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Epilepsy: Locating Seizure Foci
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(Dr. Mark Richardson, UPMC)

No conclusive

e Affects 3 million people in the US
200,000 new cases every year

Seizure| focus found * 30% need surgical intervention

* Current diagnosis: invasive and painful
* Scalp EEG: insufficient to localize focus

Diagnosis

Surgery

Problem: Low-Res Scalp EEG

Traditional scalp EEG has poor spatial resolution
Clinical EEG typically uses only 20-32 electrodes!

Scalp Signal generated
| on brain surface Widespread
misconception:
EEG is fundamentally
High frequencies are limited to very low
attenuated more spatial resolutions

than low frequencies

But scalp EEG has practical limitations:
Large impedance, No chronic recordings, Movement artifacts

Ultra-res EEG achieves higher resolution

PSF width decreases with more sensors
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improves with more
electrodes, even o B
beyond Nyquist rate!

(Grover & Venkatesh, Proc. IEEE “‘17) (Robinson et al., Nature Sci. Rep., in press 17)
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Approach: Ultra-Res Subdermal EEG
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Transfer functions for

scalp and subdermal EEG
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Transfer function vs. radius for different /

Based on 4-sphere
head models,

Subdermal EEG suffers

lesser attenuation
than scalp EEG

n = w» w (Nunez & Srinivasan, ‘06)

Spherical harmonic frequency, ¢
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Scalp

Subdermal EEG has

~16X better SNR
than scalp EEG

-~ Subdermal EEG
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(900 sensors, ¢~ 30)

(1600 sensors, ¢~ 40)
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Ultra-res Subdermal EEG has better resolution than equiv. Scalp EEG

Source Localization with Ultra-res Arrays

True point Minimum Norm  Equalization
source Estimate estimate

000

Increasing brain noise

Reconstructions
using scalp EEG,
averaged over
multiple trials

Equalization-based
algorithms are also
more robust in the
presence of higher
brain noise

Physical Realization

Scalp Subdermal
EEG

Electrode Location:
Below the skin,
above the skull
wemgead 2 NO craniotomy!

Arachnoid mater

Pia mater
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Microfabricated on
biocompatible substrates %
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Ultra-Res Subdermal EEG: Outcomes

* Lower impedance interface for signal acquisition

* High spatial resolution for brain signals

* Accurate localization for seizure foci

 Portable, with minimal movement artifacts
(compared to scalp EEG)

* Low risk of infection (compared to ECoG)
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