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BT2019-14 Efficient
focused ultrasound therapy of cancer

wave
— for
sure treatment without side effects —
Kazuhide Okada (New Tokyo Medical College,
Pohnpei Campus)
killing
ultrasound and metastasis defense system by

The cancer mechanism by focused
the vibration based on the resonant frequency
In this

optimized

have been developed in our research.
process, the selection of the
ultrasound simulator which supports the sound
field

temperature is crucial.

directivity and the
In case that HIFU is
used, the essential strategy for accelerating

including its

the necrosis of tumors is mainly to burn only
the affected parts by
without giving the damage to any healthy cells

to avoid the side effect. Looking at the
various present simulators, how the feasibly
and accurately the ultrasonic path in the body

condensed energy

can be reproducible was studied
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BT2019-18 Changing tumor microenvironment
through  oxygen—-loaded microbubbles with
acoustic tweezer

Yi-Ju Ho, Wei-Chen Lo, Chih-Kuang Yeh

(National Tsing Hua University)
Abnormal tumor vasculature restricts oxygen
and nutrient transport to cause tumor hypoxia
which reduces the efficacy of chemotherapy and
radiotherapy. Recent  studies have been
reported that the morphology and function of
tumor vessels could be remodeled as normal
vessels under the anti—angiogenic status. The

(VN) in

vessel

process of vascular normalization

tumors improves the maturity of

morphology, and then repairs vessel function
to enhance tumor perfusion. Although tumor VN
provides a potential way to regulate tumor
microenvironment, the short VN time window
induced by anti-angiogenetic agents limits the

clinical applications of tumor VN. This study

proposes to 1improve tumor oxygenation by
oxygen—loaded microbubbles (02-MBs) for
regulating tumor microenvironment. Since

abnormal tumor vasculature would restrict the
transport of 02-MBs,
tweezer system to elevate the concentration of

we develop an acoustic

02-MBs within tumors without increasing the
of 02-MBs. By
dislocation on the

doses applying the phase

array transducer, the
acoustic tweezer propagates with a tornado
structure to trap and collect 02-MBs in the
center of acoustic field. After trapping 02—
MBs by acoustic tweezer, a cascading 02-MBs
destruction pulse would be used to locally
tumors. The  tumor

release  oxygen 1in

microenvironment regulations including VN,

immune activation, and metastasis would be

evaluated after enhancing tumor oxygenation.
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BT2018-28 Photoacoustic microscopy for
imaging of peripheral circulation
Yoshifumi Sai jo (Graduate  School of

Biomedical Engineering, Tohoku University)

We have developed several photoacoustic

imaging  systems. Here three types of

microscopy for imaging of
introduced. The
system with an originally

photoacoustic

circulation are
a PAT
developed 256—ch parabolic array transducer

peripheral
first is

with the central frequency of 10 MHz and a
of 400-2100 nm with the
repetition rate of 20 Hz. In mouse study, the

tunable laser
vein was visualized at the wavelength of 490-
600 nm and the lymphatic vessel filled with
gold nanorod was visualized at 790-890 nm. In
human palm, blood cell movement in a micro
vessel of a diameter of 50 microns was observed
by the frame rate of 20 fps. The second is a
dual-wavelength (532/556 nm) AR-PAM with a
concave ultrasound transducer with the central
frequency of 75 MHz. 3D image of micro vessels
representing oxygen saturation was
successfully visualized while high frequency
ultrasound imaging showed the skin structure

In human study, effect of sun light exposure
and aging were assessed. The vascular volume
fraction was larger in fore arm than that in
cheek skin and the fraction was reduced in the
last one is the

older age group. The

transmission mode OR-PAM consisted of 532 nm

75 MHz PVDF-TrFE transducer
digitizer and piezo XY scanner.
blood cells (RBC)
with saline. The laser was irradiated from the

5GHz
Bovine red

laser,
were set in a dish filled

bottom and PA signal was detected at the top
of the RBC. 200 pm x 200 pum area was observed
by 0.25 um step. The lateral resolution was
660 nm and the biconcave shape and overlap of
RBC were Although the
application 1is visualize the

clearly observed.
limited to
microcirculation beneath 1 mm from the skin
surface, photoacoustic microscopy will provide
peripheral

important information of

circulation

BT2018-29 Acoustic characterization of cells
by scanning acoustic microscopy

Naohiro Hozumi  (Toyohashi University of
Technology)

Acoustic microscope is a powerful tool for the
observation of biological matters. Non-—
invasive in-situ observation can be performed
without any staining process. Acoustic
microscopy is contrasted by elastic parameters
impedance. In
(x-y)

profile of

like sound speed and acoustic
2D lateral
acoustic

the presentation cross—
sectional impedance
cultured cells will be exhibited,

that continuous non-invasive observation after

indicating

exposing the cells to some drug can be
performed. In addition, we have recently
proposed an acoustic microscope that can

acquire a three—dimensional acoustic impedance
profile. The technique was applied to cell-
size observation as well. Glial cells were
cultured on a 70 um—thick polypropylene film
substrate. A highly focused ultrasound beam
was transmitted from the rear side of the
substrate, and the reflection was received by
the same transducer. An acoustic pulse, with a
spectrum that spread briefly 100 through 450
transmitted. By analysing the
cell, the

acoustic

MHz, was
internal reflections in the
distribution of  characteristic

impedance along the beam direction was

determined. Three—dimensional acoustic
impedance mapping was realized by scanning the

transducer

BT2018-30 Development of MRE / SWE dual use
phantom for standardization

Mikio Suga (Center for Frontier Medical
Engineering, Chiba University)

The mechanical property of a tissue is related



to physiological and pathological states.
Magnetic resonance elastography (MRE) and
ultrasound elastography (USE) are imaging

techniques that non-invasively quantify the
mechanical properties of tissue using magnetic
resonance imaging (MRI) and ultrasound imaging
systems. The measured viscoelasticity can be
used as an imaging biomarker. To assess the
accuracy and repeatability of elastography
quantitative phantoms are required.
stable

with a

systems,
been developing tough and
(PAAm)
viscoelasticity close to that of living tissue
By evaluating MRE and USE
using the soft tissue—equivalent gel phantom

We have
polyacrylamide gel phantoms
for this purpose.

with a known viscoelastic coefficient, we aim
to investigate the characteristics of both
devices and promote their standardization. The

purpose of this study is to confirm the
frequency characteristics of the developed
phantom with commercial USE system and

We confirmed that the
phantoms are in good agreement with a physical

developed MRE systems.

model of the liver, and the developed phantoms
are considered effective for the quantitative
assessment of the MRE and USE system.

BT2018-31 Synergistic vaporization for
effective sonoporation
Pai-Chi Li  (Department of Electrical

Engineering, National Taiwan University)
BT2018-32
echo amplitude statistics
(School
Tokyo Institute of Technology)

Quantitative ultrasound based on

Hiroyuki Hachiya of Engineering
A development of a quantitative diagnostic
method  for

ultrasound B-mode

various diseases using an

image is highly required
from its real-time and noninvasive properties.

To permit tissue characterization using the

characteristics of the echo signal such as
power spectrum, texture parameters, local
attenuation, and statistical characteristics,
the relation between complicated scatterer
structures and the echo signal must be
understood. We have been examining a
quantitative diagnostic method for liver
fibrosis using the probability density
function of wultrasound echo amplitude. We

proposed the multi-Rayleigh model as an
amplitude distribution model of fibrotic liver
and succeeded in the quantitative evaluation
of liver fibrosis. When many scattered points

are distributed randomly and homogeneously,

such as in normal liver tissue, the probability
density function (PDF) of the echo amplitude
can be approximated by a Rayleigh distribution.
On the other hand, in an inhomogeneous medium,
such as a fibrotic liver, the PDF of the echo
from the
distribution. It is considered that a fibrotic

amplitude deviates Rayleigh

liver is composed of various tissues, such as
We proposed a
multi-Rayleigh distribution model that 1is
modeled of Rayleigh
distributions with different variances. The

normal and fibrotic tissues.
combination

using a

multi-Rayleigh model with three components is

given by Rayleigh distributions with low
variance (hypoechoic tissue), moderate
variance (normal liver tissue), and high

variance (fibrotic tissue). Using the multi-

Rayleigh model, an information about each
component can be independently extracted, and
by comparing each component’ s information
the ultrasound B-mode image of liver fibrosis
can be converted to each component probability
image. This diagnostic method is effective to

detect the initial stage of liver fibrosis.

BT2018-33 Ultrasound parallel receive

technique for cardiovascular applications
Hideyuki Hasegawa (Graduate School of
Science and Engineering, University of
Toyama)

Medical ultrasound imaging is widely used in
clinical situations to observe cross sectional
in real time. In

images of living body

conventional ultrasonic focused
emitted

illuminates a narrow region

imaging, a

beam from a transmit aperture
and basically a
single focused receiving beam is created in
the narrow region illuminated by the transmit
beam. Therefore, a number of transmit-receive
events are required to obtain scan lines which
On the

multiple focused receiving beams

compose an ultrasound B-mode image.
other hand
can be created in parallel when an unfocused
beam, such as plane wave and diverging wave,
is used in emission. In an extreme case, an
illuminate an entire

and all the

receiving beams required to obtain a B-mode

unfocused beam can
imaging field of view at once
image. Therefore, the imaging frame rate can
be increased up to the pulse repetition
e.g., 10,000. Owing to such a high

resolution, the

frequency

temporal parallel receive

technique is beneficial for measurement of the

cardiovascular dynamics. The parallel receive



technique enables detailed analysis of motion
of the arterial wall. The pulse wave propagates
high
propagation speed of about 5 m/s and, therefore

along the artery at a relatively
it is difficult to observe the propagation of
the pulse wave in a short segment of an artery
with a

resolution in conventional ultrasonic imaging.

of tens of millimeters temporal
On the other hand, the propagation of the pulse
wave can be observed clearly even in such a
short segment wusing the parallel receive
technique. We have also developed a method for
high resolution analysis of the wavenumber of

vibration
Blood flow

imaging is also important for evaluation of

the pulse wave using measured

waveforms of the arterial wall.
the cardiovascular function. In conventional

color flow imaging, several transmit-receive

events are required to enhance weak echoes from
blood cells and estimate blood flow velocities
along a scan line. Therefore, there are
significant time differences among scan lines.
Therefore, it is difficult to image echoes from
blood cells themselves because such an image
will be skewed by the large time differences
among scan lines and significant motion of
blood cells during the time difference. On the
other hand,

imaged by the

echoes from blood cells can be

parallel receive technique
because all scan lines (receiving beams) can
be obtained
developed methods for quantitative estimation
of blood flow from the

visualized echoes from blood cells.

simultaneously. We have also

velocity vectors



