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Numerical simulation of transcranial focused ultrasound
in the treatment of cerebral thrombosis

SUN Tianyu, ZHANG Yangiu, PAN Ting, ZHANG Mohan, LING Zichao, JTAN Xiqi
(Department of Biomedical Engineering and Technology, Tianjin Medical University, Tianjin 300070, China)

Abstract: Stroke is the leading cause of disability and death. Transcranial stroke treatment has the advantages in non-
invasiveness and low risk of intracranial hemorrhage. However, the parameters of transcranial focused ultrasound for
the treatment of thrombotic ischemic stroke are still not clear at present. In this paper, a 3-D numerical simulation
model is established based on head CT images of volunteers and an 82-element phase-controlled transducers array,
and the time-domain finite difference method is used to analyze the Westervelt nonlinear acoustic propagation
equation. The parameters such as ultrasonic excitation frequency and input sound power are selected by numerical
simulation. The results show that when the frequency is the same, the greater the negative pressure formed at the focus,
the greater the required input sound power, and the required input sound power for transcranial model is about 1.5
times that for craniotomy; And, the higher the frequency, the smaller the focal area, but the more the side lobes at the
focal area. When the frequency is the same, the shape and size of the focal area for transcranial and craniotomy
models are similar, but the side lobes for transcranial model are stronger. When the negative pressure formed at the
focus reaches —6 MPa with thrombolytic effect and —8 MPa with significant thrombolytic effect, the required sound
power first decreases and then increases with the increase of frequency, and the minimum appears at 0.8 MHz;
Irradiation time and duty cycle have no effect on focal position and focal area.

Key words: transcranial; ultrasonic thrombolysis; focused ultrasound; numerical simulation
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Table 1 Simulation parameters
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Fig.3 Pulse signal waveform
+
3 4R

3.1 AERSTHEMm

PAPE 1 Fos a1 BB 9], e ik 824 )
WIT=0.2 ms. JikHFTERE 77=0.02 ms. (5Z5EE T/T=10%.
ERIBINTH] =0.2 s« £=0.8 MHz I A\ THE N 60 W

Fras. HZR2AIE, 45 5 K T45T 85 mmx85
mm I, 75 A U AL R S
%2 TRAFOANRESLLGE

Table 2 Negative pressures at focus for different opened
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Fig.4 Sound pressure distribution diagrams in the focal areas of transcranial and craniotomy models when the sound pressure at fo-

cus is -6 MPa
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Table 3 Focus position and focal area in the transcranial and craniotomy models under different irradiation times

FF Fifi 70 4 TR U A
53 N NI N IR N IR
1 60W. FEAFAE 107W. EAAE SRSk IR/ 95W. HELME 170 W, Sk FESk AR/
-6 MPalfjfii -8 MPalfJfE i mm -6 MPaffifE 5 —8 MPa £ mm>
A7 B /mm A7 B /mm A7 B /mm A7 B /mm
0.2 78.9 78.9 78.9 78.9 9.09
0.4 78.9 78.9 78.9 78.9 9.09
0.6 78.9 78.9 78.9 78.9 9.09
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Table 4 Focus position and focal area in the transcranial and craniotomy models under different pulse duty factors

FF Fifi 70 4 R 22 P T 4 T
NI BN IR LGB B LGB B
A% 60 W. FEEMUE 107 W, fEAME FEIRRY 95 W. HEAMIE 170 W, £ES7E SRR
-6 MPalfjfifi -8 MPalfJ£E i -6 MPaffifE,5 -8 MPa £k mm>
A7 B /mm A7 B /mm A7 B /mm A7 B /mm
10 78.9 78.9 78.9 78.9 9.09
30 78.9 78.9 78.9 78.9 9.09
50 78.9 78.9 78.9 78.9 9.09
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