, 
the classification had inherent subjectivity as it was 
assessed by one expert and was not been validated 
externally. In another prospective study in 2002, Tajiri 
et al[16] compared WLE-examination with ME (Olympus, 
GIF-Q240Z) in 211 consecutive gastric lesions. 
The authors found 89 EGC (58 depressed-type, 31 
elevated-type). Using their classification, the accuracy 
of ME-examination was significantly superior to WLE-
examination for any type of small (≤ 1 cm) EGC. In 
the same year, Yao et al[17] proposed a classification of 
magnified views of gastric mucosa which subsequently 
became the most widely utilized classification in studies 
of ME with IEE techniques. The mucosa was classified 
based on “microvascular” and “microsurface” patterns, 
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Figure 2  Mucosal irregularities and boundaries of a lesion. A: Gastric adenoma accentuated by indigo carmine; B: Early gastric cancer accentuated by indigo 
carmine.
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  Use in stomach Type of evidence Description Remarks

  Identification of normal 
  gastric mucosa

Descriptive study[7];
Cross-sectional study with 
comparison to histology[8]

Normal corpus: Regular 
honeycomb pattern

Normal antrum: Coil-shaped 
network with rare collecting 

venules

Different descriptive classifications have been used, but 
all emphasize on regular and uninterrupted mucosal 

and vascular patterns

  Diagnosis of H. pylori 
  gastritis

Six prospective studies with 
histology as the comparator[8-13]

High sensitivities and specificities 
for diagnosis of H. pylori

Multiple and varied pattern classifications with 
different endoscopes. Inherent subjectivity in 

classifications is an issue
  Characterization of EGC Six prospective studies with 

histology as the comparator[15-20]
Better results as compared to the 
traditional white light endoscopy

Multiple classifications bring inherent subjectivity; the 
most prevalent classification is the “VS” classification[17] 

which describes:
Differentiated EGC: Irregular microvessels with a 

demarcation line
Undifferentiated EGC: Absent demarcation line and 

absent sub-epithelial capillary networks

Table 1  Summary of studies using magnification with white light

H. pylori: Helicobacter pylori; EGC: Early gastric cancer.



of whitening differed with each histologic type: Low-
grade adenoma, 94 s; high-grade adenoma, 24.3 s; 
non-invasive carcinoma, 20.1 s; invasive intramucosal 
carcinoma, 3.5 s; and submucosal carcinoma or beyond, 
2.5 s. Therefore, the acetic-acid with ME was useful in 
differentiating between neoplasia and non-neoplasia 
based on duration of whitening.

 One year later in 2006, Tanaka et al[23] proposed a 
classification of EME findings in stomach based on forty 
seven consecutive patients, into five categories: Type 
I, small round pits; type II, slit-like pits; type III, gyrus 
and villous patterns; type IV, irregular arrangements 
and sizes; type V, destructive patterns. Elevated 
gastric carcinomas showed type III or IV patterns; while 
depressed carcinomas showed type IV or V patterns. 
Later the same group, in a separate observational study, 
found that the surface patterns were evident in 100% 
of lesions by EME as compared to only 66.4% with 
conventional or magnification endoscopies[24]. The type 
IV-V lesions were strongly associated with gastric cancer 
with a sensitivity of 100% and specificity of 89.7%. 

Use of congo-red and phenol-red in stomach
Utilizing its tendency to turn red in an alkaline environ
ment, this Congo-red has been used for detection of 
AG, H. pylori infection and IM. Data are limited. Phenol-
red has been used in old studies to map the gastric 
mucosa for H. pylori infection. With phenol red spraying 
endoscopy, Kohli et al[25] identified H. pylori infection 
with sensitivity and specificity of 100% and 84.6% 
respectively. 

Use of methylene-blue in stomach
Methylene blue is absorbed by intestinal cells and thus 
highlights gastric IM (Figure 3). Dinis-Ribeiro et al[26] 
examined and proposed a classification in 136 patients 
using ME after methylene blue (1%) spray and could 
identify IM and dysplasia with 84% and 83% accuracy 
respectively. The findings were externally validated at 
another centre in Portugal in forty two patients with AG 
with or without IM, and the results showed excellent 
reproducibility for the classification[27]. In a tandem 
study with only thirty-three patients, Taghavi et al[28] 
compared conventional endoscopy against CE with 
methylene blue. The CE group yielded more IM lesions 
compared to conventional endoscopy. 

Use of haematoxylin in stomach
Haematoxylin is a common stain used in histological 
assessment since it stains the nuclei of cells. To date, 
there is only a single study utilizing haematoxylin as CE 
on a heterogeneous sample of gastric abnormalities[29]. 
Although high sensitivity (92.9%) and specificity 
(89.3%) for diagnosing gastric neoplasia were reported, 
there were only three cases of cancer. 

Use of “acetic acid plus indigo carmine” in stomach
Acetic acid whitens the non-cancerous gastric mucosal 
epithelial cell while the cancerous cells remain unstained. 

based on their actions: Absorptive (or vital) stains, 
contrast stains, and reactive stains. Absorptive stains 
(e.g., Lugol’s iodine, methylene blue) have property 
of differential absorption into different cell types, thus 
highlighting one type of tissue over other. For example, 
methylene blue is absorbed by cells of small intestine 
and colon, and therefore a stained focus in the stomach 
theoretically indicates IM. On the contrary, the contrast 
stains (e.g., indigo carmine) do not react with the cells, 
but accumulate in the pits and crevices of a mucosal 
lesion thus accentuating the surface pattern (or the 
topography), mucosal irregularities and boundaries of a 
lesion (Figure 2). The last category, the reactive stains 
(e.g., acetic acid, phenol red) change color by coming 
in contact with a particular protein on the surface. 
For example, Phenol red and Congo red are reactive 
stains which turn red in an alkaline gastric environment 
signalling infection with H. pylori. 

CE can be performed in two ways: (1) pan-CE, which 
involves spraying the dye blindly and voluminously to 
screen for any abnormal areas; or (2) targeted staining, 
where a dye is sprayed over a lesion of interest to further 
characterize it. Several studies have attempted a variety 
of stains in the stomach, either alone or in combination, 
to identify, characterize and outline focal lesions (e.g., 
IM or EGC). CE is technically easy to perform and has 
shown significant advantages in detecting flat colorectal 
neoplasia and colitis-associated neoplasia[21]. 

Use of acetic acid in stomach
Acetic acid causes a reversible and transient alteration 
in the tertiary structure of the cellular proteins which 
leads to temporary opacification of mucosal surface. 
This produces a vivid mucosal image with crypts turning 
brown while the intervening epithelial surface appearing 
white. While the non-cancerous mucosa changes 
into white, the dysplastic and cancerous cells remain 
unstained, producing a good contrast. After spray of 
acetic acid, the mucosal details are visualized with 
magnification. This combination of acetic acid instillation 
and ME is often termed as “Enhanced-magnification 
endoscopy (EME)”, which allows visualization of villi 
and crypts. In 2005, Yagi et al[22] studied the value 
of EME in stomach in 45 patients. The mean duration 
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Figure 3  Gastric intestinal metaplasia highlighted by methylene blue.
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placed between the xenon lamp and the RGB filter[33]. 
This whole NBI system is simply activated by a push of 
button on the control handle of the endoscope without 
interrupting the views on monitor. By this additional 
NBI filter, the light is converted from a broad RGB into 
narrow bands of blue and green at 415 (± 15) nm and 
540 (± 15) nm wavelengths respectively. The narrow 
wavelengths of illuminating light increase the saturation. 
Moreover, biological tissues behave differently at 
different wavelengths of light due to their characteristic 
patterns of absorption and scattering of light. Since 
haemoglobin molecule has two absorption peaks at 415 
nm and 540 nm, the mucosal microvascular patterns 
are highlighted in extensive detail with NBI[34]. 

NBI can diagnose the subtle and flat mucosal GI 
lesions which are often missed or remain uncharacterized 
on WLE. Since the sub-epithelial capillaries of stomach 
have minimum diameter of 8 µm[17], combining ME 
with NBI has been studied for detailed examination of 
capillary patterns in stomach. As described below, most 
of the published studies have utilized a simultaneous 
combination of ME and NBI. It must be recognized that 
there are two NBI systems in use, the EVIS EXERA and 
the EVIS LUCERA systems. For the EXERA system, the 
magnification achieved is by digital magnification and a 
specific technique called “Dual Focus” which allows near 
mode imaging; in contrast, the LUCERA system allows 
optical magnification and this is the main system used 
in prior studies of magnifying NBI. An overview of NBI 
studies are provided in Table 2. 

NBI for screening of gastric pathologies
At narrow wavelengths of light with NBI, the intensity 
of illumination is compromised resulting in darker 
images when compared to images during WLE. This 
is especially relevant while examining the stomach, a 
capacious organ, where dark views result in NBI being 
not so useful for screening of focal gastric lesions. 
However, NBI can be utilized as a second-look method 
to focus on lesions detected upon screening with 
WLE. This technique appears to increase detection 
rate of gastric focal lesions. At least five prospective 
studies have studied NBI using this approach[35-39]. 
In a prospective study on an unselected population, 
our group screened for focal gastric lesions using 
WLE followed by characterization of detected lesions 
by magnified NBI (M-NBI)[34]. Additional 15% lesions 
(mostly IM) were detected with M-NBI (Figure 4). In 
another multicentre prospective study using the similar 
sequence (WLE followed by M-NBI), the accuracy of 
M-NBI for high confidence diagnoses of gastric lesions 
was 98%[35]. In a recent prospective study with more 
than three thousands non-selected patients, gastric 
examinations were performed with high-definition white 
light (HD-WLE) followed by ME and then with M-NBI[36]. 
Using such strategy to detect EGC, ME and M-NBI had 
significantly higher sensitivities when compared to 
HD-WLE. However, there were no differences among 
specificities of the techniques. 

As detailed above, multiple studies have utilized acetic 
acid with ME in technique known EME. However, some 
authors believe that the use of ME may be cumbersome 
for neoplastic lesions (especially if lesion is large or 
located at a difficult position). Therefore, CE using a 
sequential combination of acetic acid spray followed 
by another spray with indigo carmine (AI) has been 
proposed for examination of a mucosal neoplastic 
lesion. Multiple studies have shown the efficacy of AI 
for delineating the margins of EGC before endoscopic 
resection. In the first published study on AI use with 
114 patients, AI was much more effective in delineating 
the lateral spread of cancers as compared to indigo 
carmine alone[30]. In another prospective comparative 
study, Sakai et al[31] used AI in 53 consecutive gastric 
lesions before endoscopic submucosal dissection and 
good interobserver agreement was reported between 
the two endoscopists (kappa = 0.764). The diagnostic 
performance of AI was significantly better than either 
indigo carmine or acetic acid alone. In another prospec
tive study on 108 EGC lesions, Kawahara et al[32] 
compared WLE, indigo-carmine and AI for delineation of 
margins before ESD. All endoscopic examinations were 
performed by one endoscopist. When correlated with 
pathological specimens, the diagnostic accuracy of AI 
was higher when compared to WLE or indigo-carmine 
(90.7% vs 50.0% vs 75.9%, respectively). 

Overall, the studies with AI have shown an excellent 
efficacy in demarcation of EGC before endoscopic 
resection. The technique does not require additional 
equipment (e.g., magnification endoscope). 

NARROW BAND IMAGING 
NBI is a proprietary optical image-enhancement 
technology launched by the Olympus Corporation (Tokyo, 
Japan) in year 2005. NBI is the most widely utilized 
electronic IEE technique with demonstrated scientific 
evidence for its efficacy in GI diseases. Normally, the 
wavelengths of white light range from 400 to 700 nm. 
During conventional WLE, the illuminating white light 
travels from the xenon lamp via a rotating red-green-
blue (RGB) rotatory filter. In NBI, an additional filter is 
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Figure 4  Gastric intestinal metaplasia highlighted by narrow band 
imaging using the EXERA III system with dual focus.
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for concomitant pre-malignant and malignant lesions 
of stomach. Also, the real-time gastric mucosal pattern 
analyses may theoretically help in obtaining targeted 
biopsies instead of routine practice of blind-biopsies for 
H. pylori check. In a prospective study in 2009, Tahara 
et al[41] attempted to correlate gastric mucosal patterns 
on magnifying-NBI (M-NBI) with H. pylori gastritis. At 
M-NBI, the normal gastric corpus pattern was identified 
as small, round pits with regular subepithelial capillary 
networks (SECN). The abnormal patterns were classified 
into three (type 1 to 3) categories. The sensitivity and 
specificity of abnormal patterns (type 1 + 2 + 3) for H. 
pylori gastritis were 95.2% and 82.2%, respectively. 
In a comparative trial in 2014, Yagi et al[42] compared 
conventional WLE with M-NBI for detection of H. pylori 
gastritis in patients diagnosed with EGC. For diagnosis 
of H. pylori gastritis, the sensitivity and specificity in 
M-NBI group were higher than in WLE group. 

M-NBI for diagnosis of AG and IM
AG and IM represent significant milestones in the 
sequence of gastric carcinogenesis[14]. On conventional 
WLE, corpus AG is suspected based on a paucity of 
gastric rugae with more marked appearances of sub
mucosal vessels; while IM appears as patchy, white, 
raised or flat spots. However, WLE is considered 

The new generation NBI system introduced in 
2012 (e.g., the “EVIS EXERA III” or “EVIS LUCERA” 
from Olympus Corporation) attempt to overcome the 
drawback of dark views by having an upgraded xenon 
light source. Besides this, the new systems also have 
two filters for blue light and one filter for green light 
in contrast with previous NBI system where only one 
filter each is used for blue and green. Thus, this new 
generation NBI system (sometimes known as bright-
NBI) produces brighter NBI images even from a 
distance. In a recent multicentre prospective randomized 
study, our group compared the HD-WLE with the 
new generation bright-NBI system (either 190-NBI or 
290-NBI) for screening of focal gastric lesions (FGL)[40]. 
The detection rate of FGL was higher with bright-NBI 
than with HD-WLE (41% vs 29%; P = 0.003). 

Magnifying-NBI for diagnosis of H. pylori gastritis
Since H. pylori infection produces alterations in the 
microsurface structures and microvascular patterns 
of gastric mucosa, it is postulated that the magnified 
NBI views may be helpful for real-time diagnosis of 
H. pylori gastritis. For this pathology, there has been 
considerable interest by researchers for two reasons. 
First, the high-confidence real-time diagnosis of H. 
pylori may stimulate an endoscopist to be more vigilant 
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  Use in stomach Type of evidence Description Remarks

  Screening of focal 
  lesions in stomach

Five prospective studies[35-39] studied 
screening with WLE followed by 

characterization of detected lesions 
with NBI

Single randomized prospective study 
with bright-NBI[40]

WLE followed by characterization with 
NBI seems to increase confidence in taking 

targeted biopsies
New generation “bright-NBI” appears 

promising to increase yield of FGL as single 
step examination in stomach

Majority of the detected FGLs are intestinal 
metaplasia

Due to small sample sizes in these studies, 
it is unclear whether such strategy will 
improve detection of subtle malignant 

gastric lesions
  Diagnosis of H. pylori 
  gastritis

Two prospective trials[41,42] using 
M-NBI with histology as comparator

Subjective classifications of mucosal 
microvascular patterns showed high 

sensitivity and specificity for real-time 
diagnosis of H. pylori gastritis

Inherent subjectivity in the classification is 
an issue

  Diagnosis of IM Multiple prospective studies and one 
recent meta-analysis[44] using M-NBI 

for diagnosis of IM

Multiple patterns have been assigned for 
diagnosis of IM. The most prevalent is the 

“LBC” sign
The pooled sensitivity and specificity of 

LBC for diagnosis of IM are 84% and 93% 
respectively

LBC sign with M-NBI appears easy to learn 
and reliable for real-time diagnosis of IM

  Characterization of 
  an EGC

Multiple prospective studies 
including two recent meta-

analyses[52,53] using M-NBI for 
characterization of an EGC

Various pattern-classification systems with 
M-NBI have been used in different studies to 

characterize a lesion as EGC. 
The pooled sensitivity: 0.83-0.85

The pooled specificity: 0.96

Inherent subjectivities in a variety of 
classifications remain an issue

Significant heterogeneity were observed in 
both meta-analyses

  Prediction of 
  histological 
  differentiation of an 
  EGC

At least two prospective studies[54,55] Subjective pattern assignments were given; 
Only moderate sensitivities and specificities 
to determine histological differentiation of 

an EGC

Inherent subjectivities in the classification 
system. Currently, histology is still required 
to determine histological differentiation of 

an EGC
  Determination of 
  horizontal extent of an 
  EGC

Few studies with small sample sizes One study[58] showed better accuracy than 
indigo carmine chromoendoscopy

Real-time estimation of an EGC is useful 
before endoscopic resection. However, the 
histology still remains the gold-standard

  Determination of depth 
  of an EGC

Two prospective[61,62] studies Subjective classifications but with excellent 
accuracy

Inherent subjectivities in the classification 
system. Currently, histology is still required 

to determine depth of an EGC

Table 2  Summary of studies using narrow band imaging in stomach

FGL: Focal gastric lesion; H. pylori: Helicobacter pylori; EGC: Early gastric cancer; M-NBI: Magnifying narrow band imaging; IM: Intestinal metaplasia; LBC: 
Light blue-crest; WLE: White light endoscopy.
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of EGC is important since endoscopic resection for 
such early cancers achieves > 90% five-year survival. 
Morphologically EGC are categorized mainly into three 
types by the Paris classification[46]: Superficial elevated 
(0-IIa), superficial flat (0-IIb), and superficial depressed 
(0-IIc). EGCs often produce subtle mucosal changes 
(sometimes known as “gastritis-like cancers”) and 
can be easily missed on conventional WLE. The major 
contribution of M-NBI lies in accurate differentiation of 
such lesions from normal or inflamed gastric mucosa. 

The most widely studied and utilized classification 
is the “VS classification” by Yao et al[47] where “V” 
stands for microvascular patterns while “S” stands for 
surface microstructures. In this classification, an EGC 
is accurately identified based on two features: (1) a 
demarcation line (DL) with loss of SECN; and (2) an 
irregular microvascular pattern (IMVP) or an irregular 
microstructural pattern. These features are best visua
lized with optical magnification (Figure 5). Digital 
magnification combined with dual focus imaging may 
provide an adequate view of the demarcation line and 
microstructural pattern, but will not be able to clearly 
visualize the microvascular pattern (Figure 6). 

In 2010, Ezoe et al[48] prospectively compared 
diagnostic efficacies of ME with M-NBI using VS classi­
fication in a sample of 57 depressed gastric lesions 
(including 27 malignant). For accurate diagnosis of EGC, 
the diagnostic accuracy and sensitivity were significantly 
higher for M-NBI as compared to ME. Subsequently, 
the same comparison was studied in much larger 
sample in a randomized and multicentre trial[49]. Again 
for diagnosis of depressed-type EGC, the M-NBI was 
superior to ME. The sensitivity and specificity of M-NBI 
were 95.0% and 96.8% respectively. 

In the recent post-hoc analysis of this study, a 
sequential strategy for diagnosing a cancerous gastric 
lesion was proposed[50]. For a depressed gastric lesion on 
white-light examination, M-NBI was suggested to look 
for a DL first since presence of DL had high sensitivity 
and high negative predictive value for a malignant 
lesion. In lesions with DL, an absence of IMVP was 
proposed to rule out malignant lesions because of high 
specificity of IMVP. In another prospective study, Kato 

insensitive for diagnosis of AG and IM. On NBI, AG is 
characterized by a complete loss of pit-pattern and 
SECN, with presence of only collecting venules. In a 
randomized, prospective and crossover study by Dutta 
et al[38] NBI was superior to WLE for detection of AG. 
With NBI various appearances have been proposed for 
characterization of IM. The most important of these is 
the identification of light blue crests (LBC). 

In 2006, Uedo et al[43] first described LBC as fine blue-
white lines on the crests of the epithelial surface/gyri, 
similar to a light reflected from mirror. In this seminal 
study, the sensitivity and specificity of LBC for diagnosis 
of IM were 89% and 93% respectively. Similarly, high 
diagnostic values of LBC for characterization of IM have 
been shown by other authors (Figure 5A). A recent 
meta-analysis by Wang et al[44], which included four 
prospective studies without significant heterogeneity, 
documented that the pooled sensitivity and specificity 
of LBC for diagnosis of IM were 84% and 93% 
respectively. In a pilot feasibility trial, Bansal et al[45] 
found sensitivity and specificity of “ridge/villous pattern” 
for IM to be 80% and 100% respectively. 

M-NBI for characterization of EGC
Perhaps the most important and most extensively 
investigated use of NBI in the stomach is for the 
characterization of EGC. The accurate identification 
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Figure 5  Best visualized with optical magnification. A: Magnifying narrow band image of gastric intestinal metaplasia showing, the light blue crest sign, 
surrounding central area of early gastric cancer; B: Magnifying narrow band image of early gastric cancer; C: Magnifying narrow band image of early gastric cancer.

Figure 6  Image of early gastric cancer visualized using narrow band 
imaging with digital magnification and dual focus imaging.
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that it was unclear as to which of these factors (i.e., 
either NBI or multibending endoscope or both) led to 
this satisfactory outcome. 

Kiyotoki et al[58] compared M-NBI with indigo-car­
mine based CE in 118 EGC. For delineating margins 
of EGC, the accuracy was higher in M-NBI group as 
compared to the indigo-carmine (97.4% and 77.8% 
respectively; P = 0.009). Another prospective study 
by Nagahama et al[59] documented 72.6% accuracy 
for identifying margins of EGC which could not be 
delineated with acetic acid CE. 

Overall, studies have shown beneficial results 
with M-NBI for delineation of margins only in the 
differentiated-type of EGC. Demarcation of undifferen
tiated-type of EGC is considered difficult since the 
malignant growth seems to creep more into the lamina 
propria which may not always produce endoscopically 
visible mucosal changes. For example in the study by 
Nagahama et al[59] the endoscopic delineation remained 
difficult for undifferentiated lesions. However one 
prospective study also showed high accuracy (81.6%) 
using M-NBI for demarcation of undifferentiated-type of 
EGC[60]. 

It can be concluded that there is good evidence with 
prospective trials in support of M-NBI for demarcation 
of differentiated EGC before performing endoscopic 
resection. However it should also be noted that the trials 
have generally included a small number of patients in 
whom experts have performed endoscopic examina
tion while utilizing various types of classification for 
pattern categorization. Although histopathology is 
still considered the gold-standard for retrospective 
confirmation of clearance of margins, the real-time 
estimation of horizontal margins with M-NBI is helpful 
as a prospective guide for accurate en-bloc resection.

M-NBI to determine the depth of EGC
According to the Japanese Gastric Cancer Handling 
Codes, the submucosal EGC are divided into three types 
(SM1 to SM3) based on the depth of cancer invasion. 
The differentiated-type of SM1 (i.e., vertical depth up 
to 500 µm) EGC can be considered as an expanded 
indication for endoscopic resection. But, surgical 
resection should be considered for SM2 and SM3 cancers 
as the probability of lymph node metastatic disease is 
high. Prospective estimation of the depth of invasion is 
difficult and therefore endoscopic resection is considered 
complete only after histopathological assessment of 
the resected specimen. Knowledge of deep invasion 
will avoid unwarranted endoscopic resection. Presence 
of ulceration on standard WLE suggests deep invasion. 
But, it may be especially difficult to estimate depth of 
invasion in flat (Paris 0-IIa, 0-IIb and 0-IIc) EGC. 

In 2008, Yagi et al[61] correlated the M-NBI patterns 
of 72 differentiated-type EGC (10 elevated, 27 flat, and 
35 depressed-type) with histopathology. All endoscopic 
examinations were performed by one expert and the 
patterns were classified into three types: Mesh, loop 
and interrupted. The mesh or loop pattern were seen 

et al[51] surveyed 111 high-risk patients for EGC based 
on a triad of findings on M-NBI: (1) disappearance of 
mucosal pattern; (2) microvascular dilatation; and (3) 
heterogeneity. Although only 14 gastric cancers were 
detected, the sensitivity and specificity of M-NBI (92.9% 
and 94.7% respectively) were superior to WLE (42.9% 
and 61.0% respectively). 

In a recent meta-analysis by Zhang et al[52] the 
pooled sensitivity and specificity of M-NBI for diagnosis 
of EGC were 0.83 and 0.96 respectively. However, there 
were significant heterogeneity among the studies and 
also, a combination of retrospective and prospective 
studies were pooled together. Another recent meta-
analysis, which only included six prospective studies, 
also showed high pooled sensitivity (0.85) and specificity 
(0.96) for M-NBI diagnosis of EGC[53]. A significant 
heterogeneity among studies was also observed in this 
meta-analysis. 

M-NBI for histological differentiation of EGC
Besides differentiating between cancerous and non-
cancerous lesions, several studies have attempted to 
use M-NBI for prediction of histologic differentiation of 
EGC. During the early years of NBI technique, Nakayoshi 
et al[54] studied 165 depressed-type of EGC with M-NBI. 
The microvascular patterns were divided into three 
patterns: Fine network, corkscrew and unclassified. The 
fine network patterns were seen more commonly in 
differentiated EGC as compared to the undifferentiated 
type (66.1% vs 3.7%), whereas corkscrew patterns 
were seen more commonly in undifferentiated-type 
(85.7% vs 3.6%; P = 0.0011). However, the conclusion 
was that the real-time optical diagnosis with M-NBI, 
although beneficial, was still not sufficient to replace 
histopathological confirmation.

Similarly, Yokoyama et al[55] studied 257 consecutive 
EGC with M-NBI and divided the microvascular patterns 
into four categories: Fine-network, corkscrew, intra-
lobular loop-1, and intra-lobular loop-2. When correlated 
with histopathology, differentiated-type EGC mostly had 
fine-network pattern or intra-lobular loop patterns. On 
the contrary, the undifferentiated-type of EGC had intra-
lobular loop-2 pattern and corkscrew pattern in almost 
all patients (41.2% and 58.2% respectively). 

M-NBI to determine the horizontal extent of EGC
Delineating the horizontal extent of EGC is important for 
margin-free endoscopic resection. Traditionally, CE with 
indigo-carmine has been used to highlight abnormal 
mucosal patterns before endoscopic resection. In 2002, 
Yao et al[56] published a case report where demarcation 
of a well-differentiated EGC was made with an image-
enhanced technology using “hemoglobin index”.

Subsequently in a sample of twelve EGC, Sumiyama 
et al[57] used a combination of M-NBI and a multibending 
endoscope for en bloc endoscopic mucosal resection. 
Using this combination, 91.7% (11/12) en bloc resec
tions were made feasible as compared to 35% in 
conventional endoscopy group. However, authors stated 
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FICE has not been objectively studied as a screening 
tool to pick up early malignant lesion. In 2008, Osawa 
et al[66] published the first clinical study in stomach. In 
this real-time prospective study with a small sample of 
twenty-seven patients, four endoscopists, in real-time 
demarcated the depressed type of EGC with accuracy 
of 96%. In the same year, another study by the same 
group claimed efficacy in demarcation of elevated 
and depressed type of EGC[67]. However in this study, 
the objective results of efficacy of this method were 
not reported. In another study from the same group, 
it enabled delineation of elevated-type of ECG in the 
background of AG[68]. 

Since a variety of wavelengths were being used for 
gastric examination with FICE, the most effective wave­
length was studied in a retrospective fashion by another 
group in Japan[69]. Previously captured white-light 
images of EGC were processed by the FICE processor 
and analysed. It was noted that the wavelength of 530 
nm generated maximal difference in spectral reflectance 
between EGC and normal mucosa and there was 
significant improvement from the WLE images to the 
FICE images. FICE is proposed as a potential alternative 
to conventional CE because it provides contrast 
enhancement of tissue surface structures. However at 
present, the evidence for its support has come from a 
few studies with small sample. Since the technology 
requires a new set of equipment, further external 
and large-scale validation will be required before its 
widespread use.

Use of FICE for other gastric pathologies
In one study, FICE was studied for differentiation of 
non-neoplastic lesions, adenomas and cancers in the 
stomach[70]. A total of 171 gastric lesions were examined 
and FICE performed better than magnifying-WLE. 
Another study examined the role of FICE for diagnosis of 
gastric intestinal metaplasia[71]. FICE had sensitivity and 
specificity of IM diagnosis of 60% and 87% based on 
histological confirmation. Although this study might have 
diagnosed IM based on LBC, there is still no consensus 
on diagnostic criteria for IM on FICE.

Small-caliber gastroscope with FICE
Small-caliber endoscope has lower resolution but is 
more comfortable for the patients, especially if used as a 
screening tool for gastric pathologies. Theoretically, FICE 
combined with small-caliber gastroscope can enhance 
the color contrast of gastric pathologies. To date, there 
are two studies, from Japan, which have evaluated this 
hypothesis. Tanioka et al[72] retrospectively examined 
50 gastric lesions which were previously identified 
on screening endoscopy with Ultraslim endoscope 
(Fujinon EG-530N2). After conversion into FICE images, 
superior visibility was seen in 54.7% upper GI lesions 
as compared to conventional images. In another study 
by Osawa et al[73] 82 depressed-type EGC (which were 
already diagnosed with conventional normal-caliber 

in 94.9% of mucosal EGC while 92.3% of submucosal 
EGC had interrupted patterns. In another prospective 
study from China, Li et al[62] reported findings of M-NBI 
in 164 suspected gastric lesions. The patterns of M-NBI 
were categorized into three groups (A, B and C) based 
on both surface pattern and microvascular architecture. 
Besides excellent diagnostic values for characterization 
and differentiation of EGC, M-NBI classification was able 
to accurately predict the depth of invasion in 37 out of 
39 differentiated adenocarcinomas (95%).

Two retrospective studies have also attempted 
correlation of M-NBI images (taken before the resection) 
with histopathology of resected specimens. In the 
first study by Kobara et al[63] it was concluded that the 
presence of non-structure, scattery vessels and multi-
caliber vessels can possibly serve as indicators of SM2 
invasion in differentiated-type of EGC. In the second 
study by Kikuchi et al[64] M-NBI images were examined 
for dilated vessels (D-vessels) which were defined as 
vessels with diameter 3 times larger than that of the 
irregular microvessels. The sensitivity and specificity 
of D-vessels for SM2 invasion were 37.5% and 88.3% 
respectively.

FICE
This technology is also known as “optimal band imaging” 
or “multi-band imaging”. FICE was introduced by 
Fujinon (Tokyo, Japan) in year 2005 and is currently 
its proprietary technology. In FICE, the ordinary 
white-light images are captured by the CCD and are 
mathematically processed in the processor by assign
ing specific ranges of wavelengths. Thereafter, electro­
nically enhanced and reconstructed color images are 
displayed on the monitor[65]. This is in contrast with the 
NBI where raw and enhanced images are captured 
by putting an optical filter in the path of illuminating 
light. Since FICE processes well-illuminated white-
light images, this means that the FICE can provide 
enhanced images without compromising on brightness. 
At present, there are ten pre-settings of FICE which can 
be instantaneously activated by pushing a button on an 
accompanying keyboard. A total of three presets can 
also be assigned to the buttons on the control handle of 
the endoscope to ease the switching of the different FICE 
images. In recent years, several studies have claimed 
superior efficacy of FICE as compared to WLE for various 
pathologies of esophagus, colon and stomach. Only a 
few studies have studied FICE in stomach, with most 
performed for delineation of margins of EGCs. However, 
a learning curve for pattern recognition, a requirement 
for separate endoscopic equipment and lack of con
sensus for objective diagnostic criteria has restricted use 
of FICE. 

Use of FICE in EGC
In the management of EGC, the use of FICE has been 
limited to demarcation of already identified lesions. 
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was superior for demarcation of the lesion when com
pared to WLE, FICE and indigo-carmine CE.

I-SCAN
Conceptually similar to FICE, I-SCAN is a post-pro­
cessing image-enhancement technology introduced 
by Pentax Corporation (Tokyo, Japan) in year 2007, 
allowing detailed views of mucosal vascular patterns[75]. 
Special processors (EPKi high-definition, Pentax) 

endoscopy) were examined with small-caliber (Fujinon 
EG-530N2) endoscopy and FICE by endoscopists who 
were blinded of the locations of the lesions. Most EGC 
could be detected as reddish lesions on FICE with clear 
demarcation. 

FICE combined with indigo carmine in stomach
A single study from Japan has evaluated the usefulness 
of adding indigo-carmine to FICE examination (I-FICE)[74]. 
In a small sample of 29 well-differentiated EGC, I-FICE 
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Figure 7  Performance characteristics. A: Image of gastric intestinal metaplasia visualized by blue laser imaging with optical magnification; B: Image of early gastric 
cancer visualized by blue laser imaging with optical magnification.

  Technique Use Evidence Remarks

  High-definition WLE Standard of care for initial examination of 
gastric mucosa

Not available

  WLE with magnification Helpful in describing normal mucosal patterns 
in corpus and antrum. 

Appears useful in predicting real-time 
diagnosis of H. pylori infection.

Better than WLE for characterization of EGCs

Multiple prospective comparative 
studies for identifying H. pylori 

infection and for characterization of 
EGCs

A variety of classifications in 
describing the normal and 
abnormal mucosal pattern 

makes interpretation difficult for 
widespread use

  Dye-based 
  chromoendoscopy

Traditionally used for demarcation of EGC 
before resection

Few prospective studies are available, 
and more data will be needed

There are heterogeneity in the types 
of stain, technique of staining, 

classification in defining mucosal 
patterns

  NBI Good for characterization of a focal lesion 
detected on WLE

May be useful for real-time diagnosis of H. 
pylori

Appears reliable for diagnosis of intestinal 
metaplasia

High specificity for characterization of EGCs
May be useful for prediction of histological 

differentiation, prediction of depth of invasion, 
and in determination of horizontal extent of 

EGCs

Multiple prospective comparative study 
show good evidence in support of NBI 
for diagnosis of intestinal metaplasia 

and characterization of EGCs
More evidence will be needed for other 

indications

Identifying intestinal metaplasia 
appears straightforward

A variety of classifications for 
different mucosal pattern bring 

difficulty in generalization of NBI

  FICE May be useful for diagnosis of focal gastric 
lesions

Not much comparative prospective 
data is available

  I-SCAN No comparative data for use of I-SCAN 
in stomach

  Blue-laser imaging Is expected to be used in similar manner as 
NBI

Data mainly based on case series rather 
than comparative studies

Based on anecdotal experience it is 
similar to NBI and therefore would 

be expected to provide similar 
outcomes

Table 3  Summary of image-enhanced endoscopy in stomach

WLE: White light endoscopy; EGC: Early gastric cancer; NBI: Narrow-band imaging; FICE: Flexible spectral imaging color enhancement; BNI: Narrow band 
imaging; H. pylori: Helicobacter pylori.
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NBI, especially with optical magnification. In contrast, 
it is probably not possible to extrapolate the NBI data 
to FICE and I-SCAN, since these are processed images 
without optical magnification (Table 3). 
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