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ABSTRACT

LOCALIZING SEIZURE ONSET WITH DIFFUSION MODELS

Andre Youki-Hashimoto Revell

Kathryn A. Davis, M.D.

Brian Litt, M.D.

Diffusion models are models that describe the spread of anything — atoms, ideas, people, seizures.

They have developed independently across fields, from economics, computer science, and physics,

to biology and medicine. They have a wide variety of applications including modeling the spread of

pathogens, information, and ideas. In this dissertation, diffusion models are applied to modeling the

spread of seizures. Our ability to predict how seizures spread — its timing, speed, extent of activity,

where seizures start and where seizures go — can help us solve a critical problem in the effective

treatment of refractory epilepsy: localization of seizure onset for its eventual resection, ablation,

or neuromodulation. This dissertation encompasses a multidisciplinary approach (from analyses of

signals and networks to newer methods in deep learning) across many brain states (from interictal,

preictal, ictal to postictal) and with multimodal data (from structure to function, MRI to EEG)

in different outcomes of epilepsy patients (from good to poor). New hypotheses about epilepsy

pathophysiology are presented in the original research section of this dissertation, a new framework

on the conceptualization of brain atlas is presented in Chapter 5, a taxonomy of seizure spread

patterns is presented in Chapter 6, the investigation of white matter EEG recordings is presented in

Chapter 7 – this dissertation contains work more than about diffusion models applied to epilepsy;

however the research and ideas presented throughout this work show promise for using diffusion

models, or other models of epilepsy, to solve a clinical problem in epilepsy and hopefully improve

our patients’ quality of life.
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PREFACE

This dissertation is broken into three parts:

1. Part I : Introduction
2. Part II : Original Research
3. Part III : Conclusions

Part I (Chapters 1 � 4) introduces epilepsy, di�usion models, and the problem this dissertation

tries to solve � localizing seizure onset with di�usion models. Chapter 1 de�nes refractory epilepsy

and the path (and problems) to seizure freedom in these patients.Chapter 2 introduces di�usion

models and outlines how these models can localize seizure onset.Chapter 3 gives an example

patient case. It solidi�es how the methods outlined in Chapter 2 can be used along side, but not

replace, the clinical pipeline from Chapter 1. Chapter 4 outlines the framework and the speci�c

aims of this dissertation, each of which are dedicated to a chapter in Part II. Chapter 4 also discusses

some of the hurdles to using di�usion models e�ectively within the context of this dissertation, as

well how they have been used e�ectively across �elds. Recognizing and addressing these hurdles is

the key to success for using di�usion models to improve patient outcomes. Some of these hurdles

are addressed within the apeci�c aims of Part II.

Part II (Chapters 5 � 8) encompasses the original, hypotheses-driven research, some of which are

published manuscripts or are currently pre-prints. Chapter 5 investigates how we de�ne discrete

regions (nodes) of the brain through the use of brain atlases can a�ect structural network topology.

xi



Chapter 6 investigates quantitative methods for measuring seizure spread.Chapter 7 investigates

electrode signals implanted in white matter tissue and how these signals can inform us of epilepsy

pathophysiology. Chapter 8 wraps up Part II to combine lessons from Chapters 5, 6, and 7. It

investigates the use of di�usion models across multiple epilepsy patients, how we can validate these

models, and how can we test the hypothesis that these di�usion models work.

Part III (Chapters 9 � 10) wraps up with conclusions. Chapter 9 places the overall dissertation in

the larger �eld of epilepsy. It discusses contemporary models and methods to localize seizure onset,

recognizing the fact that di�usion models are not the only models that can be used. A general

framework to localize seizure onset is presented, for which any model can be used.Chapter 10 is

a short, broad conclusion statement for this dissertation.

The overall research question this dissertation tires to answer is simple:can di�usion models

localize seizure onset ? The hypothesis (Chapter 8) is that di�usion model predictions of seizure

onset overlap with the surgically removed regions in good outcome patients, and they do not overlap

with the surgically removed regions in poor outcome patients.
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