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Detection of colitis using artificial intelligence with fat stranding in computed tomography
images as a feature value
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[Abstract]

Previous studies on the use of artificial intelligence to assist in the diagnosis of colitis on CT images have used the
thickness of the colon wall after the use of digestive tract contrast media as a feature, but the diagnostic accuracy was
not always high.

In this study, we verified that the CT value of fat stranding of colitis (HU) is a useful feature in the colitis detection
model.

From non-contrast colitis CT images of 187 cases, we created an original image in which the affected area was cut into
a 128 x 128 matrix, a mask image in which structures other than the fat stranding were erased, and a threshold image in
which only the fat stranding was displayed.

The SVM classifier output the classification accuracy of the original image, mask image, and threshold image, and the
results showed that the accuracy of the mask image and threshold image improved over the original image.

This indicates that fat stranding is a feature for higher accuracy classification.
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Fig.1 CT image of fat stranding

Fat stranding increases CT values of adipose tissue
around the colon.
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Table 1 Breakdown of the 187 patients with colitis X, KB REEOMFFEEE, Wb, FERERBAL D%
Total number 187 ﬁilﬂ#(:&’ 5 & 7 CZE%C:?E]HJ' L, kgﬁ%@1%y IEPI%‘
Sex Male 102 / Female 85 W{RT374 MR E L 72,
Mgy S M P RS, BRI RO MR A
7 7 5 5
Di Diverticulitis  Infectious colitis Ischemic colitis Other (NO 202202- 1) B U J‘i*)dej( Lﬁl‘%
ese 166 7 10 4 BHERF OIS - #2&ZHE (No.21-72) DK
Site of Ascending  Toncverse  Descending  Sigmoid  Rectum AR THEM L 7.

Cecum

inflammation
102 6

18 1

Males were marginally more prevalent, and a significant portion,
approximately 60%, were aged between 40 and 60 years.
Most patients (about 89%) had been diagnosed with colonic
diverticulitis, with the most common onset locations being the
cecum and ascending colon (about 55%) and the descending

colon (about 32%).
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Fig.2 Overview of the process for the construction of a machine learning model

To verify that fat stranding around colitis was a feature, an original image was created by extracting the affected
area of the original image into a 128x128 matrix. Normal images were also created in the same way. In addition,
the original images were converted to csv data, and a total of three types of images were created: a mask image
in which structures other than fat stranding were deleted from the original image, and a threshold image in which
only the luminance of fat stranding was displayed. Histograms of these images were then developed, and through
a combination of histogram bins, luminance thresholds, and hyperparameters, the SVM classifier was optimized for
maximum classification accuracy. The accuracies of the mask and threshold images were compared with the original
image to verify whether fat stranding had been captured as a feature.
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Fig.3 Image cropping
The minimum area where the colon and fat stranding
areas fit was determined to be a matrix size of 128 x 128,
and all source images were cropped to create the original
image. In addition, the image file format was converted
from “bmp” to “png” for collection.
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Fig.4 Convert CT values to csv

For all original images of normal and colitis, CT values in
128 x 128 matrix, 8-bit 256 gray scale were converted to
luminance values in csv file format.
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Kidney#”
(a) (b)
Fig.5 Fat stranding and organ luminance value
measurements

(@) Luminance value of fat stranding: The luminance
values of fat stranding at three points in the distal
direction from the proximity of the colon wall were
read, and the range of luminance values was
determined from the average of these readings.

(b) Luminance values of organs: The luminance values of
three points (inside, center, and outside of the organ)
were read, and the range of luminance values was
determined from the average values.
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Table 2 CT and luminance values for fat stranding
and each tissue and organ

CT Csv
value (HU) luminance range

Bone 200 - 900 200 - 255
Muscle 40 - 80 140 - 160
Colon 15-50 120 - 150
Kidney 15-50 120 - 150

Fat stranding -30-5 55 -85

Fat -70-120 0-10

CT and luminance values of fat stranding are separated
from those of fat and organs.

SLEMHAMND AN T AREELT 13, 5, 8 10,
12, 15, 18, 205 & L7, MEEEBRAHIX Table 2(27R
T fat stranding O FRRED & FEE RO LR & TO
F55~1504 & LTc. A 8—235 A— 2 —DEMFAI
kernel # Tlinear, poly, rbf;, C# T0.1, 1, 10y,
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(c) Threshold image and histogram of colitis (f) Threshold image and histogram of normal colon

Fig.6 Histograms of the original, mask, and threshold images for colitis and normal

Both the original and masked images showed a bimodal morphology, with luminance centered on the fat region and
luminance centered on the parenchymal organs. Histograms of the threshold images showed a trend toward higher
frequencies for colitis images than for normal images.

T, Z DM ORI T LI, = Table 3 Comparison of the accuracy of the original, mask, and
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%D 9 b, fat stranding DAL OREREY) Original Masked Threshold

image image image
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snf. After a grid search, the hyperparameters selected were: kernel (linear), C (1),
JELH AR O 5 FEAS X, bins 2310 and gamma (0.01). This configuration yielded a maximum accuracy of 93.3%.
. . . _ For the mask and threshold images, the hyperparameters were determined
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X270 » F¥—F12 & 5 Tkernel : 94.7% with 8 bins, while the threshold image reached 96.0% accuracy with
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Fig.7 Confusion matrices in showing the highest accuracy in the original, mask, and threshold images

The sensitivity and specificity of the original images were 94.4% and 92.3%, mask images 94.4% and 94.9%, and
threshold images 97.2% and 94.9%.The original image also showed a high accuracy of 93.3%, while the accuracy
of the mask and threshold images increased by an additional 1.4% and 2.7%.

(@)
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(c)

(d

N

(a) False-positive images of original images
(b) False-positive images of threshold images
(c) False-negative images of original images
(d) False-negative images of threshold images

Fig.8 Characteristics of false-positive and false-negative images

In cases where normal images were misidentified as colitis, the colon was dilated and there were many fecal
masses with the same luminance as the fat stranding. The images in which colitis was misidentified as normal

were characterized by small fat stranding areas.
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