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Fig. 1. Schematic diagram of geometric model design for nu-

merical simulation.
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Table 1. Material parameter setting of each area in simu-

lation calculation.

ok Ko BEK REPERUEEIR
L /(kgm ?) 1000 1043 1006
PR/ (mes) 1486 1542 1550
FEHER/(dBecm ) 0.0022 0.1998 1.0000
/(T kg LK) 4500 3580
SMEAH/(Wm LK 0.6 0.5
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Fig. 2. Schematic diagram of ultrasonic pulse signal timing.
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Fig. 4. Schematic diagram of the experimental device (the red dot in the gel indicates the position of the tip of the temperature

probe, which is perpendicular to the paper). The transducer focus is located in the polyester tube in the gel, and the temperature

probe is placed on the edge of the tube wall.
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Fig. 5. Transmission electron microscope images of protein

coated microbubbles (a) and bimodal magnetic micro-
bubbles (b).
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Fig. 6. Temperature change with time of magnetic micro-
bubble solution in simulated blood vessels under the action
of focused ultrasound under different duty cycles (a) and

maximum temperature rise (b). * means p < 0.5.
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Fig. 7. Temperature changes with time (a) and maximum
temperature rise (b) of magnetic microbubble solution in
simulated blood vessels under the action of HIFU when the

duty cycle remains unchanged.
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Effect of pulse duty ratio on temperature rise induced by
focused ultrasound combined with magnetic microbubbles®
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of Physics, Nanjing University, Nanjing 210093, China)
2) (Department of Ultrasound Medicine, Affiliated Hospital of Nanjing University
of Chinese Medicine, Nanjing 210029, China)
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Abstract

Development of acoustic/magnetic contrast agent microbubbles with various diagnostic and therapeutic
functions has attracted more and more attention in medical ultrasound, biomedical engineering and clinical
applications. Superparamagnetic iron oxide nanoparticles (SPIO) have unique magnetic characteristics and
wonderful biocompatibility, so they can be used as MRI contrast agents to improve image contrast, spatial
resolution and diagnostic accuracy. Our previous work shows that the multimodal diagnostic and therapeutic
microbubble agents can be successfully constructed by embedding SPIO particles into the coating shell of
conventional ultrasound contrast agent (UCA) microbubbles, which in turn changes the size distribution and
shell properties of UCA microbubbles, thereby affecting their acoustic scattering, cavitation and thermal effects.
However, previous studies only considered the influence factors such as acoustic pressure and microbubble
concentration. The relevant investigation regarding the influence of ultrasound temporal characteristics on the
dynamic response of magnetic microbubbles is still lacking. This work systematically measures the temperature
enhancement effect of the SPIO-albumin microbubble solution flowing in the vascular gel phantom exposed to
pulsed ultrasound with various temporal settings (e.g. duty cycle, PRF and single pulse length). Meanwhile, a
two-dimensional finite element model is developed to simulate and verify the experimental observations. The
results show that the increase of duty cycle of pulse signal should be the crucial factor affecting the temperature
enhancement effect of flowing SPIO-albumin microbubble solution under the exposure to high-intensity focused
ultrasound. The current results help us to better understand the influence of different acoustic setting
parameters on the thermal effect of dual-modal magnetic UCA microbubbles, and provide useful guidance for

ensuring the safety and effectiveness of the application of SPIO-albumin microbubbles in clinics.
Keywords: superparamagnetic iron oxide, focused ultrasound, thermal effect, duty cycle
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