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Development of innovative diagnostic imaging system using photoacoustic 3D visualization

technology for diagnosis and surgical planning applications
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Blood vessels or lymphatic vessels are quite important tissue affecting the pathogenesis and disease
progression of important diseases related to cancer growth and metastasis, chronic inflammation such as
hepatitis, ischemic heart disease, lifestyle-related diseases. Particularly in the evaluation of the effects of
cancer drug treatment, in the planning of the reconstructive surgeries to restore the function lost by cancer,
and in the improvement of surgical procedures for lymphedema, the need for "visualization" of fine blood
vessels and lymphatic vessels is further increasing. However, existing medical imaging devices have been
insufficient in terms of function and resolution.

The purpose of this project is to develop a photoacoustic 3D imaging system to realize a diagnostic imaging
solution that enables high-resolution 3D visualization of vascular vessels, without exposure to radiation or
contrast media. By visualizing small blood vessels and lymphatic vessels as small as 0.2 mm, which have
been difficult to visualize in 3D, this system enables preoperative planning for reconstruction with free
flaps and reliable surgery of lymphedema, which requiring extremely high skill, and to realize detailed
evaluation and monitoring of vascular disease of the legs (peripheral arterial disease, varicose veins, etc.)
and breast cancer diagnosis and treatment. The project established the following five development
objectives and the purpose was achieved. The results are shown below.

1) Development of photoacoustic imaging system: A photoacoustic 3D imaging system with a resolution of
0.2 mm was completed and obtained medical device manufacturing and marketing approval in Japan
(Approval No.: 30400BZX00212000), and launched for sale. The imaging range is 290 mm x 180 mm and

the reconstruction depth is 30 mm.



2) Development of photoacoustic imaging system capable of ultrasonic imaging

A prototype system was developed to enables to obtain photoacoustic 3D images and ultrasonic 3D images
in the same time.

3) Development of body movement correction technique: In order to suppress image degradation caused by
patient body movement, we developed a body movement correction technique that enable to correct a
maximum positional deviation of 4 mm to less than 0.2 mm.

4) Establishment of automatic extraction method of vascular vessels: We developed a deep learning-based
vascular extraction method that extracts vascular regions from spectral photoacoustic data and
automatically separates blood vessels and lymphatic vessels.

5) Clinical studies demonstrate its usefulness

1. Preoperative planning application for free flap: Preoperative photoacoustic imaging can visualize
subcutaneous arteries and veins to compare with intraoperative findings in clinical patients. Clinical
studies of free flaps for head and neck, breast and limb reconstruction demonstrated the utility of
photoacoustic imaging for preoperative planning.

2. Lymphedema surgical treatment (Lymphaticovenous Anastomosis LVA) Application: Photoacoustic
imaging was able to obtain detailed images of lymphatic vessels and veins, which reduced the time
required for intraoperative identification of the lymphatic vessels. In addition, the volume of
lymphedema limbs after LVA was found to be reduced compared to existing imaging methods.

3. Development of diagnostic methods for lower extremity vascular diseases: In varicose veins, we
confirmed that the vascular density on photoacoustic images increases as the disease progresses, and
that the density region tends to become wider. We were able to demonstrate the possibility of adding a

new quantitative image classification by photoacoustic imaging.
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