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Numerical simulation of transcranial focused ultrasound combining

microbubble-induced blood-brain barrier opening
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(Department of Biomedical Engineering and Technology, Tianjin Medical University, Tianjin 300070, China)

Abstract: In recent years, animal experiments such as rats have shown that the combination of transcranial
focused ultrasound and microbubbles enables to non-invasively open the blood-brain barrier for brain-targeted
drug delivery. However, due to the nonhomogeneous structure of the human head and its high acoustic
attenuation characteristics, it is necessary to optimize the ultrasound transcranial focusing parameters and
microbubbles parameters when used in clinical treatment. In this paper, a three-dimensional numerical sim-
ulation model is established based on human head CT data, an 82-element phase-controlled transducer and
blood vessel to study the effects of ultrasound and microbubbles parameters on mechanical index and acoustic
emission of the target area, and to evaluate the degree of the blood-brain barrier opening and the possibility
of tissue damage. The results show that the mechanical index and broadband noise intensity increase with
the increase of sound power and initial density of microbubbles; the stable cavitation intensity increases with
the increase of frequency; when the initial radii of the microbubbles are greater than 5 pum, the stable cavi-
tation is significantly enhanced. The results of this study provide theoretical data and technical reference for
the induction of controllable blood-brain barrier opening by transcranial focused ultrasound combined with
microbubbles and the safe and effective delivery of therapeutic drugs.
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focusing (unit: mm)
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