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Dynamic study of microbubble in microvessel at low frequency ultrasound field

JIANG Xingjun, NIU Chuanxiao, WU Yupeng, GUO Shengwen, LAO Yonghua, QIU Lin

School of Material Science and Engineering, South China University of Technology, Guangzhou 510006, China

Abstract: Under the low frequency ultrasound excitation, exploring the nonlinear acoustic response of ultrasound microbubble
and its relation to the surrounding physiological environment is significant for the microbubble quantitative imaging, the early
detection of microvessel lesions and microbubble targeted therapy. Based on the lumped-parameter model, the coupling model
of excitation ultrasound, microbubble and microvessel was constructed, and the simulation calculation was performed in
COMSOL Multiphysics 4.4. The results showed that: (1) with the increase of ultrasound pressure, the microbubble oscillation
amplitude increased and oscillation frequency decreased; (2) the microbubble oscillation amplitude decreased and oscillation
frequency increased with the increase of microvessel length, however, the microbubble oscillation amplitude increased and
oscillation frequency decreased with the increase of microvessel radius; (3) with the increase of gas polytropic index, the
vessel wall stress, vessel deformation degree and microbubble maximum vibration velocity decreased, while microbubble
vibration frequency increased; (4) with the increase of dynamic viscosity of blood, microbubble oscilation amplitude,
frequency, maximal oscilation velocity and vessel wall stress reduced.
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Fig.1 Geometry schematic of microvessel microbubble
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Tab.1 Different parameters in the model

Parameter Value Parameter Value
Microbubble radius r, 3 um Poisson ratio of vessel wall v 0.45
Ultrasound pressure p, 10-80 kPa Gas multi-party index 0.5-3.0
Initial blood pressure p, 101 325 Pa Vessel length L, 80-150 pm
Blood density p, 1059 kg/m’ Vascular thickness d, I um
Blood viscosity u, 0.001-0.008 Pa-s Vascular initial radius R, 4-6 pm
Vascular Young's modulus £ 6 MPa

Surface tension coefficient o 0.643
Center frequency of ultrasound 1 MHz
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b: Microbubble expansion
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Fig.2 Pressure distribution during microvessel deformation
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Fig.3 Effect of ultrasound pressure on microbubble oscillation
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b: Effect of microvessel radius on microbubble oscillation
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Fig.4 Effect of microvessel size (length, radius) on microbubble oscillation
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Fig 5 Effect of gas polytropic index on microbubble oscillation
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