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Equipment-Based Image-Enhanced Endoscopy  
for Differentiating Colorectal Polyps

Ja Seol Koo
Division of Gastroenterology and Hepatology, Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea

The use of colonoscopy for the screening and surveillance of colorectal cancer has increased. However, the miss rate of advanced 
colorectal neoplasm is known to be 2% to 6%, which could be affected by the image intensity of colorectal lesions. Image-enhanced en-
doscopy (IEE) is capable of highlighting lesions, which can improve the colorectal adenoma detection rate and diagnostic accuracy. 
Equipment-based IEE methods, such as narrow band imaging (NBI), Fujinon intelligent color enhancement (FICE), and i-Scan, are 
used to observe the mucosal epithelium of the microstructure and capillaries of the lesion, and are helpful in the detection and differen-
tial diagnosis of colorectal tumors. Although NBI is similar to chromoendoscopy in terms of adenoma detection rates, NBI can be used 
to differentiate colorectal polyps and to predict the submucosal invasion of malignant tumors. It is also known that FICE and i-Scan are 
similar to NBI in their detection rates of colorectal lesions. Through more effective and advanced endoscopic equipment, diagnostic ac-
curacy could be improved and new treatment paradigms developed.
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INTRODUCTION

Colonoscopy has been used for colorectal cancer screening 
worldwide. However, the miss rate for advanced colorectal 
adenoma and cancer is known to be 2% to 6%.1 The locations 
of lesions, the technique of the endoscopist, and normal 
colorectal lesion image intensity are associated with the miss 
rate of colorectal adenoma and cancer.

Image-enhanced endoscopy (IEE) highlights lesions, which 
can improve the detection rate and diagnostic accuracy for 
colon polyps. IEE methods can be classified into dye-based 
(chromoendoscopy), and equipment-based using optical 
techniques.2 Using a visual filter and magnification, equip-
ment-based IEE is used to observe the mucosal epithelium of 
the microstructure and the capillaries of the lesion. In addi-
tion, lesions can be evaluated by IEE though the measure-

ment of fluorescence intensity emitted in tissues. In this sec-
tion, the role of equipment-based IEE in the detection and 
estimation of histological findings for colorectal polyps will 
be discussed.

NARROW BAND IMAGING

Narrow band imaging (NBI) separates white light into red, 
green, and blue using a special optical filter, and reconstructs 
the image while enhancing blue light, which has a relatively 
short wavelength.3,4 Blue light penetrates the mucosal surface, 
and is reflected at the mucosal surface, highlighting the su-
perficial vasculature. Since mucosal hemoglobin selectively 
absorbs blue light, and the mucosa surrounding blood vessels 
reflects it, the contrast of the image is increased and the mu-
cosal micro-vessel architecture can be estimated in fine detail. 
In the colon and rectum, microvessels form a ring, and each 
ring surrounds its respective gland. A deformed microvessel 
suggests a deformed neoplastic gland. Neoplastic changes re-
sult in a change in the form, density, and size of microvessels, 
and colorectal lesions can therefore be diagnosed.5

Adenoma detection rate
Since Hirata et al.6 reported that chromoendoscopy is sim-
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ilar to NBI in colorectal adenoma detection, six large-scale 
studies have been reported. Three of them demonstrated that 
NBI in fact has a higher adenoma detection rate.7-9 The ade-
noma detection rate of NBI is 27% to 40%. In particular, the 
detection of diminutive adenomas was the most improved. 
However, in a meta-analysis, the accuracy, sensitivity, and 
specificity of NBI were not significantly different from those 
of chromoendoscopy.10

Differentiation of neoplastic and  
nonneoplastic polyps

According to the surface color, capillary shape, and surface 
structure of the colorectal mucosa, several NBI classifications 
have been proposed.11,12 Based on the classification type, NBI 
could be helpful in the differentiation between colorectal ade-
nomas and hyperplastic polyps. Recently, to create an easy-to-
use NBI classification system, professionals around the world 
have developed the NBI international colorectal endoscopic 
(NICE) classification, which is based on surface color, the 
structure of blood vessels, and surface structure (Table 1).13 It 
has been reported that NICE is useful in the pathologic diag-
nosis of lesions.13,14 Fig. 1 shows two cases classified by NICE, 
representing a benign neoplasm (Fig. 1A, B) and submucosal 
invasive colon cancer (Fig. 1C, D).

A meta-analysis of several studies concerning the differen-
tiation between colorectal adenomas and hyperplastic polyps 
showed that the accuracy of predictions of lesion pathology 
were 62% to 93% for NBI, 65% to 82% for while light endos-
copy (WLE), and 69% to 96% for chromoendoscopy.10,15 The 
accuracy of pathological prediction by NBI was higher than 
that of WLE, and similar to that of chromoendoscopy.

Prediction of the invasion depth of  
malignant tumors

In terms of the prediction of the invasion of malignant tu-

mors with NBI, it has been reported that the density and reg-
ularity of the vascular structure are useful.11,16-18 Wada et al.18 
have reported that the vascular structures of submucosal in-
vasive carcinoma are irregular, and that they cannot be classi-
fied by the type of blood vessel. Depending on vascular struc-
tural findings, the sensitivity and specificity of the diagnosis 
of submucosal invasive cancer were 100% and 95.8%, respec-
tively.

FUJINON INTELLIGENT COLOR  
ENHANCEMENT

Fujinon intelligent color enhancement (FICE) emphasizes 
subtle changes of the mucosal surface through the recon-
struction of a certain wavelength (computed spectral estima-
tion technology), without using an optical filter such in NBI.19 
FICE utilizes a simple switching operation to create the vari-
ous wavelengths, and can choose the most appropriate wave-
length to produce the image of the digestive tract.

For the differentiation of colorectal adenomas from hyper-
plasic polyps, Pohl et al.20 reported that the sensitivity, speci-
ficity, and accuracy of FICE were 90% to 97%, 74% to 80%, 
and 83% to 90%, respectively, and were better than those of 
WLE. However, FICE was not significantly different from 
chromoendoscopy in the differentiation of adenomas and 
nonneoplastic polyps.21

I-SCAN

i-Scan utilizes the same spectral estimation technology as 
FICE technology, and applies a digital color filter to images to 
emphasize lesions. In comparisons of i-Scan with NBI and 
high-resolution colonoscopy, i-Scan was similar in the differ-
ential diagnosis of colon polyps and the prediction of patho-
logical results. This revealed that i-Scan is also helpful in the 

Table 1. Narrow Band Imaging International Colorectal Endoscopic Classificationa)

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  
  might be present coursing across  
  the lesion

Thick brown vessels surrounding  
  white structuresb)

Has area(s) with markedly distorted  
  or missing vessels

Surface pattern Dark or white spots of uniform size,  
  or homogenous absence of pattern

Oval, tubular or branched white  
  structures surrounded by brown  
  vessels

Areas of distortion or absence  
  of pattern

Most likely pathology Hyperplastic polyp Adenoma Deep submucosal invasive cancer
a)The classification can be applied using colonoscopes with or without optical (zoom) magnification; b)These structures may represent the pits 
and the epithelium of the crypt opening.
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differential diagnosis and prediction of the pathology of 
colorectal lesions.22,23

CONCLUSIONS

Equipment-based IEE methods such as NBI, FICE, and i-
Scan, are useful for the detection and differential diagnosis of 
colorectal tumors. Despite the adenoma detection rate of NBI 
being similar to that of chromoendoscopy, NBI can be used 
to differentiate colorectal polyps and to predict the submuco-
sal invasion of malignant tumors. Despite a lack of studies, it 
is known that FICE and i-Scan are both similar to NBI in the 
detection rate of colorectal lesions. To successfully use equip-
ment-based IEE, endoscopists must first be aware of the fea-
tures of the devices involved, and with the device’s uses, appli-
cations, and limitations. In the future, diagnostic accuracy 
could be improved, and new treatment paradigms developed 
through more effective and advanced endoscopic equipment.
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