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High Gamma and Cognition in Humans

Logothetis 2001Mukamel et al 2005
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ACUTE CORTICAL MAPPING

UCB-UCSF INTRACRANIAL PROJECT



AnomiaLANGUAGE DISRUPTION SITES

SPEECH ARREST ANOMIA



MISMATCH NEGATIVITY

Sensory memory trace
NMDA dependent
Deviance detected in 100 – 250ms
Automatic & pre-attentive

Comparator?

Attention Switch 

QuickTime™ and a
 decompressor

are needed to see this picture.



HIGH GAMMA and AUDITORY DEVIANTS

Edwards, Soltani et al, J. Neurophysiology, 2005

Repeats Deviants



HIGH GAMMA and AUDITORY DEVIANTS

Edwards, Soltani et al, J. Neurophysiol., 2005

Repeats Deviants



HIGH GAMMA PHONEME DEVIANTS







Intractable Epileptics
Electrodes Implanted for 4-7 days

SUBDURAL GRIDS



PASSIVE TONES



PASSIVE PHONEMES



PASSIVE WORDS



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

PASSIVE PHONEME 



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

DETECT PHONEME



VERB GENERATION



VERB GENERATION



VERB GENERATION



VERB GENERATION

Edwards et al, Submitted 



QuickTime™ and a
Sorenson Video 3 decompressor
are needed to see this picture.

QuickTime™ and a
Sorenson Video 3 decompressor
are needed to see this picture.



Fries, P., Trends Cogn. Sci., 2005

Effective communication between areas depends on: 
1) oscillatory carrier frequency in each area
2) relative phase, and
3) axonal conduction delay
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IDENTIFY THETA TROUGHS

4-8 Hz

X 10



EXTRACT HIGH GAMMA AMPLITUDE

80-150 Hz

X 10



THETA PHASE

HIGH GAMMA  
AMPLITUDE

THETA-HIGH GAMMA COUPLING



Canolty et al, Science 2006



FREQUENCY SPECIFICITY



SPATIAL COHERENCE



THETA-HIGH GAMMA COUPLING LANGUAGE

THETA-GAMMA COUPLING LANGUAGE

Network Communication



THETA-HIGH GAMMA COUPLING LANGUAGE

THETA-GAMMA COUPLING MOTOR

Network Communication



Connects Speech Input and Output Areas

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

ARCUATE FASCICULUS

26 msec



“ba”

88 Hz

124 Hz

76 Hz
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PHONEME  MODULE



“ga”

140 Hz

84 Hz

112 Hz

96 Hz

PHONEME MODULE



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

PARALLEL LINE COMMUNICATION

26 msec



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

PARALLEL LINE COMMUNICATION

26 msec

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



NEURAL PROSTHETICS FOR RESTORING  FUNCTION

THE CONCEPT THE DREAM

Nicollelis 2002



Task 1

MOVE THE YELLOW DOT INTO THE GREEN CIRCLE

Carmena et al. 2003, PLoS Biology 1(2).

NEURONS



QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.

ARM CONTROL



QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.

ARM DOES NOT MOVE

BRAIN SIGNALS
CONTROL CURSOR



Serruya et al, Nature 2006



QuickTime™ and a
H.263 decompressor

are needed to see this picture.
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THE INTRACRANIAL TEAM



95% CONFIDENCE for SPEECH ARREST
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