LANGUAGE-RELATED CORTEX SHOWS THREE PHYSIOLOGICALLY AND
FUNCTIONALLY DISTINCT WAVES FROM VISUAL TO MOTOR AREAS
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Implantation of electrodes during pilepsy surgery. Goal is (a) to locate the epilepsy-
causing tissue deep in the brain (removing it cures the epilepsy), and (b) to map all g

the healthy functions in the cortex (removing them must be avoided). Meanwhile we
obtained direct neural recordings for our task from healthy language-related cortex).

fMRI in 18 healthy controls demos
the global network of regions en-
gaged by task, from visual input
areas, through classical language
areas, to motor output areas.

MRI with electrodes in place:
Precise localization of signals.

Patient A

Patient B Patient C Patient D

9T as

Patient E

™ o151 E

© imWe MeAWARVSS O ssEWe sesAWARY O seBWe ks AWA © somm s ° nmw s

oo 50
me (ms)

Evoked cortical potentials from subdural electrodes reveal complex dynamics across major functional
regions, consistently across patients: early and late waves bracket the predicted progression.
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Please visit our new web site (just launching!)

Summary of EP’s: 3 distinct waves

aplace for the ICE community to share and unite
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1.) Language is crucial and complex, and engages much of the cortex.

* Found functional as well as

2.) No end-to-end model (input-cognition-output) exists, esp. not in time + space.

3.) Mechanistic understanding is needed for therapy (e.g. stroke); and BCI.
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« Cell firing for grammar in Broca’s
« Time courses differ by frequency

physiological differences by band.

+ Basic progression from Visual
+ Simultaneous activity across
whole cortical language system

band, and each would couple
differently with BOLD.
« Time & frequency are both needed

+ These arrows are only arrows
of Time. Needed: connectivity!

« Representation cannot capture
complexity discovered in
the spectral domain.

+ To understand the end to end
Language production system
we need to embrace all the
spatiotemporal as well as
physiological complexity
available from ICE recordings.
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4.) The Limiting Factor: For detailed model we need direct neural recordings.
Generally this is only possible in ani - and animals don’t speak.

 Different epochs, different physiological processes.

« Sharp iERP components correlate with broad band
high gamma power.

+ Broad band high gamma ~ neural firing.

+ Visual cortex is involved late for this high level
cognitive task, in a physiologically distinct way.

5.) ICE solves the riddle! High spatial, temporal, physiological resolution.

6.) Beyond simple ICE (ERPs), need spectral info: (a) fMRI correlates with
different bands, (b) high-gamma ~ cell firing, while ERP = low-band.

7.) Goal: chart progression and dynamics of neuronal activity for language
across the entire cortex, in various frequency bands.

ummary oncilusions

8.) A priori, we predict a progression: ~V1 -> VWFA -> Wernicke’s -> Broca’s.
But, scarce existing literature: need mix of a priori and exploratory study.

1.) Our task d-t d
2.) For first time, ICE

ystem: fMRI
the predi

known cortical regions for Input--Cognition--Output.
d prog| of activity: ~V1->VWFA->Wernicke’s**Broca’s.

3.) Unexpected dynamics: (a) Early wave: quick progress from Visual to Broca’s, (b) Late wave: peri-utterance
wave of activity includes “early” visual areas (surprisingly, 500ms after visual stimulus is extinguished).

4.) Wavelet analysis revealed PHYSIOLOGICALLY different epochs (e.g. early vs late activity in visual cortex).
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(Subject mentally produces
correct form of word here.)

Cue epoch Response epoch /
0) 5.) Further analysis revealed FUNCTIONALLY different epochs as well as spectral bands (e.g. in Broca’s area).
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7.) Tentative: Late wave of activity = network’s solution to “binding p! ( bli of info)?
EVENT-RELATED, JTTERED, CONDITIONNTERLEAVED DESIGN 8.) Further research: (a) Chart further diff ns by time & f (b) C ity .
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