
INTRODUCTION

Thanks to the development in endoscopes and endoscopic 
techniques, a significant number of stomach cancer patients 
undergo endoscopic resection rather than surgery. In addi-
tion, the National Cancer Screening Program has increased 
the number of diagnosing early gastric cancer, and accord-
ingly, the frequency of endoscopic treatment has become 
equal or larger than that of surgical treatment. Early detection 
of stomach cancer and precancerous lesion is becoming more 
and more important these days.

Although endoscopy is the most definitive method of de-
tecting early gastric cancer or precancerous lesion among vari-
ous diagnostic tools, not all the lesions are confirmed through 
endoscopy due to the confusions in the shape and size of the 
lesions, or the intestinal metaplasia of the surrounding tissues 
in spite of the endoscopists’ best efforts to find anomalies. To 
overcome the limitations of the white light endoscopy, and to 
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enhance the diagnostic rate, image-enhanced endoscopies 
(IEEs) with various optical and electronic methods have been 
developed and used. Types of IEEs include narrow band im-
age (NBI), autofluorescence image (AFI), flexible spectral im-
aging color enhancement (FICE), i-scan, and confocal endo-
microscopy. According to the previous studies on IEE, the 
diagnostic rate and the diagnostic accuracy of cancer and pre-
cancerous lesion have increased. Nevertheless, these studies 
that were mostly reported in Japan used different diagnostic 
criteria from each other, so their results are not fully reliable.

NBI WITH OR WITHOUT 
MAGNIFICATION

When light is passed though the tissues, the penetration 
depth is proportional to the wavelength of the light. Accord-
ingly, when short wavelength visible light such as blue light is 
projected onto the surface of the tissues or mucous membr-
ane, they are clearly observed. It is not certain whether the use 
of NBI-only in observing the mucosal lesion has more advan-
tage than the use of chromoscopy, but a combined use of NBI 
with magnifying endoscopy has a definite advantage in ob-
serving the microstructure and the microvasculature of the 
mucosal surface. Practically most studies that reported favor-
able results in the diagnoses of lesions used both NBI and 
magnifying endoscopy rather than white light endoscopy or 
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chromoscopy.1-4

 
Esophagus

Barrett’s esophagus
Since the prevalence of Barrett’s esophagus and associated 

esophageal cancer is high in Western countries, many studies 
have been conducted on the methods of enhancing the diag-
nostic accuracy of Barrett’s esophagus. In those studies, a com-
bined use of magnification endoscopy with NBI resulted in a 
higher sensitivity and specificity than the use of white light en-
doscopy or chromoscopy. Nevertheless, the most significant 
limitation of these studies was that they were not based on 
standardized diagnostic criteria.

In case of large intestine, the pit pattern of the mucosal 
surface is generally classified according to the Kudo’s classific-
ation, whereas the classification of upper gastrointestinal mi-
crosurface structure has not been standardized.

In case of Barrett’s esophagus, the methods of classifying 
the pit pattern of the mucosal surface have not been unified 
yet. However, the methods include Guelrud classification (i.e., 
round pits, reticular pits, villous, and ridged), Endo classific-
ation, Kara classification, Sharma classification, and Anagno-
stopoulos classification.5-8

Esophageal cancer
Since the esophageal mucosa is covered with squamous 

epithelium, mucosal pits are not observed, and accordingly, it 
is necessary to observe its microvascular structures. When the 
esophageal mucosal surface is observed through magnifying 
endoscopy, dark brown capillaries in a shape of a tennis racket 
are found. This vascular structure is called intraepithelial pap-
illary capillary loops (IPCLs), and their shapes are decided ac-
cording to the level of tissue dysplasia and the depth of tumor 
invasion. Inoue et al.9 classified IPCLs into five types accord-
ing to their dilatation, tortuosity, irregular caliber, and form 
variation. Inoue’s classification system helps predict the depth 
of tumor invasion in esophageal cancer on endoscopy, but 
the accuracy of this method is still not satisfactory compared 
with other diagnostic methods such as endoscopic ultrasound 
(EUS). Arima et al.10 suggested a method of classifying the pat-
terns of IPCLs into four types. In the meantime, no method 
has been proved to be most accurate among others, so a new 
classification method that concludes the strengths of various 
methods is necessary now.

Stomach
Since the stomach has a wide lumen, and the light source of 

NBI is weak, the use of NBI without magnifying endoscopy in 
observing the microsurface structures of the stomach may 

result in a poor accuracy in diagnosis due to the dark and low 
endoscopic resolution. Therefore, magnifying endoscopy sh-
ould be used in combination with NBI for observing the mi-
crosurface structures of the stomach.

Regarding the classification of the pit patterns of gastric 
mucosa, the method of Sakaki et al.,11 which was suggested in 
1978, has been used in some cases. With the introduction of 
NBI, several authors including Yao et al.12 suggested various 
classification methods based on the microsurface and the mi-
crovascular structures,12-14 but no consensus on the diagnostic 
criteria has been established yet.

Since the prevalence of stomach cancer is very high in Ko-
rea, and early gastric cancer can be treated with endoscopic 
resection, early diagnoses, and the decision of the indication 
for endoscopic resection has been a major mission of endos-
copists. Another important mission of endoscopists is deter-
mining precisely the margin of the lesion in endoscopic resec-
tion in order to achieve a complete resection.

The depth of tumor invasion is the most important factor in 
determining the indication of endoscopic resection. Some stu-
dies reported that specific types of gastric microsurface and 
microvascular structures can help predict the depth of tumor 
invasion, but the accuracy of this method was confirmed to 
be not superior to that of EUS test.

In endoscopic resection for early gastric cancer, an exact 
identification of its margin as well as that of the depth of tu-
mor invasion is very important for a complete resection. Ac-
cording to Yao et al.,12 the findings of gastric cancerous lesions 
obtained by NBI with magnifying endoscopy include a loss of 
regular subepithelial capillary network, the presence of irreg-
ular microvascular pattern, and the presence of demarcation 
line that differentiates the lesion from the normal tissues. Most 
recent studies have reported that the observation of these fi-
ndings in magnifying endoscopy with NBI can more effecti-
vely help determine the exact margin of the lesions compared 
with the white light endoscopy. Practically the margin of the 
lesions can often be determined with the typical methods 
such as white light endoscopy and chromoscopy, and the mar-
gin is hardly determined only in the cases of severe intestinal 
metaplasia of the surrounding tissues. Therefore, considering 
the time and cost for the tests, the utility of NBI is questionable.

OTHER IMAGE ENHANCED ENDOSCOPY: 
AUTOFLUORESCENCE IMAGING,  
I-SCAN, FICE, AND CONFOCAL  
ENDOMICROSCOPY

These image-enhanced methods of endoscopy have been 
developed more recently than NBI, so fewer studies have been 
conducted than on NBI. Moreover, other than the studies on 
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confocal endomicroscopy, the utility of the most studies that 
have been conducted by Japanese authors is uncertain. Even 
though there is no consensus on the combined use of magni-
fying endoscopy with NBI, there are diagnostic criteria that 
have been developed by many authors. In comparison, no di-
agnostic criteria have been established yet for AFI, i-scan, FI-
CE, and confocal endomicroscopy.

Confocal endomicroscopy is an imaging technique, which 
was developed most recently, and the images can be magnifi-
ed up to ×1,000. The images of the lesions are seen like mi-
croscopic views, so this method is called virtual biopsy. Many 
studies on confocal endomicroscopy are under way in the 
world including Western countries. Nevertheless, no exact di-
agnostic criteria have been established yet. In addition, much 
experience is required to interpret the findings, and the low 
interobserver reliability is another limitation.

CONCLUSIONS

With the development in endoscopic devices, the diagnostic 
and therapeutic techniques are also rapidly developing now. 
Many studies on NBI and various IEEs have been conducted 
to confirm whether these techniques can contribute to the im-
provement in endoscopic diagnoses and treatments or not. Al-
though these new imaging techniques are expected to enhance 
the quality of the endoscopic diagnoses and treatments, there 
are some drawbacks to be overcome.

The diagnostic criteria that are based on the findings of im-
age-enhanced endoscopy such as NBI have been developed 
in a specific country, and the studies on their utility have been 
conducted by a limited number of groups. This is the reason 
why previous studies on the image enhanced endoscopy are 
not reliable. Therefore, standardized diagnostic criteria should 
be established based on the consensus meeting for these new 
image-enhanced techniques. Another limitation is that the 
interpretations of the observers on the findings of IEE do not 
coincide, so the interobserver reliability is low. To improve the 
interobserver reliability, standardized diagnostic criteria sh-
ould be established through sufficient discussions and train-
ings.

When the aforementioned limitations are overcome, the 
new image-enhancement techniques may contribute to the 

development of diagnoses and treatments of the lesions. Fur-
ther studies may be necessary to do so.

Conflicts of Interest
The authors have no financial conflicts of interest.

REFERENCES

1. Chai NL, Ling-Hu EQ, Morita Y, et al. Magnifying endoscopy in upper 
gastroenterology for assessing lesions before completing endoscopic 
removal. World J Gastroenterol 2012;18:1295-1307.

2. Li HY, Ge ZZ, Fujishiro M, Li XB. Current clinical applications of mag-
nifying endoscopy with narrow band imaging in the stomach. Diagn 
Ther Endosc 2012;2012:271914.

3. Jang JY. The usefulness of magnifying endoscopy and narrow-band im-
aging in measuring the depth of invasion before endoscopic submuco-
sal dissection. Clin Endosc 2012;45:379-385.

4. Zhang J, Guo SB, Duan ZJ. Application of magnifying narrow-band im-
aging endoscopy for diagnosis of early gastric cancer and precancerous 
lesion. BMC Gastroenterol 2011;11:135.

5. Guelrud M, Herrera I, Essenfeld H, Castro J. Enhanced magnification 
endoscopy: a new technique to identify specialized intestinal metaplasia 
in Barrett’s esophagus. Gastrointest Endosc 2001;53:559-565.

6. Endo T, Awakawa T, Takahashi H, et al. Classification of Barrett’s epithe-
lium by magnifying endoscopy. Gastrointest Endosc 2002;55:641-647.

7. Kara MA, Ennahachi M, Fockens P, ten Kate FJ, Bergman JJ. Detection 
and classification of the mucosal and vascular patterns (mucosal mor-
phology) in Barrett’s esophagus by using narrow band imaging. Gastro-
intest Endosc 2006;64:155-166.

8. Anagnostopoulos GK, Yao K, Kaye P, Hawkey CJ, Ragunath K. Novel 
endoscopic observation in Barrett’s oesophagus using high resolution 
magnification endoscopy and narrow band imaging. Aliment Pharma-
col Ther 2007;26:501-507.

9. Inoue H, Honda T, Nagai K, et al. Ultra-high magnification endoscopic 
observation of carcinoma in situ of the esophagus. Dig Endosc 1997;9: 
16-18.

10. Arima M, Tada M, Arima H. Evaluation of microvascular patterns of 
superficial esophageal cancers by magnifying endoscopy. Esophagus 
2005;2:191-197.

11. Sakaki N, Iida Y, Okazaki Y, Kawamura S, Takemoto T. Magnifying en-
doscopic observation of the gastric mucosa, particularly in patients with 
atrophic gastritis. Endoscopy 1978;10:269-274.

12. Yao K, Iwashita A, Kikuchi Y, et al. Novel zoom endoscopy technique for 
visualizing the microvascular architecture in gastric mucosa. Clin Gas-
troenterol Hepatol 2005;3(7 Suppl 1):S23-S26.

13. Nakayoshi T, Tajiri H, Matsuda K, Kaise M, Ikegami M, Sasaki H. Mag-
nifying endoscopy combined with narrow band imaging system for ear-
ly gastric cancer: correlation of vascular pattern with histopathology 
(including video). Endoscopy 2004;36:1080-1084.

14. Yokoyama A, Inoue H, Minami H, et al. Novel narrow-band imaging 
magnifying endoscopic classification for early gastric cancer. Dig Liver 
Dis 2010;42:704-708.


