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PRESS MENTIONS

MIT researchers have developed a noninvasive
method to stimulate specific neurons deep in
the brain that could be used to help treat
patients with diseases such as Parkinson’s,
reports Meredith Wadman for Science. This new
method could also allow scientists to
“selectively prod deep-brain neurons into
action,” explains Wadman. 

Writing for Wired, Abigail Beal highlights how
MIT researchers have developed a noninvasive
technique to trigger reactions in deep brain cells
using low frequency electrical signals. “If we
could noninvasively stimulate deep regions,
without hitting overlying regions, we might be
able to help more people because we could
stimulate deep regions selectively, without
needing surgery,” explains Prof. Ed Boyden. 

A noninvasive method for deep brain stimulation
Electrodes placed on the scalp could help patients with brain diseases.

A brain slice that shows the
hippocampus cells that were activated by
the new stimulation technique (bottom
image, lighter green areas on the left)

Courtesy of the researchers

Delivering an electrical current to a part of the brain involved in movement control has proven

successful in treating many Parkinson’s disease patients. This approach, known as deep brain

stimulation, requires implanting electrodes in the brain — a complex procedure that carries

some risk to the patient.

Now, MIT researchers, collaborating with investigators at Beth Israel Deaconess Medical

Center (BIDMC) and the IT’IS Foundation, have come up with a way to stimulate regions deep

within the brain using electrodes placed on the scalp. This approach could make deep brain

stimulation noninvasive, less risky, less expensive, and more accessible to patients.

“Traditional deep brain stimulation requires opening the skull and implanting an electrode,

which can have complications. Secondly, only a small number of people can do this kind of

neurosurgery,” says Ed Boyden, an associate professor of biological engineering and brain

and cognitive sciences at MIT, and the senior author of the study, which appears in the June 1

issue of Cell.

Doctors also use deep brain stimulation to treat some patients with obsessive compulsive

disorder, epilepsy, and depression, and are exploring the possibility of using it to treat other

conditions such as autism. The new, noninvasive approach could make it easier to adapt deep

brain stimulation to treat additional disorders, the researchers say.

Anne Trafton | MIT News Office 
June 1, 2017

http://www.sciencemag.org/news/2017/06/electric-fields-tease-buried-brain-cells-action
http://www.wired.co.uk/article/control-brain-cells-without-surgery
http://www.nbcnews.com/health/health-news/scientists-try-deep-brain-stimulation-without-surgery-n767821
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NBC News reporter Maggie Fox writes that MIT
researchers have developed a noninvasive brain
stimulation technique that could eventually offer
relief to patients with diseases like Parkinson’s
and epilepsy without requiring surgery. Fox
explains that the method allows for sending,
“electrical signals deep into the brain without
affecting the layers in between.”

New York Times reporter Pam Belluck writes
that MIT researchers have developed a new,
non-invasive deep brain stimulation technique.
The technique could be used to help treat, “a
range of neurological and psychiatric disorders
more cheaply and safely than current
approaches,” writes Belluck. 

MIT researchers have developed a non-invasive
technique for deep brain stimulation, which
could be used to help patients with brain
diseases, reports Mo Costandi for The Guardian.
“Targets for disorders such as depression,
Alzheimer’s, PTSD, and so forth, are deep in the
brain, and they might be more selectively
stimulatable with our method,” says Prof. Ed
Boyden. 
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“With the ability to stimulate brain structures noninvasively, we hope that we may help discover

new targets for treating brain disorders,” says the paper’s lead author, Nir Grossman, a former

Wellcome Trust-MIT postdoc working at MIT and BIDMC, who is now a research fellow at

Imperial College London.

Deep locations

Electrodes for treating Parkinson’s disease are usually placed in the subthalamic nucleus, a

lens-shaped structure located below the thalamus, deep within the brain. For many Parkinson’s

patients, delivering electrical impulses in this brain region can improve symptoms, but the

surgery to implant the electrodes carries risks, including brain hemorrhage and infection.

Other researchers have tried to noninvasively stimulate the brain using techniques such as

transcranial magnetic stimulation (TMS), which is FDA-approved for treating depression. Since

TMS is noninvasive, it has also been used in normal human subjects to study the basic

science of cognition, emotion, sensation, and movement. However, using TMS to stimulate

deep brain structures can also result in surface regions being strongly stimulated, resulting in

modulation of multiple brain networks.

The MIT team devised a way to deliver electrical stimulation deep within the brain, via

electrodes placed on the scalp, by taking advantage of a phenomenon known as temporal

interference.

This strategy requires generating two high-frequency electrical currents using electrodes

placed outside the brain. These fields are too fast to drive neurons. However, these currents

interfere with one another in such a way that where they intersect, deep in the brain, a small

region of low-frequency current is generated inside neurons. This low-frequency current can be

used to drive neurons’ electrical activity, while the high-frequency current passes through

surrounding tissue with no effect.

By tuning the frequency of these currents and changing the number and location of the

electrodes, the researchers can control the size and location of the brain tissue that receives

the low-frequency stimulation. They can target locations deep within the brain without affecting

any of the surrounding brain structures. They can also steer the location of stimulation, without

moving the electrodes, by altering the currents. In this way, deep targets could be stimulated,

both for therapeutic use and basic science investigations.

“You can go for deep targets and spare the overlying neurons, although the spatial resolution

is not yet as good as that of deep brain stimulation,” says Boyden, who is a member of MIT’s

Media Lab and McGovern Institute for Brain Research.

“The fact that only two sources are needed and one can conceptually steer the focus is

fascinating. I can see a possible future where this technology could be made portable for non-

invasive deep brain stimulation as a therapy. If the work could be shown to do so in larger

animal models than a mouse I would be even more optimistic,” says Tipu Aziz, a professor of

neurosurgery at Oxford University, who was not involved in the research.

Targeted stimulation
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Li-Huei Tsai, director of MIT’s Picower Institute for Learning and Memory, and researchers in

her lab tested this technique in mice and found that they could stimulate small regions deep

within the brain, including the hippocampus. They were also able to shift the site of stimulation,

allowing them to activate different parts of the motor cortex and prompt the mice to move their

limbs, ears, or whiskers.

“We showed that we can very precisely target a brain region to elicit not just neuronal

activation but behavioral responses,” says Tsai, who is an author of the paper. “I think it’s very

exciting because Parkinson’s disease and other movement disorders seem to originate from a

very particular region of the brain, and if you can target that, you have the potential to reverse

it.”

Significantly, in the hippocampus experiments, the technique did not activate the neurons in

the cortex, the region lying between the electrodes on the skull and the target deep inside the

brain. The researchers also found no harmful effects in any part of the brain.

Last year, Tsai showed that using light to visually induce brain waves of a particular frequency

could substantially reduce the beta amyloid plaques seen in Alzheimer’s disease, in the brains

of mice. She now plans to explore whether this type of electrical stimulation could offer a new

way to generate the same type of beneficial brain waves.

Other authors of the paper are MIT research scientist David Bono; former MIT postdocs

Suhasa Kodandaramaiah and Andrii Rudenko; MIT postdoc Nina Dedic; MIT grad student Ho-

Jun Suk; Beth Israel Deaconess Medical Center and Harvard Medical School Professor Alvaro

Pascual-Leone; and ETH Zurich researchers Antonino Cassara, Esra Neufeld, and Niels Kuster.

The research was funded in part by the Wellcome Trust, a National Institutes of Health

Director’s Pioneer Award, an NIH Director’s Transformative Research Award, the New York

Stem Cell Foundation Robertson Investigator Award, the MIT Center for Brains, Minds, and

Machines, Jeremy and Joyce Wertheimer, Google, a National Science Foundation Career

Award, the MIT Synthetic Intelligence Project, and Harvard Catalyst: The Harvard Clinical and

Translational Science Center.
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