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ABSTRACT
AI (Artificial Intelligence) technologies are being developed for diagnostic support in radiology. While the number of
images generated by CT and MRI, etc. continues to increase, the number of diagnostic radiologists available to read
them is in short supply. Additionally, it is expected that differences in diagnostic image quality will increase regionally.
As a consequence, there is a high expectation that AI will offer diagnostic support to read the images as well as lead
to reproducible image quality. Hitachi leads development to improve radiology workflow and diagnostic efficiency with
reproducible, high quality imaging based on a concept called DI × AI (Diagnostic Imaging with Artificial Intelligence),
developing the solution based on digital technology such as AI, big data and IoT (Internet of Things). In this report,
imaging position setting support during MRI and diagnostic reading support of lung cancer CT and brain MRI are shown.
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Introduction
AI (Artificial Intelligence) technology is making great strides thanks
to the synergy effect of deep learning, improvements in computer
performance and big data. Full-scale implementation of AI technology
is expected in a variety of fields such as data analysis, image recognition,
autonomous driving and medicine. In the medical field, development in
predicting the risk of rehospitalization, detecting lesions or segmentation
from diagnostic images, classifying disease and making measurements are
making progress.
In radiologic image diagnosis, the improvements in recent years in
performance of diagnostic imaging equipment, such as CT or MRI,
and inspection methods mean that a large number of high-quality
diagnostic images are available. However, cause for concern is the
shortage of radiologists, both in Japan and the rest of the world, which
has increased radiologist workloads and widened the regional gap in the
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quality of diagnoses provided. Japan's rapidly aging society and China's
rapid adoption of diagnostic imaging devices is expected to increase the
number of imaging examinations and expand the future demand of image
interpretation. For that reason, much hope is placed on AI to improve
examination efficiency and reproducibility.
Under these backgrounds, Hitachi is promoting development of AI
solutions in radiologic image diagnosis. This report provides concrete
examples of this initiative.

Diagnosis
Regulations, markets and
technological trends
1. Medical equipment and regulation
In the United States, CAD (Computer Aided Detection) for
mammography was approved in 1998, later CAD for chest X-rays and
CAD for lung CT were also approved. In 2001, CAD for mammography
became a procedure covered by medical insurance. In the USA recently,
systems for heart disease using a deep learning method were approved.
In Japan, the Ministry of Health, Labour and Welfare convened
a "Discussion on the promotion of AI use in the healthcare field,"
which selected support for image diagnosis as an important area for AI
development. Also, "Diagnostic imaging devices employing artificial
intelligence technology" are being studied in the business for formulating
development guidelines for medical equipment and other devices and the
business for creating indices for product evaluation of the next generation
medical equipment and regenerative medicine. Currently, examinations
for revising medical remuneration receivable for fiscal 2020 presented at
the "Growth Strategy Council - Investing for the Future" and the overhaul
of the evaluation methods and development guidelines to expedite
implementation of an AI system are being promoted.
2. Technological trends in medical diagnostic imaging
support
Computer aided diagnostics, especially what is referred to as CAD, is
composed of CADe (Computer Aided Detection), in the field of diagnosis
which is used to detect candidate lesions and CADx (Computer Aided
Diagnosis), which is used to classify tumors as benign or malignant.
The support that CADe/CADx provides in interpreting an image
diagnosis is not an automatic diagnosis system. A doctor uses the
information provided by CAD to make the final diagnosis. Thanks to the
use of AI, these CAD technologies are expected to improve accuracy and
practical use.
Specifically, diagnosis support technologies for processing cancer
screenings and brain MRI, with their large diagnosic data files, are about to
become available.

Concept of medical image diagnostic
support
Hitachi is working on developing solutions for streamlining and
improving the quality of the entire examination workflow of scanning,
imaging and interpretation based on the concept of DI × AI (Diagnostic
Imaging with Artificial Intelligence). These developments use digital
technologies such as AI, big data, IoT (Internet of Things) (Fig. 1).
Deep learning, a type of machine learning, is an AI technology. When
deep learning is used for diagnostic support, it will generally improve
the recognition rate of tissues and lesions and reduce false positives.
However, it also introduces new problems. It requires huge amounts
of data and then there is the "black box" problem, which is difficult to
explain the logic behind the results or solutions that it provides. Hitachi is
pursuing development of "hybrid learning," which fuses our conventional
knowledge and technology cultivated as a medical diagnostic imaging
equipment manufacturer with deep learning and other machine learning
technologies.
The following introduces examples of DI × AI development such as
support for setting MR scan plane positions, MR image quantification, CT
and brain MR image interpretation support and other applications related

Fig. 1 Using a diagnostic support system to streamline
examination workflow

We provide diagnostic support tools using digital technologies for a variety of
purposes such as scanning, image processing and image diagnosis.
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to diagnostic efficiency and quality improvement.

Scanning efficiency and quantification
of image diagnosis
1. Scanning efficiency through support for setting
scanning position
Support for setting MRI scan plane positions has the dual effect of
improving scanning efficiency and reproducibility.
In MRI, the scan planes can be set freely in three dimensions, so operator
skill is necessary for setting the scan plane positions appropriately. The
task of operating MRI devices in clinics and hospitals is rotated among a
number of staff members. What is more, examinations outside normal
operating hours may be performed by staff unfamiliar with MRI operation.
In this work situation, the needs of the radiologist who has to interpret the
scans is that, regardless of who does the scanning, the resulting scan should
have constant reproducibility. Support for setting the scan plane positions
meets this need. Hitachi has developed technology for automatically
setting scan plane positions by combining rule-based image processing
and machine learning based on the concept of the development of hybrid
learning concept (Fig. 2)1, 2). Since this technology can automatically set
the scan plane positions simply by taking a scanogram and does not change
the examination flow, it is expected to speed up examinations compared to
examinations with manual scan plane positions. In follow-up observations
of patients, it has the added merit of increasing the reproducibility of scan
plane positions in past images. This technology can be applied to imaging
of the brain and spine.
Fig. 2 Support for setting MRI scan plane positions (brain, spine)
Rule-based positioning in step 1 and machine-learning positioning in step 2
are used to determine positioning scan planes.
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2. Quantification of image diagnosis
Quantifying image diagnosis is one aim of diagnosis support. In that
sense, it is worthwhile to provide a quantified image using conventional
image information.
In MRI, T2* weighted images (T2*WI), susceptibility weighted
imaging (SWI) or blood sensitive imaging (BSI), etc. are used to diagnose
micro-bleeds or iron deposition. However, Hitachi is promoting use
of QSM (Quantitative Susceptibility Mapping) that quantitatively reflects
the "susceptibility difference", which is the physical basis of these T2*
contrasts.
The advantage with QSM is that it provides an image contrast mechanism
that makes it possible to distinguish bleeding and calcification that
was not possible with T2* WI, SWI, and BSI. What is more, QSM can
remove the local image distortion theoretically caused by differences in
susceptibility in T2* WI or susceptibility-weighted images and the structure
is straightforward (Fig. 3).
In addition, QSM is expected to contribute to the early detection of
neurodegenerative disease. Neurodegenerative diseases such as Alzheimer's
disease (AD) and Parkinson's disease (PD) cause iron deposition in living
tissues and loss of the myelin sheath surrounding nerve cells. It is expected
that QSM will be able to detect the susceptibility caused by these changes
to provide quantitative information3)4).
In the future, QSM is also expected to noninvasively measure the local
oxygen extraction fraction of the brain from changes in susceptibility
caused by blood oxygen concentration.

Interpretation support
1. Lung cancer CT screening
Lung cancer is the leading cause of cancer deaths worldwide so early
detection and early diagnosis are essential. The National Lung Screening
Trial (NLST) conducted in the United States in 2011 showed that low-dose
chest CT screening (hereinafter "LDCT screening") was effective in reducing
lung cancer mortality among heavy smokers5). In response, the USPSTF
(US Preventive Services Task Force) started recommending lung cancer CT
screening6) and ACR* (American College of Radiology) created Lung-RADS,
a quality management system for reporting and managing lung cancer CT
screening7).
In Japan, population-based screening is performed using simple chest
X-rays, and opportunistic screening is performed using simple chest X-ray
examinations and lung cancer CT screening. In the Hitachi area of Ibaraki
Prefecture, CT screening for lung cancer is performed regularly and

time-series studies of Hitachi residents have found a significant mortality
reduction effect8).
In CT image examinations, doctors have to interpret more than 100
images per patient, which is both a psychological and physical burden
for doctors. Furthermore, to guarantee the quality of interpretation, the
images are checked by two doctors, which increases interpretation costs
and the workload of the doctors.
Hitachi has been conducting research on diagnostic support systems
since the late 1990s9). Currently, the hybrid learning development concept
is being used to combine traditional experience and knowledge with deep
learning to develop new diagnostic support technologies. (Fig. 4).
This technology uses CNN (Convolutional Neural Network) to incorporate
lesion feature quantities, based on doctor's knowledge, into a learning
model for the automatic detection of lesions, so increasing the efficiency of
learning how to detect lesions.
Hybrid learning has a higher learning convergence rate than conventional
deep learning in detecting lesions. In addition, since processing based on
a known feature quantity is included, it is possible to deal with lesions for
which there are only a few cases of and to show the feature of the detected
region.
The Concurrent Reader method (simultaneous interpretation method)
processes lesion detection, prior to the doctors' interpretation, and
presents them as lesion candidates. It is expected to increase the
interpretation accuracy, minimizing the oversight of lesions without
extending interpretation time. We are also building a system that will
automate the measuring of lesions and comparing data with past data and
automatically prepare reports to make interpreting a more efficient system
(see Fig. 4). The report should automatically suggest the action that should
be performed next, for example, re-examination or definitive diagnosis or
whatever other action that should be performed based on lesion size and
other information. We are currently preparing a clinical investigation to
quantitatively assess the validity of interpretation accuracy and efficiency.

2. Brain MRI
Diagnostic support software for diagnosing aneurysms and white matter
lesions in brain MRI is now under development. (Fig. 5).
MRA (MR Angiography) is used to screen for unruptured aneurysms.
Diagnosticians look at the MIP (Maximum Intensity Projection) in MRA
images or original images to check for existence of cerebral aneurysms.
If one is found, its location, shape and size is confirmed. The cerebral
aneurysm CAD extracts and processes an aneurysm candidate for

Fig. 4 Overview of lung cancer CAD
Fig. 3 QSM (Quantitative Susceptibility Mapping)
Quantitative imaging of biological tissue susceptibility is expected to enable
early detection of bleeding and calcification and diagnosis of neurodegenerative diseases.

Hybrid learning, a fusion of rule-based algorithms and deep learning,
enables detection of lesions through learning results and doctor's
opinion.
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presentation from the original MRA image. This software assists doctors in
interpretation and is expected to make MRA examinations more efficient.
Cerebral white matter lesions are asymptomatic or occult lesions found
in an MRI examination. This kind of lesion is based on cerebral small vessel
disease and is a risk factor for stroke and cognitive decline. Treating white
matter lesions that are risk factors from an early stage will help prevent
future stroke and dementia.
The white matter signal analysis software analyzes the signal value of the
white matter portion of the FLAIR image, and calculates the volume of
the region where the signal value is in a constant range. This software is
expected to support diagnosis by providing improved diagnosis of white
matter lesions that are both quantitatively better and more reproducible.

Conclusions
This report introduced examples of development based on the DI × AI
(Diagnostic Imaging with Artificial Intelligence) concept.

The initiative to support radiology examinations and increase efficiency
and quality is not limited to reducing the workload of radiologic image
diagnosis. Future goals include reducing mortality through early detection
and diagnosis of disease, reducing the number of people requiring care and
contributing to the extension of healthy life.
Hitachi will continue to develop solutions that support radiologic image
diagnosis.
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* ACR is the abbreviation and registered trademark of The American College
of Radiology.
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