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SUMMARY  Crohn’s disease commonly affects the small and large in-
testines. Its symptoms include ulcers and intestinal stenosis, and its diag-
nosis is currently performed using an endoscope. However, because the
endoscope cannot pass through the stenosed parts of the intestines, diag-
nosis of the entire intestines is difficult. A CT image-based method is
expected to become an alternative way for the diagnosis of Crohn’s dis-
ease because it enables observation of the entire intestine even if stenosis
exists. To achieve efficient CT image-based diagnosis, diagnostic-aid by
computers is required. This paper presents an automated detection method
of the surface of ulcers in the small and large intestines from fecal tagging
CT images. Ulcers cause rough surfaces on the intestinal wall and consist
of small convex and concave (CC) regions. We detect them by blob and
inverse-blob structure enhancement filters. A roughness value is utilized
to reduce the false positives of the detection results. Many CC regions are
concentrated in ulcers. The roughness value evaluates the concentration
ratio of the detected regions. Detected regions with low roughness values
are removed by a thresholding process. The thickness of the intestinal lu-
men and the CT values of the surrounding tissue of the intestinal lumen are
also used to reduce false positives. Experimental results using ten cases of
CT images showed that our proposed method detects 70.6% of ulcers with
12.7 FPs/case. The proposed method detected most of the ulcers.

key words: ulcer, small and large intestines, detection, computer aided
diagnosis, CT image

1. Introduction

The number of people suffering from Crohn’s disease, an
inflammatory disease of the digestive tract, is increasing
in Japan [1]. It occurs more often among people living in
cities, in developed countries, and in their 20 s and 30 s [2].
However, its pathogenic mechanism remains unclarified.
Crohn’s disease commonly affects the small intestine, but
it can affect any area of the digestive tract. Its symptoms
include ulcers, intestinal stenosis, and fistulae.

Fiber or capsule endoscopic diagnosis is commonly
performed in small intestine examinations [3], [4]. A fiber
endoscope is inserted into the small intestine through the
anus or the mouth. However, these endoscopes cannot pass
through the intestine’s stenosed parts, which are commonly
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caused by Crohn’s disease. In such cases, diagnosis of the
entire intestine is difficult. Hence, fiber or capsule endo-
scopic diagnosis is unsuitable.

X-ray CT or MRI-based diagnosis methods of Crohn’s
disease are receiving attention as alternative diagnostic
methods. Such CT or MRI-based diagnosis allows a physi-
cian to observe the entire intestine even if intestinal steno-
sis exists. Several researches related to CT or MRI-based
diagnosis of Crohn’s disease have been proposed [5]-[14].
Lee et al. compared the detection accuracy of Crohn’s dis-
ease on CT and MR enterography and small-bowel follow-
through examinations [5]. CT and MR enterography utilize
2D CT and MR images for diagnosis. Furukawa et al. re-
viewed the effects of preparations, contrast agents, and scan-
ning techniques for CT and MR image-based diagnosis [6].
Many researches use MR images for diagnosis [7]-[9]. Sev-
eral reports related to CT image-based diagnosis have also
been reported [8], [10]-[12]. However, most previous re-
searches are based on 2-dimensional (2D) image observa-
tion [5]-[12]. Because the shape of the intestine is quite
complicated, its 2D image-based diagnosis is difficult and
time-consuming. Commercially available CT colonography
computer-aided diagnosis (CAD) systems are applicable for
Crohn’s disease diagnosis and commonly display 3D images
to observe the intestine. Ota et al. and Biancone et al. uti-
lized a CT colonography CAD system for Crohn’s disease
diagnosis [13], [14]. However, the shape of the small intes-
tine is much more complex than the large intestine. Under-
standing the shapes of the intestine and the lesion positions
in it is difficult. Diagnosis of Crohn’s disease remains time-
consuming even if CT colonography CAD systems are ap-
plied. Diagnostic aid based on computer processing is nec-
essary for CT or MRI-based Crohn’s disease diagnosis. Au-
tomated lesion detection for the symptoms of Crohn’s dis-
ease is required for efficient diagnosis. To the best of our
knowledge, there is no automated ulcer detection method
from CT images except our work.

We propose an automated detection method of ulcers
inside the intestine, because their presence is one of the
symptoms of Crohn’s disease. Our fully automated method
detects ulcers from 3D abdominal CT images. The surfaces
of the internal wall of the intestine are rougher near the ul-
cers than the normal areas. Figure 1 shows examples of
ulcers. The roughed ulcer surfaces consist of convex and
concave regions. The size of each convex or concave region
is about 2.0 to 5.0 [mm] in diameter. We detect the ulcers

Copyright © 2013 The Institute of Electronics, Information and Communication Engineers
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Fig.1  Examples of ulcers on ntestinal wall shown in virtual endoscopic
views. A number of convex and concave regions consist of the rough sur-
face of the ulcer. Each convex and concave region is about 2.0 to 5.0 [mm)]
in diameter. Sizes of convex regions are overlaid.

using their surface shape features. The convex and concave
regions are detected by blob and inverse-blob structure en-
hancement filters. We utilize a roughness value to reduce
the false positives (FPs) of the detection results by differ-
entiating between the convex and concave regions concen-
trated on the roughed surface. In ulcer areas, narrowing of
the intestinal lumen and thickening of the intestinal wall oc-
cur. From this characteristic, we utilize the thickness of
the intestinal lumen and the CT values of the surrounding
tissue of the intestinal lumen in FP reduction. This is an
extended version of a previously proposed ulcer detection
method [17].

2. Method
2.1 Overview

On the intestinal wall, ulcers cause rough surfaces that con-
sist of convex and concave regions. Our proposed method
detects these regions by a combination of blob and inverse-
blob structure enhancement filters. Many small convex and
concave regions are concentrated on the surface of ulcers.
This method utilizes the positional correspondences of the
convex and concave regions to reduce FPs. The positional
correspondences are evaluated by roughness values. We also
utilize the thickness of the intestinal lumen and the CT val-
ues of the surrounding tissue of the intestinal lumen to re-
duce FPs. Our method consists of the following processes:
intestinal wall region extraction, convex and concave region
detection, and FP reduction.

2.2 Intestinal Wall Region Extraction

The input of our method is fecal tagging 3D abdominal CT
images. We apply an electronic cleansing process based on
a previous method [15] to remove the tagged fluid inside the
intestines from the input CT images. Figure 2 shows an ex-
ample of the cleansing result. The resulting CT image of the
electronic cleansing process is used in the following pro-
cesses.

We extract all the voxels inside the body whose CT val-
ues are a; [H.U.] or less. The small connected components
and the lung regions are removed from the extraction result
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Fig.2  Results of electronic cleansing process: (a) original CT image and
(b) result of electronic cleansing process.
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Fig.3  Examples of region extraction results: (a) CT image cleansed by
electronic cleansing process, (b) air regions Ay, (c) regions inside intestine
A», (d) regions obtained by applying dilation filter to A,, and (e) intestinal
wall region A3.

to eliminate the connected components whose volume are
a; [mm?] or less. The lung region removal eliminates the
connected components, which have a3 [mm?] or more area
on the axial slice of the most head side. a, and a3 are the
threshold values of the volume in a 3D CT image and an area
in an axial CT slice, respectively. The remaining regions
after these removal processes are defined as air regions A
(Fig. 3 (b)).

We obtained the regions inside intestines A, by apply-
ing an erosion filter to A; (Fig. 3 (c)). The structure element
of the erosion filter is a sphere of radius a4 [mm]. Intesti-
nal wall regions A3 are obtained by subtracting A, from
the resulting regions of a dilation filter applied to A,. The
structure element of the dilation filter is a sphere of radius
as [mm]. An example of intestinal wall region A3 is shown
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Fig.4  (a) Example of convex and concave regions on the intestinal wall.
Black regions are air regions. (b) Output values of BSE filter are shown
in intestinal wall region. (c) Output values of iBSE filter are shown in air
region. In (b) and (c), blue and yellow indicate low and high output values,
respectively.

in Fig. 3 (e).
2.3 Convex and Concave Region Detection

Ulcers cause convex and concave regions on the internal
wall of the intestines. We detect them using two kinds of fil-
ters. The CT values inside the convex regions tend to grad-
ually increase from outward to inward; the CT values inside
the concave regions tend to gradually decrease from outward
to inward. We detect them with intense structures by blob
structure enhancement (BSE) and inverse-blob structure en-
hancement (iBSE) filters [16]. Figure 4 (a) shows examples
of the intensity structures of the convex and concave regions.
We approximate the local intensity structures on the CT
images by a quadratic polynomial in three variables:

Oy, z2b) = b1x® + boy® + b3z + baxy + bsyz
+ bezx + b7x + bgy + byz + byg. (D

We fit it to the neighborhood region of each voxel in Aj,
where b = (by,...,b10). The neighborhood area is a cubic
region whose edge length is ag [mm]. Coefficient b is deter-
mined by minimizing the square error of the approximation.
The size of a detection target is specified by ag [mm]. We set
suitable sizes to parameter ag to detect 2.0 to 5.0 [mm] of the
convex and concave regions and obtain a Hessian matrix

0 f ? f ? f
0x? oxdy  0x0z

_| & >’fr Pf
H = Aydx @ yoz |’ (2)
>’ f >f  8f

0z0x Bzéy Fr
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which consists of the second-order partial differential coef-
ficients of f. Let the eigenvalues of the Hessian matrix be
A1, Ap, and A3 (47 = A > A3). The convex regions on the
intestinal wall are detected by the BSE filter, defined as

/12

A .
Sl(/lls/lZ’/lg}):{ [iJ lf0>ll’/12’/l3’

0  otherwise,

3)

where A = [41 + A2 + A3]/3. The output values of filter S !

are shown in Fig. 4 (b). The concave regions are detected by

the iBSE filter, defined as
/12

SZ(AI,AZ,&):{ [TJ if 0<, 2, 2,

0  otherwise.

“4)

An example of the output values of filter S? is shown in
Fig. 4 (c). BSE filter S ! and iBSE filter S are used to detect
the convex and concave regions on the intestinal wall. The
output values of S applied to each voxel in A3 are stored in
convex enhanced image /.. Similarly, the output values of
S? are stored in concave enhanced image ..

2.4 FP Reduction
2.4.1 Overview

We remove the FPs in the two enhanced images using simple
FP reduction processes based on voxel values. The convex
and concave candidate regions are obtained from the FP re-
duction results. We propose three feature values of the con-
vex and concave candidate regions including the roughness
value, which evaluates the concentration ratio of the con-
vex and concave candidate regions. The other two feature
values are calculated based on the thickness of the intestines
and the CT values of the surrounding tissue of the intestines.
The FPs of the convex and concave candidate regions are
removed by the thresholding processes of the three feature
values.

2.4.2 Generation of Convex and Concave Candidate Re-
gions

We remove the FPs in enhanced images ;. and I, using
thresholding based on the voxel value and the maximum
voxel value of the connected components. All voxels with
values lower than a; are removed from /., and I5,. All con-
nected components where the maximum voxel value in the
connected component is smaller than ag are removed from
I,,. Similarly, all connected components where the max-
imum voxel value in the connected component is smaller
than a9 are removed from I5,. a7 is a threshold value of
a voxel value in the enhanced images. ag and ag are the
threshold values of a maximum voxel value in a connected
component. After these simple FP reduction processes, we
generate an enhanced image,

Ie(-x7 Y, Z) = maX(I]e(-x7 Y, Z)’ IZe(x’ Y, Z))? (5)
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which has a larger value than either /;, or ;. on each voxel.
X, y, and z are the coordinates on the enhanced images. The
convex and concave candidate regions, which are a set of
voxels whose values exceed 1 on enhanced image I,, are
described as ¢; (i = 1,...,I). i and I are the index and
the total number of convex and concave candidate regions,
respectively.

2.4.3 Roughness Value

Roughness value differentiates the convex and concave re-
gions that are concentrated on the roughed surface from the
other convex and concave regions on the internal wall of the
intestine. The roughness value is calculated for each c;, de-
fined as

Ry
T I-1 (pl(g, nf;, g; — ”fj))

“M~

R
(pz(g, nf;, g; — nf,-))

Ry i \Rs
) (—) , (©)
p3(gi — nf,,g, nf;) Vv

where j (j = ., I; j # i) is the index of the candidate
region, g; is the median point of ¢;, f; is the average gradi-
ent unit vector of the CT values in ¢;, m is the weight of
the terms, 7 is the coefficient of f;, v; is the maximum voxel
value in ¢; on the enhanced image, and V is the maximum
value of v;. Ri,R,R3, and Ry control the sharpnesses of
the values of the distance, the average CT value, the max-
imum CT value, and the maximum voxel value terms, re-
spectively. The roughness value takes high values if many
candidate regions are localized close to ¢; and if the maxi-
mum value of the enhanced image in ¢; is high. Function
pi1(o, p) calculates the Euclidian distance between points o
and p. The roughness value becomes high if many candi-
date regions are concentrated near c; by utilizing the inverse
of p;. Functions p;(0, p) and p3(0, p) calculate the average
and maximum CT values of the voxels on a line segment
connecting o and p. Many candidate regions are detected on
ulcers in the detection process. A line segment connecting
two candidate regions on the same ulcer runs through an air
region on the CT image. The CT values of the voxels in the
air regions are lower than the other regions. If two candidate
regions are separated by an intestinal wall, the line segment
connecting them runs through the voxels with high CT val-
ues. One of these two candidate regions is probably a FP.
The inverse of p, and p3 takes high values if both ¢; and c;
are located on the same ulcer.

Median point g; of ¢;, which is detected by the BSE
filter, is located in the intestinal wall regions. This point
must be located in the air regions to calculate p, and p3. We
use g; + kf; instead of g; for the position of ¢; to calculate p,
and ps3. If 7; is lower than threshold value a,, region c; is
removed in the reduction step described below.
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Fig.5 Example of narrowed air region in intestine (indicated by an ar-
row). Narrowed air region is surrounded by thickened intestinal wall. The
border between the thickened intestinal wall and the other tissues is shown
by a broken line.

2.4.4 Thickness of Intestinal Lumen

The thickness of the intestinal wall increases at the lesions
including the ulcers. With wall thickening, the air regions in
the intestines become narrowed. Figure 5 shows an example
of a narrowed air region. We utilize the thickness of the air
region in the intestines as a feature value of FP reduction.

We generate a centerline of the small and large in-
testines with a previous method [18]. The centerline passes
through all air regions A;. We place points px (k = 1,...,K)
on the centerline at 0.5 [mm] intervals. k and K are the in-
dex and the total number of the points on the centerline. For
each convex and concave candidate region c;, an index of a
point on centerline p,, closest to ¢; is obtained by

o' = arg minp; (g, pr). (7)
k

We apply a distance transformation process to air re-
gions A; to calculate the Euclidean distance from the voxels
in A; to the surrounding tissues. /y is the shortest distance
from py to the surrounding tissue of A;, which is obtained
from the distance transformation result. The average of Ay
is calculated by

1 K
== > I (®)

If a convex and concave region is located around nar-
rowed air regions, it probably has a high likelihood of being
a part of the ulcers. A distance value at p,, is described as
hi. If it is larger than Hay;, region c; is removed in the
reduction step. aj; is a coefficient of the radius of the in-
testines.

2.4.5 CT Values of Surrounding Tissues of Intestinal Lu-
men

The CT values of the intestinal wall are higher than those of
the fat around the intestines. In a normal (non-diseased) area
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Centerline

Fig.6  Plane located on the centerline of the intestines. pi is a point on

the centerline. t; is a tangent vector of it. Il is a plane perpendicular to t.
u}(l) and uf) are vectors parallel to IT; and perpendicular to each other.

of the intestines, the intestinal lumen is mainly surrounded
by fat because the intestinal wall is very thin. At an ulcerated
area of the intestines, the intestinal lumen is surrounded by
a thickened intestinal wall. Therefore, the CT values of the
tissues around the intestinal lumen are low and high in the
normal and ulcerated areas of the intestines. We utilize the
CT values of the tissues around the intestinal lumen as a
feature value of FP reduction.

We calculate the tangent vector of centerline t; at p; by

ti = Pis1 — Pk 9

Plane I1;, which is perpendicular to t; and passes through
P« is defined. We cast rays dx; (/ = 1, ..., L) from p; in the
direction away from py on I1;. / and L are the index and the
total number of the rays cast on plane Il;. The direction of
ray Oy, is described as

di; = ucos(2nl/L) + u’sin(2nl/L), (10)

where u,il) and u,(f) are vectors parallel to IT; and perpendic-

ular to each other. Figure 6 shows their positional relation-
ship. These vectors are calculated by

(1,0,0) trx = 0 and try = 0

1 _
W = [ My e ,0) otherwise

5
2 2 2 2
\/ tk.x +tk\y \ t’u’,x +zk~4/

(11)
and
@ _ llil) Xty

=—", (12)
k
ul” x t|

where #; x, tr,, and 1, ; are the x, y, and z components of tan-
gent vector t; = (tk x, tiys teo)- ug) is a vector perpendicular
to t; whose z component is 0.

We define a point on the inner surface of intestines w,({ll)
where ray py,; primarily contacts a voxel having CT values
higher than a;, [H.U.]. We also define point wfl) where
a3 [mm] distant from w,(cl[)
,(:,) and wfl) on plane II; are outlined in Fig. 7. The
average CT value of voxels on a line segment from w,E]; to

Wfl) is described as si;. The average CT value of the tissue

in ray direction dy;. The posi-

tions of w
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Inner surface \
. . /
of intestine /

\
2
. wk,[f )

Fig.7 Ray directions and points wzll) and wfl) on plane IT. W;cll) is placed
on inner surface of intestine. wizl) is aj3 [mm] distant from lel).

around the intestinal lumen on Il is calculated by

L
1
Se=7 ; Skl (13)

The average CT value of the tissue around the intesti-
nal lumen at p,,; is described as S . If it is smaller than
a4 [H.U.], region c; is removed in the reduction step. a4
[H.U.] is a threshold of the CT value of the tissue around
the intestinal lumen.

2.4.6 Reduction

We remove region c¢; if the feature values of the region
(ri, hyi, and S ) meet any of the following conditions:

ri < apo, (14)
hwi > Hall, (15)
Swi < daig. (16)

Next, we apply a dilation filter to the remaining regions. The
structure element of the dilation filter is a sphere of radius
ais [mm]. The resulting regions of the dilation filter are de-
fined as the final candidate regions.

3. Experiments

We applied our proposed method to ten cases of fecal tag-
ging 3D abdominal CT images. Before taking the CT im-
ages, we confirmed the lesion position and injected an X-
ray opaque contrast agent into the digestive fluid in the in-
testines with a fiber endoscope with insufflation of the in-
testines with air. Then the CT images were taken in a dis-
tended state. A medical doctor who is a specialist in gas-
troenterology checked the position of the ulcers carefully in
the endoscopic and CT-based diagnoses. In the endoscopic
diagnosis, almost all of the ulcers were found in the region
where the endoscope reaches. Regions beyond the stenosed
parts of the intestine were not observed by endoscope. The
medical doctor also checked the remaining region of the
intestine by careful observation of the CT images. Ulcers
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Fig.8 FROC curves obtained by changing parameters of FP reduction
process. FROC curves with parameters: (a) Ry = 1.0,...,9.0,R, =
1.0,R3 = 1.0,R4 = 1.0,a;; = 10.0,a14 = =500, (b) Ry = 1.4,R, =
1.0,...,17.0,R3s = 1.0,Rs = 1.0,a;; = 10.0,a14 = =500, (c) R} =
1.4,Ry =14,R3 =1.0,...,17.0,R4 = 1.0,a1; = 10.0,a;4 = 500, and (d)
Ry =14,R, =14,R3 =1.0,Ry = 1.0,...,17.0,a1; = 10.0,a14 = =500.

found from the endoscopic and CT-based diagnoses were
defined as the gold standards of the experiments. 17 ulcers
were found from these cases and used as gold standards.
Endoscopic and CT-based diagnoses cause some false nega-
tives (FNs) even when they were done by experts. Although
our experiments utilized diagnostic results made by a med-
ical specialist as gold standard, they might be insufficient.
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Fig.9 FROC curves obtained by changing parameters of FP reduction
process. FROC curves with parameters: (a) Ry = 1.4,R, = 1.4,R3 =
1.0,Rs = 1.0,a1; = 0.2,...,10.0,a;4 = =500 and (b) Ry = 1.4,R; =
1.4,R3 = 1.0,R4 = 1.0,a; = 0.6,a14 = —500,...,220.

Fig.10  Detection results of ulcers by proposed method shown in virtual
endoscopic views. Detected regions are marked by blue.

This is a limitation of this paper. The following are the
acquisition parameters of the CT images: image size: 512
X 512 [pixels], number of slices: 841-1051, pixel spacing:
0.55-0.67 [mm], slice spacing: 0.50 [mm], slice thickness:
0.50 [mm], tube voltage: 120 [kVp], and tube current: 138-
387 [mAs]. The parameters used were set as a; = —650
[H.U.], a2 = 1000 [mm?], a3 = 1000 [mm?], a4 = 3.0 [mm],
as = 5.0[mm], a¢ = 2.0,3.0 [mm], a; = 10, ag = 70,
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(b)

Fig.11  Detection results of ulcers by proposed method shown on intes-
tine surface. These images are obtained by observing the intestine surface
from its outside. Detected regions are marked by blue. Ulcer regions are
indicated by circles. Narrowing of intestinal lumen regions occurs around
the ulcers: (a) all intestines and (b) close-up of ulcers.

ag = 190, m = 1000, n = 4, a;p = 1, L = 36, a;, = —650
[H.U.], a;3 = 3.0[mm], and a;5 = 3.0 [mm]. These param-
eters were experimentally selected.

To determine the main parameters of the FP reduction
process, Ry, Ry, R3, R4, a11, a4, we generated FROC curves
by calculating the sensitivity and the FP number/case as
varying FP reduction parameters. We obtained the optimal
values of the FP reduction parameters as follows. First, we
chose one parameter as a starting parameter to be optimized.

IEICE TRANS. INF. & SYST., VOL.E96-D, NO.4 APRIL 2013

Fig.12  Examples of FPs of proposed method shown in virtual endo-
scopic views. Detected regions are marked by blue: (a), (b) bubbling fluid
surface and (c) folds in stomach.

Then we drew a FROC curve by changing the parameter.
We found a parameter that achieved at least 70% or higher
sensitivity with the lower FPs in the detection result. The
range and initial values of the FP reduction parameters af-
fect this parameter optimization. They are defined by pre-
investigating the feature value distributions. Initial values
can be found as values that produce maximum sensitivity
with the lowest number of FPs. In these initial values, of
course, many FP regions were generated in this setting. The
ranges of the parameters were also determined from the dis-
tributions of the feature values.

Figure 8 (a) shows a FROC curve obtained by setting
the parameterstoR; = 1.0,...,9.0,R, = 1.0,R3 = 1.0, R4 =
1.0, a;; = 10.0, and a4 = —500. From the FROC curve, the
sensitivity was 88.2% (15/17) with 50.9 FPs/case when R; =
1.4. Similarly, from the FROC curve shown in Fig. 8 (b),
the sensitivity was 82.4% (14/17) with 42.0 FPs/case when
R, = 1.4. From the FROC curve shown in Figs. 8 (c) and (d),
the sensitivity was 82.4% (14/17) with 42.0 FPs/case when
R3; = 1.0, R4 = 1.0. We set the values to the coeflicient of the
radius of the intestines as a;; = 0.2,...,10.0 to obtain the
FROC curve shown in Fig. 9 (a). The sensitivity was 70.6%
(12/17) with 17.3 FPs/case when a;; = 0.6. We set the val-
ues to the threshold of the CT value of the tissue around the
intestinal lumen as a4 = =500, ..., 220 to obtain the FROC
curve shown in Fig.9 (b). From this curve, the sensitivity
was 70.6% (12/17) with 12.7 FPs/case when a4 = —200.

Figures 10, 11, and 12 show the ulcers and the FPs de-
tected by our proposed method. Many convex and concave
regions were detected on the ulcers. The detected regions
are shown by blue. The false positives included a bubbling
fluid surface and folds in the stomach. Figure 13 shows ex-
amples of the FNs of the proposed method. The proposed
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Fig.13  Examples of FNs: (a) slice image and (b) surface of intestine
of ulcer causing completely stenosed intestine. Stenosed regions are indi-
cated by circles; (c) slice and (d) virtual endoscopic images of ulcer on thin
intestinal wall. Ulcer regions are indicated by circles.

method could not find ulcer causing a completely stenosed
intestine and ulcer on a thin intestinal wall.

4. Discussion

Since an ulcer is an inflammatory disease, the ulcer regions
consist of a number of convex and concave regions. Al-
though their detection is very different from that of colonic
polyps, the proposed method was able to detect the ulcer
regions at reasonable sensitivity and FPs.

Our method, which detected 70.6% of ulcers with
12.7 FPs/case, also detected nine ulcer regions that were
overlooked by endoscopic diagnosis. The proposed method
effectively assists medical doctors find ulcers. The number
of FPs/case is also acceptable for medical use for the fol-
lowing reason. CAD systems having the proposed method
will be utilized as a supporting tool of optical endoscopy
for cases where additional diagnosis is required due to the
difficulty of endoscopy. In cases of stenosis, since an endo-
scope cannot pass through the stenosis part of the intestine,
it is impossible to observe the area beyond the stenosis part.
This creates non-observed regions of the intestine. In such
cases, CT images are taken after optical endoscopy. CAD
systems having our proposed method will be utilized to ob-
serve the regions where the endoscope cannot go through.
Such complementary use of optical endoscopes and CAD
based on CT images will explore a new diagnostic method.
The combination of the two modalities will enable physi-
cians to diagnose the entire area of the intestine when optical
endoscopy cannot be completely performed. Patients under
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suspicion of having Crohn’s disease are found by such ex-
aminations as blood tests. Diagnoses by optical endoscope
and CAD system are also performed on patients who might
have Crohn’s disease. For such patients, we must find as
many ulcer regions as possible by combining optical en-
doscope and CAD-based diagnoses even if many FPs are
caused. The 12.7 FPs/cases is acceptable for medical doc-
tors. Reducing FNs is more important than reducing FPs.

Our proposed method detected the convex and concave
regions of the ulcers on the intestinal wall (Fig. 10). BSE
and iBSE filters detected them with high sensitivity. How-
ever, the results of the detection process include many FPs.
We applied a FP reduction process using thresholding based
on voxel values and the maximum voxel values of connected
components; this removed many small FPs. However, since
the results of the FP reduction process still included FPs, we
used the roughness values for further FP reduction. Many
convex and concave regions are concentrated in the local
region on the ulcer surface. We utilized this shape charac-
teristic of the ulcer. The roughness value measures the posi-
tional correspondences of the detected convex and concave
regions. The FP reduction process using roughness values
greatly reduced the number of FPs from 345.0 to 42.0 per
case (Fig.8). Additionally, we utilized the shape and the
CT value characteristics of the intestines for FP reduction.
The FP reduction processes based on the thickness of the
intestinal lumen and the CT values of the surrounding tis-
sue of the intestinal lumen reduced the number of FPs from
42.0 to 12.7 per case (Fig.9). These feature values were ef-
fective for classifying the convex and concave candidate re-
gions into true positives and FPs. However, further reduc-
tion of FPs is required for application of this method to the
CAD of Crohn’s disease. Further reduction is also required
to efficiently diagnose ulcers using a CAD system with au-
tomated ulcer detection. The statistical position and shape
analyses of ulcers may provide usable information for FP
reduction. To perform the analyses, a large number of CT
images including ulcers must be collected.

Our proposed method detected bubbles on the surface
of the residue fluid in the intestines (Figs. 12 (a) and (b))
as many small convex and concave regions in the CT im-
ages. This shape characteristic resembles the surface of ul-
cers. Therefore, the bubbles were detected by our proposed
method, which applies an electronic cleansing process to re-
move the tagged fluid in the intestines since we injected con-
trast agents into the fluid in the intestine using a fiber endo-
scope, we cannot inject contrast agents into the fluid beyond
some stenosed parts of the intestines. The CT values of the
fluid that contains no contrast agent resemble those of the
intestinal wall. Therefore, the electronic cleansing process
cannot remove the non-contrasted fluid. To reduce the FPs
caused by the bubbles on the non-contrasted fluid, we must
modify the administration method of the contrast agents.

The FN results of the proposed method were an ul-
cer causing a completely stenosed intestine and an ulcer on
the thin intestinal wall (Fig. 13). They were missed because
their shapes were different from our assumption of the shape
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of ulcers. The ulcer causing the completely stenosed intes-
tine (Fig. 13 (a) and (b)) divided the air region in the in-
testine into two regions by stenosis. We assume an ulcer
is located in an air region. Based on this assumption, the
roughness value evaluates how the candidate regions are
concentrated in air regions. However, the separation of the
air region by stenosis decreased the roughness value and
caused the false removal of candidate regions. To reduce
FNs around the completely stenosed parts, we must not only
detect the ulcer regions of its surface but also the tissues in-
side. Another example of FN is an ulcer on a thin intestinal
wall, as shown in Fig. 13 (c) and (d). We utilized the CT
values of the surrounding tissues of the intestinal lumen as a
feature value of the FP reduction process. We assume a thick
intestinal wall at the ulcer and high CT values. However, the
thickness of the intestinal wall decreases if too much air is
insufflated to the intestine. The condition of the air insuffla-
tion to the intestine must be considered in the FP reduction
process based on the thickness of the intestinal wall.

We found FP reduction parameters by a manual opti-
mization process. FP reduction is done by a combination
of thresholding processes. This will not cause severe over-
training. Therefore, we used the same set of CT images in
the parameter tuning and evaluation. To automate the pa-
rameter tuning process, we will reduce FPs by a machine
learning approach. Clear separation of learning and testing
data will be performed.

5. Conclusions

This paper proposed an automated detection method of the
convex and concave regions on ulcers in the small and large
intestines from fecal tagging CT images. Ulcers cause many
convex and concave regions on the intestinal wall. Our
proposed method detects them using blob and inverse-blob
structure enhancement filters. The FPs of the detection re-
sults are removed utilizing roughness values. The convex
and concave regions on the ulcers are locally concentrated.
The roughness value evaluates their concentration ratios to
remove the FPs using their positional correspondences. The
thickness of the intestinal lumen and the CT values of the
surrounding tissue of the intestinal lumen are also used as
feature values of FP reduction. We applied our proposed
method to ten cases of fecal tagging CT images and de-
tected 70.6% of the ulcers with 12.7 FPs/case. Future work
includes further reduction of FPs and FNs, development of
an estimation method of the ulcer region from the detection
results, and application of it to a CAD system for Crohn’s
disease.
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