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Autism spectrum disorder is a prevalent brain development disorder that affects 1 in 54 people (2020, U.S.
data), meaning that many people know someone with this condition. The hallmarks of autism spectrum
disorder are communication disorders, decreased verbal fluency, and repetitive behaviors. The disorder is
a social problem as the associated severe long-term stress on affected children and their family members
can complicate the condition and cause extreme fatigue and depression in family members. Interventions
provided in early development while the brain is still highly plastic have recently gained attention for
improving the social outcomes of affected children. (Pickles, Lancet 2016). Autism spectrum disorder,
however, is often diagnosed around the start of schooling. This delay is one factor hampering early
intervention. Developing techniques for the early detection of autism spectrum disorder is therefore as
important as developing treatments. Recently, a brain network analysis using resting-state functional
magnetic resonance imaging (rs-fMRI) was reported to predict the diagnosis of ASD at age 6 months
(Emerson, Sci Transl Med 2017). The final goal of this study is developing a medical device to examine
brain functional networks in babies in a noninvasive technique using ultrasound imaging without body
restraint. As basic research for this goal, we investigated a method for measuring functional brain
networks in mice using ultrasound imaging. At first, we conducted a measurement of the ultrasound
doppler imaging of mouse brain under anesthesia, and we could obtain high-resolution cerebral blood
volume (CBV) images. Next, to verify whether the high-resolution CBV imaging could capture the
increase in CBV associated with the neural activity, we conducted a measurement of time-series high-
resolution CBV images of the awake mouse with whisker stimulation. The results showed that the
thalamic relay nucleus and the somatosensory area, which process signals from the whiskers, were
statistically mapped as increased CBYV, and the signal changes in the somatosensory area showed a high
increase of around 25% that before stimulation. From the time-course data in the somatosensory area, the
increase of CBV began around 1 second after whisker stimulation and continued for 4 seconds after the
end of stimulation, consistent with the hemodynamic response in neurovascular coupling, suggesting that
the signal changes captured by ultrasound imaging were derived from neural activity. Next, we measured
CBYV of the resting-state awake mouse and visualized the brain functional network from CBV signal
components derived from spontaneous neural activity between brain regions. The obtained brain
connectivity matrix was compared with the results of resting-state functional MRI of awake mouse in our
previous study, and the high correlation confirmed the validity of our brain function network measurement
method using ultrasound imaging. In the future, we will develop an ultrasound-based device for infants
and toddlers and proceed with clinical research to confirm its usefulness as an early testing method for
ASD.



