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1. Introduction

Ultrasound diagnostic equipment using ultrasound
pulse-echo techniques are characterized as mini-
mally invasiveness and high versatility. It is known
as very useful diagnostic method in many medical
fields. Recently, ultrasound diagnostic imaging sys-
tem using acoustic radiation force impulse (ARFI)
has been developed. However, the safety standards
for ultrasound diagnostic equipment IEC
60601-2-27 is not considered about a new technique
such as the ARFI imaging system. In addition,
temperature rise caused by ARFI condition is not
shown clearly. For the safety of ultrasound diagnos-
tic equipment, it is very important to research about
the temperature rise in human organism caused by
radiating ultrasound. Temperature rise caused by
ultrasound radiation have been reported [1-2].
Many reports have assumed that blood vessels have
no cooling effect to temperature rise caused by ra-
diating ultrasound. One of the functions of blood,
however, is to keep temperature constant in human
tissue. Therefore, cooling effects of blood flow have
to be taken account for the precise estimation of the
temperature rise in the human organs.

Purpose of this study is to analyze temperature rise
caused by focused ultrasound radiation in tissue
phantom with the blood vessel. It is assumed that
the blood vessel locate near the focal area. In this
study, cooling effect of blood flow in tissue phan-
tom is analyzed by heat flow analysis.

2. Analysis method

The numerical analysis is combined with finite
difference time domain (FDTD) method and heat
conduction  equation (HCE) method in
three-dimension [3]. Soft tissue is assumed to be
liquid and analyzed by an acoustic FDTD method.
Actual wave propagation in the blood vessel re-
quires an acoustics streaming analysis. However, it
is assumed that flow velocity in the blood vessel is
lower than sound speed extremely.
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Therefore, acoustics flow is not considered in
FDTD method in this study. For analyzing heat
flow analysis in the blood vessel, heat conduction
equation is changed as following equation [2].
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Where T is temperature, A is thermal conductivity,
¢, is specific heat, ¢ is calorific value per unit time
and v is flow velocity. If flow direction is assumed
unidirectional and if term of velocity in convective
equation is assumed constant, normalized velocity
distribution is required approximately as following
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Where Re is Reynolds number, x is distance from
surface and center of the blood vessel. Sound inten-
sity distribution which is analyzed by FDTD meth-
od is transformed into calorific value per unit time ¢,
as follows next equation, g=2al. Where, a is atten-
uation coefficient, / is sound intensity. At the last, a
temperature rise caused by ultrasound energy can
be analyzed by HCE method inclusive of the calo-
rific value.

3. Analysis and results of heat in tissue phantom
with blood vessel

Analysis model on y-z plane in three-dimension
model is shown in Fig. 1. Sound source in analysis
is a concave focused transducer: Frequency 1 MHz,
¢ =28 mm, focus 50 mm. Blood vessel radius r is 4
mm. Speed of blood flow is 6.2 cm/s constant. Ra-
diation conditions are as follows: Sound intensity
Isppa=1 kW/cmz, duty ratio 2% (Radiation time 200
us), total radiation time is 30 s.
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Fig. 1 Analysis model
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For obtaining blood's cooling effect, distance d
between center of the blood vessel and focal point
are decides in 6 mm and 9 mm. Physical parameters
of the media used in the analysis are shown in Ta-
ble 1. These parameters are referred to physical pa-
rameters of the tissue phantom that was made of
water, agar, glycerin, et. al. [4]. Analysis results of
temperature distribution in y-z axis are shown in
Fig. 2. In the case of d=6 mm, temperature near the
blood vessel is lower than the result of the only soft
tissue. In addition, cooling effect of blood flow is
appeared in focal area. However, in the case of d=9
mm, it is obtained that cooling effect of blood flow
is not appeared in focal area. Time change of tem-
perature rise at focal point is shown in Fig. 3. Rest
time of 60 s after finished radiation is added as a
result of Fig. 3. In the case of d=6 mm, cooling ef-
fect of blood flow is appeared at focal point after
about 10 s from radiation start. In addition, it is ob-
tained that temperature is cooled about 0.25 °C by
blood flow at finished radiation. In the case of d=9
mm, cooling effect of blood flow is very little even
if time passed 60 s from finished radiation. Differ-
ence in time change of temperature rise between the
only soft tissue and with the blood vessel is shown
in Fig.4. In the case of d=6 mm, cooling effect of
blood flow becomes large gradually while radiating
ultrasound, and maximum cooling effect at focal
point is about 0.3 °C. However, in the case of d=9
mm, temperature is not cooled while radiating ul-
trasound, and cooling effect of blood flow is ap-
peared slightly after finished radiation. It is thought
that cooling by blood flow is not appeared while
radiating ultrasound, because heat cooling by blood
flow is very lower than generating heat by ultra-
sound radiation.

4. Conclusions

In this study, temperature rise in tissue phantom
with the blood vessel is obtained by numerical
analysis. When distance between center of the
blood vessel and focal point is 6 mm, heat cooling
by blood flow was about 0.25 °C at finished radia-
tion. In the case of 9 mm, generating heat by radi-
ating ultrasound is hardly cooled even if time
passed 60 s from after finished radiation.

Future work, blood flow is modeled the beat of the
heat, and temperature rise in tissue phantom with
the blood vessel will be analyzed.
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Table 1 Physical parameters of media

Parameter Tissue phantom|Blood vessel

Attenuation coefficient 0.38 0.18
[dB/cm/MHz]
Sound speed [m/s] 1525 1570
Density [kg/m’] 1056 1070
Specific heat [J/kg/K] 3688 3860
Thermal conductivity 0.64 0.54
[W/m/K]

¥ Only soft tissue

y axis [mm]

d =6 mm

y axis [mm]

[} Ay
]
‘s../

= Blood vessel

q d=9 mm [C]

y axis [mm)]

\ 1
~=" Blood vessel

0 16 32 48 64 80 96
z axis [mm]

Fig. 2 Temperature distribution on y-z axis
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Fig. 3 Time change of temperature rise
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