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NEW, NON-INVASIVE TREATMENT

IMPROVES HAND AND ARM FUNCTION IN PEOPLE WITH SPINAL CORD INJURY

Center for Neurotechnology (CNT) members at the University by ambulance, | was told that the only thing moving was my
of Washington (UW), in collaboration with NeuroRecovery big toe, and my heart rate was down to nine beats a minute.
Technologies, are developing a novel, non-invasive therapeutic | was lucky to be alive.”

approach for people with spinal cord injury, which promotes long-

. Acute magnetic resonance imaging revealed hemorrhage and
term recovery of hand and arm function. g ging 8

contusion of Beatty's cervical spine. Beatty was physically fit

On December 7, 2014, Joe Beatty, then 60 years old, was body- for most of his life and enjoyed hiking, swimming and other
surfing on Kaanapali Beach in Hawaii, a popular place with vigorous outdoor activities, but this injury left him with severe
tourists on the west side of Maui island and known for its calm, loss of motor control and sensation in all four of his limbs.

crystal-blue ocean waters. Long considered a family-friendly

beach, Kaanapali is widely thought of as an ideal spot for both “My life has changed 100 percent,” Beatty said. “l can't walk on

children and adults to swim; however, on that day for Beatty, my own. | can't get around on my own. Even though | can move

this normally safe environment turned unusually dangerous. my arms a little, my fingers are sort of locked-up.

Continued ~
“lt was a rogue wave. It really was, that | caught and gave me a

header in the sand. | was knocked out for three days,” Beatty . ) ) .
(Photo, upper left) Transcutaneous spinal stimulation electrodes are applied

said. “It happened on a Sunday, and | didn't get totally back into to Joe Beatty's neck to precisely target the damaged area of his spinal cord.

consciousness until Wednesday. That's when | first learned ) )
CNT Co-Director, Chet Moritz (left), and CNT-funded graduate students, Fatma

anything had happened. When they brought me to the hospital Inanici and Soshi Samejima, work on motor skill tasks with study participant Joe
Beatty (center) in the UW AMP Lab. These tasks help test the effectiveness of
transcutaneous spinal stimulation when combined with physical therapy.




Feature article continued

Spinal stimulation is applied by the stimulator (right) while video and
EMG data are collected during the box-and-blocks motor skill task.

Over the next two years, Beatty underwent a laminectomy

to relieve pressure on his spinal cord and an arthrodesis to
stabilize the bones of his spine. A side effect from his injury
was dramatic weight loss. As muscles began to atrophy from
lack of use over time, Beatty, who is six feet tall, saw his

weight drop from 203 pounds before the accident to only 128
pounds. Rehabilitative work and physical therapy at the UW,
Kline Galland Home and Pushing Boundaries helped Beatty
recover precious muscle mass, but he still was completely
dependent for all self-care activities, such as feeding, bathing,
dressing and grooming. Although he experienced some limited
improvements to motor control and sensation in his limbs after
the accident, by late 2016 his recovery had reached a plateau.

Fortunately for Beatty, his son worked at Kline Galland Home
and used resources there to contact CNT Co-Director, Chet
Moritz. Beatty’s son met with Moritz and UW neurosurgeon and
CNT member, Christoph Hofstetter, to find out if Beatty could
qualify for a new study the CNT was starting in December 2016.
Because Beatty’s injury was a contusion and not a complete
severing of the spinal cord, he was an ideal participant.

CNT IN THE NEWS

CNT members, Jeffrey Ojemann and Polina
Anikeeva, along with CNT Innovation Partner, the
Allen Institute, are featured in “The Heroes of
Science who are Unlocking the Brain”

Popular Mechanics | October 2018

CNT Scientific Advisory Board member,

Krishna Shenoy, awarded Andrew Carnegie

Prize in Mind and Brain Sciences

Carnegie Mellon University News | September 2018

“The long-term benefits we're seeing are one
of the first clear examples of engineered plasticity
in human subjects. We're using a neural device
to make long-term changes in neural circuits
after spinal cord injury.”

CNT CO-DIRECTOR, CHET MORITZ

Developing a new way to help the spinal cord
heal and recover after injury

Moritz and his team at the UW are working on a unique
approach to spinal cord injury rehabilitation that combines
physical therapy with non-invasive electrical stimulation to
the spinal cord. The study Beatty is now participating in takes
place in the UW AMP Lab and involves a standard physical
therapy program that includes stretching, strengthening,
active assistive range of motion exercises and intensive fine
motor skill training tailored to Beatty's functional needs. The
rehabilitative regimen Moritz’ team is putting Beatty through
also includes a technique called transcutaneous spinal
stimulation. This relatively new approach to stimulating the
spine uses electrical stimulation applied to the surface of the
skin to activate neurons located within the spinal cord without
discomfort for the participant.

“It's like a tiny shock, sort of like how you can get zapped by static
electricity,” Beatty said, “but I've experienced static electricity
even more painful than this, so it's light, it's nothing, especially
when it's ramped-up slowly so your body gets used to it.”

Transcutaneous spinal stimulation works using principles
similar to epidural spinal stimulation, a rehabilitative method
requiring implantation of a stimulation device, but because it is
administered on the surface of the skin, transcutaneous spinal
stimulation has the advantage of being non-invasive.

“Epidural stimulation electrodes are implanted during surgery
and are located right on the surface of the spinal cord, so
they require little current to activate the spinal cord,” Moritz
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explained. “With transcutaneous stimulation, we use a
wave form that numbs the skin, so that the higher-current
stimulation can pass through the skin without causing pain
and activate the spinal cord below.”

While the stimulator is on, it acts like a hearing-aid for the
spinal cord, making neurons in the spinal cord more receptive
and able to “hear” signals from the brain. Descending signals
from the brain, which normally would not be able to cause
muscle movement in a person like Beatty, are able to cause
muscles to contract and movement to happen. Participants are
then able to exert greater force in their upper body and make
movements that they would not ordinarily be able to do.

When stimulation is combined with physical therapy, the
results are dramatic. Beatty's upper extremity muscle strength
has nearly doubled over the course of the study and stabilized
at 75% stronger than baseline measurements, even for three
months without further treatment. Starting from the very first
stimulation session, almost all motor functions of Beatty's
hands and arms improved, and he now feels substantial
increases in upper-body sensation. What this means in real-life

terms for Beatty is greater independence.
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The importance of being seen,
heard and understood for
neurotechnology end-users

New, carbon-based neural probe
provides a multimodal platform for
better understanding the brain

“It used to be that Austin [Beatty's caregiver] would have to get
up and give me my pills at night. Now, the pills are just on my
chest, so when | wake-up, | can take the pills myself,” Beatty
said. “l have a backpacking bag that | use for water, so | have
access at night to liquids too. | do that all myself now.”

Remarkably, the study has been showing that participants can
see benefits for weeks or even months after the stimulator

is turned off. This indicates that the brain and spinal cord

use the stimulation experience to adapt, and that the effects
of transcutaneous spinal stimulation when combined with
physical therapy are both immediate and long-lasting.

“The long-term benefits we're seeing are one of the first clear
examples of engineered plasticity in human subjects,” Moritz
said. “We're using a neural device to make long-term changes in
neural circuits after spinal cord injury.”

Next steps

The CNT's industry affiliate, NeuroRecovery Technologies,
supplied the stimulator to the research team, as well as
guidance and training on how to use it. In addition to the
already-existing study happening at the CNT, the company

is currently preparing to spin-up four other research sites to
be located in Colorado, lllinois, Minnesota and New Jersey for
a multi-site clinical trial. Establishing sites in these locations
will help give patients across the country easier access to a
research facility. Sites participating in the clinical trials will also
use the CNT's research approach (physical therapy combined
with transcutaneous spinal stimulation) to reproduce clinical
applications of this therapeutic technique.

The CNT is now recruiting more participants with challenges
using their hands and arms after spinal cord injury, and the
center will continue to test this novel form of stimulation as

an innovative approach to improving hand and arm function.
Because the treatment method is both non-invasive and low-
risk to the patient, the turnaround time from the lab to clinical
application is shorter than it would be for most devices that are

surgically implanted.
Continued >

UW students compete to invent neural
engineering technology with potential
for real-world impact



Feature article continued

“The safety study will hopefully begin within the next year,
and if all goes well, the stimulator could be available to
patients immediately, which is a much faster pathway than
an implanted device,” Moritz said. “That'’s one of the reasons
we're excited about this treatment, because we can get it out
to the community of people with spinal cord injury soon.”

From Beatty's perspective, having already experienced
benefits from participating in the study, he’s determined
to continue his involvement. He is looking forward to what
this technology, therapeutic approach and future research
findings will bring not only for himself, but for others with
spinal cord injury as well.

“| can see gradual improvements. Like everybody else, |
wish it would go faster, but just have faith and hang in there,
because one day, hopefully, there will be a breakthrough,”
Beatty said. “When it happens, | want to be the first one. If |
can doit, it's going to make a difference.”

For more information about this research study,
please contact Chet Moritz at ctmoritz@uw.edu.

To support research benefiting
patients like Joe Beatty, please consider
donating to the CNT Strategic Fund at
centerforneurotech.org/giving. To learn
' more, contact Associate Director

of Advancement, Rebecca Kuenzel,
at 206-616-8259 or rkuenzel@uw.edu.
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CNT faculty and students present their research
NOV . . L
at the Society for Neuroscience Annual Meeting in
3-7 :
San Diego, CA.

NOV Reza Hosseini Ghomi (Senior Fellow, UW

14 Department of Neurology; Chief Medical Officer,
NeurolLex Laboratories) presents a UW Institute
for Neuroengineering (UWIN) / eScience Institute
joint seminar titled “Digital Biomarkers: Do They
Hold Promise for Better Neuropsychiatric Disease
Detection?” at 3:30 p.m., HSB K-069.

HONORS AND AWARDS

Congratulations to Scott Bellman, CNT Assistant Director of
Diversity, who has accepted the role as Executive Secretary

of Disability: IN Washington State. Scott will serve on a five-
member executive board that oversees a larger membership
comprised of Washington State business leaders to promote
the organization’s vision of an inclusive global economy where
people with disabilities participate fully and meaningfully.

Krishna Shenoy, CNT Scientific Advisory Board member
and professor at Stanford University, will receive the Andrew
Carnegie Prize in Mind and Brain Sciences.

Congratulations to University of Washington CNT graduate
student, James Wu, who successfully passed his general
examination (Department of Bioengineering).

NEW CNT PUBLICATIONS

* Remington, E.D., Egger, S.W., Narain, D., Wang, J., and
Jazayeri, M., A dynamical systems perspective on flexible
motor timing, Trends in Cognitive Sci., 22:P938-952, 2018.

e Houston, B., Thompson, M., Ko, A. and Chizeck, H.,
A machine-learning approach to volitional control of a
closed-loop deep brain stimulation system, J. Neural Eng.,
2018, https://doi.org/10.1088/1741-2552/aae67f.

¢ Bashford, L., Wu, J., Sarma, D., Collins, K. Rao, r.P.N.,
Ojemann, J.G. and Mehring, C., Concurrent control of a
brain-computer interface and natural overt movements,
J. Neural Eng. 2018 9ct 10; 15(6):066021

¢ Gilbert, F. and Tubig, P., Cognitive enhancements with
brain implants: The burden of abnormaility, . Cognitive
Enhancement, 2018, doi.org/10.1007/s41465-018-0105-
OTNSRE.2018.285222

NOV Daniel Denman, Ph.D. from the Allen Institute, will
10 present a UW PBIO seminar titled “Correlated Spike Time
Variability, Population Coding, and Synchrony in the Early
Visual System,” at 9:30-10:30 a.m., HSB, G-328.

STARTS Applications are now being accepted for the summer
NOW 2019 CNT Research Experience for Undergraduates
(REU), Research Experience for Veterans (REV), Young
Scholars Program (YSP-REACH) and Research Experience
for Teachers (RET). Visit centerforneurotech.org for
applications and to learn more.
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