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Effects of ultrasound stimulation parameters on neuromodulation

WANG Jun, SUI Li, CAI Ainan, WU Yongliang

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: In recent years, ultrasonic neuromodulation, as a new non-invasive technique to stimulate the brain, has received
more and more attentions. In order to be able to use this technique more accurately for clinical application, scientists have
done a lot of in vitro and in vivo animal studies. The results of these related studies showed that ultrasonic intensity,
frequency, duration, pulse repetition frequency and the regional size of the irradiated target were the factors affecting the
ultrasound stimulation effect, which indicated that we can adjust these ultrasonic stimulation parameters to make the central
nervous system of the stimulated site produce excitatory or inhibitory effect, achieving reversible neuromodulation. In order
to further reveal the relationship between the ultrasonic stimulation parameters and the effect of ultrasonic neuromodulation,
herein we briefly describe the developmental process of ultrasound neuromodulation and its possible neural mechanisms,

and focus on summarizing the effects of ultrasonic stimulation parameters on neuromodulation, and make preliminary

prospect of future research on ultrasonic neuromodulation.
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Tab.1 Mean PACI of theta—gamma coupling and alpha-ripple coupling in control group and FUS group

FUS groups

PACI values Control group
3.9 W/em®

P value
9.6 W/cm® 19.2 W/em?

Theta-gamma 0.17+0.01 (100%)  0.26+0.04 (153%)

Alpha-ripple  0.15£0.01 (100%)  0.22+0.03 (146%)

0.41+0.03 (241%) 0.53+0.04 (312%)  0.000 9

0.30+0.03 (210%) 0.37+0.05 (226%)  0.002 6

PACI: Phase-amplitude coupling index; FUS: Focus ultrasound; the theta: 4-8 Hz, 10-50 pV; gamma bands: 30-80 Hz;

the alpha: 9-13 Hz, 20-100 pV; ripple bands: 81-200 Hz
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Fig.2 Parameters of ultrasound stimulation sequence
and their relationship with each other
NC/P: Number of cycles per pulse; PRF: Pulse repetition

frequency; NTB: Number of tone bursts
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Tab.2 Selection of ultrasonic parameters and the effects of their interaction

Experiment targets Frequency/MHz Intensity/W - cm”  Duration Results

Cats and rabbits Not specified 0.001-1 400.000 <1ms No significant bioelectric changes'"”

Cats and rabbits Not specified 0.001-0.100 >=]s Enhance bioelectric activity"”
Cats and rabbits Not specified 1-100 >=1s Decrease bioelectric activity'"’
Cats: spinal cord Not specified 350 3s Reflex enhancement'"!
Cats: spinal cord Not specified 350 51-555s Reflex depression”

. . ) Significant reduction in extracellular field potentials in
Rats: hippocampal slice 0.75 80 2-15 min . . . .

hippocampal slices, with varying degrees of recovery™
. Forepaw twitches; increases in blood flow (functional
Rabbits: motor cortex 0.69 3.3-12.6 Is ) ) ) o
magnetic resonance imaging); electromyography spiking"’

Rabbits: motor cortex 0.69 45-158 Is Eye movements; pupil dilations™!
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