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Epilepsy 

Epilepsy is an illness as old as human kind. It is one 
of the most documented pathologies in the history 
of medicine, and can be traced back to the dawn of 
the most ancient civilizations. 

    spoken hieroglyphics                           silent hieroglyphics 

wave line: n     cobra: "coming from God" 

bails of fabric: s 
    man with stick: "Danger" 

2 reed leafs: j 
In order to pronounce the word 'nsjt' add 
an 'e' between the two consonants 
("nesejet"). loaf of bread: t 

The origin of the ancient Egyptian name for epilepsy, nesejet  
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Although the medical treatments of many patients affected 
by epilepsy have improved in the last half-century, from 
the point of view of medical sciences epilepsy still remains 
an unresolved matter and still represents one of the most 
common neurological disorder affecting about 0.5 to 0.8% 
of worldwide population. 

The Greek word from which the term epilepsy comes from, 
epilambanein, (to seize upon – to attack unexpectedly) 
describes the main feature of such a neurological disorder 
well. Thus, epilepsy is a disease that causes seizures to 
occur. Often, etiologies are well-determined, such as 
stroke or head injury, but in a high percentage of cases 
they can be unknown. 

Epilepsy (cont.) 
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Famous people who had epileptic seizures at a certain stage of their 
life or who suffered of a chronic form of epilepsy for many years 

Vincent van Gogh 
Dutch painter 

G. Julius Caesar 
Roman Statesman 

Gustave Flaubert 
French Writer 

F.M. Dostoyevsky 
Russian Writer  

Saint Paul 
Apostle 

Alexander the Great 
Macedonian King 

Socrates 
Greek Philosopher 

Napoleon Bonaparte 
French Emperor  

Vladimir Ilyich Lenin 
Russian Revolutionist 

Alfred Nobel 
Swedish Chemist 

Lord Byron 
English Poet  

Cardinal Richelieu 
French Statesman 

Hermann von Helmholtz 
German Physicist 

Joan of Arc 
French Saint 

Molière 
French Playwright 

Pius IX 
 Pope 
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  Seizure: the clinical manifestation of an abnormal and 
excessive excitation and synchronization of a 
population of cortical neurons; 

  Epilepsy: a tendency toward recurrent seizures 
unprovoked by any systemic or acute neurologic 
insults; 

  Epileptogenesis: sequence of events that converts a 
normal neuronal network into a hyper-excitable 
network. 

Basic Mechanisms Underlying Seizures, 
Epilepsy & Epileptogenesis 



Enabling Grids for E-sciencE 

EGEE-III INFSO-RI-222667  G. LA ROCCA – ISGC2010, Taipei, Taiwan, 09-12 March 2010 

Basic Neurophysiology & Neurochemistry 
governing Excitability 

•  The human nervous system consists of billions of 
neurons and cells.  
–  Neurons can respond to stimuli (such as touch, sound, 

light), conduct impulses, and communicate with each other 
(and with other types of cells like muscle cells).  

–  The Action Potential is the basic mechanism which 
governs the neuronal excitability. 
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Electroencephalogram (EEG) /1 

An electroencephalogram (EEG) is a test used to 
detect abnormalities related to electrical activity 
of the brain.  

In clinical contexts, EEG refers to the recording of 
the brain's spontaneous electrical activity over a 
short period of time, usually 20–40 minutes, as 
recorded from multiple electrodes placed on the 
scalp. Through an EEG, doctors can look for 
abnormal patterns that indicate seizures and 
other problems, and diagnose coma, 
encephalopathies, and brain death.  

In neurology, the main diagnostic application of EEG 
is in the case of epilepsy, as epileptic activity can 
create clear abnormalities on a standard EEG 
study. 
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Red-colored area 
highlights the abnormal 
EEG activity peculiar of 
a seizure 

Usually, the onset of a seizure is associated to a rapid 
build up of 4 to under 8 Hz rhythmic activity of EEG. 

Electroencephalogram (EEG) /2 
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Electrode strip 

Source: Freiburg’s EEG database 

EEG is usually recorded from the scalp but it can also be obtained from electrodes 

specifically positioned within the brain (intracranial EEG recording). This procedure 

is accomplished during pre-surgical evaluation of patients refractory to 

conventional anti-epileptic drugs in order to identify the epileptogenic brain area to 
be surgically removed (focus epilepticus). 

Electroencephalogram (EEG) /3 

Intracranial EEG recordings are much less affected by spurious signals  as 

compared to conventional (scalp) EEG recordings. 
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A hot topic in the epilepsy research is the detailed mathematical 

analysis of intracranial EEG recordings aimed to detect patterns 

of electrical activity forecasting the incoming seizures with a 

sufficient anticipation.  

An efficient algorithm would greatly improve the effectiveness 

of the administration of conventional anti-epileptic drugs as 

well as the investigation of novel therapeutic strategies. 

A useful analytical tool which may help epileptologists to 

unveil significant patterns of electrical activity embedded 

in EEGs is Recurrence Quantification Analysis (RQS). 
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The RQA is a method of nonlinear data analysis which quantifies the number and 
duration of recurrences of a dynamical system presented by its state space 
trajectory. The recurrence behaviour of the state space trajectory can be visualized 
by Recurrence Plots (RP). They mostly contain single dots and lines which are 
parallel to the mean diagonal (line of identity) or which are vertical/horizontal. 

(A) Segment of the phase space trajectory of the Lorenz system (for standard parameters r=28, σ=10, b=8/3) by using its three 
components and (B) its corresponding recurrence plot. A point of the trajectory at j which falls into the neighborhood (gray circle in (A)) 
of a given point at i is considered as a recurrence point (black point on the trajectory in (A)). This is marked with a black point in the 
RP at the location (i, j). A point outside the neighborhood (small circle in (A)) causes a white point in the RP.  

Lorenz attractor 
   Recurrence plot 

RQA in a nutshell 

Sources:  www.recurrence-plot.tk; N. Marwan: Encounters With Neighbours - Current Developments Of Concepts Based On Recurrence 
Plots And Their Applications, Ph.D. Thesis, University of Potsdam, ISBN 3-00-012347-4; http://en.wikipedia.org/wiki/
Recurrence_quantification_analysis 
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 The RQA was developed by 

Charles Webber and Joseph Zbilut  

(J. Appl. Physiol. 76: 965-973, 

1994) in order to quantify 

differently appearing recurrence 

plots based on the small-scale 

structures therein.  

 The main advantage of RQA is 

that it can provide useful 

information even for short and 

non-stationary data, where other 

methods fail. 

Measure  

Recurrence rate RR  

Determinism DET  

Laminarity LAM  

Ratio RATIO  

Averaged diagonal line length L  

Trapping time TT  

Longest diagonal line Lmax  

Longest vertical line Vmax  

Divergence DIV  

Entropy ENTR  

Trend TREND  

Sources:  www.recurrence-plot.t; N. Marwan: Encounters With Neighbors - Current Developments Of Concepts Based On Recurrence Plots And Their 
Applications, Ph.D. Thesis, University of Potsdam, ISBN 3-00-012347-4; http://en.wikipedia.org/wiki/Recurrence_quantification_analysis 

RQA in a nutshell /2 
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The application of RQA to time series is accomplished by three main 
steps: 

•  preliminary determination of fundamental parameters necessary to 

measure the variables which depict the nonlinear features of the time 
series under investigation (Recurrence Quantification Scaling); 

•  measurement of variables (Recurrence Quantification Hold); 

•  statistical validation of measured variables (Surrogate Data). 

The original RQA software package made by Charles Webber is freely 

available for Windows operating system in this URL 

Nevertheless, all the above mentioned steps are markedly CPU-time 

consuming. This is a significant constraint for the epileptologists since 

EEG recordings usually span over a time scale of hours/days. Removal 

of this constraint is the preliminary condition for an efficient 

investigation aimed to seizure prediction by EEG analysis. 

RQA in a nutshell /3 
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Thanks to Charles Webber who kindly provided the source 

codes, RQA applications were ported to Linux operating system. 

This allowed the extensive usage of the Grid Infrastructure. 

The ongoing research is focused on performing RQA of EEGs 

recorded from four epileptic patients who underwent pre-

surgical evaluation for the resection of epileptic foci, being all 

these patients refractory to any conventional anti-epileptic drug 

treatments.  

EEGs were segmented in epochs of proper length (2248 epochs, 

2560 points each), each one analysable independently from the 

others by the submission of parametric jobs to a Grid 

computing infrastructure.  

RQA and Grid Computing /1 
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RQA and Grid Computing /2 

 High-Throughput-Computing, implemented by Grid technology, 

represents the best solution to efficiently improve the investigation of 

dynamical patterns embedded in EEGs from epileptic sufferers. For 

instance, the ability of Grid to run Parametric jobs allows the researcher 

to adopt a sliding-window technique over long duration recordings 

without a priori exclusion of EEG epochs due to CPU-time limitation. 
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The GENIUS Grid portal 

 In order to foster the uptake of the grid paradigm by non-expert 

users, the GENIUS Grid portal has been adopted as official Web 

Server interface to allow epileptologists to conduct RQA in Grid 

Infrastructures. 

•  GENIUS Grid portal is built on top of the EnginFrame Java 
framework; 
•  EnginFrame license is free for educational; 
•  It’s a gateway to European EGEE Project middleware; 
•  It allows to expose gLite-enabled applications via web 
browser as well as Web Services. 

www.enginframe.com 

www.nice-italy.com 
www.infn.it 
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RQA and the GENIUS Grid Portal  

Results 
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Preliminary results /1 
RQA is sensitive to different patterns of dynamical states of EEGs. The observation 

of temporal profile of RQA variables revealed interesting conformational changes of 

phase space which may disclose a strategy for seizure prediction. The validity of 

these preliminary findings is still under investigation by a massive usage of the Grid. 

Embedding dimension 10; Time delay 20; RR  fixed to 5%; Radius  variable (5% RR) 

RQA variables calculated 10-second 
epochs after the convulsion 

RQA variables calculated 10-second 
epochs during the convulsion 
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•  The validation of RQA variables is made by the method of 
surrogate data 
–  We randomly shuffled each original epoch 100 times, and 

we constructed 100 surrogated epochs 
–  For each surrogated epoch we calculated the 4 RQA 

variables and for each 100 surrogated epochs the Standard 
Deviation. 

–  We introduced the Dynamic Index to track seizures 

The temporal profile of DI clearly 
identifies two distinct seizures 

DI results to be particularly 
useful in tracking seizures, even 
if it is still under investigation 

Preliminary results /2 



Enabling Grids for E-sciencE 

EGEE-III INFSO-RI-222667  G. LA ROCCA – ISGC2010, Taipei, Taiwan, 09-12 March 2010 

Links and References 

•  Thomasson, N., Hoeppner, T. J., Webber, C. L., Jr. and Zbilut, 
J. P. (2001). Recurrence quantification in epilectic EEG's. 
Phys. Lett. A 279: 94-101 

•  Webber, C. L., Jr., Zbilut, J. P. (2005). Recurrence 
quantification analysis of nonlinear dynamical systems. In: 
Tutorials in contemporary nonlinear methods for the 
behavioural sciences, (Chapter 2, pp. 26-94), M. A. Riley, G. 
Van Orden, eds 

ARCEM: www.arcem.it   
INFN: www.infn.it   
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