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Functional ultrasound

microscopy: Sensing

whole brain neuronal activity at the micron

scale
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Functional ultrasound localization microscopy of a rat's
whole brain. Credit: Alexandre Dizeux/ Physics for
Medicine

Ultrasound is transforming the field of
neuroimaging with the technological advances
achieved by the Physics for Medicine laboratory
(Inserm, ESPCI Paris-PSL, CNRS) in the past
decade. The introduction, in 2009, of functional
ultrasound (fUS) provided neuroscientists with a
unigue technology—portable, easy-to-use, cost-
efficient—to visualize the cerebral activity at high
sensitivity. In 2015, another method, coined
ultrasound localization microscopy (ULM)
produced unique images of the brain vascular
network, revealing micron-size blood vessels. In
2022, researchers of Physics for Medicine are
obtaining even more spectacular results by
combining the best of both worlds: functional
ultrasound localization microscopy (fULM) captures
the cerebral activity at the micron-scale. The study
is published in Nature Methods. It opens up major
future clinical perspectives for the diagnosis of
cerebrovascular pathologies, such as strokes, all
diseases of small vessels, risks of aneurysm
rupture or vascular alterations present very early in
neurodegenerative diseases such as Alzheimer's.

Ultrasound scanners enable the observation of
organs through the skin, and as such are widely-

used in medical imaging, mostly in obstetrics or in
cardiology. The use of ultrasound for neuroimaging
remains so far limited to detecting large (several
millimeter in diameter) blood vessels in the brain.

| There is however a major interest in looking more
= precisely at the cerebral vasculature, as many

neurodegenerative diseases—Alzheimer,
dementia—involve dysfunctions of the small cerebral

vessels.

Neurovascular coupling: A dialogue between
neural and vascular networks

A tight interaction occurs between the brain
vascular and neuronal activities: blood vessels
supply neurons in oxygen and nutrients, and
therefore support the neuronal activity. This
essential interaction, called neurovascular coupling,
is exploited in neuroimaging: detecting blood flow
variations allows to detect brain activation.

Functional ultrasound (fUS) does so with a very
high sensitivity: it is capable of detecting very subtle
changes in the cerebral blood volume. And it
provides imaging performances inherent to the use
of ultrasound waves, i.e. a large field of view
covering the entire brain, and a resolution of
several hundreds of microns.

To distinguish smaller vessels, researchers of the
Physics for Medicine laboratory have developed a
technigue called ultrasound localization microscopy
(ULM), achieving a much better spatial resolution
than standard ultrasound. Let's imagine that you try
to capture a satellite view of a narrow road. It might
be challenging to distinguish a narrow path from
afar. Now, if a motorbike travels on that road with
its headlight on, you might see its halo and the
center of the halo will inform you accurately on the
motorbike's position, and therefore reveal the
narrow road's position. Localization microscopy
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relies on that same principle: a bright, point-like
object can be localized accurately by pinpointing
the center of its halo. In ULM, the "bright" objects
are biocompatible micron-size bubbles, injected in
the blood circulation. Tracking these micron-size
bubbles as they travel in the blood stream reveals
the location of blood vessels with a micron-size
accuracy, and across large fields of view using
ultrasound imaging. By accumulating the tracks of
millions of microbubbles, the researchers have
reconstructed unique pictures of the
microvasculature anatomy at the whole-brain scale
in rodents and in human patients, as published in
previous studies (Demené et al, Science
Translational Medicine 2017; Demeulenaere et al,

eBioMedicine 2022). However, this technique is not

fast and sensitive enough to catch dynamically the
local changes of blood flow induced by the
neuronal activity.

Non-invasively probing brain activity at the
microscopic level

In the current study, published in Nature Methods,
the researchers solve this problem and go much
further in the analysis of the microbubbles’ journey
across the brain vasculature of a rat. Not only do
they image the brain microvasculature, but they
also detect the local brain activation by calculating
the number and speed of microbubbles passing in
each vessel: when a region of the rat brain
activates, the blood volume increases locally as a
result of the neurovascular coupling, dilating the

vessels and allowing more microbubbles to pass. In

other words, it becomes possible to extract
dynamic information from ULM data. Tracking

microbubbles does not serve only to localize micro-

vessels, but it also enables to sense the functional
activity at the micro-vessel scale. All the technical
developments yield a new neuroimaging method,
coined functional ultrasound localization
microscopy (fULM), with a unique combination of

one of the millions of microbubbles captured during
a fULM acquisition carries lots of biologically-
relevant information to be explored. The upcoming
tasks for the scientists will be to exploit, process
and relate this enormous amount of information to
the mechanisms involved in cerebro-vascular and
neurodegenerative diseases.

More information: N. Renaudin, C. Demené, A.
Dizeux, N. laly-Radio, S. Pezet, M. Tanter.
Functional Ultrasound Localization Microscopy
reveals brain-wide neurovascular activity on a
microscopic scale. Nature Methods 2022. DOI:
10.1038/s41592-022-01549-5 ,
www.nature.com/articles/s41592-022-01549-5
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three major advantages—non-invasive quantification

of the brain activity, at microscopic resolution, and

across the whole-organ scale—integrated in an easy-

to-use and cost-efficient ultrasound scanner.

Demonstrating the concept of fULM is a pivotal
scientific leap, but yet it is only the first step into a
new and vast research area in neuroscience. Each

2/3


https://medicalxpress.com/tags/blood+vessels/
https://medicalxpress.com/tags/human+patients/
https://medicalxpress.com/tags/vessel/
https://medicalxpress.com/tags/ultrasound/
https://dx.doi.org/10.1038/s41592-022-01549-5
https://dx.doi.org/10.1038/s41592-022-01549-5
https://www.nature.com/articles/s41592-022-01549-5

£

A

APA citation: Functional ultrasound microscopy: Sensing whole brain neuronal activity at the micron
scale (2022, August 4) retrieved 4 September 2022 from
https://medicalxpress.com/news/2022-08-functional-ultrasound-microscopy-brain-neuronal.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
part may be reproduced without the written permission. The content is provided for information purposes only.

3/3


https://medicalxpress.com/news/2022-08-functional-ultrasound-microscopy-brain-neuronal.html
http://www.tcpdf.org

