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1 Introduction

Avideo endoscope system is now considered an indispensabl

Abstract. This study was performed to examine the usefulness of
medical endoscopic imaging utilizing narrow-band illumination. The
contrast between the vascular pattern and the adjacent mucosa of the
underside of the human tongue was measured using five narrow-band
illuminations and three broadband illuminations. The results demon-
strate that the pathological features of a vascular pattern are depen-
dent on the center wavelength and the bandwidth of illumination. By
utilizing narrow-band illumination of 415230 nm, the contrast of the
capillary pattern in the superficial layer was markedly improved. This
is an important benefit that is difficult to obtain with ordinary broad-
band illumination. The appearances of capillary patterns on color im-
ages were evaluated for three sets of filters. The narrow, band imaging
(NBI) filter set (41530 nm, 445%30 nm, 500%30 nm) was selected
to achieve the preferred appearance of the vascular patterns for clini-
cal tests. The results of clinical tests in colonoscopy and esophagos-
copy indicated that NBI will be useful as a supporting method for

observation of the endoscopic findings of early cancer. © 2004 Society of
Photo-Optical Instrumentation Engineers. [DOIl: 10.1117/1.1695563]
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gastric mucosal patterns, which was proposed by Sakfaki,
ediagnosing the depressed type of early gastric cancers.

Chromoscopy has been used widely to precisely observe

tool for the diagnosis of early-stage gastrointestinal dlsease.ati_le fine structural patterns of the muc8ZChromoscopy is a

In Tece”t years, endoscopic therapy has attrgc_ted a 9“*""‘ _de ontrast staining method using a biocompatible dye agent,
of interest because of the advantages of minimally invasive g, as indigo carmine or methylene blue. In the mucosa with
techniques. To improve the chances for total tumor resection glands, the dye agents accumulate within crypt orifices. Al-
by endoscopic means, early detection is mandatory. To detectthough chromoscopy is effective in many applications, this
these early cancers, it is important to precisely observe themethod still has some problems, such as difficulty in achiev-
color variation and fine structural pattern of the mucosa. Kudo ing complete and even coating of the mucosal surface with the
et all=3 reported that estimating the pathology of a colon dye, the extra cost of the equipment for dye spraying, the dye
polyp is possible by observing the crypt orifitthe so-called agent itself, and the extra time required to perform the proce-
pit pattern of colonic glands with a magnified endoscope. dure. Kumagai et dl reported that observation of an intrapap-

Tobitd reported the usefulness of the classification of minute 1127y capillary loop pattern is potentially useful for diagnos-
ing the depth of invasion of early esophageal cancer. Several

investigations have been conducted on the diagnosis of early
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Fig. 1 Medical video endoscope system using the RGB sequential
illumination method.

gastric cancer through observation of the capillary patterns on
the gastric mucosaHowever, chromoscopy is not useful for
enhancing the imaging of the capillary patterns. To resolve the
problems of chromoscopy, we proposed narrow-band imaging
(NBI).2° This is a medical video endoscope system utilizing
narrow-band illumination. Narrow-band illuminations are cre-
ated with three optical interference filters in which the band-
widths are spectrally narrowed.

Sano et at! conducted preliminary clinical tests of NBI
during colonoscopy. They reported that imaging of the colonic
mucosa with NBI provides enhanced pit pattern contrast com-
pared with ordinary observation. However, a quantitative un-
derstanding of the relation between spectral features of the
illumination and tissue features of the observational image is
still lacking. Kienle et al'? investigated how the wavelength
of the illumination affects the reproduced color of the vein
under the skin using a tissue phantom. They used a thin glas
tube phantom containing whole blood in a lipid colloid. It is,
however, unclear how the contrast of the thinner vasculature,
such as the capillaries, depends on the center wavelength o
the filtered illumination.

2 Experiment

This study was performed to determine the basis for tissue
imaging by narrow-band illumination and to confirm the clini-

Appearance of enhanced tissue features . . .

» Experiment 2: Color images of the underside of the hu-
man tongue were observed using three sets of filters se-
lected from five narrow-band filters and three broadband
filters. The appearance of the capillary pattern was
evaluated using CIE 1976* a* b* color difference and
L* contrast.

» Experiment 3: Clinical tests were performed in colonos-
copy and esophagoscoBarrett’s esophaglidy com-
paring the standard system and NBI.

3 Materials and Methods
3.1 Medical Video Endoscope System

The medical video endoscope system shown in Fig. 1 was
used in the present study. The light source @itV-U40,
Olympus Optical, Tokyo, Japahas a xenon lamp and a filter
disk. Three optical interference filters are mounted on the fil-
ter disk. Red, green, blugR,G,B) filters are ordinarily used
and divided visible wavelength ranges into three bands. The
video endoscope has a light guide of an optical fiber bundle
and a monochrome CCD at its tip. R,G,B illuminations irra-
diate the mucosa sequentially via the light guide as the filter
disk rotates. The monochromatic image signal corresponding
to each filtered illumination is formed by synchronizing the
sequential illumination process and the conversion process by
the CCD. Analog signals read from the CCD are transformed
sequentially to digital signals in the video procesgov240,
Olympus Optical. To display a color image on a monitor
(OEV-142, Olympus Optica each monochromatic image
signal (band imagg is assigned to an R/G/B color channel.
Then, the R/G/B color signals are sent out to the monitor as
National Television System Committe@NTSC) television

S .

signals. These signals become input signals of the frame grab-
ber (METOR [I/MC4; Matrox Electronic Systems, Dorval,

Fanadaa. The frame grabber can digitize television signals

with a sampling 0f640x 480 pixels. Moreover, the gray lev-
els in each pixel are quantized with integer values from O to
255.

3.2 Experiment 1: Contrast Between the Vascular
Pattern and the Adjacent Mucosa of the Tongue

cal benefits of NBI. Three experiments were conducted as The contrast between the vascular pattern and the adjacent
follows. mucosa of the underside of the human tongue was evaluated

quantitatively. The structure of the vascular pattern of the hu-

« Experiment 1: The contrasts between the vascular andman tongue is similar to that of the gastrointestinal

the adjacent mucosa of the underside of the human mucosd*'® therefore, this tissue was appropriate for our

tongue were evaluated quantitatively using five narrow- study. Evaluations were performed using eight different illu-

band illuminations and three broadband illuminations. minations. Five narrow-band filters and three broadband fil-
We discuss how the center wavelength and the band-ters were used. The center wavelengths and bandwidths are
width of illumination affect the contrast of the vascular listed in Table 1. F6, F7, and F8 have the same specifications

pattern. as the filters utilized in the ordinary light source unit. F1, F4,

Table 1 Center wavelength and bandwidth of filters.

F1 F2 F3 F4 F5 Fé F7 F8
Wavelength 415 nm  445nm 500 nm 540 nm 600 nm 420 nm 540 nm 610 nm
Bandwidth 30 nm 30 nm 30 nm 20 nm 20nm 100 nm 80 nm 80 nm
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ci Table 2 Filter sets and assignments of band image to color channel
/ for color imaging.
Blue Green Red
Set A F1 F2 F3
Set B F1 F4 F5
Set C F6 F7 F8
Fig. 2 Structure of the blood vessels in the human tongue. C1 indi-
cates the fine capillaries in the superficial mucosa. C2 indicates the _ _ / 1
thick capillaries in regions deeper than C1. C3 indicates the thick Ctr—|gv gm| 9m» @)
veins in regions deeper than C1 and C2. where g denotes the pixel value of the recorded image and

subscriptsy andm refer to the vascular pattern and its adja-

cent mucosa, respectively. The positions of blood vessels
and F5 were selected to investigate the influence of bandwidthwere selected manually by observation. After the position of
by comparison with F6, F7, and F8. Narrow-band filters F2 the blood vessel was selected, the position of its adjacent
and F3 were selected for evaluation of the changes in contrastmucosa was selected from an area where no blood vessel
within a short wavelength range. In this range, the molar ex- could be seen. Two hundred and fifty such selections were
citation coefficient of the hemoglobin changes most sharply in conducted for the three classes of vascular pattern. As a result,
the visible rangé? 250 contrast values were obtained in each filter for the class

A magnified video endoscog&1F-Q240Z, Olympus was  of vascular pattern. The differences in average contrast values

used to observe the vascular pattern. This apparatus has ammong the different filters and the different classes of blood
80-fold optical magnifying capacity. Operating the knob at the vessel were evaluated statistically. In our experiments, it
handle grip allows switching between the wide view and the could not be assumed that variances of the pair to be com-
telescopic view. Experiments observing the human tongue pared were equal. Therefore, the test statistic of Aspin-Welch
were performed with the telescopic view to visualize the cap- [Eq. (2)] was employet!:
illaries. In the telescopic view, because of the small depth of

field of the optics, it is difficult to fix the focus. Measuring the T,—C,

contrast requires sharp focus. A transparent silicone cap was to:?' 2
attached to the tip of the video endoscope. A stable sharp S1 S

focus was obtained by placing the tip of the cap gently on the n_l + n_2

tissue. Although using the cap changes the blood flow slightly, _

we assumed that the change in blood flow has little effect on Wheret, andc, denote averages calculated from 250 contrast
the contrast of the vascular pattern. Indeed, placing the capvalues,si ands; denote variances, and; and n, denote
gently on the mucosa was accompanied by little if any change number of samplegn;=n,=250). This is distributed ap-

in the vascular pattern. Fixing the gain of the video processor Proximately as a Students distribution with the degree of
maintained the signal-to-noise ratio of images at a uniform freedomv shown as Eq(3).

level. The dark noise was automatically subtracted from the

. : . 2 2\2
analog signal of the CCD. The images were stored in a per- S1 N S2
sonal computer as digital data. Before measuring the contrast, n_l n_2
the tone of the image was transformed since its gamma equals VETRZ (22 (©)
unity. (_1 _2>
Figure 2 shows the schema of the vascular patterns. A ny n ny
dense capillary bed is typically found in superficial layers of n—1 n,—1

the mucosa, and thicker blood vessels run in deeper layers.
The difference in blood vessel depth may influence the con-
trast of the image. Therefore, to examine the influence of the
depth of blood vessels on contrast, we classified the vascula
patterns into three types by thickness and depth in the mu-
cosa. The capillaries found in the superficial mucosa were .
classified as class (C1 patter. The thicker vasculature in 33 Experiment 2: Appearance of C1 Pattern on

deeper layers was classified as clas§C2 pattern. Thick Color Images of the Tongue

veins were classified as clasg@3 pattern. The thicknesses = Combinations of filters for color imaging are listed in Table 2.
of C1, C2 and C3 patterns are about 10 to 20, 20 to 50, andSet C included the same combination as that utilized in the

In this study, one-sided hypothesis tests were performed.
The p value was deduced from thedistribution table as the
[probability p=Pr[t|=t,}/2. A p value of 1% or lesyp
<0.0]) was taken to indicate significance.

200 to 500um, respectively. ordinary light source unit. To evaluate the effects of narrow-
In this study, the contrast was defined as the luminance ing bandwidth, Set B was selected as having center wave-
ratio according to Weber’s laWf,as shown in Eq(1). In this lengths similar to those of Set C. We selected filters for Set A
definition, a pixel value of 8 bit§0 to 255 was used to by placing importance on the imaging of the capillaries. There
calculate substitution for the luminance. are many variations in the relation between band image and
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Table 3 xy chromaticity coordinates of a primary color in the color

monitor. ﬁ X_G E
X YR Y %!
Red Green Blue Y|= 1 1 1
ZA 1-xg— 1-Xe— 1-Xxg—
x 0.63 0.29 0.15 R YR 6" Yo B~ Ve
YR Ye %]
y 0.33 0.60 0.06 _ _
YR max 0
255
R
. . . YG max
color channel. In this study, we simply assigned R/G/B color X 55 G|, (6)
channels as a function of wavelength. Evaluations of the ap- B
pearance of the C1 pattern were performed with these three Y8 max
sets of filters. Two criteria, CIE 1976* a* b* color difference 0 255

and the contrast based &rf, were used.
The CIE 1976L* a*b* color differencé® is calculated by: ~ Where tones of R,G,B are linearized by the gamma correction
curve of the video endoscope systeWk max» Ya max. @nd
Ysmax are luminance with the maximum pixel value
dE=\(L*—L%)?+(a*—a¥)?+(b*—b%)?, (4 (=255 andx; andy;, (i=R,G,B) arexy chromaticity co-
ordinates of the primary color displayed on the monitor cal-
where the subscripts and m represent thé*a*b* values  culated by Eq(7):
calculated from the pixel values sampled from the vascular
patterns and the adjacent mucosa, respectively. CIE 1976 _ X _ i
L*a" b* values were deduced from CIE XYZ tristimulus val- X+ Y+ 2] y'_Xi+Yi +Z;'
ues by Eq(5):

(i=R,G,B. (7)

Thexy chromaticity coordinates of a primary color are shown
in Table 3.L* contrast is calculated by E¢8) in the same

Y \ 13 X\ [ y\13 way as in Eq(1):
L*=11 —) —16, a*=500 | —| - —) ,
Yu Yu

X L*ctr=|L* — LX|/LE. ®
13 13 The positions of capillary and adjacent mucosa on the image
b* :20({ i) _ (E) (5) were selected in the same way as described in experiment 1.
X Zy) |

3.4 Experiment 3: Clinical Tests
whereX,,, Y, andZ, are XYZ tristimulus values of white.
This white is the color displayed on the monitor with pixel 3-4-1 Colonoscopy
values(R,G,B)=(255,255,25p. XYZ tristimulus values are  Since most colorectal cancers are thought to develop from
deduced from RGB pixel values by E®): adenomatous polyp$,early removal via polypectomy is ef-

F1(415-30) F2(445-30) F3(500-30) F4(540-20) F5(600-20)

F6(420-100)  F7(540-80) F8(610-80)

Fig. 3 Narrow-band images and broadband images of the underside of the human tongue. (Top) Narrow-band images (F1 to F5). (Bottom)
Broadband images (F6 to F8). (Bottom left) Diagrammatic representation of the blood vessel classes.
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Fig. 4 Contrast between each class of blood vessels and the neighboring mucosa. The asterisks in the figure indicate that the contrast could not be
calculated because the blood vessel could not be seen. The error bars indicate 1 standard deviation n=250.

fective for reducing the incidence of colorectal carfein doscopists using a visual scale defined as follows: unseen
colonoscopy, it is not easy to find small adenomatous polyps (score 1, unclear(score 2, clear(score 3. The differences in
in the early stages. To confirm the effectiveness of NBI for visualization for both of the light sources were evaluated by a
visualizing small adenomatous polyps, clinical tests were per- one-sided hypothesis test performed in the way same as in
formed at the National Cancer Center Hospital East in Chiba, experiment 1.
Japan.

The apparatus for the clinical test was almost the same as
that shown in Fig. 1. However, one more light source unit was
added to allow comparison of NBI and the ordinary system. 3-4.2 Barrett’s esophageal endoscopy
Switching between both light source units was performed by Barrett's esophagudBE) is defined as the replacement of the
detaching and inserting the connector of the endoscope fromnormal squamous epithelium by a columnar-lined esophagus
or to the light source unit. The filter set that was used in the with specialized intestinal metaplagi@M). The incidence of
NBI examination process was set A for the reasons discussedesophageal adenocarcinoma in patients with BE is about 30-
in Sec. 5. Although a magnifying endosco{feCF-Q240Zl, to 40-fold higher than that in the general population. The
Olympusg was employed, evaluations were performed with number of cases of esophageal adenocarcinoma is currently
the wide view endoscope. Twenty-seven patients gave theirincreasing at a rate faster than rates for breast, lung, and colon
informed consent to participate in this study. The average di- cancers in western countri&sThe poor prognosis for pa-
ameter of small polyps was 5.6 mm. The pathologies of all tients with Barrett's esophageal cancer is due both to the lack
specimens obtained by biopsy indicated that they were ad-of an effective method for early detection, which would en-
enomatous. Endoscopic procedures were performed by a gasable curative excision, and the inability to prevent metastatic
troenterologist experienced in the technique of colonoscopy. disease. Endo et &.reported that diagnosis based on pit pat-
The patients first underwent standard colonoscopy using aterns in the BE mucosa using magnified chromoendoscopy is
conventional light source. Then NBI observation was per- useful for detecting the SIM portion. To confirm the effective-
formed with the endoscope still in place. ness of NBI for visualization of the pit pattern of BE, clinical

The visualization of small adenomatous polyps by both tests were performed at Sapporo Medical University, Sapporo,
methods was evaluated. These images were scored by the enJapan.

Table 4 p values of statistical analyses.

F1 F2 F3 F4 F5
C1:F1 — 2.73x10°% 4.52x10°110 1.40x 10740 9.71x10713%
C2:F4 4.47%x10720 8.49x 10720 0.36 — 7.70x 10758
C3:F5 * * 9.21x107% 1.29x1073 —

* Contrast could not be calculated.
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The filter set that was used in the NBI examination process cant difference with F4 images, which have a higher contrast
was Set A. A magnifying video endoscopg&IF-Q240Z, than the other band imagd®<0.01). The results for C3
Olympus was employed. The configuration and the test pro- patterns demonstrated a statistically significant difference in
cedure were the same as that described for colonoscopy.F5 images, which have a higher contrast of C3 vasculature
Twelve patients gave their informed consent to participate in than the other band imagép<0.01). For the C1 pattern, F1
this study. All of the patients had previously been diagnosed images showed significantly higher contrast for blood vessels
with BE and were being followed up in an endoscopic sur- than F6 image{p=8.52<10"1%). For the C2 pattern, F4
veillance program at Sapporo Medical University Hospital. images had a higher contrast for blood vessels than F7 im-
The endoscopic procedures were performed by a gastroenterages, and this difference was statistically significgmpt
ologist experienced in the technique of magnification endos- =9.30x 10 19). For the C3 pattern, F5 images showed a sig-
copy for detection of BE. The patients first underwent stan- nificantly higher contrast for blood vessels than F8 images
dard endoscopy and then magnification endoscopy. The(p=1.63x10%).
illumination unit for the conventional observation was then

changed to NBI observation with the endoscope still in place, 4.2 Experiment 2: Appearance of C1 Pattern in
and magnifying endoscopy by NBI was performed immedi- Colored Images of the Tongue

ately afte_r e>_<change of _the illumination unit, Figure 5 shows colored images of the underside mucosa of the
Visualization of the pit patterns on the BE mucosa by the e .
human tongue. The color in Figs(tB and Hc) is a natural

two metho_ds was evalua_lted. These Images were scoreq by thereddish tissue color. On the other hand, that shown in Fa. 5
endoscopists using a visual scale defined as follows: com-

letely impossiblescore 1, visualization just possibléscore is different from the others. However, the C1 pattern could be
pietely Imp . o Just pos A seen more clearly in Fig.(8). The upper row in Table 5
2), fairly sharp visualizatiorfscore 3, complete visualization s -
) . O N shows the results of CIE 1976" a* b* color difference(dE)
possible(score 4. The differences in visualization between .
. . between the C1 pattern and the adjacent mucosa. The value of
the two light sources were evaluated by a one-sided hypoth-

esis test performed in the same wav as in experiment 1 dE in Set B was significantly larger than both that of Set A
P Y P ' (p=2.77<10"2Y and that of Set Gp=6.18<10 %9). The

lower row in Table 5 shows the results lof ctr. The value of

4 Results L*ctr in Set A was significantly larger than those of Set B
4.1 Experiment 1: Contrast Between the Vascular (p=2.28x10"%) and Set Q(p=1.83x 10_25_)- o
Pattern and the Adjacent Mucosa of the Tongue The results from CIE 1976* a* b* color differences indi-

cated that Set B is an appropriate filter set for color imaging.
On the other hand, the results frdri ctr indicated that Set A
is an appropriate filter set for color imaging. The color images

The images produced by the five narrow-band filters and three
broadband filters are shown in Fig. 3. The relationships be-

tween the vascular patterns and classification are also '"us'shown in Fig. 5 indicate thdt* ctr is more suitable than CIE

trated schematically in Fig. 3. Considering images F1 to F5, it 1976L*a b* color differences for evaluating the appearance

Is clear that the appearance of the vascular patterns depend?)f the blood vessels. This is discussed in detail in Sec. 5.
on the class of the blood vessels and the center wavelength o

the narrow-band filter. C1 patterns were seen in the F1 image.
However, fine features, such as the tip of the capillary, were
blurred in the F2 image. Furthermore, such fine features were
difficult to see in the F4 image and could not be seen at all in 4-3-1 Colonoscopy
the F5 image. In F3 and F4 images, although the C1 patternAs an example of a clinical test, images obtained in a case of
was blurred, the C2 pattern could be seen more clearly than infamilial adenomatosis coli are shown in Fig. 6. In the NBI
the F1 image. In the F5 image, the C1 and C2 patterns wereimage, the typical branching pattern of blood vessels can be
blurred. The C3 pattern was also blurred in the F5 image. seen as a blue pattern. Moreover, small polyps of familial
However, the F5 image seemed to be appropriate for visual-adenomatosis coli can be seen more clearly than those in the
izing the C3 pattern. Examination of F1 and F6 indicated that conventional image. The small polyps in NBI images can be
narrowing the bandwidth improves visualization of the C1 seen as brown staining. The pathology of most small polyps
pattern. The effects of narrowing bandwidth on visualization are adenomatous, and such polyps show angiogenesis in the
of the C2 and C3 patterns are unclear. superficial layer of the mucosa, which can be detected in the
Figure 4 shows the average values of the contrast in eachF1 and F2 images. As a result, most of the small polyps can
class and in each band image. The asterisks in the figure in-be seen clearly as brown staining. Table 6 shows the results
dicate that the contrast could not be calculated because thefrom scoring by a gastroenterologist using a visual scale. The
vascular patterns could not be determined manually. The error
bars represent 1 standard deviation. The average values were
in good agreement with the results of the observations de- Table 5 CIE 1976 L*a*b* color difference and contrast of L* of C1

4.3 Experiment 3: Clinical Tests

scribed earlier. The values are listed in Table 4. pattern.
The results for the C1 patterns demonstrated a statistically
significant difference in a comparison of F1 images, which Set A Set B Set C
have a higher contrast than the other band ima@es
<0.01). The results for the C2 pattern indicated no statisti- dE 13.96+3.98 18.19+5.47 12.17+5.24

cally significant differences between F4 and F3 imafes

—0.36). The results also demonstrated a statistically signifi- - " 0.19+0.07 0.12+0.06 0.12+0.06
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(a) (b) ©

Fig. 5 Color images of the underside of the human tongue. (a) Filter Set A. (b) Filter Set B. (c) Conventional broadband filters.

(a) (b)

Fig. 6 (a) Conventional image and (b) NBI image of familial adenomatosis coli.

Fig. 7 (a) Conventional image and (b) NBI image of Barrett’s esophagus.
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Table 6 Scores of visualization of colonic small polyps.

Unevaluated Unclear Clear Total Average
Score 1 Score 2 Score 3 Score Score p value
Conventional 6 16 5 26 0.963 3.557x1074
NBI 2 7 18 43 1.593

results indicated that NBI can more clearly define tumor mar- lar pattern imaged in the longer wavelength range is thicker
gins than conventional illumination, and this difference is sta- than the C1 pattern. Our assessments concerning the C3 pat-

tistically significant(p=3.557x 10~4). tern are in agreement with the results reported previously by
Kienle et al*?
4.3.2 Barrett’s esophageal endoscopy By comparing the contrasts of narrow-baffl, F4, F5

As an example of a clinical test, Images obtained in a case of and broadbandF6, F7, F§ images, we found that narrowing
BE are shown in Fig. 7. The images are telescopic views the bandwidth improved the contrast of the vascular pattern.
obtained using the magnified function of the video endoscope. This is due to cutting of the longer wavelengths. For example,
The region labeled “A’ is the normal esophagus mucosa. The F6 images have a lower contrast for the C1 pattern than F1
region marked “B” is the BE mucosa and shows a textured images. F6 images involve longer wavelengths than F1 im-
pattern. It is clear that NBI allows visualization of the pit ages, and these longer wavelengths blur the contrast of the C1
pattern more clearly than conventional illumination. Table 7 pattern. The effects of narrowing the bandwidth on the con-
shows the results of scoring by a gastroenterologist using atrast of the C2 pattern in F4 and F7 images and on the contrast
visual scale. The results agreed with comparative observationsof the C3 pattern in F5 and F8 images can be explained in the
of images between conventional illumination and NBI. NBl same way as for the C1 pattern. However, F7 and F8 band
showed a significant advantage in visualization of the pit pat- illuminations do not involve longer wavelengths, but involve
tern of the BE mucosa compared with conventional illumina- shorter wavelengths than narrow-band illumination. At

tion (p=2.24x10"%). present, we cannot explain the mechanism responsible for this
phenomenon.
5 Discussion Table 4 and the color images in Fig. 5 show that CIE 1976

In narrow-band images, the contrast of the C1 pattern shows ab" & b* color differences may not be suitable for evaluating
maximum at the maximum absorption wavelength of hemo- the appearance of the vascular pattern in color images. On the

globin (415 nm. In addition, the contrast of the C1 pattern other hand, the value_s of* ctr agree with observations of the
was blurred in the wavelength range outside that of hemoglo- €1 pattern. We examined the appearance of the vascular pat-
bin absorption. On the other hand, the contrast of C2 and c3tern from the viewpoint of the dependence of spatial fre-
patterns showed maxima in wavelength ranges different from duency on the contrast sensitivity of human vision. Lakhan
the maximum absorption wavelength of hemoglobin. This is and Vimaf® and Sakata and Isofforeported that the contrast
due to the differences in the position within the mucosa of the Sensitivity of human vision in the luminance channel is higher
different classes of vascular pattern. The C1 pattern is in the than that in the color channel within a range of from 5 to 10
superficial layer and therefore changes in its contrast with cycles per degreécpd. If we assume that the observational
wavelength reflect the absorption spectrum of hemoglobin. distance is 1.4 m from the monitor, the spatial frequency of a
On the other hand, C2 and C3 patterns are in the middle ortypical C1 pattern is in the rage of 5 to 10 cpd. Referring to
deep layers of the mucosa, and therefore scattering and abtheir resultsFig. 1 in Ref. 23 and Fig. 4 in Ref. 24we found
sorption by tissue and capillaries in the upper layer rather thanthat the sensitivity in the luminance channel is tenfold greater
in the middle or deep layers markedly affect the contrast. To than that in the color channel. The metric lof ctr has no
allow visualization of the C2 or C3 pattern, the illumination color information. Therefore it is suggested thdtctr better

has to penetrate the upper layer and reach the middle or deepeflects the observations of the C1 pattern tli&n In addi-
layer. C2 and C3 patterns must have the thickness to compen+ion, C1 should be displayed as the luminance channel. To do
sate for the slight hemoglobin absorption. Therefore a vascu- this, we decided to use F1 and F2, and to assign both to the B

Table 7 Scores of visualization of Barrett’s pit pattern.

Complete
Comepletely Visualization Fairly Sharp  Visualization
Impossible  Just possible Visualization ~ Possible ~ Total Average

Score 1 Score 2 Score 3 Score 4 Score  Score p value
Conventional 0 4 17 0 55  2.620 2.246x10°*
NBI 0 0 13 8 71 3.381
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and G channels. Moreover, we selected the F3 filter and as-three classe$C1, C2, and CBand quantitatively evaluated
signed it to the R channel to display the C3 pattern as a bluishthe contrast of each class. By comparing the results for
color. Of course other combinations of filter set and color narrow-band images, we found that F415 nmt 30 nm) is
assignment can be used by selecting the F1 filter. For ex-appropriate for imaging the C1 pattern; FE00 nm
ample, gray-scale images can be made using only the F1 filter.=30 nm) or F4 (540 nmt 20 nn) is appropriate for imaging
However, endoscopists know from experience that informa- the C2 pattern; and FE600 nm*=20 nm) is appropriate for
tion regarding the vein pattern is also important in detecting imaging the C3 pattern. In addition, we found that narrowing
early colorectal cancér. Therefore both the C1 and C3 pat- the bandwidth can improve the contrast of the vascular pat-
terns are important. Set A is the first trial case for clinical tern. Evaluating three sets of filters for color imaging, we
tests. Further studies on selection of the filter set and assign-selected a set for clinical tests. Our selected set WHS
ment to the color channel are required. +30 nm, 44530 nm, and 50030 nm. Clinical tests in
The tissue around the crypt orifice contains many capillar- colonoscopy indicated that NBI aided in finding small colonic
ies. Therefore the pit pattern is thought to be the reverse of thepolyps. Clinical tests in Barrett's esophageal endoscopy indi-
capillary pattern within the tissue. F1 band images can be cated that NBI facilitated classification of the pit pattern of the
used to visualize the capillary pattern with high contrast and BE mucosa. These clinical benefits of NBI prevented small
then can also be used to visualize the pit pattern. This wasadenomas and cancers in the colon from being missed, en-
confirmed by a clinical test. Improvements in the appearance abling accurate biopsy for the portion at high risk of cancer
of the pit pattern in the BE mucosa are expected to enable development. We plan to conduct clinical tests in larger num-
detection of the SIM portion, which is associated with a high bers of cases and in other diseases.
risk of developing cancer, by classifying the pit pattern. Chro-
moscopy also improves the contrast of the pit pattern by ac- Acknowledgments
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