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What are seizures?

• Video clip



Epilepsy Background

  Epilepsy is the most prevalent 
  serious neurological disease 
  which occurs across all age 
  groups and genders.

 Hauser WA, Annegers J F, Rocca WA.  Descriptive epidemiology of epilepsy:  
contributions of population-based studies from Rochester, Minnesota.  Mayo Clin 
Proc  1996; 71:576-586



Epilepsy Numbers

• 1 to 2% in industrialized countries have epilepsy
• 2.7 million in the U. S. have epilepsy.
• 5 to 10% in non-industrialized countries have 

epilepsy
• 60 million worldwide have epilepsy

Hauser WA, Annegers J F, Rocca WA.  Descriptive epidemiology of epilepsy: 
contributions of population-based studies from Rochester, Minnesota.  Mayo Clin Proc  
1996; 71:576-586



Epilepsy Incidence

 Cumulative incidence
• 1.4% by age 32
• 3.3% by age 80

Hauser WA, Hersdoffer DC.  Epilepsy:  Frequency, 
Causes and Consequences.  Demos NY, 1990



Epilepsy  -  The People

Those directly and indirectly affected by epilepsy 

•  live in relative isolation
•  have low self-esteem 
•  have low expectations

Mendez MF, CummingsJL, Denson DF.  Depression in epilepsy:  Significance and 
phenomenology, Arch Neurol  1986; 43:766-770

Olsson I, Chaplin J, Ekstedt J.  Extensive rehabilitation needed for epilepsy.  Different 
models for varying needs.  Lakartidningen  1997; 94:2572-2575



Epilepsy Mortality

Up to 42,000 Americans die each year 
as a direct consequence of seizures.

 DeLorenzo RJ, Pellock JM, Towne AR, Boggs JG.  Epidemiology of Status 
Epilepticus.  J Clin Neurophysiology  1995  12:316-325



Epilepsy Costs

Direct and Indirect Costs total $12.5 billion 
annually in the United States

Epilepsy Foundation of America; 1999



Seizures / side effects

The Roper Organization, Inc.  Living with Epilepsy: Report of a Roper Poll of Patients on Quality of Life, 1992



LTAD 1-6
(1-6)

LTMD 1-6
(17-22)

LTPD 1-6
(33-38)

RTAD 1-6
(41-46)

RTMD 1-6
(25-30)

RTAD 1-6
(9-14)

RFD 1-8
(57-64)

LFD 1-8
(49-56)

Depth Needle Electrodes Contact Numbering:           N …                                 3            2            1

                 Key: L=Left
 R=Right
 A=Anterior
 M=Mesial
 P=Posterior
 D=Depth
 T=Temporal
 F=Frontal

Focus



Quantifying Seizure Spread

secondary gen.

aura begins



Seizure Map



Elements of Detection Algorithm

• Decomposition   (via time-frequency-energy analysis)

• Median filtering
• Normalization by background to produce a ratio
• Threshold and duration constraints
• Adaptation / Optimization







25 hours of continuous seizure monitoring



Automated “Closed-Loop” Therapy
               Brain Signals Showing a Seizure (Without Stimulation)



Automated “Closed-Loop” Therapy
               Brain Signals Showing a Seizure Aborted by Stimulation

Stim



•Intermittent seismic signal and acceleration spectrum

•Gutenberg-Richter law:
   
•Omori  law (direct and inverse)

•PDF of inter-event times: quasi-universal, power law regimes

•Paradox of the mean waiting time till the next event

•Productivity law

•PDF of fault lengths

•Fractal/multifractal structure of fault networks   ζ(q), f(α)

•PDF of seismic stress sources

Statistical laws of seismicity







Seismic Analysis



3 min of brain waves14 hr of seismic waves





Gutenberg-Richter



Omori and Reverse-Omori



(Alvaro Corral)

Distribution of inter-event waiting times



(df=1.8).

           Distribution of inter-event waiting times



Distribution of inter-event waiting times



Expected Time to Next Seizure
Conditioned on Time Since Last Seizure

(Sornette and Knopoff, 1997) 





SYNCHRONISATION AND COLLECTIVE EFFECTS
IN EXTENDED STOCHASTIC SYSTEMS

Fireflies



SCEC Community Fault Model
Ouillon, Castaing, Sornette (JGR 1996)



Spatial and temporal organization of  
seismicity in Californie

Example for the Landers

 aftershock sequence 

(1992, M=7.3, California)

Temporal decay of the rate  N(t) of aftershocks 

after a mainshock at t=0 

N(t) = K/(t+c)p    
p is in the range [0.3, 2], often close to 1

[Omori, 1894; Utsu, 1960]



Monofractal view:
λ(m,L,T) = a 10-bm Ld T-p

Multifractal view (“metric”):
λi(m,L,T) = ai 10-bim Ldi T-pi

(Bak et al, PRL 2002; Corral, 2003; Baiesi and Paczuski, 2004)

(Lee Skinner)

Van Gogh
View of 
turbulence

Multifractal
view of
fragmentation

exponents are inter-related



Thin Plate Model

– 2D plate of tiles
– Boundaries of tiles are fault segments
– Plate Boundary conditions: 

• periodic in x
• constant anti-plane strain at top
• free boundary at bottom

Cowie et al (1993, 1995); Miltenberger et al (1995); 
Sornette et al (1994); Sornette et al. (1996):

Stress equilibrium
Elastic constant g

• Rupture criterion: Heterogeneous stress thresholds



Localisation

Miltenberger et al. (1993)

No pre-existing weak zones or material property changes (weakening)

Faults as optimal structures



“Phase diagram” for the model in the space (heterogeneity, stress drop).
Crosses (+) correspond to systems which exhibit a periodic time evolution.
Stars * corresponds to systems that are self-organized critical, with a
Gutenberg-Richter earthquake size distribution and fault localization whose
geometry is well-described by the geometry of random directed polymers.

Stress drop (coupling strength)

Heterogeneity
Rupture thresholds
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