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BRAIN SIGNALS DELIVER FIRST TARGETED TREATMENT FOR THE

WORLD’S MOST COMMON MOVEMENT DISORDER

by Jennifer Langston, UW News

Essential tremor is the world’s most common movement

disorder, affecting an estimated 7 million people in the U.S. alone.

The hallmark of this disease is an involuntary, rhythmic shaking
during intentional movement, complicating everyday tasks like
writing, eating and drinking. When resting or sleeping, however,
most patients have few or no symptoms.

The disease can be treated with a surgical procedure called Deep
Brain Stimulation, or DBS, where a neurosurgeon implants an
electrode deep in the brain; this wire is then tunneled under

the skin to a battery in the chest, which provides electrical
stimulation that quiets the symptoms. In current use, however,
these implanted devices are constantly “on” — delivering
stimulation even when a patient doesn’t need it — which wastes
valuable battery life.

For the first time, University of Washington researchers have
combined electrodes on top of the brain to sense movementin
the parts of the body that experience essential tremor, along
with a deep brain electrode, to deliver stimulation only when it's
needed. The approach, developed by electrical engineers, UW
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Medicine researchers and ethicists at the Center for Sensorimotor
Neural Engineering (CSNE) at UW, is described in a paper to be
published in a forthcoming issue of IEEE Transactions on Neural
Systems and Rehabilitation Engineering.

It's an important step toward developing fully-implanted, closed-
loop deep brain stimulators to treat disorders like essential
tremor and Parkinson’s disease — devices that one day might be
controlled by the patient’s own thoughts or movements.

“We'd ultimately like to give individuals that ability and choice,”
said co-author Margaret Thompson, a UW electrical engineering
doctoral candidate and member of the CSNE team. “One side
effect of deep brain stimulation can be difficulty speaking, for

The Medtronic® deep brain stimulator with custom software and ECoG input
used in the essential tremor trial.

UW electrical engineering doctoral candidate and CSNE team member
Margaret Thompson performs laboratory tests on a Medtronic deep brain
stimulator to verify that the new closed-loop system for essential tremor
functions as intended.




FROM THE DIRECTOR

Industry Members and Innovation Partners,

Welcome to the inaugural issue of the CSNE Industry
Newsletter. This newsletter is designed to inform you,
our members and partners, about center activities.

Alot has happened at the CSNE this past year: We've
added nine new industry members to the IAB this

year along with seven new innovation partners. These
alliances have been crucial to our research, providing
insights and feedback on our research directions and in
many cases technical and financial support as well. We've
hosted education events that have impacted over 2,000
students, laying the foundations for the next generation
of neural engineers. We've run hackathons and the
perfect pitch contest with significant industry and
partner involvement, helping equip students to succeed
in their future careers. We've also grown our intellectual
property portfolio with many new patents this year and
several licenses are underway with industry members.
We've also had positive results in the two human trials
the center is conducting, both of them with industry
member support. And this year we received funding
renewal from the NSF, a major milestone that the IAB was
instrumental in helping us achieve.

These are significant accomplishments and all of them
involved industry and innovation partners. You are
critical to our mission and we thank you for partnering
with us to improve health and function by engineering
neural devices. From all of us at the CSNE, thank you, and
Happy Holidays.

Scott Ransom, PhD
Director, Industry Relations and Innovation

Feature article continued

instance. So if you're about to drink a glass of water, you might
want to turn up the stimulation so your hand doesn’t shake. If
you're answering the phone, perhaps you'd want to turn it down
so your speech isn't affected.”

Delivering deep brain stimulation also can extend the battery life
of these implanted devices, which currently last only three to five
years. Lengthening battery life isimportant because replacing
the battery requires surgery, which carries risks to the patient
such as infection.

“We're saving about half of the battery power, based on our
subjects so far, which was one of our main motivations,” said
senior author and UW electrical engineering professor Howard
Chizeck. “But even more interesting are some early indications
that suggest our closed-loop system results in better patient
performance, with less tremor, better control of their hands and
fewer side effects.”

The project originated in a partnership between the CSNE and
medical device manufacturer Medtronic to test new ways of
activating Medtronic’s Activa PC+S Deep Brain Stimulation system
with essential tremor patients. This system not only delivers
electrical stimulation like traditional DBS systems, but also has
the capability to sense and respond to electrical signals generated
by the brain itself. The UW team received an investigational
device exemption from the U.S. Food and Drug Administration for
these tests.

To treat essential tremor, a surgeon typically implants an
electrode in the thalamus of a patient’s brain. It's wired down the
neck to another implanted device housed under the clavicle that
contains a battery and the electronics that drive the system. This
“open-loop” system, in clinical use today, delivers constant deep
brain stimulation at levels set by a doctor.

In the UW CSNE team’s experimental setup, brain signals in the
motor cortex are sensed by the Activa PC+S and processed on

a laptop computer. When the system detects movementin an
affected limb, deep brain stimulation in the thalamus is activated
to control tremor symptoms.

In three patients who received the Medtronic Activa PC+S Deep
Brain Stimulation system, UW Medicine surgeons also implanted
a small strip of electrodes on top of the brain’s motor cortex, the
part of the brain that controls movement. The electrode strip
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Visit csne-erc.org to read these articles
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can be used to sense when a hand or other extremity affected
by essential tremor is moving. In a key innovation, the team
developed machine learning algorithms to “decode” neural
signals coming from the brain and correlate them with essential
tremor symptoms that warrant treatment by stimulation.

The neural biomarkers and algorithms used to “decode” them
differ by disease. While a similar treatment approach has been
documented for Parkinson’s disease, this is the first time neural
signals have been used to selectively treat essential tremor.

“This is exciting both for treating those patients with essential
tremor, but also for future uses,” says Dr. Jeffrey Ojemann, a
CSNE team leader and neurosurgeon with the UW Medicine
Neurosciences Institute. “This represents the first time a person
can control their implanted device through the voluntary use of
brain signals. We now can see a direct path to all sorts of uses

in stroke, paralysis or other neurologic conditions that may be
treated in the future using this general approach.”

Most essential tremor patients have symptoms only during
intentional movement — when they move their arm to eat, drink
or write, for instance. The UW CSNE closed-loop system detects
that movement and only delivers stimulation to quiet the tremor
symptoms when needed.

“DBS results in some of my most grateful patients,” said team
member and co-author Dr. Andrew Ko, a neurosurgeon at the
UW Medicine Neurosciences Institute who implanted the devices.
“They used to call this disease ‘benign essential tremor,’ but it isn’t
that benign. Patients don't go out to eat because they spill food
and drink. They stop having friends over because they can’t pour
a cup of coffee. They can't sign checks. They need help getting
dressed. Regular DBS works really well to give people their lives
back. What we are working on is taking a really good treatment
and making it even better.”

To test how well the systems worked, the research team asked
the patients to perform simple motor tasks — such as drawing a
spiral shape with a pen, writing sentences or trying to hold their
hands steady — under three conditions: With their Medtronic
implanted deep brain stimulator turned off, with the system that
delivered constant stimulation and with the new system that only
delivered stimulation as needed.

These drawing tests show a new closed-loop deep brain stimulation (DBS) system
(right) developed at the UW delivers relief from symptoms of essential tremor that
cause patients hands to shake (left) as successfully as current DBS devices (middle),
but uses far less battery life.University of Washington

With no stimulation, the patients experienced tremor throughout
the tasks. The effectiveness of the CSNE team’s new system in
quieting the tremor symptoms was comparable to the open-loop
system — but with greater energy savings.

In the experiments described in the paper, the computational
tasks were performed on an external laptop next to the patient.
Next steps include transferring that computational power to the
device implanted in the patient’s chest wall — thus creating a
fully-implanted, closed-loop deep brain stimulator. The team has
received FDA approval to move onto the next step in real-world
testing, which is sending patients home with their stimulators in
closed-loop mode.

The research was funded by Medtronic, the National Science
Foundation and the U.S. Department of Defense.

Co-authors include Jeffrey Herron, a Medtronic biomedical engineer
who joined the company after performing the research as a UW
doctoral student and CSNE team member, and philosophy doctoral
student Tim Brown, who works as a neuroethicist at the CSNE in the
UW BioRobotics Lab.

For more information, contact Chizeck at chizeck@uw.edu.
To reach UW Medicine co-authors, contact Susan Gregg at
206-616-6730 or sghanson@uw.edu

CSNE community helps UW grad
student educate the next generation
of neural engineers

UW grad student makes neural engineering
understandable and accessible

YSP-REACH offers secondary students
an introduction to neural engineering



UPCOMING SEMINARS, LECTURES,
COURSES, CONFERENCES

2018 CSNE Hackathon: Applications are due on January 17,2018
and are now available at csnehackathon.org. The Hackathon will
take place at the CSNE in Seattle on April 6-9, 2018.

Dr. Eran Klein will present “Brain-computer Interfaces:
Ethical Opportunities and Challenges” on January 23, 2018
from 5:45 to 7:30 p.m. for the Seattle Community conversation
Series at Kakao Chocolate + Coffee, 415 Westlake Ave. N.,
Seattle, WA. Register at nwabr.org.

2018 Neural Computation and Engineering Connection at
the University of Washington: Registration is now open at
uwin.washington.edu/ncec.

International BCl Meeting, “BCls: Not Getting Lost in
Translation” will be held on May 21-25, 2018 in the Asilomar
Conference Center, Pacific Grove, CA. Visit bcisociety.org/
meetings/bci-2018-welcome for more information.

NEW CSNE PUBLICATIONS
(CSNE members are in bold type)

* Yuste, R, Goering, S., Arcas, B.AY., Bi, G., Carmena, .M.,
Carter, A., Fins, J.J., Friesen, P., Gallant, J., Huggins, J.E., llles, J.,
Kellmeyer, P., Klein, E., Marblestone, A., Mitchell, C., Parens,
E., Pham, M., Rubel, A., Sadato, N., Sullivan, L.S., Teicher, M.,
Wasserman, D., Wexler, A., Whittaker, M. and Wolpaw, J.,
Four ethical priorities for neurotechnologies and Al, Nature,
551:159-163, 2017.

Vomero, M., Castagnola, E., Ordonez, J.S., Carli, S., Zucchini, E.,
Maggiolini, E., Gueli, C., Goshi, N., Ciarpella, F,, Cea, C., Fadiga,
L., Ricci, D., Kassegne, S., and Stieglitz, T., Incorporation of
silicon carbide and diamond-like carbon as adhesion promoters
improves in vitro and in vivo stability of thin-film glassy

MARKYOUR CALENDAR

- | Neural Engineering Tech Studio

M;R final presentations
Students turn neural engineering projects into
viable industry products. For more information,
contact Lise Johnson at liseaj@uw.edu.

APR CSNE Hackathon

6-9 Neural engineering student competition
at the CSNE. For more information, visit
csnehackathon.org.

APR CSNE Student/Industry Dinner

29 This event is part of the National Science Foundation’s
annual visit to the CSNE. For more information,

contact Scott Ransom at ransom87@uw.edu.

carbon electrocorticography arrays, Adv. Biosys. 2017,
https://doi.org/10.1002/adbi.201700081.

* Casimo, K., Levinson, L.H., Zanos, S., Gkogkidis, C.A., Ball,
T., Fetz, E., Weaver, K.E. and Ojemann, J.G., An interspecies
comparative study of invasive electrophysiological functional
connectivity. Brain Behav. 2017;e00863.
https://doi.org/10.1002/brb3.863.

INVENTIONS

¢ Ambient Back-Scatter Communication: J. Smith, S. Gollakota,
A. Parks, V. Liou, V. Talla

* Fully-Integrated, High-Voltage Compliant, Programmable
Electrical Stimulation Systems Using Standard CMOS
Technology: . Rudell, E. Pepin

¢ Passive Common Mode Cancellation Scheme for
Simulation Artifacts: V. Sathe, W. Smith

* High-Performance Graphene and Glassy Carbon
Hybrid Material System: S. Kassegne

CSNE IN THE NEWS

Researchers grapple with the ethics of testing brain
implants Science Magazine | Oct. 31,2017

From maintaining machines to restoring limb function
SDSU NewsCenter | Nov. 9, 2017

How much can machines tell us about the brain?
Think: Digital Futures | Nov. 2017

Scientists, Could you Explain Your Research to Kids?
UW Medicine Memory & Brain Welness Center | Nov. 30, 2017

How the Brain Keeps Time MIT News | Dec. 4, 2017
Engineering the Brain Columns magazine | Dec. 8, 2017

APR CSNE Industry Day

30 This event is part of the National Science
Foundation'’s annual visit to the CSNE.

For more information, contact Scott Ransom
at ransom87@uw.edu.

CSNE National Science Foundation Site Visit
This is an annual review of the CSNE, conducted
by representatives from the National Science
Foundation. For more information, contact
Scott Ransom at ransom87@uw.edu.
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http://www.sciencemag.org/news/2017/10/researchers-grapple-ethics-testing-brain-implants
http://newscenter.sdsu.edu/sdsu_newscenter/news_story.aspx?sid=77012&fb_comment_id=1452671141520238_1453591231428229#f2a2a83f6c
http://2ser.com/much-can-machines-tell-us-brain/
https://depts.washington.edu/mbwc/news/article/talking-to-kids-about-brain-science
http://news.mit.edu/2017/networks-neurons-stretch-compress-control-timing-1204
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