This is a machine-translatedversion of the original paper in Japanese Published on J-STAGE .
The next page is the original paper, which is expanded alternately with the translated version.
Because this is a machine translation, it may contain typographical errors, mistranslations, or parts of the paper that have not been reflected in the translation.
Please be sure to cite the original publication when referencing.

Invited paper

Development of Three-dimensional Similar Case Image Retrieval Method for supporting
Doctors' Diagnosis and Its Practical Application to COVID-19 Diagnosis
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Abstract: Rapid technological innovation in imaging devices such as CT and MRI has led to an annual increase in the number of images taken per session, while the number of physicians performing

diagnostic imaging remains insufficient. This has resulted in a limited number of physicians needing to diagnose a vast number of medical images. However, because diagnosis requires extensive knowledge

and experience, many cases require time for diagnosis, increasing the physician workload. For cases that previously required time for physicians to diagnose, if physicians could search for similar cases with

known disease names, they could use the names of similar cases as a reference for diagnosis, reducing the physician workload. Therefore, we developed a technology that automatically searches for similar

cases based on the spread of lesions within organs and presents physicians with disease names associated with similar cases, aiming to reduce the physician workload. This technology is characterized by

its fusion of a physician's perspective when performing diagnostic imaging with image analysis. This technology is being applied to the development of image diagnosis support technology for COVID-19

infection.
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1. Introduction

In the medical field, diagnostic imaging refers to the diagnosis of the presence and type of disease
by radiologists and other physicians based on medical images obtained from imaging devices such as
CT (Computed Tomography) and MRI (Magnetic Resonance Imaging). In recent years, technological

innovation in imaging devices has progressed rapidly, with the number of CT devices installed in Japan

now reaching approximately 14,0001). Diagnostic imaging is frequently used in medical settings because

it allows patients to undergo examinations easily and without physical pain, and it is said that modern

medicine would be impossible without diagnostic imaging2).

In the medical field, the advent of a super-aging society has led to an increase in the number of
patients, with the number of radiographs taken in Japan reaching approximately 24 million per year. 3)
Furthermore, with the advancement of imaging equipment such as CT scans, the number of images
taken is also increasing, with more than 1,000 images taken per session. However, there are only
approximately 5,600 radiologists specializing in diagnostic imaging in Japan. 4) This has increased the
workload of doctors, as a limited number of doctors must diagnose a huge number of images. In

particular, for cases that require time to diagnose, doctors must search for information about the case

from literature and other sources. If doctors could search for similar cases with known disease names in

the past for cases that require time to diagnose, they could use the names of similar cases as a
reference for diagnosis, reducing the burden of the search work that accounts for the majority of

diagnostic work.
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Therefore, we have developed a 3D similar case image retrieval technology5)-11) with the aim of
reducing the workload of doctors . The developed technology automatically searches for past cases with
similar 3D distribution of lesions spreading within organs. In this paper, we will first touch on the
background of the research and development of the developed technology, and then introduce the
elemental technologies required to realize the developed technology. We will also introduce examples of

applications of the developed technology.

2. Research and development background

In a conventional technique for similar case image retrieval, when targeting solitary pulmonary nodules
where the lesion is limited to one location, such as early-stage lung cancer, a technique has been
proposed in which a doctor specifies an area of interest on a single image and searches for images of
other patients that resemble that area.12 ) 13) However, as shown in Figure 1, this conventional
technique is not suitable for diffuse lung diseases where the lesion spreads three-dimensionally

throughout the organ.
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Figure 1: Similar case image search using conventional technology 12) 13)
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When searching for similar cases across multiple CT images, even if the distribution of
lesions in a cross-sectional image is similar, this does not necessarily mean that the
distribution of lesions across the entire lung is similar. As a result, doctors had to reconfirm
the similarity of the three-dimensional distribution of lesions, which took time to make a
diagnosis. A conventional technique for similar case image retrieval for diffuse lung disease
involves calculating and searching features for the entire CT image.14 ) As shown in Figure
2, this technique calculates the volume fraction of lesions contained in the entire lung as
three-dimensional information of the entire lung, and searches using this volume fraction as
a feature. However, in the image diagnosis of diffuse lung disease, doctors place emphasis
on the three-dimensional distribution of lesions. Therefore, similarity in the distribution of

lesions is important, but conventional techniques are unable to capture this similarity.

The 3D similar case image retrieval technology introduced in this paper focuses on the
fact that, as shown in Figure 3, when doctors judge similarity, they divide the inside of
organs into three-dimensional regions such as the central region (inner region of the lungs),
peripheral region (outer region of the lungs), top and bottom, left and right, and look at the

spread of the lesion within each region.
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Figure 2: Similar case image search using conventional technology14)
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Figure 3: Doctors' perspectives on the developed technology
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By automatically dividing areas of organs with visually unclear boundaries using image
analysis and using Al to recognize lesion candidates within each area, we can search for
CT images with similar lesions in terms of their three-dimensional spread.

We have developed a technology for searching images of similar cases.

3. 3D Similar Case Image Search Technology

An overview of the 3D similar case image search technology is shown in Figure 4. The
developed technology compares the case to be searched with past cases stored in a
database, and searches for cases with similar lesions in terms of the three-dimensional
extent of the lesion. The developed technology consists of two processes: a process for
estimating the three-dimensional extent of the lesion, and a search process. Each process
is described in the following sections. 3.1 Process for estimating the three-dimensional

extent of the lesion

The process flow for estimating the three-dimensional extent of a lesion shown in a CT
image is shown in Figure 5. Below, we will explain the processing of each block.

State.

(1) Extraction of the upper and

lower ends of the lungs Extraction of the upper and lower ends of the lungs is performed
by automatically identifying the CT images showing the lungs from multiple CT images of
the chest. As shown in Figure 6, a cross section parallel to the patient's body axis showing

the entire lungs is extracted from multiple axial images perpendicular to the patient's body axis.
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Figure 5. Flow of the process for estimating the three-dimensional extent of the lesion
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Figure 4. Overview of 3D similar case image retrieval technology
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The image is converted into a coronal image showing the lungs, and the lung area is extracted
using Al. Based on the extracted lung area, the upper and lower ends of the lungs are identified
using image analysis technology.

(2) Lung region extraction

Lung region extraction is performed by extracting the lung region in pixel units from each CT
image of the lungs that are automatically identified by extracting the upper and lower ends of
the lungs. As shown in Figure 7, the Al extracts the lung region from the axial image of the
patient's chest, which is perpendicular to the body axis.
The lung area is extracted using

When using Al to extract lung regions for diffuse lung disease, there was a problem in that
if an infiltrate, a type of lesion in diffuse lung disease, is located near the chest wall, which is
made up of bone, muscle, and skin that protects the lungs and other chest organs, the image
features of the infiltrate and the chest wall are similar, making it difficult to accurately extract the
lung region. To solve this problem, we developed a proprietary technology that improves
accuracy by modeling the medical knowledge that "the boundary between the infiltrate and the
chest wall is often easier to distinguish in images under mediastinal conditions" using Al.11) As
shown in Figure 8, our proprietary technology models the way doctors distinguish between
infiltrates and the chest wall by using images under mediastinal conditions, which are used to
confirm bone and soft tissue, as input to the Al, in addition to images under lung conditions,

which are used to confirm lesions and blood vessels in the lungs.

(3) Lesion identification
Lesion identification identifies lesions in the lung region based on the specific image features

that the lesions possess. As shown in Figure 9,
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Figure 7. Overview of lung region extraction process
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Figure 9. Overview of lesion identification processing
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Figure 10. Overview of Al learning image generation process using proprietary technology

The image is divided horizontally into a grid at equal intervals, and patch images are
automatically generated. Each automatically generated patch image is identified using Al, and
each patch image is classified as one of five types: four typical lesions of diffuse lung disease
and normal.
It automatically identifies whether

Lesion identification using Al for CT images has had the problem of reduced accuracy due
to differences in image quality caused by differences in imaging equipment and imaging
conditions.
It looks like you're taking a CT scan without actually taking a CT scan.
We have developed a unique technology that automatically generates pseudo-CT images and
uses them for Al learning to improve accuracy9). An overview of Al learning image generation
using our unique technology is shown in Figure 10. Figure 10 shows a CT image taken with a
certain CT device, where image processing is used to convert the effects of the imaging
equipment and imaging conditions on image quality.
This shows an example of how 14 different types of images (equipment A: 4 types, equipment
B: 3 types, equipment C: 4 types, equipment D: 3 types) with different image quality, each of
which appears to have been taken with equipment A to D, were automatically generated
without actually taking the images. By using images generated using our unique technology for
Al training, it is expected that lesion identification will be applicable not only to CT images taken
at a specific medical institution, but also to CT images taken at various medical institutions

across the country.

(4) Central-peripheral

segmentation Central-peripheral segmentation automatically segments the lung region into
central and peripheral regions by combining the physician's perspective with image analysis.
When diagnosing diffuse lung disease, physicians divide the lung into central and peripheral
regions and perform image diagnosis based on the distribution of lesions within each region.
Figure 11 shows an anatomical image of the lung. The central region is located inside the body
from the segmental bronchi. The peripheral region is located outside the body from the
subsegmental bronchi. Lung tissue spreads radially from the hilum, and the central region is
largest on the cross section where the hilum is present. The central region becomes smaller the
further away from the cross section where the hilum is present. Here, the position of the hilum
is at the same height as the cross section where the tracheal carina appears. On the cross

section where the tracheal carina appears, the lung segmentation curve divides the lung in half.

There are no central regions near the upper and lower ends of the lung, and the peripheral regions are
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Specifically, the upper end of the center is the aortic arch.
The lower end of the center is the cross section where the inferior pulmonary vein appears.

Itis a surface.

Based on the above medical knowledge, the division into central and peripheral is shown in Figure 12.

We have developed a new method to represent the data using a three-dimensional linear model as shown in
First, regarding the vertical direction of the body, clinically,
The upper edge is the aortic arch, and the lower edge is the pulmonary vein.
From the edge, L1 (approximately 1/6) to the bottom, L2 (approximately 2/7)
Next, in the cross-sectional direction, the size of the center is
The cross section where the bifurcation is located has the largest area, and the lung shown in Figure 12
The inside of the body is the dividing curve of each cross-sectional image.
By dividing the lungyaréayinto 1-
Automatic division of the central and peripheral ¥egions. is calculated from a 3D model.
do.

The three-dimensional model shown in Figure 12 is a curved section that divides the lung into central and peripheral parts.

The curve is divided into two parts by assuming a line.

For example, as shown in Figure 13 (a), the tracheal bifurcation is the starting point.

Consider a line extending to the side, and compare the line with the outline of the central part of the lung.
Intersection points (A1, A2, ...) and intersection points with the peripheral contour (B1, B2, ...)
and for the line segments connecting them,

We can think of a way to connect the equinoxes.
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Figure 11. Anatomical image of the lungs
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Figure 12. 3D model of the central and peripheral lungs

— Wi%253 2 i

(b) Actual CT image

(a) Example of dividing curve estimation

Figure 13. Issues with estimating the division curve
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Figure 14. Overview of central-peripheral division processing using our unique technology

However, as shown in Figure 13(b), the inner contour of the lung is obscured by blood vessels and other
The lungs have a complex shape due to the various organs.
The shape of the contour varies depending on the individual, so the line segments and contours are
It is difficult to stably calculate the exact intersection of
To solve this problem, we decided to use the following method to find the contour of the lung:
Only the peripheral contours can be extracted accurately and stably.
We have developed a unique technology that automatically divides the brain into central and peripheral parts.
The processing procedure of our original technology is shown below. First, the contours of the left and right lungs are integrated.
The images are then merged and saved as a single image (Fig. 14 (a) and (b)).
The image after contour integration is shrunk by image processing (Fig. 14(c)).
At this time, the image after contour integration is shrunk so that the ratioy : ¥
of the central and peripheral regions is 1— (Fig. 14(d)).
A part of the image contour is used as the lung division curve.

(5) Histogramming

Histograms are used to distinguish between central and peripheral lesions.
The three-dimensional spread of the lungs is expressed as a histogram.
In the region shown in Figure 15, the lungs are divided into two parts.
The patch images identified as lesions are the division curves of the central nervous system and lungs.
The patch images identified as lesions outside the
The images are automatically summed pixel by pixel.
To suppress this, the sum of the number of pixels of the lesion relative to the total number of pixels of the lung was
This process is performed for 30 CT images per case.
By repeating this process, a histogram of lesions in the entire lung can be automatically generated.

Dynamically generated.
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Figure 15. Overview of the histogram calculation process for 3D lesion distribution
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3.2 Search processing

The similarity between cases is calculated automatically based on the similarity between
the histograms of the lesions. The histogram similarity is calculated using the Histogram
Intersection algorithm15). The similarity between two histograms using the Histogram
Intersection algorithm is defined as the area of overlap between the histograms. Specifically,
the greater the overlap between the histograms, the greater the similarity, and the smaller the

overlap, the smaller the similarity.

4. Usability evaluation

To confirm the usefulness of the developed technology, we compared the search accuracy with that

of conventional technology14). The conventional technology was processed in the same way as the

developed technology, from the extraction of the upper and lower ends of the lungs to the identification of lesions.

The search process follows the description in reference 14). Specifically, the volume fraction
of each lesion is calculated based on the lesion identification results. However, in order to
focus on the areas that are important in diagnosis, for honeycomb opacities, the volume is
calculated for only the lower lung field, and for emphysema opacities, the volume is calculated
for both the upper and lower lung fields. The volume fraction is then used as a feature value
for searches using Euclidean distance. By comparing the search accuracy of the developed
method with that of conventional methods, the usefulness of region segmentation based on
medical knowledge was confirmed. 176 cases were used as the evaluation dataset. These
cases either primarily contained one of the four types of lesions of diffuse lung disease to be
searched for (infiltrates, ground-glass opacities, honeycomb opacities, and emphysema
opacities), or contained all of them.

The query cases were selected by the physician as normal cases without any abnormalities.
Because the search accuracy may vary depending on the combination with cases in the
database, four cases were randomly selected from cases that mainly contained each of the
four types of lesions.

The remaining 160 cases were used as a database (23 cases of infiltrates, 23 cases of ground-
glass opacities, 25 cases of honeycomb opacities, 25 cases of emphysema opacities, and 64
cases of normal areas) for searching. The evaluation index used was the average precision
shown in formula (1). In formula (1), N is the number of correct answers, k is the rank,
precision(k) is the kth-rank precision, and Ik is a variable that is 1 if the kth-rank search result
is correct and 0 if it is not. The higher the search rank of the correct answer, the higher the

average precision value.

a5 1 .
Average Precision= EZLHI( x precision(k) @

Figure 16 shows the average precision of the top n cases for four query cases that mainly
contain each of the four types of lesions . The purpose of comparing the average precision is
to suppress fluctuations in search accuracy due to the combination of the query case and the
cases in the database. In the search that we aim for, users check the results from the top 1 of
the search results, so it is desirable that cases similar to the query are obtained in the top 1
position or in an order close to the top 1 position. In this paper, we compared the average
precision of the top 5 cases based on a doctor's comment that "it is practically useful if similar
cases are included in the top 5 of the search results." Figure 16 shows that the average
precision of the developed technology and the conventional method is higher for the top 5

cases.
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Fig. 16. Average evaluation results of average precision rates for the developed method and the conventional method

The average precision rates were 0.84 and 0.64, respectively. These results show that region
segmentation based on medical knowledge improves search accuracy for the top five search
results. When the top five search results were examined by lesion, search accuracy of about
90% was achieved for infiltrates, honeycomb opacities, and emphysema opacities. On the
other hand, it was confirmed that ground-glass opacities had lower search accuracy compared
to other lesions. Ground-glass opacities tend to become infiltrates as they worsen, and there
are cases where ground-glass opacities are included among cases where infiltrates are the

main focus. Ground-glass opacities in cases where infiltrates are the main focus

This is because when the area of the opacity is larger than the area of the ground-glass opacity
in cases where ground-glass opacity is the main feature, the search ranking of cases where
infiltrative opacity is the main feature will be higher. In addition, to evaluate the practicality of
image diagnosis support, a visual evaluation was conducted by doctors. Specifically, three
cases from each of the four types of lesions were used as queries, and three doctors evaluated
the similarity of the three-dimensional distribution of the lesions in the top three cases obtained
by the search using the developed technology on a five-point scale. As a result, it was
confirmed that roughly similar cases could be searched, with an average score of 3.9.

did.
5. Application examples

As an example of the application of the developed technology, a medical image management system
One possible application of this technology to Picture Archiving and Communication Systems
(PACS) is to load the patient cases to be searched and past cases stored in the database into
the PACS.

This searches for past cases that have similar lesions in three dimensions to the case in the
patient's CT image. The system then supports doctors in making diagnoses by presenting
them with disease names, medical record information, and statistics on the medical record
information linked to similar cases found through the search. This developed technology is
expected to improve the efficiency of the diagnostic work of doctors who previously had to

manually search for similar cases in literature, etc., and reduce the time it takes for doctors to
make decisions.
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For cases requiring diagnostic testing, it is possible to reduce the time it takes for doctors to
assess a case by up to approximately one-sixth. As a result, it is expected that this will reform
the way busy doctors work by reducing their workload, reduce the burden on patients of
returning to the hospital by enabling same-day explanations of diagnosis results, and make it
possible to present treatments that are appropriate for each individual patient by utilizing
treatment and medication information in medical records linked to similar past cases. The
developed technology is based on the global standard known as DICOM (Digital Imaging and
Communications in Medicine).
Because it targets medical images, which are important for the medical community, it is
expected to be widely applied not only in specific medical institutions but throughout Japan
and even overseas. In addition to medical institutions, it is also expected to be utilized by
image interpretation companies that provide image diagnosis services to medical institutions
that lack lung specialists.

The developed technology is also being applied to the development of imaging diagnostic
support technology for COVID-19 infection.
One of the findings of CT images is that the spatial distribution of lesions is said to be
characteristic. By utilizing part of this technology and performing image analysis that takes
into account the spatial distribution of the region of interest, it is possible to
It can estimate the possibility of COVID-19 pneumonia findings and assist doctors in image
diagnosis. Finally, we will discuss the versatility of

the developed technology to other body parts. In the processing for estimating the three-
dimensional spread of lesions in the developed technology, a similar framework can be used
for (1) to (3) by learning the Al parameters using CT images of other body parts. We believe
that (4) to (5) can be applied by interviewing doctors about their views on other body parts
and customizing them based on the interview results. As with the lungs, the search processing
is performed by identifying the area that needs to be searched based on the three-dimensional

distribution of lesions within the organs.

6. Conclusion

This paper introduced a 3D similar case image retrieval technology that searches for past
cases with similar 3D distribution of lesions spreading within organs by combining the doctor's
perspective when performing image diagnosis with image analysis. The developed technology
has been confirmed to have the potential to improve the efficiency of image diagnosis work
through average precision rates and visual evaluation by doctors. In addition, as application
examples of the developed technology, we have demonstrated the development of a medical
image management system and image diagnosis support technology for COVID-19 infections.
In the future, we hope to expand

this technology beyond the lungs to various other organs, not only to support doctors in

their diagnostic imaging work but also to contribute to improving people's well-being.
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