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Study on parameters screening for the numerical simulation of transcranial tumor treatment with high
intensity focused ultrasound

QIAN Yu-han,ZHANG Yan—qiu, HUO Ran, JIAN Xi-qi

(School of Biomedical Engineeringand Technology, Tianjin Medical University, Tianjin 300070, China)

Abstract Objective: To screen for safe treatment parameters of HIFU  (high intensity focused ultrasound) for transcranial brain tumor
under different input total power and working frequency with phase—controlled transducer. Methods: The numerical simulation model of
HIFU transcranial treatment was set up using volunteer CT (computed tomography) image data and 82 —element phase —controlled
transducer. The thermal dose of continuous irradiation at 43 °C for more than 90 min and the mechanical index of 1.9 as the conditions of
thermal injury and the cavitation damage and the temperature field distributions under different input total power and frequenc were
numerically simulated, and the treatment parameters of HIFU to avoid the damage of skull and normal brain tissue were screened and the
size of focal field was formed. Results: When the total input power of HIFU irradiation was low, it could only be focused by low—frequency
ultrasound and the time required for the focal area to reach the treatment temperature was longer, which might affect the skull and the
normal brain tissue between the focal point set position and the ultrasound transducer, thus forming a thermal damage; When the total input
power of HIFU irradiation was high, it could only be focused by low—frequency ultrasound and the time required for the focal region to reach
the therapeutic temperature was short, which might cause cavitation damage to the skull and normal brain tissue outside the focal region;
The ranges of total input power for avoiding normal tissue injury at different frequencies were: (D the total input power was 20.6-61.8 W at
0.5 MHz; @ the total input power was 41.2-82.4 W at 0.6 MHz; 3 the total input power was 41.2-61.8 W at 0.7 MHz; @ the total input
power was 41.2-61.8 W at 0.8 MHz (3 no total input power was acquired at 0.9 MHz; (6 the total input power was 61.8 W at 1.0 MHz .
Conclusion: To avoid thermal and cavitation damage in the skull and normal brain tissue, HIFU transcranial treatment for brain disease
requires screening of the total input power range of the transducer at different operation frequencies.
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Fig 1 The map of simulation model (Unit: mm)
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Fig 6 The contour map of the region of equivalent thermal dose damage area and the region of MI larger than 1.9 when total power take is

20.6~164.9 W(red curve was equivalent thermal dose damage area and blue was the region of MI>1.9)
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Tab 2 The effect of total power and frequency on focal
LIPS Y AR, R EsF )/ fE AL A B LASEA ARG S A 47 DX SRRy
(Py/W) (f/MHz) (t/s) TS KT ML EE DX FETRRT MI E X ] (V/mm®)
0.5 313.8 N N Y 511.33
0.6 767.0 Y N Y —
20.6 0.7 602.8 Y N Y —
0.8 493.0 Y N Y —
0.9 545.1 Y N Y —
1.0 482.4 Y N Y —
0.5 442 N N Y 138.06
0.6 120.5 N N Y 245.13
41.2 0.7 94.4 N N Y 130.70
0.8 79.1 N N Y 105.83
0.9 138.2 Y N Y —
1.0 126.2 Y N Y —
0.5 18.4 N N Y 81.29
0.6 43.1 N N Y 115.97
61.8 0.7 324 N N Y 54.45
0.8 28.0 N N Y 41.72
0.9 64.2 Y N Y —
1.0 50.6 N N Y 110.61
0.5 10.8 N N N 65.34
0.6 224 N N Y 78.81
82.4 0.7 16.4 N N N 3247
0.8 14.2 N Y N —
0.9 34.3 Y Y Y —
1.0 25.6 N Y N —
0.5 7.5 N N N 64.35
0.6 14.2 N N N 52.47
103.1 0.7 10.3 N N N 31.15
0.8 8.9 N Y N —
0.9 20.4 Y Y Y —
1.0 15.3 N Y N —
0.5 5.6 N N N 52.36
0.6 10.2 N N N 50.49
123.7 0.7 7.3 N N N 23.56
0.8 6.3 N Y N —
0.9 13.6 N Y N —
1.0 10.3 N Y N —
0.5 4.5 N N N 41.75
0.6 7.8 N Y N 40.09
144.3 0.7 5.6 N Y N 23.04
0.8 4.8 N Y N —
0.9 9.8 N Y N —
1.0 7.6 N Y N —
0.5 3.7 N N N 41.09
0.6 6.3 N Y N —
164.9 0.7 4.5 N Y N —
0.8 3.8 N Y N —
0.9 7.5 N Y N —
1.0 59 N Y N —

”» “

“Y”:yes; “N” :no
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