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CLINICAL PROBLEM

A 60M people suffer from epilepsy

A Over 30% of patients are medically refractory

A Seizures start in the Epileptogenic Zone (EZ), and when
can be treated with surgery or electrical stimulation

A Both treatments require accurate identification of the EZ

A Surgical success rates average 50%, even after large brs
regions are removed




LOCATING EZ NOWASIVELY

IS TOO COARSE, CAN ONLY PINPONT EZ HEMISPHERE
PET SCAN

Scalp EEG data is too
noisy to preusely locate
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LOCATING EZ INVASIVELY
IS OFTEN REQUIRED BUT PRONE TO HUMAN ERROR
MONITORING

CRANIOTOMY ELECTRODE IMPLANTATION (DAYS/WEEKS)
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CHALLENGES WITH CURRENT PRACTICE

HIGH DEGREE OF

PROCESS VARIABILITY Electrodes must be implanted in the right place

PROLONGED HOSPITA

STAY Requires days to weeks to observe many seizures

SUBJECTIVE DECISION

CRITERIA No data analytics to interpret signals

OUTCOMES HIGHLY

0
VARIABLE only 3070% success

Larger brain area removed to compensate for localization

SRR SIS, [RIER BesT uncertainty; infection risk; $200,000 per treatment
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OUR SOLUTION
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Electrode Channels

HEAT MAP

Seizure
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FRAGILITY MAP AGREES WITH CLINICIAN L.}
SUCCESSFUL OUTCOME
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FRAGILITY MAP DISAGREES WITH CLINICIAN &d
FAILED OUTCOME

i \
ﬁ] W ‘

seizure

Fragiity Metric
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FRAGILITY MAP DISAGREES WITH CLINICIAN
FAILED OUTCOME
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FRAGILITY MAP AGREES WITH CLINICIAN

SUCCESSFUL OUTCOME

® onset
early spread
late spread
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HOW DOW WE COMPUTE A HEAT MAP FROM EEG?
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Connections at one or more nodes change due to
cell death, cell proliferation, inflammation, etc.
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FRAGILE NODES CAUSE THIS IMBALANCE

A Fragility of nodei is equal to the
smallest amount of change In
connectionsto its neighbors to
cause network imbalance

A We will compute fragility of each
node from EEG recordings via an
EEG network model



EEG NETWORK MODEL

Intracranial EEG Recordings > Dynamical Systems Model

(for each 50Gmsecwindow)

EEG Electrode Implantation >
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EEG NETWORK MODEL

EEG Electrode Implantation > Intracranial EEG Recordings > Dynamical Systems Model
o (for each 50Gmsecwindow)
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EEG NETWORK MODEL

EEG Electrode Implantation > Intracranial EEG Recordings > Dynamical Systems Model
(for each 50Gmsecwindow)
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FROM EEG TO FRAGILITY MAP
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HOW DO WE COMPUTE FRAGILITY FROM A MODEL?
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Amount of change

EEG Network Model 2 Node EEG Network in connections
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COMPUTING FRAGILITY FROM EEG FOR N NODES

1. Estimate A in each 500msec
EEG window

&

[T MM
D>

2. For each A matrix, add perturbation to
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3. Optimize over an nxD vector to find ‘ FElsl
smallest norm to destabilize AP (seizure) st. o0 p) (= )OI OOAAT A
4. Repeat steps 2 and 3 for each node up to node n
5.

Move to next 50tnsecwindow and go to step 1
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Hypothesis The mostfragile nodes in the eplileptic
network correspond to the epileptogenic zone (EZ).



MULTICENTER RETROSPECTIVE STUDY

PATIENTS
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