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Abstract

As many people are westernizing their life style and food consumption habits, a number of patients who have malignant tumors which grow
very rapidly and hazardously destroy the human body are increasing. Ultrasonic hyperthermia is not only one of the tumor treatment methods
which employs the non-radicactive ultrasonic waves to increase the temperature at the tumor region up to 40 ~45C to desiroy and suppress
tumor cells but also has been proved by many studies. Due to the rapid development of High Intensity Focused Ultrasound(HIFU), the
ultrasound hyperthemia extensively boosts its applications in clinical field. For those reasons, Computed simulation factor should be needed
before inspection to patients. To prove efficiency of ultrasonic hyperthermia, precise acoustic field measurement considering tissue
characteristics and a heating experiment with tissue mimicking material phantom were conducted for effectiveness of simulation program.
Finally, in this study, the computer simulation program verified the anticipated temperature effects induced by ultrasound hyperthermia. In
the near future, it is hoped that this simulation program could be utilized to improve the efficiency of ultrasound hyperthermia.
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Tissue Attenuation at TMHz{dB/cm)
Water 0.0002
Blood 0.18
Liver 0.5
Muscle 1.2
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Table 2, Thermal characteristics of muscle and tumor
k(BT L) p () C= (G (H[&)
W/(mC) ko/m? J(kg’C)
Muscle 0.64 1000 3500
Tumor 0.57 1000 4000
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Fig. 1. Experimental setup to measure HIFU acoustic field (a) Experimental block diagram (b) Actual experimental setup
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Table 3. Equipment list for acoustic field measurement

ERES

W.J. Yu, S. C. Noh, D. W. Jung, J. H. Park, M. J. Choi, H. H. Choi

Equipment Equipment name({Company).
Oscilloscope LeCroy Wave Runner 6100A(NI Co. Ltd.)
Control PC

Positioning system
Hydrophone

Therapeutic ultrasonic equipment

EEEPC 1000H(1.6GHz, Window XP, ASUS Co. Ltd.)
Home made
HNA-0400 Hydrophone(ONDA Co. Lid.)
HIFU(Chongaing HIFU Technology. Co. Ltd.)

B4, TMMBE 74 ST a2 74|
Table 4, The materials and composition ratio of actual TMM phantom

Ingredient

weight-ratio(%)

Glycerol

Distilled water

11.21

82.95

Benzalkoniumchloride 0.47
Silicone Carbide[SiC] 0.53
Aluminum oxide[AI203(0.3um)] 0.88
Aluminum oxide[AI203(3um)] 0.94
Agar 3.02

Sum 100.00
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Fig. 2, Experimental setup for measuring temperature in phantom (a) Experimental block diagram (b) Actual experimental setup
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Fig. 5. Temperature measuring system block diagram
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Table 6, Simulation input parameters as changing acoustic coefficient

Type Concave
Center frequency 1 MHz
Radius 32 mm
Focal distance 65 mm
Pulse Sine wave

Lateral £10 mm,

Display range Axicl 10~100 mm
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Table 5, Conditions for acoustic field simulation

Input Parameter (a) (b) {c) (o))
Transducer type Piston Piston Focused Array Focused Array
Center frequency 1 MHz 1 MHz 3.5 MHz 3.5 MHz
64 elements 128 elements
Size Radius Radius Width: 0.3 mm Width: 0.3 mm
10 mm 10 mm Height: 5 mm Height: 5 mm
Focal: 100 mm Focal: 100 mm
Pulse Sine wave Delta wave Delta wave Delta wave
lateral: lateral: lateral: lateral:
+ + +
Display Range _10A mm + 10‘ mm JO‘ mm JO. mm
axial: axial: axial: axial:
10~150 mm 10~150 mm 10~150 mm 10~150 mm
Medium Water Water Water Water
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Fig. 8. Ultrasound acoustic field change via different attenuation coefficient (a) Attenuation coefficient=0 (b) Attenuation coefficient=0.5 (c) Attenuation coefficient=1
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Table 7. Simulation and experimental setting for acoustic field

Acoustic power 40 W
Radiation duration 3 sec
Concave type (c)
Transducer CenteRr quugncy : 0.8 MHz
adius : 11.0 mm a2l 9, S SHr BEL (7) ZolMH SU BT (b) RoME 2
Focal length : 165 mm BT BT () A3 S BET () 45 STUE BEE
Display Range Lateral * 6 mm, Fig. 9. Acoustic field comparison between measurement from HIFU and
Axial 150~180 mm simulation (a) Simulated image of focal pressure (b) Simulated image
HNA—0400(ONDA Co. Ltd.) of focal intensity (c) measured image of focal pressure (d) Measured
Hydrophone e . . .
Sensitivity : 70 nV/Pa image of focal intensity

H 8, TESYYEA W ES ZzolH
Table 8, Analyzed parameters at focused area

easured L
Intensity Similarity
, , 0 (wyem?) .
Beam Widih 2.487 2.86 1.15 3.482 3.762 1.08
Area of Ellipse 5.479 5.426 0.99 11.507 9.209 0.80
—6dB Area 5.86 6.608 1.13 12.134 11.591 0.96
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{m/s) {aB/[cmMHz]) Table 10, Simulation and experiment condition for heating performance
1 1541 0.503 concave type
2 1540 0.583 center frequency : 1.35 MHz
3 1535 0.599 Transducer  radius @ 32 mm
4 1538 0.523 focal radius : 65 mm
5 1540 0.554 peak intensity : 2500 W/cm2
6 1537 0.532 acoustic velocity : 1540 m/s
7 1535 0.599 attenuation Coefficient : 0.5 dB/[cmMHz]
8 1537 0.541 medium temperature of medium : 20 °C
9 1539 0.523 specific Heat : 3800 J/kgK
10 1538 0.512 conductivity : 0.58 W/mK
Average 1538 0.547 heating time : 3 sec
stated in paper 1540 0.500 Fte. input signal : sine wave
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Table 11, Quantitative analysis list of Ultrasonic hyperthermia simulation as changing image area

 Simulation Result

o RZ

u 03 0 4] 0
07 o 0 0
1.0 0 0.0072 0
1.3 0 0.0140 0
1.7 0 0.0197 0
2.0 0 0.0236 0
2.3 0 0.0273 0
27 0.0022 0.0300 0.0733
3.0 0.0041 0.0317 0.1293
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periment results (b) Simulation results
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*Ri{area ratio above 55%C)
+Ro{area ratio above 40°C)
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