2Pa5-5

Comparison between Thermal Strain and Acoustic Radiation
Force Imaging Methods for Estimation of Heat Source
Distribution of High-Intensity Focused Ultrasound

HIFU INEA AR HEE IZ

BIFLEOTHA A =D TIEE FEI

A A= THEO

Nozomi Obara'?, Shin-ichiro Umemura', and Shin Yoshizawa?
(! Grad. School Biomed. Eng., Tohoku Univ.; 2 Grad. School Eng., Tohoku Univ.)
AN, RS ER Y, R 2 (IR KRR L 2 HERRE 1)

1. Introduction

High-intensity focused ultrasound (HIFU) is a
non-invasive modality for cancer treatment. In this
method, ultrasound generated outside a body is
focused on a target tissue and induce thermal
coagulation. From these principles, targeting the
treatment region in advance is needed for treatment
safety and efficacy, because the actual heating region
can be shifted from the geometric focal point due to
acoustic phenomena such as ultrasonic refraction,
scattering, and tissue absorption.

Acoustic radiation force impulse (ARFI)
imaging" is a method which provides ARF by HIFU
exposure and the estimation of the focal region from
the displacement caused by ARF on the assumption
that ultrasonic absorption is proportional to the
attenuation. Another method is thermal strain (TS)
imaging”? by which a small temperature rise is
determined based on a linear relationship between
strain and temperature rise by considering tissue
expansion and local changes in sound speed.

In this study, both ARFI imaging and TS
imaging were carried out and compared using the
same chicken tissue.

2. Material and Method

2.1 Acoustic radiation force imaging

Focused ultrasound generates the acoustic
radiation force F in a soft tissue expressed as,
2al

|F| = I (1)

where « is the amplitude attenuation coefficient of
the tissue, ¢ is the sound speed of the tissue, and /
is the acoustic intensity.

On the other hand, the heat Q generated by
HIFU exposure is given by,

Q = 2a,1 @)
where «, is the amplitude absorption coefficient.

The absorption coefficient is assumed to be
proportional to the attenuation coefficient.
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Therefore, the distribution of heat caused by HIFU is
proportional to the calculated displacement in the
uniform tissue.

2.2 Thermal strain imaging

The temperature change generated by HIFU
exposure results in a time-shift on the echo given by,
5t(z):2[z 1+a(z )59(2 )_ /1 Az’ 3)

0 c(z/,H(z/)) C(Z '90)
where a(z') is the linear coefficient of thermal
expansion, 0(z") = 6, + 66(z') is the temperature
in depth z' , 6, is the initial temperature, and
c(2',6(z")) is the sound speed at depth z' and
temperature 6(z'). In the temperature range of
interest, the sound speed c(z, 6(2)) is expressed by,

c(2,6(2) = co(2)(1 + B(2)56(6)) )

_ _ 1 _6C(z,9)
where ¢y (2) = c(z,0y), B(z) = w@ 06 lg_g,’
Under condition of |8(2)80(z)| «< 1, temperature
change in depth z is given by,
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The term DD depends on the property of

tissue. Therefore, the distribution of temperature
change is estimated by the strain of the echo signal

in uniform tissue?.

2.3 Experimental setup and sequence

The experimental setup is shown in Fig. 1.
A 256-ch HIFU transducer with both diameter and
focal length of 120 mm was set at an acrylic tank
filled with degassed water. The transducer was
driven at 1 MHz by a staircase voltage driving
system (Microsonic). In the central hole of the
transducer, an imaging probe driven at a center
frequency of 3.5 MHz was equipped. It connects to
the imaging system (Verasonics) to acquire RF data.
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Through an experiment, a chicken breast having
soaked in degassed saline is used as a sample tissue.

Ultrasound imaging system
(Verasonics, Vantage256)
Tx : 3.5 MHz, Samp : 14 MHz

256-ch HIFU transducer (Imasonic)

Focus: 120 mm, Frequency: | MHz

- Degassed water
lTngger
128-ch HIFU
Driving system
(Microsonic)

RF data

- Sample tissue

Imaging probe 120 mm

(UST-52105,Hitachi Aloka Medical)

Fig. 1 Schematic of experimental setup

Fig. 2(a) shows the sequence of HIFU
exposure and RF acquisition in ARFI imaging. The
exposure duration and intensity of HIFU were 1 ms
and 3 kW/cm?, respectively. Before and after the
HIFU exposure, RF data was acquired by a single
plane wave transmission. To prevent an interference,
the interval between HIFU exposure and RF data
acquisition was set to 700 ps. Fig. 2(b) shows the
sequence in TS imaging. The HIFU exposure
duration were changed in a range of 0.05 s — 09 s
and intensity kept constant at 924 W/cm?. Before and
after the HIFU exposure, RF data was acquired with
5 diverging waves steered at angles of -6, -3, 0, 3,
and 6° . The interval between HIFU exposure and
RF data acquisition were 0.05, 0.5, and 1 s, which
AREF influence is thought to be non-existent. In both
imaging methods, the axial displacement is
calculated from the frames before and after the HIFU
exposure by applying the autocorrelation method?.
As for TS imaging, the axial displacement was
differentiated with respect to the axial direction to
obtain the strain.

HIFU exposure : 1 ms

ollld,

HIFU exposure : 0.055-0.9s time
0.05s
l"' 05s
(b) "L Is
ti'me

Fig. 2 Sequence of HIFU and RF acquisition
(a) ARFlimaging (b) TS imaging

3. Result and Discussion

Fig. 3 shows the calculated strain averaged in
ROI (Axial: 67.2 mm to 69.6 mm, Lateral: -2.01 mm
to -0.22 mm) as a function of HIFU duration. For a
series of scatterings at each acquisition time, a linear
relation between the strain and HIFU duration was
obtained within the range of the measurement.
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Fig. 3 The calculated strain averaged in ROI vs.
HIFU exposure duration

Figs. 4(a) and 4(b) show the distribution of
displacement in ARFI imaging and that of strain in
TS imaging (Duration: 0.9 s, Acquired after 1 s). The
position of the peak value found in z= 68 mm was
well agreed. The full widths half maximum
(FWHM) of displacement and strain were 18.6 mm
and 9.85 mm along the axial direction, respectively.
In terms of lateral direction, the FWHM of
displacement and strain were 5.91 mm and 3.46 mm,
respectively. The result indicates that displacement
estimated by ARFI imaging seems to be expanded

due to the shear wave propagation.
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Fig. 4 (a) Displacement map in ARFI imaging
(b) Strain map in TS imaging

4. Conclusion

In this study, ARFI and TS imagings in the
same chicken tissue were compared. The results
imply the capability of quantitative calibration of
temperature in TS imaging. In addition, the
difference of the distribution depending upon the
physical phenomenon between the two imaging
methods was observed.
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