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Over 20 million epilepsy patients do not respond to medication and suffer from medically refractory 
epilepsy (MRE), costing $16+ billion dollars a year in the US to treat patients. There are 2 treatments 
for MRE: surgical removal of the epileptogenic zone (EZ - region where seizures start); and electrical 
stimulation of the EZ. Successful outcomes critically depend on the clinician’s ability to accurately 
identify the EZ, which is a complex costly process involving specialized epileptologists inspecting days 
of EEG signals. Despite much data gathered from a patient, surgical outcomes are disappointing and 
vary between 30%-70% seizure control post-treatment. We developed a solution that computes a new 
EEG marker, neural fragility of brain regions, and presents results in the form of an easy-to-read 
heatmap. To create our fragility marker, we first build a personalized dynamic model of the brain 
network from iEEG data. Using this model, we then calculate which network nodes are imbalanced, 
meaning they have more excitatory or less inhibitory influence on the network and thus can trigger 
seizures. Neural fragility measures the degree to which a node is imbalanced. We hypothesized that the 
most fragile “red hot” nodes in the iEEG network constitute the EZ. We tested our hypothesis via a 
retrospective analysis of 91 patients treated across 5 epilepsy centers. Neural fragility of the treated EZ 
was used as a metric to predict surgical outcomes, where low/high fragility values suggested 
failed/successful outcomes. Neural fragility was able to predict 43/47 surgical failures with an overall 
prediction accuracy of 76%, compared to the accuracy of clinicians being 48% (successful outcomes). 
In failed surgical outcomes, we identified fragile regions that were left untreated and patients who may 
have been poor surgical candidates due to too many regions being highly fragile. 
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