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Abstract
AIM: To conduct a preliminary study on the effect of 
flexible spectral imaging color enhancement (FICE) used 
in combination with ultraslim endoscopy by focusing on 
the enhanced contrast between tumor and non-tumor 
lesions.

METHODS: We examined 50 lesions of 40 patients 
with epithelial tumors of the upper gastrointestinal tract 
before endoscopic submucosal dissection using ultraslim 
endoscopy with conventional natural color imaging and 
with FICE imaging. We retrospectively investigated the 
effect of the use of FICE on endoscopic diagnosis in 
comparison with normal light.

RESULTS: Visibility of the epithelial tumors of the upper 
gastrointestinal tract with FICE was superior to normal 
light in 54% of the observations and comparable to 
normal light in 46% of the observations. There was no 
lesion for which visibility with FICE was inferior to that 
with normal light. FICE visualized 69.6% of hyperemic 
lesions and 58.8% of discolored lesions better than con
ventional endoscopy with natural color imaging. FICE 

significantly improved the visibility of lesions with hype­
remia or discoloration compared with normocolored le
sions.

CONCLUSION: This study suggests that the use of 
FICE would improve the ability of ultraslim endoscopy 
to detect epithelial tumors of the upper gastrointestinal 
tract.
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INTRODUCTION
Recent practical application of  ultraslim endoscopy has 
led to the rapid spread of  transnasal endoscopy as a 
screening method that causes less pain than peroral en-
doscopy for the patient during esophago-gastro-duode-
noscopy (EGD)[1,2]. Garcia et al[3] reported that ultraslim 
transnasal endoscopy required a significantly shorter 
re­covery time with significantly lower costs for recovery 
rooms, personnel expenses, intravenous access devices 
and oxygen monitors compared to conventional peroral 
endoscopy with a sedated patient. In addition, transna-
sal ultraslim endoscopy is appropriate for patients with 
trismus, those who cannot accept insertion for peroral 

World J Gastrointest Endosc  2011 January 16; 3(1): 11-15
ISSN 1948-5190 (online)

© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1948-5190office
wjge@wjgnet.com
doi:10.4253/wjge.v3.i1.11

11 January 16, 2011|Volume 3|Issue 1|WJGE|www.wjgnet.com



Tanioka Y et al . Ultraslim endoscopy with FICE

endoscopy without sedation, and patients with stenosis 
of  the upper gastrointestinal tract in the pharynx or lower 
regions[4].

However, there are some disadvantages caused by 
the downsizing of  scopes. Compared with conventional 
endoscopy, ultraslim endoscopy provides less resolution 
due to the smaller number of  pixels and less illumination. 
Lower power for supplying air and water necessitates 
a longer time for yielding good images and the smaller 
diameters of  forceps channels limit the usable instru
ments, resulting in smaller specimens and less information 
from tissues from a biopsy. For these reasons, ultraslim en
doscopy is mainly used for screening purposes rather than 
detailed close examination. Thus, the ability of  ultraslim 
endoscopy for detection and early diagnosis of  gastric 
cancer should be studied in detail.

Flexible spectral imaging color enhancement (FICE) 
is one of  the diagnostic methods using specific light spec­
tra based on spectral image processing technology (Fuji
non Corporation, Saitama, Japan). Currently, it is main- 
ly employed for detailed diagnostic workups for super
ficial lesions in the gastrointestinal tract using high-reso- 
lution magnifying endoscopy and is gradually spreading. 
Visible light consists of  wavelengths from red to purple. 
A spectral image, the image captured by each waveleng- 
th, of  a specific wavelength is electrically amplified and 
reconstructed to create a FICE image. FICE provides 
comparison of  spectral images of  diseased and surroun
ding normal areas for enhancement of  the contrast by 
combining wavelengths with greater differences in sig
nals[5,6].

In the present study, we focused on the enhanced 
color contrast between tumor and non-tumor areas in 
FICE images and conducted a preliminary retrospective 
study on the effect of  FICE used in combination with 
ultraslim endoscopy for observation of  superficial epithe­
lial tumors of  the upper gastrointestinal tract.

MATERIAL AND METHODS
Our institution introduced the ultraslim endoscopy sys- 
tem for EGD in April 2007 and had examined 380 
patients, mainly for screening, by February 2008. During 
this period, we examined 53 lesions in 42 patients with 
epithelial tumors of  the upper gastrointestinal tract who 
underwent endoscopic submucosal dissection (ESD). The 
examination was conducted using ultraslim endoscopy 
with conventional natural color imaging and with FICE 
imaging before ESD, after obtaining the consent of  the 
patient. Based on the observation of  these 53 lesions, 
we retrospectively investigated the effect of  the use of  
FICE on the visibility of  upper gastrointestinal tumorous 
lesions. The lesions consisted of  3 superficial carcinomas 
of  the esophagus, 3 gastric non neoplastic polyps, 19 gas
tric adenomas and 28 early gastric cancers.

We used the EG-530N2 (tip diameter 5.9 mm, forceps 
channel diameter 2.0 mm, four-way bending; Fujinon 
Corporation, Saitama, Japan) for ultraslim endoscopy of  
the upper gastrointestinal tract. For FICE imaging, we 

selected a wavelength set of  525 nm (4), 495 nm (5) and 
495 nm (4) for R, G and B respectively, which provides 
optimal illumination and highlights hyperemic changes 
commonly seen in epithelial tumors.

We used a five-point scale (Table 1) to evaluate the 
visibility of  lesions which is related to the ability of  scr
eening to detect lesions, based on comparison of  con
ventional images and FICE images mainly in long- and 
middle-distance views.

In addition, the lesions were classified as discolored, 
hyperemic or normocolored (no color differences from 
surrounding mucosa) for comparison of  visibility in the 
observation with FICE. Fisher’s exact probability test was 
used for statistical analysis. 

RESULTS
No lesions were graded 1 or 2, inferior to conventional 
images, for visibility with FICE. In 24 of  the 53 lesions 
(45.3%), visibility with FICE was graded 3, comparable 
to conventional images. In 29 of  the 53 lesions (54.7%), 
visibility with FICE was graded 4, superior to conven
tional images (Table 2, Figures 1-3).

Regarding color hue changes in the lesions, 17 of  25 
lesions (68.0%) with hyperemic changes were better vis
ualized with FICE than conventional images (FICE 4, 
Figures 1-3). Eleven of  18 discolored lesions (61.1%) were 
also better visualized with FICE. However, nine of  ten 
normocolored lesions (90%) detected with conventional 
images were similarly visualized with FICE (Table 3). In 
short, FICE significantly improved the visibility of  lesions 
with hyperemia (P = 0.0027) or discoloration (P = 0.0159) 
compared with normocolored lesions.
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Table 1  Five-point scale for evaluation of observation with 
flexible spectral imaging color enhancement

Point    Evaluation of observation with FICE

1 FICE fails to visualize lesions detectable with conventional 
images

2 FICE is slightly inferior to conventional images
3 FICE is comparable to conventional images
4 FICE is superior to conventional images
5 FICE allows detection of lesions not easily detected with 

conventional images or clearer visualization of areas poorly 
defined with conventional images

FICE: flexible spectral imaging color enhancement.

Table 2  Results of evaluation of visibility during observation 
with flexible spectral imaging color enhancement

Evaluation of FICE 1 2 3 4 5 Subtotal

Superficial carcinoma of the esophagus 0 0   2   1 0  3
Gastric non neoplastic polyp 0 0   3   0 0  3
Gastric adenoma 0 0   8 11 0 19
Early gastric cancer 0 0 11 17 0 28

0 0 24 29 0 53

FICE: flexible spectral imaging color enhancement.
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DISCUSSION
To aid examination and diagnosis using conventional 
endoscopy, conventional chromoendoscopy with the 
spraying of  a dye such as indigo carmine highlights the 
surface irregularities of  lesions and is a common and very 
useful method for defining lesions. However, there are 
problems: additional costs for spraying the dye, the time 

involved and the inability to highlight the capillary patterns 
which is important for the early diagnosis of  cancer[7].

Virtual chromoendoscopy systems were developed to 
correct these problems[5]. FICE uses spectral estimation 
technology to pick up different given wavelengths from 
all wavelength components from the CCD and produces 
images using arithmetical processing. FICE provides 
real-time switching at the flick of  a switch. In addition, 
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Figure 1  A slightly depressed lesion with 
hyperemia was found on the surface of the 
posterior wall of the lower body of the sto­
mach. The hyperemia of the lesion is highlighted 
and the boundary is more clearly visualized with 
flexible spectral imaging color enhancement 
(FICE). The visibility with FICE was graded 
4. Endoscopic submucosal dissection (ESD) 
was performed for local complete resection of 
the moderately differentiated adenocarcinoma 
limited to within the mucosa. A: Conventional 
image with ultraslim endoscopy; B: Image with 
FICE: The hyperemia of the lesion is highlighted 
and the boundary is more clearly visualized 
with FICE (FICE 4); C: Conventional image with 
conventional esophagogastroduodenoscopy; D: 
Dissected section after ESD.
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Figure 2   A discolored ch­
ange was found in the an­
terior wall and surrounding 
areas of the gastric antrum. 
Color contrast between the 
lesion and surrounding mu­
cosa with atrophic changes is 
highlighted and the boundary 
is more clearly visualized with 
flexible spectral imag­ing color 
enhancement (FICE). The visi­
bility with FICE was graded 4. 
Endoscopic submucosal dis­
section (ESD) was performed 
for local complete resection of 
the well-differentiated ade­
nocarcinoma limited to within 
the mucosa. A: Conventional 
image with ultraslim endos­
copy; B: Image with FICE: 
Color contrast between the le­
sion and surrounding mucosa 
is highlighted and the boun­
dary is more clearly visualized 
(FICE 4); C: Conventional ima­
ge with conventional esophag
ogastroduodenoscopy; D: Dis­
sected section after ESD.
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as FICE electrically amplifies spectral images of  given 
wavelengths and reconstructs the images, it offers brighter 
images with subtle highlighted color changes and hype
remic areas on the surface of  the mucosa[8]. Therefore, we 
obtained sufficient illumination for long-distance obser
vation with FICE in all cases in this study.

FICE observation of  superficial epithelial tumors of  
the gastrointestinal tract resulted in superior visibility for 
54.7% and comparable visibility for 45.3% compared with 
conventional images. These results suggested that FICE 
would be useful as a diagnostic aid for ultraslim endoscopy 
which is becoming more common. FICE significantly 
improved the visibility of  lesions with hyperemia (68.0%) 
and discoloration (61.1%) compared with conventional 
images. The results showed that, due to the characteristics 
of  FICE, observation by ultraslim endoscopy with FICE 
more clearly visualized the color contrast between dis
eased and normal lesions than observation with conven
tional images. FICE was also expected to improve the 
visibility of  lesions with color contrast in the mucosa in 

long-distance observation by lower-resolution ultraslim 
endoscopy.

Yoshida reported that a review of  endoscopic obser
vation of  gastritis-like early gastric cancer diagnosed as 
benign by conventional endoscopy revealed discolored 
lesions in 29 of  132 cases (22.0%), hyperemic lesions in 
83 cases (62.9%) and normocolored lesions in 20 cases 
(15.2%)[7]. These lesions, not easily diagnosed by con
ventional endoscopy, may be overlooked in observations 
with conventional ultraslim endoscopy. Of  these lesions, 
discolored and hyperemic lesions accounted for 84.9%. 
FICE was considered to prevent overlooking lesions with 
such color changes.

This study suggests that the use of  FICE would im
prove the ability of  ultraslim endoscopy to detect epithe
lial tumors of  the upper gastrointestinal tract under con
ditions without the spraying of  a dye or a biopsy.
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COMMENTS
Background
The reduction in the endoscope diameter would improve the acceptance of 
unsedated endoscopy. However, ultraslim endoscopy provides less resolution 
due to smaller number of pixels and less illumination. Flexible spectral imaging 
color enhancement (FICE) is one of the diagnostic methods using specific light 
spectra based on spectral image processing technology (Fujinon Corporation, 
Saitama, Japan). We focused on the effect of FICE used in combination with 
ultraslim endoscopy for observation of superficial epithelial tumors of the upper 
gastrointestinal tract.
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Figure 3  A rough, slightly elevated squa­
mous lesion with hyperemia in a semicircle 
is found 25 cm distal from the superior inci­
sor line. The hyperemia of the lesion is high­
lighted and the boundary is more clearly 
visualized with flexible spectral imaging color 
enwhancement (FICE). The visibility was 
graded 4. Endoscopic submucosal dissection 
(ESD) was performed for local complete 
resection of the squamous cell carcinoma 
inc luding the muscular is  mucosae.  A: 
Conventional image with ultraslim endoscopy: A 
rough, elevated squamous lesion with 
hyperemia in a semicircle is found; B: Image 
with FICE: The hyperemia of the lesion is 
highlighted and the boundary is more clearly 
visualized with FICE (FICE 4); C: Conventional 
i m a g e  w i t h  c o n v e n t i o n a l  e s o p h a ­
gogastroduodenoscopy; D: Dissected section 
sprayed with Iodin after ESD.

 COMMENTS

Table 3  Evaluation of color hue changes and visibility of 
lesions with flexible spectral imaging color enhancement 
observation

Evaluation of FICE  1 2 3 4 5 Subtotal

Hyperemicb 0 0   8 17 0 25
Discoloreda 0 0   7 11 0 18
Normocolored 0 0   9   1 0 10

0 0 24 29 0 53

aP = 0.0159 vs Normocolored; bP = 0.0027 vs Normocolored; FICE: flexible 
spectral imaging color enhancement.
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Research frontiers
The analysis and enhancement of diagnostic accuracy of ultraslim endoscopy is a 
new frontier for upper gastrointestinal cancer surveillance.  
Innovations and breakthroughs
FICE provides comparison of spectral images of diseased and surrounding 
normal areas for enhancement of the contrast by combining wavelengths with 
greater differences in signals.
Applications
Our study suggests that the use of FICE would improve the ability of ultraslim 
endoscopy to detect epithelial tumors of the upper gastrointestinal tract under 
conditions without the spraying of a dye or a biopsy.
Terminology
Ultraslim endoscopes: a shaft diameter of 6 mm or less which allows them to be 
passed through the nose or mouth. Flexible spectral Imaging Color Enhancement 
(FICE): Visible light consists of wavelengths from red to purple. A spectral image, 
the image captured by each wavelength, of a specific wavelength is electrically 
amplified and reconstructed to create a FICE image.
Peer review
Overall, the manuscript is good. The authors show flexible spectral imaging 
color enhancement could improve ultraslim endoscopy in detection of epithelial 
tumors of the upper gastrointestinal tract. Therefore I could recommend 
publication if several points were discussed.
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