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Abstract

AIM: To investigate whether suspected blood indicator
(SBI) in capsule endoscopy (CE) is affected by back-
ground color and capsule passage velocity.

METHODS: Experimental models of the small intestine
constructed from paper in a variety of colors were used
to simulate the background colors observed in CE im-
ages. The background colors studied included very pale
yellow, yellow, very pale magenta, light grayish pink,
burnt sienna, and deep and dark brown, and red spots
were attached inside them. An endoscopic capsule
was manually passed through the models. The rate of
detection of the red spots by the SBI was evaluated
based on the colors of the models and the capsule pas-
sage velocities (0.5 cm/s, 1 cm/s, and 2 cm/s).

RESULTS: The rate of detection of the red spots by
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the SBI differed significantly according to the back-
ground color of the model (P < 0.001). Detection rates
were highest for backgrounds of very pale magenta,
burnt sienna, and yellow, in that order. They were
lowest for backgrounds of dark brown and very pale
yellow. The rate of detection of red spots by the SBI
tended to decrease at rapid capsule passage velocities
(1-2 cm/s) compared to slow velocities (0.5 cm/s) for
backgrounds of very pale yellow (P = 0.042), yellow (P =
0.001), very pale magenta (P = 0.002), and burnt sien-
na (P = 0.001). No significant differences in the rate of
detection were observed according to velocity for light
grayish pink (P = 0.643) or dark brown (P = 0.396).

CONCLUSION: SBI sensitivity was affected by back-
ground color and capsule passage velocity in the mod-
els. These findings may facilitate the rapid detection of
bleeding lesions by CE.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Capsule endoscopy (CE) is a useful method for the di-

agnosis of small bowel diseases, such as gastrointestinal
. 1. .. .
bleeding of an unknown cause!”. However, it is relatively
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time consuming to examine and interpret the results. To
reduce the reading time of this procedure, the RAPID
software (Given Imaging Ltd., Duluth, GA, United
States) contains a suspected blood identification system,
which identifies hemorrhages and suspicious vascular
lesions by recognizing red-colored pixels against differ-
ent colored backgrounds that may be encountered in the
small intestine™.

Reports on the usefulness of the suspected blood
indicator (SBI) generally show a low and variable overall
sensitivity for lesions, ranging from 20% to 56.4%" ",
Positive predictive values are also observed to be variable,
from 24% to 90.3%. Therefore, SBI generates false-pos-
itive and false-negative results, and its clinical usefulness
has not been verified.

Active bleeding is the most important factor affect-
ing SBI sensitivity. The sensitivity increases to a range of
58.3% to 93% in cases of active bleeding. Additionally,
the sensitivity of SBI may also be affected by other fac-
tors. However, not all of the factors that can affect SBI
sensitivity have been fully assessed.

The RAPID software includes a tissue color bat func-
tion that represents the average color of the region of
interest in the intestine and provides information to help
determine the anatomical location of a lesion'”. When
the small intestine is observed #a CE, on-screen images
are primarily composed of the intestinal mucosa and lig-
uid present in the lumen. The background color behind a
lesion may vary according to the color of the small intes-
tinal mucosa, which is affected by patient factors, such as
hemoglobin and bilirubin levels. Thus, very pale magenta,
which is the normal mucous membrane color, can appear
very pale yellow in patients with anemia or burnt sienna
ot deep brown in patients with jaundice. The background
color can also be affected by the presence of intestinal
fluid. The color and the degree of transparency of the
fluid can vary depending on the presence of bile, debris,
stool residue, and blood in the intestine. Therefore, a
combination of these elements may produce many dif-
ferent colors that can be presented on screen during CE.
The various background colors of lesions may influence
the detection of SBI in CE images.

The velocity of the passage of a capsule though the
small intestine can vary depending on the presence of
underlying disease, such as diabetes and disorders of in-
testinal peristalsism. Furthermore, the passage velocity
can vary in different sections of the small intestine. Cap-
sule movement may be influenced regionally by the gastric
emptying time, chronic intestinal motility disorders, small
bowel obstruction, intestinal diverticulosis, and other fac-
tors'””. These differences in capsule passage velocity ac-
cording to the clinical circumstances may also affect SBI
sensitivity. It would be useful to examine the different fac-
tors that influence the sensitivity of the SBI for shorten-
ing the time required to interpret CE-generated video.

Therefore, we investigated the rate of detection of
red spots using SBI according to the background colors
of the screen image and the capsule passage velocity in
experimental models of the small intestine to determine
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the factors that affect SBI sensitivity in diverse clinical
situations.

MATERIALS AND METHODS

Experimental small intestine model

To represent a variety of background colors that may be
encountered in clinical situations, experimental small in-
testine models prepared with seven colors of paper were
produced. The colors included very pale yellow, yellow,
very pale magenta, light grayish pink, burnt sienna, deep
brown, and dark brown (Figure 1). Very pale magenta
corresponds to the color of a normal intestinal mucous
membrane. Lighter colors can be observed in conditions
such as anemia, and darker colors are visible in mucosae
with concentrated bile. The Hue and Tone 120-color sys-
tem that was developed by the Nippon Color and Design
Institute was used to define the colors and hues used in
this study, and all color saturation levels were uniform'?.
Small bowel models that were 3 cm in diameter and 50
cm in length were constructed, and ten 6-mm red spots
were attached inside the models at 5-cm intervals to
simulate angiodysplasia.

Investigation of capsule passage
A CE device (M2A capsule; Given Imaging Ltd., Yo-
qneam, Israel) was fixed to a solid-line cardiac catheter
and passed inside the cylinder of each small intestine
model at a constant speed (0.5 cm/s). The screen image
from the CE instrument as it passed through model was
observed using a real-time viewer (Figure 2). To detect
differences in the SBI sensitivity according to the back-
ground color, 150 red dots were required to achieve a
power of 80% (a0 = 5%) according to a preliminary pilot
study. Therefore, through repetition, the CE instrument
was guided past 150 red spots on each of the background
colors, and the number of red tags on the scroll bar was
examined during the application of SBI.

Differences in the SBI sensitivity were examined
when the CE was passed through the intestinal models at
speeds of 0.5 cm/s, 1 cm/s, and 2 cm/s.

Statistical analysis

For all statistical analysis in this study, SPSS version 12.0
(SPSS Inc., Chicago, IL, United States) was used. Con-
tinuous variables were expressed as the mean *+ SD or
as the median. For comparative analysis of continuous
vatiables, the Student’s #test, the Mann-Whitney U test,
or the Kruskall-Wallis test were used depending on the
normality of the data. For the comparison of nominal
variables, Fishet’s exact test and a ;(2 test were used. A
post-hoc Bonferroni’s correction was applied for com-
parative analysis of the groups. All values with a P < 0.05
were considered statistically significant.

RESULTS

Detection according to background color
We compared the number of red tags recognized by the
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Figure 1 Endoscopic findings on backgrounds of different colors. A: Very pale yellow; B: Yellow; C: Very pale magenta; D: Light grayish pink; E: Burnt sienna; F:

Deep brown; G: Dark brown.

Figure 2 Experimental settings used for this study. A capsule endoscopy
(CE) device was manually passed through models of the small bowel. The CE
screen was observed using a real-time viewer.

SBI in the small intestine model for each background
color. A significant difference was observed in the SBI
detection rates on different background colors (P < 0.001,
Table 1). The detection rates were highest for very pale
magenta, burnt sienna, and yellow, in that order, and they
were lowest for dark brown. Thus, the sensitivity of the
SBI was the highest for a background of very pale ma-
genta, which represented a normal mucosal color with
good bowel cleansing, and the sensitivity was the lowest
for dark brown, which represented concentrated bile. For
a background of very pale yellow, which represented light
bile, the detection rate of the red spots was low.

The sensitivity of the SBI for different background
colors, analyzed with Bonferroni’s correction, showed a
significant difference for very pale magenta, for which
the detection rate was the highest, compared to that of
the other colors. The detection rate with a burnt sienna
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Table 1 Detection rates of red spots by suspected blood

indicator according to the background color

Color Detection rate (%) Rank
Very pale yellow 16/150 (10.7) 6
Yellow 28/150 (18.7) 3
Very pale magenta 64/150 (42.7) 1
Light grayish pink 19/150 (12.7) 4
Burnt sienna 36,/150 (24.0) 2
Deep brown 18/150 (12.0) 5}
Dark brown 5/150 (3.3) 7
Total 186/1050 (17.7) P <0.001

background was different from that with a very pale yel-
low and dark brown background, and the detection rate
with a yellow background was different from that when a
datk brown background was used (Table 2).

Detection according to capsule passage velocity

Generally, statistically significant differences were ob-
served in the SBI detection rates of the red spots accord-
ing to the capsule passage velocity in the small intestine
models of some colors (Figure 3). Detection of the red
spots by SBI tended to decrease at rapid capsule pas-
sage velocities (1-2 cm/s) compared to slow velocities
(0.5 cm/s) for very pale yellow (P = 0.042), yellow (P =
0.001), very pale magenta (P = 0.002), and burnt sienna
(P = 0.001) backgrounds. No significant differences were
observed according to velocity for light grayish pink (P
= 0.643) or dark brown (P = 0.396). Thus, differences
according to velocity were highly pronounced in models
constructed from colors that showed high SBI detection
rates, and differences in sensitivity were not present for
models with colors that had lower detection rates.
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Color Detection rate (%) Dark brown Very pale yellow Deep brown Light grayish pink Yellow Burnt sienna Very pale magenta
Dark brown 3.3 1 0.0130 0.0049 0.0029 0.0000 0.0000 0.0000
Very pale yellow 10.7 1 0.7161 0.5901 0.0506 0.0023 0.0000
Deep brown 12.0 1 0.8609 0.1097 0.0069 0.0000
Light grayish pink 12.7 1 0.1535 0.0113 0.0000
Yellow 18.7 1 0.2603 0.0000
Burnt sienna 24.0 1 0.0006
Very pale magenta 42.7 1
Adjusted o 0.002381

Liangpunsakul et a/*®! Signorelli et a/'? D’Halluin e a/"'” Buscaglia ez /™ Kim er a/''"!

oL AB oL AB oL AB oL AB oL AB

Sensitivity 25.7 81.2 40.9 60.9 45 83 56.4 58.3 20 93
PPV 90.3 81.3 69.2 53.8 52 23 24 70 44 21

PPV: Positive predictive value; OL: Overall lesion; AB: Active bleeding.
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Figure 3 Detection rates of red spots by the suspected blood indicator
according to the capsule endoscopy passage velocity.

DISCUSSION

CE was developed to diagnose lesions of the small in-

testine, and it is a useful method for diagnosing obscure
gastrointestinal bleeding, Crohn’s disease, polyposis syn-
drome, and small bowel tumors®™'""”. CE has a higher
diagnostic rate than radiological diagnosis methods and
is less invasive and easier to perform than enterosco-

v+ However, CE has the disadvantage of requiring
time to interpret multiple images”"*. Usually, 45 min to
two hours of viewing are required, although the read-
ing time can be shortened using the multiview function,
which allows the simultaneous observation of several im-
agesm]. To solve these problems, particularly in patients
with suspected small intestine bleeding, SBI was devel-

ed[10,23,24].

SBI can display frames that depict red zones during
CE. The technique is activated in the first image frame of
the duodenum and operates only in frames correspond-
ing to the small intestine. The function is activated by
an SBI view button within the software, resulting in the
automatic identification of red pixels on the screen as
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red hash marks on the scroll bar. Frame with suspected
bleeding lesions can be selected in this way. Therefore,
SBI helps physicians to review the video quickly, and
bleeding lesions can be found easily. SBI provides supple-
mentary information, but it does not replace the analysis
of the video image. All frames recognized using the SBI
feature should be later examined by a clinician in more
detail.

In the first report on the accuracy of SBI in 24 pa-
tients by Liangpunsakul ez al™ in 2003, the sensitivity of
the SBI was 25.7% (Table 3). However, when only active
bleeding lesions were targeted, the sensitivity increased to
81.2%. In another study by Signorelli e 2/'”, the sensitiv-
ity was only 40.9% in 100 patients, although it increased
to 60.9% in the presence of red blood or actively bleed-
ing lesions. In another study, the overall sensitivity was
45%, with 83% for active bleeding!"’. Tn a study by Bus-
caglia ef al”, the overall sensitivity was 56.4% and that in
patients with active bleeding was 58.3%. According to a
Korean report by Kim ez al', SBI sensitivity of was as
low as 20%; however, for actively bleeding lesions, such
as angiodysplasia, a much higher sensitivity was observed
(93%). SBI sensitivity showed large differences in these
studies, ranging from 20% to 56.4%. The positive pre-
dictive value also varied from 24% to 90.3%. Even with
active bleeding, sensitivity still differed from 58.3% to
93%. Therefore, SBI is thought to be useful as an adjunct
method to screen for bleeding lesions using CE. Still,
SBI cannot completely replace the reading of the CE-
generated video.

Cases with no significant bleeding, but in which
bleeding was still suspected, are problematic and clinically
important[ZSJ. The cause of the variability in SBI sensitiv-
ity is likely to be due to the differences in CE images.
The presence of bile, debris, stool residue, and blood in
the small intestine can vary depending on the patient’s
condition and bowel preparation. The intestinal fluid may
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be yellowish due to bile juices, light grayish pink due to
blood, brownish due to stool residue, or dark brownish
due to discolored stool. It can also vary according to the
concentrations of bile and debtis. That is, the intestinal
fluid may be very pale yellow or yellow when clear of
bile, or it may be burnt sienna or deep brown when thick
bile is present. Therefore, the background colors may
vary within the same patient depending on the area inves-
tigated. Additionally, the color of the intestinal mucosa
may be different according to the underlying diseases of
patients, such as anemia or jaundice.

The color contrast indicates that the presence of a
combination of different colors can influence the detec-
tion of of individual colors™. The contrast is greatest
when a color is combined with its complementary color
in the color circle. The color contrast includes contrast re-
lated to lightness, hue, saturation, and square. In the color
circle, the complementary color of red is blue-green, for
which the contrast is greatest. Saturation contrast means
that if other vivid colors atre located close to the color
of interest, the saturation of the color will be reduced.
In this study, we investigated whether the ability of SBI
to detect red pixels was affected by color contrast, espe-
cially in conditions of similar color saturation. We found
that the detection rate of red spots was 42.7% for a very
pale magenta color, significantly decreasing to 3.3% for
dark brown and 10.7% for very pale yellow. A decreased
detection rate of 12% was observed when a deep brown
background was used. Therefore, significant differences
in the SBI detection rates were observed for the differ-
ent background colors. For colors commonly observed
during CE, such as very pale magenta, yellow, and burnt
sienna, the SBI sensitivity was similar to that of the clini-
cal data. The sensitivity was decreased for background
colors such as dark brown or very pale yellow, which may
be infrequently observed in clinical settings. These results
suggest that the SBI sensitivity may vary depending on
the amount of concentrated bile, food or debris present
in the small intestinal lumen and the undetlying disecases
of patients.

The average time of capsule passage though the in-
testine is 217 + 90 min'"". However, this can vary from
48 min to more than eight hours depending on the
underlying disease, such as diabetes, and on intestinal
peristalsis. Significant differences in the sensitivity of SBI
were observed at different capsule passage velocities in
the experimental intestine models: the faster the capsule
moved, the lower the sensitivity.

The results of our experiments suggest that SBI has
low detection rates at sites that have colors that are sig-
nificantly different from those of the normal intestine
and in the areas where the capsule passed through rela-
tively quickly. That is, even when the SBI technique fails
to detect red pixels, a bleeding spot (i.e., angiodysplasia)
may exist in those regions. Physicians must examine the
images from these sites to detect false-negatives. The dif-
ferent background colors of the screen image can be eas-
ily located by using the tissue color bar in the software.
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Therefore, the results of our study may assist physicians
in the interpretation of SBI results and reduce the time
required for detection of bleeding sites within the small
intestine.

This study may be helpful for improving the diagnos-
tic accuracy of SBI. To improve SBI sensitivity, technical
improvements should be made. Additionally, the results
of this study suggest clinically correctable factors for
SBI. Bowel preparation before CE will improve the SBI
sensitivity by minimizing the presence of bile and debris
in the small intestine. To confirm this hypothesis, further
studies investigating the factors that affect SBI sensitivity
in different clinical situations are necessaty.

The limitation of this study is that experimental
models were used. Although the clinical situations of pa-
tients vary, if the capsule passes through an average of
6-7 m of small intestine in four hours, the actual average
velocity is approximately 0.04 cm/s. The velocities used
in this study of 0.5 cm/s, 1 cm/s, and 2 cm/s are not
typically experienced in the clinic. Because it is techni-
cally difficult to artificially replicate an average capsule
passage velocity, we randomly selected a velocity that
was casy to replicate. Therefore, our results are difficult
to apply directly to a clinical setting. However, it was
shown that the sensitivity of SBI can differ depending
on the velocity of the capsule.

In summary, the SBI sensitivity was significantly lower
for some background colors on CE images, and the sen-
sitivity decreased with faster capsule passage velocities in
experimental models of the small intestine. Therefore,
physicians should consider these factors when using SBI
in the evaluation of CE images.

COMMENTS

Background

It is relatively time consuming to examine and interpret the results of capsule
endoscopy (CE). The suspected blood indicator (SBI) is used for rapid screen-
ing of gastrointestinal bleeding, and it automatically recognizes frames that in-
clude red-colored pixels. However, reports on the usefulness of a SBI generally
show low and variable overall sensitivity for lesions.

Research frontiers

SBI generates false-positive and false-negative results, and its clinical use-
fulness has not been verified. The color of the small intestinal mucosa and
luminal fluid, which are the backgrounds on which lesions are detected, and the
capsule passage velocity may vary according to bowel preparation and patient
factors.

Innovations and breakthroughs

The detection by SBI differed significantly according to the background colors
used (P < 0.001). The sensitivities on very pale magenta, burnt sienna and
yellow backgrounds were significantly higher than on the other colors, such as
very pale yellow or dark brown. The sensitivity tended to decrease at rapid cap-
sule velocities in experimental models of the small intestine.

Applications

The results of this study may assist physicians in the interpretation of SBI
results and reduce the time required for detecting bleeding sites in the small
intestine. Physicians must examine the images that contain sites that could
have false negative results more carefully than other sites. Bowel preparation
before CE is useful for improving SBI sensitivity by minimizing bile or debris in
the small intestine.

Peer review

The paper seeks to assess the automatic diagnostic yield using the suspected
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blood identification system from GIVEN Imaging Ltd., designed to reduce the
time spent reviewing CE images in patients with intermediate hemorrhage. The
authors developed an experimental method to assess the sensitivity of SBI in
different conditions.
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