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SpecificAims
Overall goal Develop novel recurrent brainrcomputer
interfaces [R-BCI] to deliver activity-dependent
stimulation and promote targeted functional recovery
from braininjury.

Aim 1. Studiesin non-human primates will develop
minimally invasive implantable R-BCls and test their
applicationto strengtheningneuralconnections

Aim 2: Clinicaltestsin humanepilepsypatientswill apply
the activity-dependent stimulation paradigm with
electrocorticographi¢€ECoGgrid electrodes

Aim 3. Custom designed integrated circuits will be
constructed to provide low-power, multichannel
recordingand stimulationcapabillitiesfor the R-BCls

Background

Our aims are based on the recent discoverythat activity-
dependent stimulation can produce longterm changesin
neural connectionsin monkeys. This conditioning paradigm
usedanimplantedR-BClicalledNeurochig to convertactivity of
a neuron recordedat one motor cortical site [Nred to stimull
delivered at a second site [Nstim]. After 24-48 hours of
conditioning during free behavior, the motor output evoked
from Nrecshifted toward that evokedfrom Nstim, indicatinga
strengtheningof neural connectionsbetween the sites This
changedastedfor at least10days
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Aim 1. The activity-dependentstimulation paradigmwill be tested with lessinvasive
proceduresusingsurfaceECoGelectrodesrather than implantedwire electrodes We
are developingtechniquesto converthigh-frequencyECo@ctivity recordedfrom one
corticalsite to stimuli deliveredat another site, and will test whether suchcontinuous
conditioning with the Neurochipinduceschangesin the connectionsbetween the
sites In addition to testing changesin the evoked motor output, we are also
iInvestigatingwhether other methods,suchascorrelationbetweenrecordedactivities,
canbe usedto documentchangesn corticalconnectionetweensites
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A secondconditioning procedure has used electromyographic EMG] activity of a
muscleasa surrogatefor the corticalactivity correlatedwith that muscle[below, left].
Dr. Timothy Lucasfound that this procedurecan also produce plasticity betweenthe
relevantcorticalsites[below, right].
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Aim 2 will test the two paradigmsillustrated above, in human patients (IRBapproval
recentlyobtained) ECoCelectrodearraysimplantedfor two weeksprior to epilepsy
surgerywill allow testing of ECoGstimulationtriggeredfrom another ECoGsite or from
EMG
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Aim 3 will develop the next generation of Neurochip with multiple channelsof
recording and stimulation, using more versatile FPGAand ARM processorsand
wirelesstelemetry. A prototype of the systemis illustrated below [left], with a block
diagramof componentdright].

Significance The minimally invasive R-BClsdevelopedunder this grant will have
clinical applications to promote recovery from stroke and spinal cord Injury.
Developmentof commercialproductsimplementingthis paradigmwill provide new
businesopportunitiesin Washington
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