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Greeting Address

Welcome to the
3rd International Workshop on
Seizure Prediction in Epilepsy!

It is a great honour for us to host this Workshop in Freiburg. Following the first and
second Workshop of this kind in Bonn in 2002 and Bethesda in 2006, we are pleased to
welcome you to the 3rd International Workshop on Epileptic Seizure Prediction in the
heart of the Black Forest. The Workshop takes place in the year of the 550th anniversary
celebrations of the Albert-Ludwigs-University Freiburg.

Seizure prediction has had its ups and downs over the last years. While public percep-
tion of this field has grown and awareness has increased of the usefulness of a clinical
system based on seizure prediction for warning and for new intervention strategies,
rigorous statistical evaluations demonstrated that the performance of present-day
available prediction methods has to be improved considerably to warrant a clinical
applicability.

There is therefore reason to reflect on our understanding of the mechanisms under-
lying interictal-ictal transitions and to analyse the factors limiting the present-day
performance of algorithms. The hope is that a better understanding of mechanisms
contributing to the variability of cerebral dynamics will offer new chances to improve
prediction methods.

"o’ e° p ﬁhﬁ 0
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2 . Albert-Ludwigs-
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freiburg . .. 1457 -2007

Greeting Address

Parallel to this, new intervention devices are being developed which could greatly
profit from the effectiveness of closed-loop systems based on seizure prediction. The
analysis of intervention techniques resetting the dynamics of the preictal and early ic-
tal period may also offer opportunities to better understand preictal and ictal dynam-
ics, thereby giving impetus to the development of new prediction approaches.

The wide scope of contributions presented at this Workshop reflects the ongoing state
of discussion. We would like to express our deepest gratitude for your overwhelming
interest in the Workshop. More than 120 participants have registered for the Work-
shop and we received more than 50 contributions for poster presentations. We greatly
appreciate the fact that leading scientists from various fields including electrophysi-
ology, computational neuroscience, mathematics, statistics, time series analysis, en-
gineering, physics as well as companies and clinical experts have agreed to come to
Freiburg and contribute to this meeting. We particularly welcome the significant num-
ber of young investigators participating at the Freiburg workshop. The great interest
of participants from all over the world and the high number of original contributions
presented as posters instils confidence in us that seizure prediction is a promising field
for the years to come.

We wish all participants stimulating sessions, and we hope that everybody will enjoy
their stay in Freiburg.

Andreas Schulze-Bonhage, Jens Timmer, Bjorn Schelter
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The following investigators were nominated for travel and accomodation support by We express our gratefulness for supporting the workshop to:

the National Institutes of Health, USA:

*  Anna Korzeniewska (Johns Hopkins University, Baltimore, USA)

Deutsche
Forschungsgemeinschaft

Deutsche Forschungsgemeinschaft
(German Research Foundation)

e Sandeep Nair (Allegheny-Singer Research Institute, DFG
Pittsburgh, USA)

e Jonathan Mason (Pennsylvania State University, USA) %PL 'NS'))

e William Stacey (University of Pennsylvania, Philadelphia, USA) ®) )\C

o Dominique Duncan (Yale University, USA) ’E C‘ S) H National Institutes of Health

e Justin Sanchez (University of Florida, USA) z (%)

o Marom Bikson (The City College of New York, USA) OA\ ,Q?‘

e Catherine Schevon (Columbia University, USA) HER
The following invited speakers are funded for travel and accomodation by the National
Institutes of Health, USA:

Deutsche Gesellschaft fiir Epileptologie

e Anatol Bragin (UCLA, Los Angeles, USA)

o Steven Rothman (University of Minnesota, USA)

e Roger Traub (SUNY Downstate Medical Center, New York, USA)
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e .. o°

We like to thank Hitten Zaveri and Ivan Osorio for all their effort in applying for the ,.020. b Bernstein Center for Computational Neuroscience Freiburg
NIH grant. Moreover, we like to thank the following people for contributing to the grant * %&g

application:

Brian Litt, Bruce Gluckman, Chris Sackellares, David Rudrauf, Kaspar Schindler,
Fabrice Wendling, Fernando Lopes da Silva, Florian Mormann, Gregory Bergey, Grego-

ry Worrel, Javier Echauz, Jean Gotman, Klaus Lehnertz, Leonidas lasemidis, Mark Frei, epilepScio
Markus Muller, Pawel Kudela, Piotr Franaszczuk, Ralph Andrzejak, Roger Traub, Steven
Rothman, Steven Schiff, Stiliyan Kalitzin, Yitzhak Schiller.

Pfizer

Funding for this conference was made possible in part by Grant Number R13NS060623

from the National Institute Of Neurological Disorders And Stroke (NINDS) and Na- Neuroyista NeuroVista Corporation
tional Institute Of Biomedical Imaging And Bioengineering (NIBIB) to the USA based

organization committee. The views expressed in written conference materials or publi- ] .

cations and by speakers and moderators do not necessarily represent the official views L}'IIEI‘IJ'I'I s Cyberonics, Inc.

of the NINDS, NIBIB or NIH and do not necessarily reflect the official policies of the
Department of Health and Human Services; nor does mention by trade names, com-
mercial practices, or organizations imply endorsement by the U.S. Government.
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REGISTRATION - HAUS “ZUR LIEBEN HAND”

01:30 p.m. -
03:30 p.m.

SESSION 1: SEIZURE PREDICTION [ -

ASSESSMENT AND STATISTICS

organized by:

Florian Mormann (California Institute of Technology, USA) and
Claudia Hemmelmann (University of Jena, Germany)

Designing a Prediction Algorithm: Definitions and Caveats
Hitten Zaveri (Yale University, USA)

Testing a Prediction Algorithm: Assessment of Performance
Kevin Kelly (Allegheny-Singer Research Institute, Pittsburgh, USA)

Testing a Prediction Algorithm: Stastistical Validation
Ralph Andrzejak (Universitat Pompeu Fabra, Barcelona, Spain)

Seizure Prediction in Epilepsy:

Does a Combination of Methods Help?
Hinnerk Feldwisch genannt Drentrup
(University of Freiburg, Germany)

03:30 p.m. -
04:00 p.m.

COFFEE BREAK

09:00a.m.  conference venue address: Lowenstr. 16
(cf. the map on the back side of this booklet).
ORIENTATION AND INTRODUCTORY REMARKS
}8}12 am. - welcome and Introductory Remarks
WA Andreas Schulze-Bonhage (University Hospital Freiburg, Germany) and
Jens Timmer (University of Freiburg, Germany)
THE IMPORTANCE OF SEIZURE PREDICTION -
10:45a.m. - A prriENTs VIEW
11:00 a.m.
Natascha Dunlker
KEYNOTE LECTURE
11:00 a.m.
12:00 p.m.  Principles of Interictal-Ictal Transitions and Precursors of Seizures
Fernando Lopes da Silva (University of Amsterdam, The Netherlands)
12:00 p.m.

01:30 p.m.

LuNCH (ON YOUR OWN)

12

04:00 p.m. -
06:00 p.m.

SESSION 2: FROM SINGLE CELLS TO COMPLEX NETWORKS I —
THEORETICAL APPROACHES, MODELING SINGLE CELLS AND
SMALL NETWORKS

organized by:

Piotr J. Franaszczuk (Johns Hopkins University, Baltimore, USA) and
Fernando Lopes da Silva (University of Amsterdam, The Netherlands)

Gap Junctions, Fast Oscillations, and the Initiation of Seizures
Roger Traub (SUNY Downstate Medical Center, New York, USA)

Interictal to Ictal Transition in Temporal Lobe Epilepsy:
Insights from Mean Field Models

Fabrice Wendling (University of Rennes, France)

Network Models of Epileptiform Activity:
Modification via Cortical Stimulation?

Pawel Kudela (Johns Hopkins University, Baltimore, USA)

Stochastic Resonance in Neuron Models
Marie-Therese Horstmann (University of Bonn, Germany)

06:15 p.m.

GET TOGETHER

It will take place in the “Peterhofkeller” which is located in the vicinity
of the conference venue (cf. the map on the back side of this booklet).

13
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12:30 p.m. -
02:00 p.m.

LuNcH (ON YOUR OWN)

08:30 a.m. —
10:30 p.m.

SESSION 3: FRoM SINGLE CELLS TO COMPLEX NETWORKS 11
— EXPERIMENTAL APPROACHES, SINGLE CELLS AND

SMALL NETWORKS IN SLICES

organized by:

Steven J. Schiff (Pennsylvania State University, USA) and

Demetrios Velis (Epilepsy Institute of The Netherlands,
Heemstede, The Netherlands)

Intrinsic Cortical Mechanisms which Oppose Epileptiform Activity:

Implications for Seizure Prediction
Andrew Trevelyan (Newcastle upon Tyne, UK)

Evaluation and Modulation of Neuronal Excitability in Local
Epileptic Circuits
Wytse Wadman (University of Amsterdam, The Netherlands)

Cortical Network Activity and its Influence on Synaptic
Communication

Yousheng Shu (Chinese Academy of Sciences, Shanghai, China)

From Neural Dynamics to Macroscopic Pattern Formation during
Ictogenesis
Michal Zochowski (University of Michigan, Ann Arbor, USA)

02:00 p.m. —
03:00 p.m.

INTERNATIONAL EEG-DATABASE PROJECT

organized by:

Brian Litt (University of Pennsylvania, Philadelphia, USA) and
Andreas Schulze-Bonhage (University Hospital Freiburg, Germany)

Standards for EEG-Data for Evaluation
of Seizure Prediction Algorithms
Brian Litt (University of Pennsylvania, Philadelphia, USA)

Integration of Clinical Data in a Seizure Database —
The Freiburg Experience

Carolin Gierschner (University Hospital Freiburg, Germany)

Sharing Mass Storage in Global Collaborations
Volker-Henning Winterer (University of Freiburg, Germany)

The International EEG Database Project — Interim Report
Brian Litt (University of Pennsylvania, Philadelphia, USA)

03:00 p.m. —
03:45 p.m.

THE UNPREDICTABLE CONCERT I:

Music Performed by Participants of the Meeting — World Premiere
B. Litt, S. Schiff, M. Gotman, A. Schulze-Bonhage, E Mormann,
J. Echauz

10:30 a.m. —
11:00 a.m.

COFFEE BREAK

03:45 p.m. —
04:00 p.m.

THE UNPREDICTABLE CONCERT II:

The EEG as Music
Gerold Baier, Thomas Hermann and Ulrich Stephani

11:00 a.m. —
12:30 p.m.

SESSION 4. SEIZURE DETECTION — STATE OF THE ART AND
APPLICABILITY FOR ALARM AND INTERVENTION SYSTEMS
organized by:

Jean Gotman (Montreal Neurological Institute, Canada) and

Mark Frei (Flint Hills Scientific, Lawrence, Kansas, USA)

Seizure Detection, Past and Present
Jean Gotman (Montreal Neurological Institute, Canada)

Computing Constraints of an Implanted Device
Compared to a Traditional Computer

Jon Werder (Medtronic, Minneapolis, USA)

Seizure Detection Algorithms Adapted to an Implanted Device
Javier Echauz (BioQuantix, Atlanta, USA)

04:00 p.m. —
open end

LEISURE ACTIVITIES

The meeting point is the conference venue, Haus “Zur Lieben Hand”.
First we will visit a local “Sektkellerei” in the city Breisach, where spar-
kling wine is produced. A bus transfer for all participants is organized.
Afterwards, the conference dinner will be served at the “Schlossberg-
restaurant Dattler”. If you want to go there directly, the address is Am
Schlossberg 1. We will be glad to provide you with more information at
the registration desk.

14
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09:00 a.m. -
10:30 a.m.

SESSION 5: INTERICTAL / ICTAL TRANSITIONS —
ANIMAL MODELS AND HUMAN RECORDINGS
organized by:

Bruce Gluckman (Pennsylvania State University, USA) and
John Jefferys (University of Birmingham, UK)

Interictal/Ictal Transition in Human Mesial Temporal Lobe Epilepsy
and a Rat Model of this Condition

Anatol Bragin (UCLA, Los Angeles, USA)

Prediction of Preictal State or Seizures?

Steven L. Weinstein (George Washington University,
Washington DC, USA)

Dynamics of a Chronic Limbic Epilepsy Model
Paul Carney (University of Florida, USA)

02:00 p.m.
02:30 p.m.

TECHNICAL IMPLEMENTATION OF CLOSED-LooOP
INTERVENTION SYSTEMS

Contributions from industrial companies involved in detection- or
prediction-based intervention systems

Does Seizure Prediction Require Discretely Localized Onset?
A Comparison of Mesial Temporal Seizures and
Neocortical Seizures with Regional Onset

NeuroVista Corporation (Seattle, USA)

10:30 a.m. -
11:00 a.m.

COFFEE BREAK

11:00 a.m. -
12:30 p.m.

SESSION 6: SEIZURE CONTROL I

organized by:
Gregory Worrell (Mayo Clinic, Rochester, USA) and
Ivan Osorio (University of Kansas, USA)

Light Up and Chill: Potential Nondestructive Techniques for
Terminating Focal Seizures

Steven Rothman (University of Minnesota, USA)

Cellular Mechanisms Underlying Antiepileptic Effects of Cortical
Electrical Stimulation in Acute Models of Epilepsy in-Vitro

and in-Vivo

Yitzhak Schiller (Rambam Medical Center, Haifa, Israel)

Controlling the Unpredictable

Stiliyan Kalitzin (Epilepsy Institute of The Netherlands,
Heemstede, The Netherlands)

02:30 p.m.
04:30 p.m.

SESSION 7: SEIZURE PREDICTION II -
RECENT DEVELOPMENTS

organized by:
Klaus Lehnertz (University of Bonn, Germany) and

Michel Le Van Quyen (Centre National de la Recherche Scientifique,
Paris, France)

Multivariate Approaches Based on Random Matrix Theory
Markus Miiller (Autonomous University of Morelos,
Cuernavaca, Mexico)

Multivariate Synchronization Approaches
Stephan Bialonski (University of Bonn, Germany)

Small-World Dynamics and Human Epilepsy
Kaspar Schindler (University of Bern, Switzerland)

Frequency Flows and the Time-Frequency Dynamics of
Multivariate Phase Synchronization in Brain Signals
Frederique Amor (Centre National de la Recherche Scientifique,
Paris, France)

04:30 p.m.
05:00 p.m.

COFFEE BREAK

05:00 p.m.
06:00 p.m.

SESSION 8: THE SE1ZURE PREDICTION COMPETITION

organized by:
Jean Gotman (Montreal Neurological Institute, Montreal, Canada) and
Bjérn Schelter (University of Freiburg, Germany)

12:30 p.m. -
02:00 p.m.

LuNCH (ON YOUR OWN)

06:00 p.m.
07:30 p.m.

Dinner (on your own) & Mounting of posters

16

07:30 p.m.
10:30 p.m.

POSTER SESSION

Short presentations of the best posters

Poster awards

17



Scientific Programme Scientific Programme

O o

Tuesd ay, October 2 , 2007 INVITATION TO THE NEXT SEIZURE PREDICTION MEETING
03:00 p.m. -
03:15 g.m. Ivan Osorio (University of Kansas, USA)

Hitten Zaveri (Yale University, USA)

03:15 p.m. -
04:00 p.m.

04:00 p.m. ADJOURNMENT

CONCLUSION

SESSION 9: SEIZURE CONTROL I

organized by:
Gregory Bergey (Johns Hopkins University, Baltimore, USA) and
Richard Wennberg (University of Toronto, Canada)

09:00 a.m. - Vagus Nerve Stimulation and Hippocampal Deep Brain Stimulation
10:30 p.m.  Paul Boon (Reference Centre for Refractory Epilepsy, Gent, Belgium)

Thalamic Deep Brain Stimulation
Richard Wennberg (University of Toronto, Canada)

Responsive Brain Stimulation
Gregory Bergey (Johns Hopkins University, Baltimore, USA)

10:30 a.m. -

11:00 a.m. COFFEE BREAK

SESSION 10: THOUGHTS ABOUT SEIZURE PREDICTION
AND ITS FUTURE

organized by:
Brian Litt (University of Pennsylvania, Philadelphia, USA) and
Andreas Schulze-Bonhage (University of Freiburg, Germany)

... from a physicist’s perspective

Florian Mormann (California Institute of Technology, USA)
11:00 a.m. -

12:30 p.m. ... from the perspective of a clinical neurophysiologist
Demetrios Velis (Epilepsy Institute of The Netherlands,
Heemstede, The Netherlands)

... from a physician’s perpective
Christian Elger (University of Bonn, Germany)
... from an external view

Leonard A. Smith (London School of Economics &
Political Science, UK)

12:30 p.m. -
02:00 p.m.

02:00 p.m. -
03:00 p.m.

LuNcH (ON YOUR OWN)

DiscussioN

18 19
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Public Transport in Freiburg

Freiburg has an excellent public transport network consisting of four tram lines and
several bus lines. A single-ride ticket through the whole city amounts to 2 EUR, a ticket
for 24 hours to 5 EUR (8 EUR for five persons, “REGIO24 Preisstufe 1”). For a trip, e.g. to
Breisach or to the Black Forest, we recommend using a “REGIO24 Preisstufe 3” ticket,
which is valid for 24 hours. It amounts to 10 EUR for one person (16 EUR for five per-
sons). All tickets for public transport can be purchased directly on the tram or bus. A
detailed public transport map can be found in the tourist leaflet which is available at
the registration desk. Public transport closes at about 0:30 midnight. Taxis are available
24 hours per day. A taxi ride in the city area is 5 to 15 EUR, a taxi can be ordered at the
number +49 - (0)761 - 555 555.

Freiburg Minster

The Freiburg Miinster, built in three stages from 1120 to 1515, is the cathedral of
Freiburg. It is located on the site of an older parish church. The church became seat of
the Bishop of Freiburg and was officially recognised as a cathedral in 1827. On Saturday
29th there will be an organ recital in the Miinster Freiburg from 11:30 a.m. to 11:55 a.m.
(free entrance). Catholic church service will be held on sunday 10:00 a.m. accompa-
nied by the girl‘s choir. Another service will be in St. Peter (Black Forest) for the 200th
anniversary of the local church choir on Sunday at 10 a.m.

In Case of Emergencies

In case of an emergency please use the nation-wide numbers for police 110 or ambu-
lance 112. In case of minor problems of all kinds please contact the registration desk
or call the conference-intern service number (24h per day) +49 176 282 124 51.

20
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Abstracts for Poster Presentation

1.Seizure Prediction
and Closed-Loop
Intervention

1.1) SEIZURE PREDICTION: MEASURING
GENERALIZED SYNCHRONIZATION AND
DIRECTIONALITY WITH
CELLULAR NONLINEAR NETWORKS

Dieter Krug (1,2), Hannes
Osterhage (1,2), Christian E. Elger
(1), Klaus Lehnertz (1,2,3)

(1) Dept. of Epileptology, Univ. Bonn;
(2) Helmholtz-Institute for Radiation
and Nuclear Physics, Univ. Bonn;
(3) Interdisciplinary Center for
Complex Systems, Univ. Bonn

Anticipation of epileptic seizures is,
among others, the most challenging as-
pect in epileptology. Recent findings in-
dicate that particularly synchronization
measures show a promising performance
that exceeds chance level if tested by sta-
tistical validation. Estimators for general-
ized synchronization offer the possibility
for detecting driver-responder relation-
ships and are thus highly attractive to
identify interacting brain structures in-
volved in ictogenesis. Despite the concep-
tual simplicity of nonlinear interdepen-
dency measures, real-time applications
are currently limited by calculations for
the large number of electrode combina-
tions. Promising systems for measuring
generalized synchronization while mini-
mizing space and energy consumption

are cellular nonlinear networks (CNN) as
they offer a massive computing power, are
capable of universal computation, and are
already available as analogue integrated
circuits. Studying coupled model system
(structurally identical and non-identical)
we show the ability of our software CNN
to approximate both symmetrical and
asymmetrical interdependency measures
with a sufficient accuracy (~ 90 %; out-of-
sample validation). A subsequent analysis
of multi-day, multi-channel intracranial
EEG recordings from up to now two pa-
tients undergoing presurgical evaluation
shows that a long-lasting pre-ictal state
(duration: ~ 4 hours) can be detected us-
ing our CNN-based approach to measure
generalized synchronization. At present,
the computation times for a CNN-based
estimation and a numerical calculation of
interdependency measures are compara-
ble. Hardware implementations will pro-
vide a speed-up of orders of magnitudes
making complex real-time applications
possible. This work was supported by the
Deutsche Forschungsgemeinschaft.

1.2) INTERACTIONS IN STOCHASTIC
DyNAMICAL SYSTEMS: POSSIBLE AP-
PLICATIONS TO SEIZURE PREDICTION

Jens Prusseit (1,2), Klaus Lehnertz (1,2,3)

(1) Department of Epileptology, Univer-
sity of Bonn; (2) Helmholtz-Institute for
Radiation and Nuclear Physics, Univer-
sity of Bonn; (3) Interdisciplinary Center
for Complex Systems, University of Bonn

We propose a data-driven approach to
measure coupling between stochastic
processes. Extending a method proposed
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by Siegert et al. (Phys. Lett. A 243, 275,
1998) we estimate deterministic and sto-
chastic parts of the dynamics and define
measures that both detect the direction
and quantify the strength of the coupling.
We numerically test the method using
time series from coupled stochastic mod-
el systems. Applying our method to intra-
cranially recorded EEG time series from
patients suffering from focal epilepsies,
we observe interdependencies between
EEG signals from different contacts that
allow one to identify the epileptic focus
even during the interictal state. We dis-
cuss possible applications for the detec-
tion of pre-seizure states.

1.3) A CLUSTER COMPUTING SYSTEM FOR
RapriDLY EVALUATING
SEIZURE PREDICTION ALGORITHMS

Kent Leyde, Mike Bland, Khaled Boulos,
Gregory Dunn, David Himes,
Frederick Hood, Ryan Seghers,
David Snyder, Jim Stearns

NeuroVista Corporation

Introduction: Seizure prediction algo-
rithms are often computationally com-
plex and require the use of large multi-pa-
tient intracranial EEG data sets. Measures
employed to avoid in-sample testing ne-
cessitate partitioning data and separat-
ing training and testing computations.
Rigorous methods are required to charac-
terize algorithm performance. The com-
putational burden of these tasks is a bar-
rier to developing and evaluating seizure
prediction algorithms. Methods: A cluster
computing system was designed specifi-
cally for seizure prediction research. Stor-
age requirements were derived from the
desire to study a meaningful population
of 50 to 100 patients, with a typical record
length of 100 to 200 gigabytes per subject.
Computational requirements were de-
rived from the need to execute and assess
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the results from hundreds of candidate
algorithms, comprising signal process-
ing, feature extraction, classification,
cross-validation, and performance met-
ric calculation tasks. The resulting system
includes 120 computing nodes compris-
ing 675 gigaflops of processing power and
40 terabytes of on-line storage. Custom
software supports automated prepara-
tion and management of large quantities
of clinical data, rapid implementation
and execution of algorithms, rigorous
performance analysis, and management
of cluster hardware. Results: Over an 18
month period, the cluster computing sys-
tem was used to analyze approximately
500 candidate algorithms and variants,
involving the processing of approximate-
ly 5 million patient-hours from a data set
of 76 patients. Conclusions: Rapid, rigor-
ous, evaluation of candidate seizure pre-
diction algorithms using large data sets
and cross-validation methods is beyond
the capability of presently available indi-
vidual personal computers, but may be
accomplished using cluster computing
techniques.

1.4) DEVELOPING SEIZURE PREDICTION
ALGORITHMS BASED UPON
EMU RECORDINGS:
DATA CHALLENGES AND SOLUTIONS

David Himes, Mike Bland,
Khaled Boulos, Kent Leyde

NeuroVista Corporation

Introduction: Assembling a database for
developing and evaluating seizure predic-
tion algorithms requires data from multi-
ple centers to be converted to a common
format and validated. Differences in data
collection practices and equipment must
be addressed. Methods: In the process
of collecting and pre-processing patient
data, inconsistencies were identified,
catalogued, and corrected using a flexible
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pre-processingsystem. Results: Issues that
required correction were: Lead changes
within subject - due to headbox limita-
tions, investigators sometimes exchanged
leads for a given channel within the same
recording session. Dropped samples
— some EEG manufacturers allow system
pausing or account for time drift by as-
signing clock times to sample times, creat-
ing discontinuities within the binary data.
Labeling inconsistencies - physicians
and technicians frequently used different
channel names within subjects, compli-
cating electrode identification. Non-in-
teger sampling frequencies — some EEG
systems account for clock/sample drift
by assigning fractional sampling frequen-
cies, making resampling difficult. Time
zone inconsistencies — it is not uncom-
mon for data within differing portions of
a manufacturer’s file set (EEG, video, an-
notations, patient demographics) to em-
ploy differing time standards, potentially
causing desynchronization. Anonymiza-
tion — patient information is embedded
across many data file types, complicating
deidentification efforts. Calibration fac-
tor changes within session - investiga-
tors infrequently alter their headbox gain
within sessions, requiring recalibration of
binary data to provide a uniform ampli-
tude scale. Conclusions: Significant data
pre-conditioning is required to facili-
tate use in algorithm development. The
aforementioned system supports mass
processing, while allowing a dynamically
growing library of corrective measures to
be applied to subject files.

1.5) DOES SEIZURE PREDICTION REQUIRE
DiSCRETELY LOCALIZED ONSET?
A COMPARISON OF MESIAL TEMPORAL AND
REGIONAL ONSET NEOCORTICAL SEIZURES

David E. Snyder (1), Frederick R. Hood (1),
Jaideep Mavoori (1), Brian Litt (2)

(1) NeuroVista Corporation;
(2) University of Pennsylvania

Introduction: Seizure prediction stud-
ies have focused primarily on patients
with well-localized seizures, and elec-
trodes proximate to the ictal onset zone.
Whether seizure prediction is more chal-
lenging for patients with extra-temporal
and/or regional seizure onset remains
unexplored. Methods: Continuous sub-
dural EEG recordings of 76 EMU patients
were analyzed with a seizure prediction
algorithm. The dataset comprises 7452
hours of data, with 301 primary seizures
(clusters excluded). Of these patients,
seizure onsets were regional neocorti-
cal in 7, unilateral mesial temporal in 18,
and multi-focal and/or extra-temporal in
the remainder. A block-wise (90 minute)
statistical model employing k-fold cross-
validation was used to compute predic-
tion sensitivity and the false positive rate
for each patient. The Wilcoxon signed
ranks test was used to examine algorithm
performance versus a chance predictor
(paired rate of alerts), and the Kruskall-
Wallis test for differences by seizure on-
set pattern. Results: Mean sensitivity was
79% (p < 0.0001 vs. chance), with a false
positive rate of 0.08/hr (2.2/seizure). Sen-
sitivity did not differ by onset pattern (p =
0.77) with 80% for mesial temporal, 88%
for regional, and 77% for all others. False
positive rate was similarly unaffected (p =
0.72) with rates of 0.08/hr for mesial tem-
poral, 0.07/hr for regional, and 0.08/hr
for all others (2.6, 2.4, 2.0/seizure, respec-
tively). Conclusions: High sensitivity sei-
zure prediction with clinically acceptable
false alert rates has been demonstrated in
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a population of 76 EMU patients. Perfor-
mance for patients with mesial temporal
or regional neocortical onsets did not dif-
fer from the population as a whole.

1.6) IMPLEMENTATION OF CLOSED-LOOP,
EEG-TRIGGERED VAGUS NERVE STIMULA-
TION USING PATIENT-SPECIFIC SEIZURE
ONSET DETECTION FROM ScALP EEG

Ali Shoeb, Trudy Pang,
Steven C. Schachter, John Guttag

Electrical Engineering and Computer
Science Departement Massachusetts
Institute of Technology; Departement
of Neurology Beth Israel Deaconness
Medical Center Boston Massachusetts

In a clinical study currently underway
at the Beth Israel Deaconness Medical
Center in Boston, Massachusetts we are
demonstrating the feasibility of automat-
ically triggering the Vagus Nerve Stimu-
lator Therapy System (Cyberonics Inc.)
in response to real-time detection of a
neurologist-specified (ictal or interictal)
abnormality in the scalp EEG. We recently
enrolled our first patient, and confirmed
that our computerized system reliably
and automatically activated the subject’s
vagus nerve stimulator whenever the pa-
tient experienced an inter-ictal epilep-
tiform burst that was pre-specified by a
neurologist. Future results form the study
will be presented at the meeting. Our
computerized system relies on a patient-
specific detection algorithm to differen-
tiate the neurologist-specified (ictal or
interictal) epileptiform abnormality from
the remaining activity in a subject’s EEG.
The patient-specific algorithm classifies
a subject’s EEG as being consistent or in-
consistent with the neurologist-specified
abnormality using the support-vector
machine learning algorithm and feature
vectors derived from spectral analysis
of the EEG. Prior to our clinical study of
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closed-loop, EEG-triggered vagus nerve
stimulation, we retrospectively evaluated
the sensitivity, specificity, and detection
latency of our patient-specific algorithm
using 536 hours of continuously recorded
scalp EEG from 16 pediatric epilepsy sub-
jects. We noted that our patient-specific
algorithm detected 132/143 seizures with
a 6.8+/-2.4 second detection latency and
0.2+/-0.7 false alarms per hour. For com-
parison, the Reveal algorithm (a commer-
cial, patient non-specific detector) evalu-
ated on the same data detected 94/143
seizures with a 17.8+/-10.0 second detec-
tion latency and 2.0+/-5.3 false alarms
per hour.

1.7) SIGNAL PREDICTION ALGORITHM BY
CELLULAR NONLINEAR NETWORKS (CNN)

C. Niederhdéfer, R. Tetzlaff

Institute of Applied Physics,
Johann Wolfgang Goethe
University, Frankfurt/Main, Germany

The derivation and analysis of EEG
signal feature extraction methods has
been treated in several investigations. Al-
though, the results of recent studies indi-
cate that a pre-ictal transition to a seizure
can be detected, up to now the sensitiv-
ity and specificity of the applied meth-
ods are not sufficient for an automated
seizure prediction. In this contribution
we will present recent results obtained
by applying a signal prediction algorithm
to segmented EEG-signals of long-term
recordings obtained in ECoG and SEEG
measurements. The prediction perfor-
mance of autonomous single-layer de-
lay-type discrete time CNN (DTCNN) has
been analysed for different cell coupling
structures and several feedback delays.
Firstly, nonlinear feedbacks have been
assumed which have been represented by
polynomial weight functions of different
order. By taking the assumption that for
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each EEG data segment a certain DTCNN
predictor can be applied, a series of dif-
ferent prediction coefficients and errors
results in an EEG analysis. We observed
distinct changes of these quantities in our
investigations by considering data of dif-
ferent patients. A detailed discussion of
all results will be given in the paper.

1.8) DEVELOPING AN ALARM SYSTEM FOR
EPILEPTIC SEIZURES USING NEURO-
Fuzzy MODELS AND SPECTRAL ANALYSIS

M. Mirmomeni (1), Sh. Forouzan (1),
C. Lucas (1,2), B. Moshiri (1),
B. N. Arrabi (1,2)

(1) Control and Intelligent Process-
ing Center of Excellence, Electrical
and Computer Eng. Department,
University of Tehran, Tehran, Iran;
(2) School of Cognitive Sciences, In-
stitute for studies in theoretical Phys-
ics and Mathematics, Tehran, Iran

The time-varying dynamics of epilep-
tic seizures and the high inter-individual
variability make their detection difficult.
EEG (electroencephalograph) has been
an important clinical tool for the evalua-
tion and treatment of epilepsy. Epileptic
seizures occur when a massive group of
neurons in the cerebral cortex suddenly
begin to discharge in a highly organized
rhythmic pattern and exotic phenom-
ena happen during and epileptic seizure
which make the long-term prediction of
seizures very difficult. On the other hand,
neural networks and neuro-fuzzy models
are well-known mathematical methods
for describing the complex and chaotic
forms in nature. In this study, a combina-
tion of singular spectrum analysis and the
neuro-fuzzy interpretation of locally lin-
ear models is proposed to make accurate
long term prediction of EEG signals for
alarming epileptic seizures. The principal
components obtained from spectral anal-

ysis have narrow band frequency spectra
and definite linear or nonlinear trends
and periodic patterns, hence they are
predictable in large prediction horizon.
The incremental learning algorithm initi-
ates a model for each of the components
as an optimal linear least squares esti-
mation, and adds the nonlinear neurons
if they help to reduce error indices over
training and validation sets. Therefore the
algorithm automatically constructs the
best linear or nonlinear model for each
of the principal components to achieve
maximum generalization, and the long
term prediction of the original time series
is obtained by recombining the predicted
components. Results depict the power of
the proposed method in long term pre-
diction EEG signals during epileptic sei-
zures.

1.9) Mobr1ricATIONS OF THE EEG S1GNAL
FOR DELAY RECONSTRUCTION BASED
SEIZURE PREDICTION METHODS

Elma O'Sullivan-Greene,
Iven Mareels, Levin Kuhlmann

Department of Electrical & Electronic
Engineering, The University of Melbourne

Recent approaches to epileptic sei-
zure prediction have utilised nonlinear
analysis tools, with many methods such
as Dynamical similarity index [1] based
on delay reconstruction. Although de-
lay reconstruction is a powerful tool, the
EEG is ultimately an unsuitable signal
for analysis within its current frame-
work. Delay reconstruction theoretically
applies to noiseless time-series data,
recorded from an autonomous and low-
dimensional system. However, the EEG
is a noisy signal, recorded from a non-
autonomous system — our brains are
both non-stationary and input driven.
Furthermore, there is little evidence
that the brain is low-dimensional. This
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work investigates if a signal more suited
to delay reconstruction can be generated
from EEG data through some adaptions
to the DSI method. Firstly, we analyse a
time-series that is the difference between
two closely spaced intracranial record-
ings. This has the advantage that both
the common electrode noise (e.g. 50Hz)
and the effect of far away dynamics are
reduced. This attempts to create a time-
series representation of the underlying
local system by cancelling the common
input from far away brain dynamics.
Secondly, given the hypothesis that the
brain is lower dimensional during the
pre-ictal period [2] we propose that the
template of reference dynamics used is
formed from the pre-ictal (rather than in-
ter-ictal) period. Preliminary findings on
the Freiburg competition dataset show
sensitivity of 25%-100% across patients,
with high false positive rates (FPR) of 1-
6.6 FP/hr. Further analysis is required to
investigate if the FPR can be reduced and
to verify if this can offer any improvement
over traditional DSI. The high FPR of pre-
liminary results suggests that perhaps fu-
ture epilepsy prediction research should
concentrate on non-reconstruction based
methods. [1] M. Le Van Quyen, J. Martin-
erie, M. Baulac, and E Varela. Anticipating
epileptic seizures in real time by a non-
linear analysis of similarity between EEG
recordings. NeuroReport, 10(10):2149-
2155, 1999. [2] K. Lehnertz and C.E. Elger.
Can epileptic seizures be predicted? Evi-
dence from nonlinear time series analysis
of brain electrical activity. Physical Re-
view Letters, 80(22):5019-5022, 1998.
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1.10) HiGH FREQUENCY OSCILLATIONS
AND EPILEPTIC SEIZURE PREDICTION

Dean R. Freestone (1), Anthony N.
Burkitt (1,2), David B. Grayden (1),
Levin Kuhlmann (1), Karen L. Fuller (3),
Mark J. Cook (3), Iven M. Y. Mareels (1)

(1) Department of Electrical & Electronic
Engineering, The University of Melbourne;
(2) The Bionic Ear Institute, Melbourne
Department of Otolaryngology,

The University of Melbourne;

(3) Department of Neurology,

St Vincent's Hospital, Melbourne

Purpose: High frequency oscillations
(HFOs) have recently proven to be use-
ful in examining epileptic transients. It
is thought that these HFOs are specific
to epileptic pathologies and may aid di-
agnosis in terms of localization and pro-
vide further understanding of underlying
mechanisms. Here we investigate the role
of HFOs in terms of seizure prediction.
Method: Intracranial EEG was recorded
from several patients who were undergo-
ingpre-surgical assessmentfrom subdural
ECoG grid electrodes or depth electrodes.
The EEG was sampled at 4kHz. Spectral
content was examined in the time-fre-
quency domain during interictal, preictal
and ictal time periods. Results: Results
from the data analysis demonstrated high
frequency spectral power changes in re-
lation to epileptic events. These spectral
power changes were compared to syn-
chronization/desynchronization  event
related data that were recorded from non-
epileptogenic tissue, that also demon-
strate significant HFO components above
250 Hz. Conclusion: HFOs are a possible
common factor within a diverse range of
epileptic etiologies. If this is confirmed by
future work, this may provide a method of
non-patient-specific seizure anticipation
within a desirable time range for focal
therapeutic intervention.
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1.11) EPILEPTIC SEIZURE PREDICTION
AND THE OPEN SOURCE SOFTWARE
ProjecT B1oSia.

Alois Schlogl (1,2), Martin Hieden (1),
Klaus-Robert Miiller (2)

(1) Graz University of Technology, Graz,
Austria; (2) Fraunhofer FIRST-IDA

Seizure prediction is a very challenging
topic in EEG processing. Same of these
difficulties are caused by the fact, that the
results of different studies can not be eas-
ily compared or reproduced. Partly, there
are technological reasons and a lack of
standardization. Different data formats,
sampling rates and filter settings make it
difficult to compare the data. Often, only
univariate or bivariate signal processing
methodsare used, which limit the number
of parameters to one or two. Furthermore,
no single unambiguous performance
measure is available, and the various per-
formance metrics can not be easily com-
pared. BioSig is an open source software
library for biomedical signal processing.
BioSig supports the reading of over 40 dif-
ferent biomedical signal data formats; Bi-
oSig contains various methods for quality
control and artifact processing [1], many
feature extraction and classification
methods are supported, and long list of
various evaluation criteria are supported.
BioSig is free/libre open source software
(FLOSS), licensed with the GNU GPL.
BioSig provides a common framework,
that supports the comparison of different
methods and approaches. Parts of BioSig
were developed for the Brain-Computer
interface research which requires single
trial EEG classification. Many of these
tools could be useful for developing and
comparing methods on seizure predic-
tion and detection, for investigating the
interictal-ictal transition, and for model-
ing the dynamics of epileptic processes.
Recently support for the database of the
epileptics seizure prediction contest was

added and we are investigating how Bio-
Sig can contribute best to the challenge of
epileptic seizure prediction.

1.12) AUTOMATED MULTIBAND DETEC-
TION OF HIGH-FREQUENCY OSCILLATIONS
IN INTRACRANIAL EEG AND EVALUATION
OF THEIR PREDICTION PERFORMANCE

M. Jachan (1,2), A. Brandt (1), D.-M.
Altenmiiller (1), H. Feldwisch genannt
Drentrup (1,2,3), ]. Nawrath (1,2),

A. Schad (2), ]. Wohlmuth (1,2),

R. Sandpner (1,2), B. Schelter (2,3), ].
Timmer (2,3), A. Schulze-Bonhage (1,3)

(1) Epilepsy Centre, University Hospital
of Freiburg, Germany; (2) Center for Data
Analysis and Modeling, University
of Freiburg, Germany; (3) Bernstein Cen-
ter for Computational Neuroscience,
Freiburg, Germany

Automated detection of high-frequency
oscillations (HFOs) in intracranial record-
ings of human epileptic EEG has become
an interesting research topic. Those HFOs
have been shown to occur localized in
space at the seizure onset zone as well
as localized in time before an upcoming
seizure [1]. We analyzed recordings of 4
patients suffering from a pharmacore-
sistant focal epilepsy. They underwent
implantation of subdural grid and depth
electrodes for presurgical long-term EEG
monitoring with a sampling rate of 1024
Hz. For all patients we selected 3 intrafo-
cal, 3 extrafocal, and a reference channel.
Each channel has been processed with a
multiband extension of the automated
HFO detection algorithm described in
[2]. The EEG signals have been bandpass
filtered by a dyadic filterbank (wavelet
analysis). The frequency bands of interest
are 32-64, 64-128, 128-256, and 256-512
Hz. From these four bands, we extracted
the features “HFO density” and “HFO
duration” and we statistically evaluated

27



Abstracts for Poster Presentation

them with the seizure prediction charac-
teristic [3]. The sensitivity of the feature
“HFO density” is significantly higher than
the one of “HFO duration” (paired Wilcox-
on rank sum test, p < le-5). For the “HFO
density” the sensitivity values observed
exceed the critical value of the random
predictor for some patients. A multiband
method for HFO detection, which is able
to find HFOs of specified intensity and
minimal duration, has been introduced.
These preliminary results show that HF
features can be used as a predictor for
epileptic seizures and encourages to fur-
ther investigations.[1] G. A. Worrell et al.,
“High-frequency oscillations and seizure
generation in neocortical epilepsy,” Brain
2004: 127, pp. 1496-1506.[2] A. B. Gardner
et al., “Human and automated detection
of high-frequency oscillations in clinical
intracranial EEG recordings,” Clin Neu-
rophysiol 2007: 118, 1134-1143.[3] M.
Winterhalder et al., “The seizure predic-
tion characteristic: A general framework
to assess and compare seizure prediction
methods,” Epilepsy Behav 2003: 4(3), 318-
325.
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2.Seizure and Waveform
Analysis and Detection

2.1) Low POWER INTERICTAL DETECTION
ALGORITHM TO FACILITATE LONG TERM
AND WIRELESS AEEG MONITORING

Alexander Casson, David Yates,
Esther Rodriguez-Villegas

Circuits and Systems Research Group,
Department of Electrical and Electronic
Engineering, Imperial College London

Traditional seizure and interictal de-
tection techniques aim to quantify the
amount of activity present. To do this they
must have a high sensitivity (to correctly
detect all of the events) and few false de-
tections (high specificity). These require-
ments are difficult to fulfil simultaneous-
ly. An alternative approach, termed data
selection, is presented here. This method
is a different view on the detection prob-
lem: A detection procedure is used to se-
lect which sections of data are saved—a
fixed amount on either side of an auto-
mated detection—and which are discard-
ed. A high sensitivity is still required, but
false detections are not as significant as
they are rejected by a human interpreter
in the same way as background signals
are when a standard continuous EEG
trace is analysed. The method only allows
data reduction, not event quantification,
but this is still significant in reducing the
analysis time required and in facilitating
wireless ambulatory EEG units. Ordinarily
there is too much raw EEG data to trans-
mit without compromising battery life
and so online, low power, data reduction
is required. The data selection algorithm’s
tolerance to false detections simplifies the
algorithm design making it very suitable
for this low power implementation. The
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data selection method presented here
is based upon the Continuous Wavelet
Transform and can offer a 50% reduction
in the amount of data to be transmitted
whilst correctly recording 95% of expert
marked interictal events. All of the algo-
rithm blocks are also suitable for ultra low
power VLSI implementation.

2.2) IMPROVED TEMPORAL LOBE
EpriLEPTIC EVENT DETECTION THROUGH
INcLUSsION OF CARDIAC FLUCTUATIONS.

Thomas Bermudez (1), David Lowe (1),
Anne-Marie Arlaud-Lamborelle (2)

(1) Aston University, Birmingham,
United Kingdom; (2) Centre Hospit-
alier Henri Duffaut, Avignon, France

Due to the activation of the central au-
tonomic network, neurovegetative signs
are commonly observed during epilep-
tic seizures either as the primary seizure
manifestation or as an accompaniment
to other seizure symptoms. Autonomic
changes (cardiovascular changes, respi-
ratory manifestations, gastrointestinal
symptoms, cutaneous manifestations,
pupillary symptoms and genital and sex-
ual manifestations) give valuable infor-
mation on the topographic origin of the
epileptiform discharge. The cardiovascu-
lar autonomic symptoms induced by tem-
poral lobe epilepsy seizures mainly con-
sist of tachycardia often with an increase
of blood pressure; rarely they consist of
bradycardia, dramatic decrease of blood
pressure; and irregular pulse. The role of
epileptiform discharges localised to tem-
poral lobe structures in the induction of
neurovegetative heart arrhytmias has
been demonstrated: on stimulation of the
human left insular cortex bradycardia and
depressor responses were more frequent-
ly obtained than tachycardia and pres-
sor effects whereas the converse applied
for the right insular cortex. The analysis

of the R-R intervals variability from elec-
trocardiographic recordings has been
used as a measure of autonomic control
over the cardiovascular system to detect
periods of increased seizure likelihood.
We consider the Brain-Heart system as
a coupled system in which bioenergetic
processes in the brain have an autonomic
influence on the heart. We specifically
investigate temporal lobe epilepsy and
its correlation to cardiac arrhythmias to
develop a probabilistic model fusion ap-
proach applied to simultaneously record-
ed EEG and ECG data for both ictal and
interictal episodes and provide evidence
that epileptic event detection is improved
through the inclusion of a probabilistic
description of the cardiac fluctuations.

2.3) AUTOMATIC DETECTION AND ICTAL
PATTERN RECOGNITION OF EPILEPTIC
SEIZURES IN LONG-TERM HuMmAN EEG

Ralph Meier (1,2), Andreas Schulze-
Bonhage (2,1), Ad Aertsen (1,3)

(1) Bernstein Center for Computational
Neuroscience, Freiburg; (2) Center for
Epilepsy, Freiburg; (3) Faculty of Biology,
Albert-Ludwigs-University, Freiburg

Epileptic seizures are reflected in human
EEG by multiple ictal patterns. Recently,
the prospect of warning and potential in-
tervention systems based on the reliably,
early detection of ictal EEG patterns have
attracted increasing interest. Moreover,
since the workload involved in the detec-
tion of seizures by human experts is quite
formidable, several attempts have been
made to develop automatic seizure detec-
tion systems. Here we present a novel pro-
cedure for generic, online and real-time
automatic detection of multi-morpho-
logical ictal-patterns in the human long-
term EEG and its validation in continuous,
routine clinical EEG recordings from 57
Patients with a duration of approximately
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43h.We analysed 91 seizures representing
the 6 most common ictal morpgologies
(Alpha, Beta, Theta and Delta- rhythmic
activity, Amplitude depression and Poly-
spikes). We found that taking the seizure
morphology into account plays a crucial
role in optimization of the detection per-
formance. Moreover, besides enabling a
reliable (mean false alarm rate <0.5/h, for
specific ictal morphologies <0.25/h), ear-
ly and accurate detection (average correct
detection rate >96%) within the first few
seconds (average latency of approx. 2s) of
ictal patterns in the EEG, this procedure
facilitates the automatic categorization of
the prevalent seizure morphologies with-
out the neccessity to adapt the proposed
system to specific patients. Acknowledge-
ments: We thank Armin Brandt, Carolin
Gierschner and Heike Dittrich from the
Freiburg Epilepsy Center. Partial funding
for this research was supplied by the Com-
mittee for Research, University Clinics,
Freiburg and the German Federal Min-
istry for Education and Research (BMBE
grant 01GQ0420 to BCCN Freiburg).

2.4) ANALYSIS OF THE DYNAMICS
ofF HumaN EPILEPTIC
SEIZURES FROM ScALP EEG

Nadia Mammone (1), Unberto
Aguglia (2), Maurizio Fiasché (1),
Fabio La Foresta (1), Emilio Le Piane
(2), Francesco Carlo Morabito (1)

(1) Neurolab, DIMET, University of
Reggio Calabria; (2) Centro Regionale
Epilessie, Universita Magna Graecia di
Catanzaro, Presidio Riuniti, Reggio Cal.

Results in literature show that the con-
vergence of the STLmax time series, ex-
tracted from intracranial EEG recorded
from patients affected by intractable
temporal lobe epilepsy, is linked to the
seizure onset: when the convergence
of STLmax profiles of critical electrode
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sites reaches a critical level, a seizure is
likely to occur. Moreover, the behaviour
of this convergence over time allows for
the automatic detection of the electrodes
involved in the process leading to the sei-
zure. This prediction technique is called
ASPA and was presented by Iasemidis et
al. in 2003. In order to analyse the predict-
ability of seizures from scalp EEG, this
prediction technique was here imple-
mented and tested over three scalp EEG
recordings: One from a patient affected
by partial frontal lobe epilepsy (patient
A) and two from a patient affected by ab-
sence seizures (patient B). The algorithm
exploits the first seizure in each recording
for selecting the groups of critical elec-
trodes to be monitored, this process takes
10min after the seizure onset. After the
initialization, the technique succeeded
in issuing a warning before every seizure,
with an average horizon of 5.43min, that
is a good result since the average moni-
toring time was 6.17min. The technique
also automatically detected as critical the
electrodes in the focal area, for patient
A, and in the frontal area, for patient B.
In conclusion, ASPA seems to be able to
detect changes also in the dynamics of
scalp EEG as well as to infer information
about the critical area, even for absence
seizures.

2.5) SEIZURE DETECTION
ENHANCED BY SEIZURE PREDICTION

Levin Kuhlmann, Iven Mareels

Department of Electrical and Electronic
Engineering, The University of Melbourne

Seizure detection involvingseizure prob-
ability estimation has been applied to in-
tracranial data in a patient non-specific
manner (Clinical Neurophysiology 116
(2005) 2460-2472). This method has been
shown to give performance levels accept-
able for clinical use. Here this method
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is combined with a seizure prediction
method based on phase synchronization
(Physical Review E 67 (2003) 021912), in
order to boost its detection performance.
The seizure predictor is tuned to have a
very low false positive rate (FPR), and
hence low sensitivity. Despite this low
sensitivity, any prediction is likely to lead
to a seizure because of the low false posi-
tive rate. Thus when a prediction signal
is given one can temporarily lower the
seizure detection probability threshold,
in order to increase the likelihood of de-
tecting a seizure. The feasibility of this
method was tested on the contest data
for the Freiburg Seizure Prediction Work-
shop. In order for prediction to enhance
detection, the predictor needs to predict
seizures that the detector cannot detect,
and this was difficult to do given the low
sensitivity of the seizure predictor and the
small number of seizures in the contest
data. The feasibility of this method will
need to be evaluated on a larger data set.

2.6) MULTISCALE ELECTROPHYSIOLOGY
IN HuMAN EPILEPTOGENIC BRAIN:
MicROSEIZURES, DC-FLUCTUATIONS,
AND HiGH FREQUENCY OSCILLATIONS

Matt Stead (1), Sanqing Hu (1),
Andrew Gardner (2), Brian Litt (2),
Kendall Lee (1), Greg Worrell (1)

(1) Mayo Clinic, Department of Neurol-
0gy, Rochester, MIN 55905; (2) Univer-
sity of Pennsylvania, Department of
Neurology, Philadelphia, PA, 19104

RATIONALE: Human brain oscillations
span a wide range of spatiotemporal
scales. The spatial organization of neuro-
nal assemblies range from small neuro-
nal clusters to centimeter scale networks.
Similarly, the frequencies span a wide
range from DC to high frequency oscil-
lations. METHODS: We studied 10 pa-
tients with hybrid electrodes containing

microwires and macroelectrodes. The
EEG was acquired using a DC capable
broadband amplifier (Neuralynx Inc.).
RESULTS: Broadband recordings demon-
strated oscillations extending from DC to
700 Hz. Slow oscillations and DC fluctua-
tions were often spatially diffuse, but also
occurred in sub-millimeter regions with-
in the seizure onset zone. Fast oscillations
(>80 Hz) were primarily localized, and
most prominent within the seizure onset
zone. In the seizure onset zone frequent
sub-millimeter domain seizures were re-
corded (microseizures) on the microw-
ires, but not apparent on clinical macro-
electrodes. The microseizure activity was
spatially and temporally correlated with
large-scale clinical seizure activity. CON-
CLUSIONS: Multiscale EEG recordings
demonstrate oscillations and seizures oc-
cur over a range of spatiotemporal scales.
The microwires demonstrate indepen-
dent microdomains of seizure activity
occurring throughout the epileptogenic
zone. Remarkably, microseizures are not
detected with standard macroelectrodes.
We propose that the generation of focal
seizures may occur by the coalescence of
microseizure islands, and only become
apparent on macroelectrodes after suffi-
cient tissue has been recruited.

2.7) SPREAD OF IcTAL ACTIVITY
IN FocaL EPILEPSY OF
FRONTAL AND TEMPORAL ORIGIN

Katrin Gotz-Trabert, Christoph
Hauck, Kathrin Wagner, Susanne
Fauser, Andreas Schulze-Bonhage

Epilepsy Centre, University
Hospital Freiburg, Germany

Objective: Latencies between seizure on-
set, propagation ofictal activity, and initial
clinical symptoms and signs are critically
important for the successful implemen-
tation of detection-based intervention
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systems in the treatment of epilepsy. This
study analyzes intracranial EEG-record-
ings for temporal characteristics of ictal
spread and its dependence on focus lo-
calization. Methods: Intracerebral EEG
recordings of 215 seizures from 43 pa-
tients with pharmacoresistant focal epi-
lepsy were evaluated based on site of first
propagation, latencies between EEG sei-
zure onset, early propagation, and clinical
seizure onset. Seizure onset was mesial
temporal in 15 patients, neocortical tem-
poral in 15 patients, and frontal in 13 pa-
tients. Results: Periods during which ictal
activity remained confined to the seizure
onset area were significantly different be-
tween the patient groups. Median laten-
cies between electrographic seizure onset
and early propagation were significantly
longer for patients with mesial temporal
(10 s) as compared to neocortical tem-
poral (5 s) and frontal seizure focus (2 s;
p<0.01). Concordantly, median latencies
to onset of clinical symptomatology were
significantly longer for patients with me-
sial temporal (19 s) as compared to neo-
cortical temporal (17 s) and frontal sei-
zure focus (6 s; p<0.01). Conclusions: The
speed of propagation of ictal activity and
the latencies until initial clinical seizure
symptoms differ significantly depending
on focus localization. Extended spread
often occurred within the time window
during which current detection systems
operate. This suggests that inclusion cri-
teria of patients suitable for testing the
efficacy of detection-based seizure in-
tervention strategies should be based on
focus localization and patient-individual
propagation patterns.
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2.8) INTERICTAL H1GH FRE-
QUENCY OSCILLATIONS (>200 Hz)
RECORDED WITH INTRACRANIAL DEPTH
MACROELECTRODES: A MARKER OF
MESIAL TEMPORAL LOBE EPILEPSY?

Benoit Crepon (1,2), Vincent Navarro
(1,2), Claude Adam (1,2), Michel
Baulac (2), Michel Le Van Quyen (1)

(1) Laboratoire de Neurosciences Cogni-
tives et Imagerie Cérébrale, LENA, CNRS
UPR 640, Hopital de la Pitié-Salpétriere,
Paris, France; (2) Unité d’épileptologie,
Hopital de la Pitié-Salpétriere

Interictal surrogate markers may pro-
vide an accurate mean of localizing the
epileptogenic region during the presurgi-
cal evaluation of refractory partial epilep-
sies. In this context, microelectrode re-
cordings from patients with mesial tem-
poral lobe epilepsy (MTLE) have revealed
that interictal high-frequency oscillations
(HFOs) from 200 to 500Hz, termed fast
ripples, are specific of ictogenic struc-
tures. Our aim is to use conventional in-
tracranial EEG recordings to characterize
these pathological HFOs. Sixteen patients
with intractable partial seizures undergo-
ing investigation with intracranial macro-
electrodes were recruited prospectively
and consecutively. 52 minutes on average
of interictal EEG sampled at 1024Hz was
analyzed for each patient. HFOs (>200Hz)
were detected according to an original
semi automatic strategy that consisted in
a full automated high sensibility detec-
tion followed by a visual validation. This
selection was assisted by a wavelet de-
composition based time frequency map.
Our strategy permits a high sensibility
and specificity detection of HFOs. They
had amean frequency of 242 + 40Hz, were
of short duration (10ms) and low ampli-
tude (16pV). HFOs were mostly nested
with a sharp wave and were recorded by
one or very few nearby contacts. HFOs
were recorded only for each of the nine
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patients suffering from MTLE, especially
in the ictogenic zone. Interictal HFOs >
200Hz can be recorded from convention-
al depth macroelectrodes. They were re-
corded specifically in the ictogenic zone
in MTLE, suggesting that they could have
valuable diagnostic utility for routine in-
vasive presurgical localization of these
epileptic foci.

3.Interictal-Ictal
Transitions

3.1) THE SpaT1I0-TEMPORAL EVOLUTION
OF EEG CORRELATION CLUSTERS

Christian Rummel, Gerold
Baier, Markus Miiller

Facultad de Ciencias, Universidad

Autonoma del Estado de Morelos,

Avenida Universidad 1001, 62209
Cuernavaca, Morelos, México

Epileptic seizures represent changes in
the correlation structure of brain activity.
For a deeper understanding of seizure dy-
namics itis important to gain information
about how strong different parts of the
brain co-act in the respective phases. This
information could be obtained from al-
gorithms that were able to reliably detect
the time evolution of correlation clusters.
We present a multivariate approach to
the detection of clusters in complex spa-
tio-temporal systems that is based on ei-
genvectors of the equal-time correlation
matrix. Instead of the largest eigenvectors
themselves suitable linear combinations
are exploited that are obtained systemati-
cally by maximization of a distance mea-
sure. These Cluster Participation Vectors
(CPV) eliminate the disturbing effect of

inter-cluster correlations and their com-
ponents allow for improved conclusions
on the involvement of channels in clus-
ters. In model data the algorithm is able
to correctly identify up to four clusters
even in the presence of strong inter-clus-
ter correlations and noise contamination.
We demonstrate the usefulness of a run-
ning window application of the concept
of CPV to EEG recordings at the example
of standard surface EEG as well as ECoG
with inter-ictal and ictal activity.

3.2) CORRELATION CHANGES
DuRrING IcTAL ACTIVITY

Gerold Baier (1), Markus Miiller (1),
Christian Rummel (1), Kaspar
Schindler (2), Klaus Lehnertz (3)

(1) Faculty of Sciences, Autonomous
University of Morelos, 62209 Cuernavaca,
Morelos, Mexico; (2) Clinic for Neurology,

University of Bern, Bern, Switzerland;
(3) Department of Epileptology, Univer-
sity of Bonn, D-53105 Bonn, Germany

Epileptic activity in the EEG is often
characterized by specific correlation pat-
terns in part or all of the electrodes. Using
a recently introduced correlation matrix
formalism and measures from random
matrix theory we investigate the multi-
variate correlation patterns before, dur-
ing, and after ictal activity. Using the spec-
trum of relative eigenvalues and the indi-
vidually unfolded P(s) distribution [1,2]
we describe the correlation changes in
data from 8x8 cortical grids placed over a
frontal lobe seizure onset zone. It is found
that the correlation patterns are in quali-
tative agreement with previous studies
obtained with all intracranially implanted
electrodes [3]. There is a strong correla-
tion increase that accompanies the ter-
mination of the ictal activity (c.f. [3]) and
which is carried over into the postictal
period, predominantly in low-frequency
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components. During ictal activity, there
are typical alterations of correlation de-
crease and correlation increase. The re-
sults are compared with the eigenvalue
patterns of matrices composed of mutual
information coefficients. The mutual in-
formation spectrum of eigenvalues char-
acterises the onset of the ictal activity as a
decrease in the subdelta components. The
termination of the seizure is best marked
by a strong increase in mutual informa-
tion of components faster than 1 Hz. We
discuss the differences between the two
multivariate measures which may be due
to nonlinear correlations present in the
data. [1] M. Miiller, Y. Lépez, C. Rummel,
G. Baier, A. Galka, U. Stephani, H. Muhle,
Localized Short Range Correlations in the
Spectrum of the Equal Time Correlation
Matrix. Phys. Rev. E 74, 041119 (2006). [2]
G. Baier, M. Miiller, U. Stephani, H. Muh-
le, Characterizing Correlation Changes of
Complex Pattern Transitions: the Case of
Epileptic Activity. Phys. Lett. A 363, 290
(2007). [3] K. Schindler, H. Leung, C.E. Elg-
er, K. Lehnertz, Assessing Seizure Dynam-
ics by Analysing the Correlation Structure
of Multichannel intracranial EEG. Brain,
130, 65 (2007).
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3.3) ACTIVATION OF THE THALAMUS AND
DEACTIVATION OF THE CAUDATE NUCLEUS
AND CORTEX PRECEDE GENERALIZED
CoRrTiICAL EPILEPTIFORM DISCHARGES

Friederike Moeller (1), Hartwig R.
Siebner (2,3), Stephan Wolff (4), Hiltrud
Muhle (1), Rainer Boor (5), Oliver
Granert (2), Olav Jansen (4), Ulrich
Stephani (1,5), Michael Siniatchkin (1)

(1) Department of Neuropediatrics, Uni-
versity Hospital Schleswig Holstein, Cam-
pus Kiel, Germany; (2) Department of
Neurology, University Hospital Schleswig
Holstein, Campus Kiel, Germany; (3) Neu-
rolmageNord, Hamburg — Kiel - Liibeck,
Germany; (4) Section for Neuroradiology,
University Hospital Schleswig Holstein,
Campus Kiel, Germany; (5) Northern
German Epilepsy Centre for children
and adolescents, Raisdorf, Germany

The pathophysiology of generalized epi-
leptiform discharges (GED) is not com-
pletely understood. Thalamus, basal gan-
glia, and neocortex have been implicated
in the generation of GED, yet the specific
role of each structure remains to be clari-
fied. In children with idiopathic gener-
alised epilepsy (IGE), we performed com-
bined EEG functional MRI (fMRI) to iden-
tify GED-related changes in blood oxygen
level-dependent (BOLD) signal in the
striato-thalamo-cortical network. In the
six patients with a sufficient number of
GEDs during fMRI, within-subject analy-
sis demonstrated BOLD signal changes
that preceded the GED. An increase in
BOLD signal in the medial thalamus
started 6 seconds before the onset of the
GED. Decreases in cortical BOLD signal
were mainly found in frontoparietal cor-
tical areas and the precuneus and started
6 to 3 seconds before the GED. All pa-
tients showed a decrease in BOLD signal
in the head of the caudate nucleus. The
onset of deactivation was, however, quite
variable. The temporospatial pattern of
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BOLD signal changes suggests that GED
on the cortical surface is preceded by
a sequence of neuronal events in the
thalamo-cortical-striatal network. First
there is an increase in thalamic activity
that starts approx 6 seconds prior to the
GED followed by a deactivation of the
cortex and caudate nucleus. We propose
that these early changes in BOLD signal
reflect changes in neuronal activity that
contribute to the generation of interictal
GED and might play a crucial role in the
transition from a normal to a generalized
hypersynchronous pattern of neuronal
activity.

3.4) ESTIMATING THE AVERAGE AMOUNT
oF CoMmMON INFORMATION IN ScALP EEG
RECORDINGS TOWARDS PREICTAL
STATE DISCRIMINATION

Georgia E. Polychronaki (1), Periklis
Ktonas (3), Stylianos Gatzonis (2,3),
Anna Siatouni (2,3), Hara Tsekou (2),
Maria Stefanatou (3), Damianos
Sakas (2,3), Konstantina Nikita (1)

(1) Biomedical Simulations and Imaging
Laboratory, School of Electrical and Com-
puter Engineering, National Technical
University of Athens; (2) Epilepsy Surgical
Treatment Unit, Department of Neurosur-
gery, University of Athens, “Evangelismos”
Hospital; (3) Greek Centre for Neurosur-
gical Research “Prof. Petros Kokkalis”

There is an interest in EEG synchroniza-
tion studies, towards preictal vs interictal
state discrimination and the ultimate goal
of seizure prediction (Mormann et al.,
Clinical Neurophysiology 2005; 116:569-
587). Mainly intracranial EEG recordings
have been used for this purpose, although
the use of surface EEG would be more re-
alistic for therapeutic intervention in the
future. In this work we propose a tech-
nique for estimating the common infor-
mation between adjacent channels of

scalp EEG recordings, in order to pursue
preictal vs interictal state discrimination.
We use Moddemeijer’s estimator (Mod-
demeijer, Internal report paper no. 1588,
Twente University, Department of Electri-
cal Engineering, The Netherlands, 1986)
of the Average Amount of Mutual Infor-
mation (AAMI) statistic, which quanti-
fies the amount of common information
between two random variables (i.e., two
EEG channels). We analyse data from 3
patients undergoing presurgical evalu-
ation for epilepsy surgery, all suffering
from temporal lobe epilepsy. The analysis
is performed on a desktop computer, us-
ing a time-windowing method in differ-
ent EEG frequency bands, for at least 3
hours before and 1 hour after each of the
12 seizures analysed, wherever available.
Results indicate that during the preictal
period (first 20-min), in temporal EEG
channels where the seizure is first ob-
served, a statistically significant decrease
or increase in AAMI values exists, com-
pared to AAMI values during the interictal
period (interval, with minimum duration
of 30-min, taken from the EEG record at
least 3 hours before and 1 hour after any
seizure), in 11/12 (0.5 -30 Hz), 10/12 (0.5
-8Hz), 11/12 (8 - 14 Hz), 11/12 (14 - 30
Hz) seizures. The observed decreases in
AAMI are predominant, possibly reflect-
ing specific electrode position relative to
the epileptogenic area.
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3.5) LoNG-TERM EVALUATION OF
PREICTAL STATE IDENTIFICATION BY
ECG CHANGES IN PARTIAL EPILEPSY

Mario Valderrama (1), Vincent Navarro
(1,2), Benoit Crepon (1,2),
Michel Le Van Quyen (1)

(1) Cognitive Neurosciences and
Brain Imaging, LENA, CNRS UPR 640,
Hopital de la Pitié-Salpétriere, Paris,
France; (2) Epileptology Unit, Hopital
de la Pitié-Salpétriere, Paris, France

Objectives: Long-term interactions be-
tween epileptic discharges and the neu-
roautonomic regulation of the heart are
studied. Depending on their localisation,
epileptic focus may be highly related to
autonomic control centers in the brain
so an epileptic activity could influence
the autonomic system behaviour. We fo-
cus our interest on specific, autonomic
changes which could be product of an
epileptic activity during inter-ictal, pre-
ictal and ictal states. Additionally, we
determine the existence of particular sig-
natures of impending seizures presented
in the autonomic regulation the heart,
useful for anticipation purposes. Materi-
als: Analyses are performed on long-term
intracranial-EEG/ECG recordings of 5 pa-
tients with refractory partial epilepsy and
evaluated for up to 7-14 days. Methods:
Autonomic activity is assessed through
oscillations from R-R intervals of ECG
using time-frequency analysis. Discrete
Windowed Fourier Transform (DWFT)
and Wavelet Transform (WT) are used to
determine the influence of epileptic dis-
charges on the autonomic activity. Statis-
tical analysis is preformed in order to eval-
uate the existence of relevant information
relating specific epileptic and autonomic
activities. Results: Significant changes in
autonomic activity can be detected dur-
ing recurrent, specific-located epileptic
discharges. Furthermore, patient-specific
recurrent patterns preceding seizures are
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observed, indicating a possible pre-ictal
signature of the autonomic system ac-
tivity. Our results suggest that an on-line
version of the analyses, trained on each
patient’s peri-ictal ECG, could serve as a
basis for a seizure alarm system.

3.6) LONG-RANGE DEPENDENCE
OF EPILEPTIC SEIZURES

Bela Weiss (1,2), Zsuzsanna Vago (1),
Ronald Tetzlaff (2), Tamas Roska (1,3)

(1) Faculty of Information Technology,
Peter Pazmany Catholic University,
Budapest, Hungary; (2) Institute
of Applied Physics, Johann Wolfgang
Goethe University, Frankfurt/Main,
Germany; (3) Computer and Automation
Research Institute, Hungarian
Academy of Sciences, Budapest, Hungary

Consideringspiketrainsitwasfoundthat
there are long term correlations among
interspike intervals. A fractal spike train
process is statistically self-similar, which
means that fluctuations and other prop-
erties over brief times are proportional to
those measured over a longer period. EEG
signals arise from cellular activities and
can be considered as top of the hierarchy
above field potentials. Due to this, we as-
sumed that signals recorded by subdural
and intracerebral macro electrodes keep
the aforementioned properties at least for
short intervals. These can be considered
stationary. Fitting of self-similar process
to EEG time series can provide a very con-
cise description of the system. The self-
similarity parameter - the Hurst exponent
(HE) - is a hidden parameter. It describes
the long-range dependence of the pro-
cess. We implemented a method based on
the rescaled adjusted range or R/S statis-
tic for estimation of the HE. Preliminary
analysis on patients suffering from tem-
poral lobe epilepsy (21-patient database
from Epilepsy Center Freiburg) showed
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that HE produces distinct changes during
seizures. In this recent work we assessed
different types of seizures from the same
database and from National Institute of
Neurosurgery, Budapest, Hungary. Other
types of seizures can be also detected
as well as temporal lobe seizures. In the
preictal interval a gradual increase, in the
postictal state a decrease of the HE can
be observed for several seizures. This can
provide more accurate modeling of EEG
signals and the dynamics of epileptic sei-
zures using stochastic processes.

3.7) INCREASING TRENDS OF PHASE
SYNCHRONY AND CORRELATION OF
MicCROWIRE CHANNELS
BEFORE SEIZURE ONSET

Sanging Hu (1), Matt Stead (1), Brian
Litt (2), Rick Marsh (1), Greg Worrell (1)

(1) Mayo Clinic, Department of Neurol-
0gy, Rochester, MIN 55905; (2) Univer-
sity of Pennsylvania, Department of
Neurology, Philadelphia, PA, 19104

RATIONALE: A hypothesis for focal sei-
zure generation involves the progressive
coalescence of microdomain islands of
seizure activity. Study of quantitative
metrics such as phase synchrony and
correlation between microwire channels
before macroscale seizure onset is there-
fore of fundamental interest. METHODS:
We studied 10 patients with custom hy-
brid depth and subdural electrodes con-
taining arrays of microwires and clinical
macroelectrodes. The EEG was acquired
using a broadband amplifier operating
in parallel with the clinical EEG acquisi-
tion system. Phase synchrony and corre-
lation between microwire electrodes was
investigated. RESULTS: Broadband mea-
sures of phase synchrony and correlation
between microwire channels show vari-
able behavior prior to macroseizure on-
set. However, in some patients the phase

synchrony and correlation between high-
pass filtered (>70Hz) microwire data
increases seconds before macroseizure
onset. CONCLUSIONS: Increasing trends
of phase synchrony and correlation be-
tween microwires before macroscale sei-
zure onset supports a model of seizure
generation involving the coalescence of
microdomain islands. We speculate that
the trend in phase synchronization and
correlation between microdomains con-
tinues to some threshold value, beyond
which macroscale seizure occurs. We
demonstrate that neuronal oscillations
and seizures occur over a wide range of
spatial and temporal scales, and that mi-
croseizures are likely important in the
generation of macroscale seizures.

3.8) ANALYSIS OF ACTIVITY FLOWS
DURING PREICTAL AND ICcTAL PERIODS

Anna Korzeniewska (1), Christophe C.
Jouny (1), Rafal Kus (2), Nathan E.
Crone (1), Gregory K. Bergey (1),
Piotr J. Franaszczuk (1)

(1) Department of Neurology, Johns
Hopkins University School of Medicine,
600 N. Wolfe St., Meyer 2-147, Balti-
more, MD 21287, USA; (2) Department
of Biomedical Physics, Institute of Ex-
perimental Physics, Warsaw University,
ul. Hoza 69, 00-681 Warsaw, Poland

Better understanding and description
of processes leading to onset and spread
of epileptic seizure may help in pre-
vention or early termination of seizure.
Multichannel methods provide tools for
analysis of interactions between differ-
ent regions of brain but they often are
not well suited for nonstationary epilep-
tiform signals. In many epileptic patients,
seizures originating from the same focus
often produce very similar EEG signals,
particularly recorded intracranially. Us-
ing information from multiple seizures
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improves the statistical properties of
estimators, allowing for analysis of shorter
stationary window. The short-time direct
directed transfer function (SdDTF) meth-
od, recently developed to investigate the
directions and intensities of activity flow
between cortical regions during cognitive
tasks with multiple trials, was applied to
intracranial recordings of several patients
with multiple seizures (5-80). A multi-
channel autoregressive model (MVAR)
was fitted simultaneously to all recorded
seizures. The seizures were aligned ac-
cording to their ictal onsets, judged by
visual inspection. Preictal intervals of
60 sec, as well as ictal segments of 60
sec were analyzed. The SADTF method
showed flow of activity from the ictal on-
set zone. During the preictal period sig-
nificant flows of low frequency activity
could be observed in the vicinity of the
focus. These flows may reflect underlying
processes of synchronization leading to
seizure onset. Supported by: NINDS R0O1
NS40596 and NS48222

3.9) SPATIAL AND TEMPORAL
IDENTIFICATION OF SEIZURE
PRECURSOR DYNAMICS USING A
PHASE MODELING APPROACH

Tobias Wagner (1,2),
Hannes Osterhage (1,2), Christian E.
Elger (1), Klaus Lehnertz (1,2,3)

(1) Department of Epileptology,
University of Bonn; (2) Helmholtz-
Institute for Radiation and Nuclear
Physics, University of Bonn;

(3) Interdisciplinary Center for
Complex Systems, University of Bonn

Recent studies have indicated a signifi-
cant predictive performance for bivariate
EEG analysis techniques, allowing one to
discriminate the pre-ictal from the inter-
ictal period above chance level. In addi-
tion, some studies reported that the site
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selected as best for prediction was not in
close vicinity to the epileptic focus but
could be located in remote or even con-
tralateral brain structures. This seemingly
counterintuitive finding may indicate the
importance of brain outside of the ictal-
onset zone but within the “epileptic net-
work” in generating clinical seizures. Ad-
dressing this issue we studied directional
relationships — in the driver-responder
sense — in multi-day, multi-channel inva-
sive EEG recordings using a phase mod-
eling approach (Rosenblum & Pikovsky,
Phys Rev E 64, 045202, 2001). Inter-ictally,
we observed two distinct regions that
exhibit a pronounced dynamical depen-
dence on the surrounding brain regions
both on the side of the epileptic focus
and in the opposite hemisphere. Using a
priori knowledge as to the localization of
the epileptic focus we were able to assign
the focal region to one of these structures,
which, however, is driven by surround-
ing brain regions. Interestingly, the other
structure, which is a driving structure and
is located in almost homologous contra-
lateral brain regions, exhibited dynamical
aspects that allowed us to discriminate
the pre-ictal from the inter-ictal period
at a high performance. If proven sig-
nificantly, our findings indicate the high
relevance of brain structures outside the
epileptic focus in ictogenesis. Measur-
ing directionality in multi-channel EEG
recordings may help to identify target
brain structures with potential precursor
dynamics, particularly in prospective sei-
zure prediction studies.

Abstracts for Poster Presentation

o

3.10) STATISTICAL EVALUATION OF
MEASURES OF SCALAR TIME SERIES IN
Di1sCRIMINATING PREICTAL EEG STATES

Dimitris Kugiumtzis (1), Angeliki
Papana (1), Ioannis Vliachos (1),
Paal G. Larsson (2)

(1) Department of Mathematical,
Phsyical and Computational Sciences,
Aristotle University of Thessaloniki, Thes-
saloniki 54124, Greece; (2) Department
of Neurodiagnostics (SSE), Neuroclinic,
Rikshospitalet, Baerum N-1306, Norway

We consider a large number of mea-
sures used in the statistical and nonlinear
analysis of univariate time series and EEG
in particular. We include measures of cor-
relation (autocorrelation, bicorrelation,
mutual information), entropy, spectral
energy, complexity (largest Lyapunov ex-
ponent, algorithmic complexity, Hurst
exponents), dimension (point density,
false nearest neighbors), and goodness of
fit from linear and nonlinear models. In
addition, the following feature time series
are extracted from the oscillations of each
EEG channel: local minima and maxima
and the time between them, minimum
to maximum magnitude difference and
interspike intervals. The measures are ap-
plied to the original and the feature time
series for selected values of the method-
specific parameters, giving a total of 284
measures. The measures are estimated
on subsequent segments of 30sec of mul-
tichannel EEG at preictal stage of several
hours as well as interictal stage. The ob-
jective of this study is two-fold: a) to as-
sess whether some of the measures can
discriminate between early and late pre-
ictal stages, and b) to find the measures
with the best discriminating power. For
this, statistical analysis of the measure
values grouped in different preictal stages
has been applied using receiver operating
characteristic (ROC) curves and statistical
testing. The results on 10 epileptic EEG

records show that simple measures have
the same, and at cases better, power in
discriminating preictal stages than other
more sophisticated measures.

3.11) MICROANATOMY OF
EPILEPTIFORM ACTIVITY IN HUMAN
MULTIELECTRODE RECORDINGS

C. A. Schevon (1), S. K. Ng (1), ]. Cappell
(2), R. R. Goodman (3), G. McKhann
Jr (3), A. Waziri (3), A. Branner (4),

A. A. Sosunov (3), E Gilliam (1), C. E.
Schroeder (5), R. G. Emerson (1,2)

(1) Columbia University, Dept of Neu-
rology; (2) Columbia University, Dept
of Pediatrics; (3) Columbia University,
Dept of Neurological Surgery; (4) Cy-
berkinetics Neurotechnology Systems; (5)
Columbia University, Dept of Psychiatry

Uncovering the role of microcircuits in
seizure origin and development requires
fine-scale observation of neuronal activ-
ity in the ictal region. We report the use of
adense 2D microelectrode array (MEA) to
provide new details of interictal and ictal
electrophysiological disturbances in hu-
man epileptogenic cortex in vivo. A 4mm
square MEA (96 microelectrodes in a 10 x
10 grid, 400 micron spacing, 1 mm long,
3-5micron diameter recording tips) (Neu-
roPort™ , Cyberkinetics Neurotechnolo-
gy Systems, Foxboro, MA) was implanted
in six patients with medically intractable
focal epilepsy undergoing intracranial
EEG (iEEG) monitoring at the Columbia
University Medical Center. Chronic re-
cordings of 2 — 14 days were obtained. In
five of the six patients, the interictal pEEG
revealed highly focal waveforms that re-
sembled conventional epileptiform dis-
charges (“focal nEDs”) or electrographic
seizures (“micro-ictal appearing dis-
charges”, or pIADs). These features were
topographically restricted to areas span-
ning 0.2 to 4 mm2 and were not evident
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in the iEEG. Additionally, the presence
of focal pEDs and pIADs correlated with
the location of the MEA with respect to
the epileptogenic zone. These early find-
ings suggest that pEDs and plIADs are
specific markers of epileptogenic cortex,
suggesting a structure of sparsely distrib-
uted tiny epileptogenic foci, and that they
may serve as precursors to seizures. The
interictal-ictal transitions seen in two of
the patients suggest that pIADs play a
prominent role in the development and
propagation of seizures.

4.Dynamic Modeling
and Statistical Analysis

4.1) INFORMATION FLOW IN INTRACRANIAL
EEG RECORDINGS OF EPILEPSY PATIENTS

Matthdius Staniek (1,2),
Anton Chernihovskyi (1,2), Hannes
Osterhage (1,2), Christian E. Elger (1),
Klaus Lehnertz (1,2,3)

(1) Department of Epileptology, Univer-
sity of Bonn; (2) Helmholtz-Institute for
Radiation and Nuclear Physics, Univer-
sity of Bonn; (3) Interdisciplinary Center
for Complex Systems, University of Bonn

Mechanisms leading to the occurrence
of epileptic seizures are still poorly un-
derstood. We analyzed EEG recordings
using an information theoretic approach
combined with concepts from symbolic
dynamics in order to investigate intra-
and interhemispheric interactions as well
as processes of seizure generation. We
here studied continuous multi-day multi-
channel EEG recordings of up to now 15
patients suffering from unilateral medi-
cally intractable mesial temporal lobe
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epilepsy. All patients underwent invasive
presurgical diagnostics and are postoper-
atively seizure free. EEG signals were re-
corded from bilateral intrahippocampal
depth electrodes, each equipped with 10
contacts and implanted stereotactically
along the longitudinal axis of the hippo-
campal formation. The transfer entropy,
which quantifies the directionality of the
flow of information was calculated for all
channel combinations using a moving
window technique. During seizure ac-
tivity, we observed the mesial temporal
structures in one hemisphere to be more
active and driving homologous structures
in the opposite hemisphere. These active
structures, however, not necessarily co-
incided with the epileptic focus and were
frequently observed in the contralateral
hemisphere. During the interictal state a
comparable active-passive relationship
could be observed again indicating more
active contralateral structures. Moreover,
in many patients interactions between
brain structures allowed to identify long-
lasting preictal states. Measuring direc-
tionality in the human epileptic brain
may provide relevant information about
the location of the epileptic focus. In ad-
dition, our findings indicate the impor-
tance of brain outside of the ictal onset
zone but within the epileptic network in
seizure generation.

o
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4.2) INFLUENCE OF NETWORK
TorPOLOGY ON GLOBAL SYNCHRONIZA-
TION IN A NETWORK OF MODEL NEURONS

Alexander Rothkegel (1,2), Marie-Therese
Horstmann (1,2,3), Klaus Lehnertz (1,2,3)

(1) Department of Epileptology;
(2) Helmholtz Institute for Radiation
and Nuclear Physics; (3) Interdisci-
plinary Center for Complex Systems

We study the transition to global syn-
chronization in a network of integrate-
and-fire-neurons, which are coupled
diffusively over a given network topology,
as a model for seizure generation. The
network dynamics is driven stochastical-
ly by a probability for spontaneous firing
for each neuron. We derive criteria for the
coupling strength, for which synchroniza-
tion emerges in the mean network activ-
ity. We propose a necessary condition for
global synchronization by requiring that
each firing neuron gives rise to enough
activity for at least one other neuron to
fire. For low leakage currents, low refrac-
tory times, and sufficiently connected net-
work topologies (i. e., regular networks)
this condition determines a threshold
for the coupling strength. At this thresh-
old the peak heights of the mean network
activity grow abruptly. We investigate the
influence of different network topologies
(in particular lattices, small-world and
scale-free networks) on the transition to
global synchronization and discuss how
the coupling strength relates to general
network characteristics such as mean
path length or clustering coefficient.

4.3) STATISTICAL METHODS FOR
DEVELOPING AND EVALUATING
PREICTAL CLASSIFIERS

David E. Snyder (1), Kent Leyde (1),
Gregory Dunn (1), Andrew Gardner (2)

(1) NeuroVista Corporation;
(2) BioQuantix Corporation

Introduction: Evaluation of seizure pre-
diction algorithms present many chal-
lenges. Statistical methods must prevent
in-sample testing, guard against acciden-
tal correlations, and provide flexibility
with respect to the timing of prediction
events. To enable the development of
increasingly higher performance algo-
rithms, the methods must also provide for
direct statistical comparison of alternate
implementations. Methods: We propose
a block-wise statistical model capable of
capturing continuous as well as intermit-
tent prediction events. Prediction alerts
may be of any duration, unrestricted by
the temporal block size. The test statistic
is population-based and allows hypoth-
esis testing without bias toward patients
with high seizure count. Algorithm candi-
dates may be compared either against a
chance predictor, or directly against each
other in a paired test using parametric or
non-parametric methods. Evaluation is
conducted within a k-fold cross-valida-
tion framework (k seizures) to prevent
in-sample testing. Results: Utility of the
model is demonstrated by comparison
of algorithm candidates based on well-
known EEG feature calculations. The
evaluation database is comprised of con-
tinuous subdural EEG recordings of 76
EMU patients encompassing 7452 hours
of data, with 301 primary seizures (clus-
ters excluded). Algorithm superiority
compared to chance prediction is dem-
onstrated (p < 0.0001), and the distribu-
tion of alert durations shown to be ap-
proximately log-normal with median of
156 minutes. Conclusions: A block-wise
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temporal model allows direct statistical
comparison of alternative seizure predic-
tion algorithms, without making assump-
tions regarding prediction alert duration.
Such a model may facilitate the ongoing
development of improved algorithms.

4.4) A COMPUTATIONAL MODEL
OF EPILEPSYAND RESPONSE TO
ELECTRICAL STIMULATION

Robert D. Vincent (1), Aaron Courville (2),
Massimo Avoli (1), Joelle Pineau (1)

(1) McGill University;
(2) Université de Montréal

We aim to develop robust control algo-
rithms for implantable electrical stimula-
tion devices. For this purpose we require
a computational model that mimics key
characteristics of the biological models we
wish to use for further study. We present a
simple model of a neural network that ex-
hibits epileptiform activity. This network
consists of an array of leaky integrate and
fire neurons connected in a “small world”
topology. We include a noise current
tuned to achieve a small random spiking
rate. We add an explicit representation of
postictal depression effects, as well as a
simple model of a stimulating electrode
and a recording sensor. We demonstrate
that this network responds to simulated
electrical stimulation in a manner con-
sistent with the behavior seen in biologi-
cal models. We plan to use this model as
a minimal-cost method for evaluation of
electrical stimulation methods for epilep-
tic seizure suppression.
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4.5) A COMPUTATIONAL MODEL OF
GLI1IA-MEDIATED SEIZURE INDUCTION

Cristina Savin, Jochen Triesch,
Michael Meyer-Hermann

Frankfurt Institute for Advanced Studies

There is an increasing amount of evi-
dence supporting a causal relation be-
tween chronic inflammation and sei-
zures. Several proinflammatory cytokines
have been studied in the context of sei-
zure susceptibility and neuronal damage,
including tumor necrosis factor alpha.
It is believed that, in certain conditions,
TNF-alpha can increase neural excitabil-
ity and facilitate infection-related sei-
zures [1]. The effect is potentially related
to arecent discovery that links TNF-alpha
to homeostatic synaptic plasticity. Spe-
cifically, acute application or long-term
glial production (during chronic activity
blockade) of TNF-alpha increases AMPA
receptor surface expression in hippo-
campal neurons [2], [3]. The regulation
resembles synaptic scaling, a homeo-
static mechanisms which globally adjusts
synaptic strengths to maintain a certain
synaptic drive to neurons. It is thought to
ensure the stability of the cortex through-
out development and during learning.
Despite having a generally beneficial role,
homeostatic mechanisms were proposed
in models as a cause of neural hyperexcit-
ability and epileptogenesis [4]. We have
developed a computational model of glia-
mediated synaptic scaling, in a network of
spiking neurons interacting with the glial
tissue. It is the first model to consider the
mechanisms underlying synaptic scaling
and the spatial effects that can arise from
the diffusion of neuromodulators. Our
model reproduces experimental findings
linking chronic overexpression, systemic
infection, or lesions to hyperexcitabil-
ity and network bursts and is consistent
with the idea that chronic inflamma-
tion can increase seizure predisposition.
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[1] A. Vezzani and T. Granata. Brain in-
flammation in epilepsy: experimental and
clinical evidence. Epilepsia, 46(11):1724—
1743, 2005. [2] E. Beattie, D. Stellwagen,
W. Morishita, J. Bresnahan, B. Ha, M. Von
Zastrow, M. Beattie, and R. Malenka. Con-
trol of synaptic strength by glial TNF-al-
pha. Science, 295:2282-2285, 2002. [3] D.
Stellwagen and R. Malenka. Synaptic scal-
ing mediated by glial TNF-alpha. Nature,
440:1054-1059, 2006. [4] A. Houweling, M.
Bazhenov, I. Timofeev, M. Steriade, and T.
Sejnowski. Homeostatic synaptic plastic-
ity can explain post-traumatic epilepto-
genesis in chronically isolated neocortex.
Cerebral Cortex, 15:834-845, 2005.

4.6) Rannomizep EEG ANALYSIS

Craig Savage

Dept. of Electrical Engineering,
University of Melbourne and
National Information Communica-
tion Technology of Australia (NICTA)

The electroencephalogram (EEG) is a
useful tool in the diagnosis of many dis-
orders, including epilepsy. Typically, EEG
signals are taken from multiple locations
around the head, and collected for many
hours. The amount of data produced by
an EEG can be sizable; in the Freiburg
data set, the EEG signal from a single pa-
tient amounted to approximately eleven
billion samples. One practical problem
to such a large dimensional signal is to
extract the relevant information. Many
potential models for brain dynamics
have been presented, and none fully
reconstruct brain dynamics. However,
recent developments in random projec-
tions, underpinned by the Johnson-Lin-
denstrauss Lemma [1, 2], indicate that a
generically chosen projection maintains
the total energy (i.e. Euclidean norm) of
a generic signal. This is an amazing result,
as the corresponding projections are easy

to compute, are not tied to any model of
the brain, and significantly reduce the di-
mensionality of data. This work focuses
on demonstrating various properties of
random projection in preserving the to-
tal energy within the EEG signal with a
sparse method as proposed in [3]. Specifi-
cally, we form a random projection matrix
where each of the values in a projection
matrix are independent, identically dis-
tributed binary random variables. In the-
ory, the total energy of a randomly pro-
jected signal will be preserved to within a
multiplicative factor of (1+), independent
of the original dimension. Preliminary re-
sults indicate that random projections do
maintain the total energy in portions of
the EEG signal, even when different num-
bers of channels are used. Within this
work, I demonstrate approximate energy
conservation between different patients
and different time horizons. Furthermore,
I note some potential future applications
for such random projections. [1] John-
son, William and Lindenstrauss, Joram.
“Extensions of Lipschitz Mappings into
a Hilbert Space.” In Proceedings of the
Conference in Modern Analysis and Prob-
ability. New Haven, CT. 1982. pp 189-206.
[2] Dasgupta, Sanjoy and Gupts, Anupam.
“An Elementary Proof of the Johnson-Lin-
denstrauss Lemma.” ICSI Technical Re-
port TR-99-006. March, 1999. [3] Achlio-
tas, Dimitris. “Database-friendly random
projections: Johnson-Lindenstrauss with
binary coins.” Journal of Computer and
System Sciences. Vol. 66. pp. 671-687.
2003.
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4.7) EMERGENCE OF SPREADING
HYPEREXCITABILITY IN DIFFUSIVELY
CoupPLED FitTZHUGH-NAGUMO SYSTEMS

Markus Dahlem, Felix Schneider, Gerald
Hiller, Philipp Hovel, Eckehard Scholl

Institut fiir Theoretische Physik,
Technische Universitdt Berlin, Germany

We investigate the emergence of excit-
ability in diffusively coupled FitzHugh-
Nagumo systems and demonstrate how
to protect neurons adjacent to a hyper-
excitable core against recruitment into
this pathological state. Our efforts focus
on spatially extended systems and on two
coupled discrete neural populations. We
determine the parameter regime in which
transient wave forms emerge in the spa-
tially extended system and show how con-
trol can minimize the volume of invaded
tissue. In the discrete population model,
we investigate effects of time-delayed
feedback schemes on noise-induced co-
operative dynamics of the ensemble of
neural populations.

4.8) OrRDINAL EEG ANALYSIS

Karsten Keller, Mathieu Sinn

Institute of Mathematics,
University of Liibeck

Ordinal time series analysis is a new ap-
proach to the qualitative investigation of
long and complex time series. The idea
behind it is to consider the order relation
between the values of a time series instead
of the values themselves. Roughly speak-
ing, a given time series is transformed
into a series of so called ordinal patterns
describing the up and down in the origi-
nal series. Then the distribution of ordinal
patterns obtained is the base of the analy-
sis. Here we discuss applicability of ordi-
nal time series analysis to the analysis of
EEG data. In particular, we demonstrate
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how Cluster Analysis (CA) of distributions
of ordinal patterns in EEG time series can
be used for the classification and discrim-
ination of basic brain states.

4.9) SYMBOLIC ANALYSIS OF
MULTIVARIATE DATA

Anton Chernihovskyi (1,2), Matt
Staniek (1,2), Lei Wang (1,2), Christian
E. Elger (1), Klaus Lehnertz (1,2,3)

(1) Department of Epileptology, Univer-
sity of Bonn; (2) Helmholtz - Institute for
Radiation and Nuclear Physics, Univer-
sity of Bonn; (3) Interdisciplinary Center
for Complex Systems, University of Bonn

Many natural systems exhibit complex
patterns in their output signals that reflect
the underlying dynamics. By symboliza-
tion, raw signals can be transformed into
aseries of discretized symbols that - being
a considerably simplified representation
of the data — might still contain enough
information about the underlying dy-
namics. By utilizing information-theoret-
ic measures (entropy rate, mutual infor-
mation, and transfer entropy) we analyze
statistical correlations of spatiotemporal
binary patterns derived from multivariate
signals. In many cases, such an extreme-
ly simplified representation suffices to
identify changes in the system dynamics.
To illustrate our approach we study a net-
work of coupled chaotic oscillators that
contains two interacting clusters with a
time-varying degree and direction of in-
teraction. We show that our approach al-
lows to qualitatively identify the induced
changes in the simulated dynamics. Using
our approach, we analyzed intracranial
multi-channel, multi-day EEG recordings
from epilepsy patients who underwent
presurgical evaluation. Preliminary find-
ings indicate that changes in the degree
and direction of inter(intra)-hemispher-
ic interactions appear to be related to
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ictogenesis. If findings can be validated
for a larger patient group, the underlying
simplicity of a binary representation of
multivariate data may enable the devel-
opment of a miniaturized analysis device
using special-purpose digital signal pro-
cessors (DSP) or analog hardware such as
Cellular Neural Networks (CNN).

4.10) SIMULTANEOUS ANALYSIS OF
POPULATION SPIKES AND SINGLE NEURON
AcTt1iviTy IN VIvo AT THE ONSET OF SEIZURE

Jeremiah D. Mitzelfelt (1),
Wenjuan Yan (2), Jose C. Principe (2),
Justin C. Sanchez (3)

(1) Department of Neuroscience; (2) De-
partment of Electrical and Computer
Engineering, University of Florida;
(3) Department of Pediatrics, Division
of Neurology, University of Florida

We present here an analysis of the un-
derlying mechanisms related to interictal
spikes (IS) and their contribution to the
process of seizure onset. Since the role
of population discharges for impending
seizures is still largely unknown, we have
developed a technique to simultane-
ously monitor and correlate the activity
of single neurons and ISs using chronic
microelectrode array electrophysiology.
The firing rates of ISs and single neurons
(interneurons and pyramidal cells) in the
CA3 region of the hippocampus was com-
pared 1.5 hr prior to seizure onset for 10
seizures in rats with stimulation induced
spontaneous temporal lobe seizures.
During this interval, both cell types ex-
hibited burst-like neuromodulations with
the interneurons producing the highest
firing rate (mean 1.357 spikes/s), with a
statically significant peak in activity 490
s before seizure onset and the pyramidal
cells producing a lower firing rate (mean
0.566 spikes/s), with a peak in activity 170
s before seizure onset. Cross-correlation

between neuronal firing and ISs indicated
that the increases in firing were not syn-
chronous with the population spikes pos-
sibly indicating one is driving the other.
The cross-correlation between pyramidal
cell and IS modulation yielded a periodic
trend with first maxima at an IS lag of 600
s while interneurons produced a maxima
in correlation at an IS lag of 520 s. Inter-
estingly, no ISs occurred within 160 s of
seizure onset while single neuron modu-
lation was still elevated. The multiscale
analysis presented here may provide new
markers for seizure prediction.

5.Animal Models
of Epilepsy

5.1) DYNAMICS OF SPIKE-WAVE
D1SCHARGES IN YOUNG ADULT
AND AGED FISCHER 344 RATS

Sandeep P Nair (1), Deng-Shan
Shiau (2), Peter Jukkola (1), ]. Chris
Sackellares (2), Kevin M. Kelly (1,3)

(1) Department of Neurology,
Allegheny Singer Research Institute,
Allegheny General Hospital, Pittsburgh,
PA, USA; (2) Optima Neuroscience Inc.,
Gainesville, FL, USA;

(3) Drexel University College of Medicine

Several studies with animal models of
aging, including studies in our laboratory
(Kellyetal,2001), have shown an age-relat-
ed increase in the incidence and duration
of7-9Hzgeneralized spike-wave discharg-
es (SWDs; absence seizures) as the animal
ages. In an effort to elucidate the mecha-
nisms underlying aging-related changes
in the expression of SWDs, we studied
the dynamical electroencephalographic
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(EEG) properties associated with spon-
taneously occurring SWDs in young (4
month) and aged (20 month) Fischer 344
rats. The short term maximum Lyapu-
nov exponent (STLmax), a measure of
chaoticity, and the pattern match regu-
larity statistic (PMRS), a measure of sig-
nal complexity based on the likelihood
of signal pattern similarity, were utilized
to extract a dynamical profile of the EEG
signal. A statistical comparison of preictal
dynamical values (2 min before a SWD)
showed no significant difference between
the two age groups in either STLmax
(p=0.18) or PMRS (p=0.19). However, the
same statistical test performed on postic-
tal dynamical values (2 min after a SWD)
revealed a significant difference between
the two groups in both STLmax (p=0.009)
and PMRS values (p=0.01). A comparison
of the difference between average preic-
tal and postictal dynamical values sug-
gested that brain “resetting” to its normal
interictal state was more effective in the 4
month cohort compared to the 20 month
cohort by both STLmax (p=0.007) and
PMRS (p=0.008) values. These preliminary
results suggest that brain recovery follow-
ing SWDs was more sustained in young
adult animals compared to aged animals.
Supported by a Targeted Research Initia-
tive for Seniors grant from the Epilepsy
Foundation to S Nair.
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5.2) INSIGHTS INTO EPILEPTIFORM
AcCTIVITY USING PHASE RESETTING CURVES

J.L. Perez Velazquez (1), L. Garcia
Dominguez (1), S. Lo, R. E Galdn (2),
R. Guevara Erra (1)

(1) Hospital for Sick Children and
University of Toronto; (2) Department of
Biology, Carnegie Mellon University and
Center for the Neural Basis of Cognition

Oscillatory coordinated cellular activity
is a major characteristic of brain function.
In this study, we focus on the character-
ization of the dynamics of epileptiform
activity, based on seizures that manifest
themselves with very periodic activity,
termed absence seizures. Taking advan-
tage of this long-lasting periodic activity,
our approach consists in obtaining ex-
perimentally the phase response curves
(PRC), which describe the alteration of
the phase due to an input at each point
of the cycle, and incorporating these into
models of coupled oscillators. We use a
rat model of absence seizures that results
from injection with gamma-hydroxybu-
tyric acid (GHB). As a result, rhythmic
synchronized spike-and-wave (SWD)
discharges occur in the neocortex and
thalamus. Intracerebral recordings are
obtained from the cortex and thalamus.
PRCs were obtained by stimulating either
the thalamus or the cortex, and evaluating
the alteration of the oscillation. The elec-
trical stimuli used were the minimal that
did not alter profoundly the oscillation. In
addition, larger stimulations were tested
for their ability to halt the SWD. Only
brief stopping (desynchronization) of the
SWD was observed in some cases (55%)
at large stimulation intensities, phenom-
enon for which no specific phase of the
perturbation was noted. The experimen-
tally obtained PRCs, for the cortex and
thalamus, were approximated by polyno-
mials. Incorporating these functions into
a Kuramoto-like system of two coupled
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differential equations representing the
time evolution of the phases, we study the
phase preferences of the stationary states
and their stability, and the results from
the model are compared with the experi-
mental recordings.

5.3) THE GENERATION OF EPILEPTIC
SEIZURES REQUIRES INTERACTION OF
SCLEROTIC AND INTACT NETWORKS
- A STUDY IN A MOUSE MODEL FOR
TEMPORAL LOBE EPILEPSY

Ute Hdussler (1,2,3), Ralph Meier (1,2),
Antoine Depaulis (3),
Ad Aertsen (1,2), Ulrich Egert (1,2)

(1) Bernstein Center for Computational
Neurosience Freiburg, Hansastrasse 9a,
79104 Freiburg, Germany; (2) Neurobiol-
ogy and Biophysics, Institute for Biology
II1, Schéinzlestrasse 1, 79104 Freiburg, Ger-
many; (3) INSERM U836-Inserm Univer-
site Joseph Fourier-CEA, Rue de la Piscine
2280, 38400 St. Martin d’Heres, France

Network structures and dynamics initi-
ating epileptic seizures in mesial Tempo-
ral Lobe Epilepsy (MTLE) are still not fully
understood. MTLE is accompanied by
severe changes of the hippocampal his-
tology, especially cell loss in CAl and the
hilus, granule cell dispersion and mossy
fiber sprouting. Excision of those sclerotic
areas is necessary to stop epileptic sei-
zures and the development of less inva-
sive therapy options requires the knowl-
edge which brain areas participate in sei-
zure generation. To determine, whether
seizures are initiated by the sclerotic
hippocampal areas or if a larger network
participates in those processes, we used a
model for MTLE in mice. A single unilater-
al injection of kainate into the dorsal hip-
pocampus induced histological changes
comparable to hippocampal sclerosis.
Recordings of epileptiform events (EE)
in-vivo indicated that hypersynchronous

spiking involved not only the sclerotic ar-
eas of the injected hippocampus but also
the temporal hippocampus, although
histologically unchanged. To investigate
whether initiation of EEs occurred in
those sclerotic areas, we recorded slices
from this region on multielectrode arrays.
Surprisingly, it was impossible to induce
EEs there. In contrast, in slices from the
temporal hippocampus without obvious
histological damage we could induce EEs
(bicuculline) with the same rate of recur-
rence as in controls. Analysis of the coher-
ence between MEA electrodes revealed,
however, that slices from epileptic mice
showed a changed activity structure with-
in the dentate gyrus. Although apparently
structurally intact, the network dynamics
in these slices thus differed. The network
necessary for EE initiation therefore likely
consists of subnetworks with various de-
grees of degeneration.

5.4) EvVOLUTION OF CORRELATIONS AND
Hica FREQUENCY COMPONENTS IN
MutLri-CHANNEL EEG RECORDINGS

FROM RAT KINDLING AND KAINATE

MoDELS OF TEMPORAL LOBE EPILEPSY

Alberto Capurro (1,3), Ad Aertsen (1,2),
Joacir Cordeiro (3), Ralph Meier (1,2),
Monika Haeffner (3),

Andreas Schulze-Bonhage (1,3)

(1) Bernstein Center for Computational
Neuroscience Freiburg, Albert-Ludwigs-
University; (2) Neurobiology and
Biophysics, Institute of Biology 111,
Albert-Ludwigs-University;

(3) Center for Epilepsy, Dept. Neurosur-
gery, University Medical Center Freiburg

We assessed multi-channel correlations
and high frequency (HE 100-500 Hz) con-
tent in EEG recordings from two animal
models of temporal lobe epilepsy, hippo-
campal kindling and intra-hippocampal
kainate injection. We found that in the
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kindling model, HF discharges (ripples,
100-400 Hz) developed over subsequent
days and were not limited to the kindling
site, but also extended to the contralateral
hippocampus with high correlation. In
contrast, the HF discharges of the kainate
model (fast ripples, 400-500 Hz) occurred
only in the lesioned hippocampus. Dur-
ing the afterdischarge (AD) of the kindling
model, a behavioral seizure (Racine 5)
was observed after 18-25 days of stimula-
tion in all rats. The HF power was always
high before and during the initial phase
of the seizure, but similar ripples were
present in the AD many days before sei-
zures appeared (seizures occurred during
the primary AD in most cases). The cor-
relation between all pairs of channels
increased during the AD from the first
kindling day onwards. We did not find a
clear difference when behavioral seizures
first appeared. During the AD, sudden in-
versions of the sign of the correlation oc-
curred between pairs of contacts placed
in the right hippocampus as well as be-
tween pairs placed in both hippocampii.
Overall, our data support a key role of HF
discharges and enhanced -correlations
during the epileptogenic process in both,
the kindling and kainate models of tem-
poral lobe epilepsy.
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5.5) CHANGES IN INTER-HIPPOCAMPAL
COHERENCE PRECEDE EPILEPTIFORM
AcTIviTY IN MICE WITH INDUCED EPILEPSY

Ralph Meier (1), Ute Hdiussler (1),
Ad Aertsen (1,2), Antoine
Depaulis (3), Ulrich Egert (1)

(1) Bernstein Center for Computational

Neuroscience (Freiburg, D); (2) Faculty
of Biology, Albert-Ludwigs-University
(Freiburg, D); (3) Inserm U836 Univer-
sité Joseph Fourier-CEA (Grenoble, F)

The Mesial Temporal Lobe Epilepsy
(MTLE) syndrome is among the most
prevalent forms of focal epilepsies, how-
ever, network structures and understand-
ing of the dynamics involved in the gen-
eration of seizures are still elusive. Thus,
there is an urgent need to investigate on
the time scale of processes initiating epi-
leptic seizures, allowing for more detailed
examination of seizure initialization
mechanisms. We addressed these ques-
tions using the in vivo intrahippocampal
kainate model for induced MTLE in mice.
These mice show histological changes
comparable to human hippocampal scle-
rosis in the injected hippocampus. We
recorded recurrent epileptiform activity
(EA) in the injected and in the contralat-
eral, intact hippocampus. We investigated
on changes in inter-hippocampal coher-
ence preceding the onset of epileptiform
events to determine ongoing seizure gen-
eration processes on a timescale suitable
for acute intervention. We found, that
inter-hippocampal coherence decreased
significantly in high frequency bands (>
80 Hz) up to 12 seconds before the on-
set of EA. This indicates an early decou-
pling of the ipsilateral hippocampus from
the contralateral, intact hippocampus
during the seizure initiation phase. Ad-
ditionally, this time scale limits the pos-
sible range for cellular and mechanisms
leading to increased synchronicity in the
network, ulitmately initiating the seizure.

o
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5.6) A MARKOV SOURCE MODEL
OF SEIZURE PROGRESSION

Sridhar Sunderam (1),
Nick Chernyy (1),
Jonathan Mason (1),
Steven L. Weinstein (2),
Steven J. Schiff (3,1),
Bruce J. Gluckman (1,3)

(1) Engineering Science and Mechanics,
Pennsylvania State University, University
Park, PA; (2) Neurology, Children’s
National Medical Center, Washington, DC;
(3) Department of Neurosurgery, Pennsyl-
vania State University, University Park, PA

Seizures can have onset, middle and
terminal stages with distinctive dynam-
ics, but are usually treated as monolithic
events. We are employing the rodent teta-
nus toxin model of temporal lobe epilep-
sy to test-bed closed-loop seizure control
with low frequency electrical field modu-
lation. In this model, seizures have been
characterized (Finnerty and Jefferys, J.
Neurophys 2000) to have five distinct stag-
es characterized by the frequency of field
postsynaptic potential (FPSP) “spikes”.
The fourth stage (~9-16Hz) is strongly
correlated with secondary generalization
(rearing and myoclonus). Seizures start
in 2-3 days, and achieve a maximal sei-
zure rate of ~30/day in a week. We have
implemented an automated quantitative
model of seizure evolution and dynam-
ics with a hidden Markov model (HMM).
A HMM is a stochastic model in which
the observed time series reflects transi-
tions between discrete underlying states.
A HMM comprises “hidden” states with

fixed probabilities, state transition prob-
abilities, and state-dependent measure-
ment distributions. With only the number
of states prespecified, a HMM was trained
on the FPSP spike frequency time series
(1/4s bins) derived from sampled data
segments that include baseline and sei-
zures. When this trained HMM was then
used to determine the most likely state
sequence of other seizures, it identified
a seizure progression through discrete
stages consistent with published descrip-
tions. Notably, a model-identified state
with 9-16Hz discharges often preceded
clonic behavior. Because seizure patterns
vary over time and between animals, such
a model and analysis tool will be useful
for comparison of different treatment
protocols. (Support: NIH RO1EB001507,
K02MH01493 and ROIMH50006.)
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Announcements Notes

Workshop Book

Related to the Workshop a book entitled

“Seizure Prediction in Epilepsy -
From Basic Mechanisms to Clinical Applications”

will be published by Wiley in the beginning of 2008.

Invitation to the Fourth
Seizure Prediction Meeting

The Fourth International Seizure Workshop will be held at the Big
Cedar Lodge in the Ozark Mountains, Missouri, USA. Ivan Osorio
and Mark G. Frei will lead the Organizing Committee. The date of this
meeting will be decided after consultation with the Organizing
Committee and participants of the Freiburg meeting.
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Map of Restaurants in Freiburg
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1. Hotel Oberkirch, Miinsterplatz 22: 9. Markthalle Freiburg, Kaiser-Joseph-
Local gastronomic specialties, fine Str. 237: International specialties,
dining casual dining
2. Colombi Hotel, Rotteckring 16: Local =~ 10. Martin‘s Brdu Freiburg, Kaiser-
gastronomic specialties, fine dining Joseph-Str. 237: brewery and local
3. Ringhotel Zum Roten Biren, gastronomic specialties, casual
Oberlinden 12: Local gastronomic dining
specialties, fine dining 11. Maria, Lowenstr. 3-7:
4. Schlossbergrestaurant Dattler, Low priced restaurant
Am Schlossberg 1: Local gastronomic  12. Pizzeria La Piazza, Rathausgasse 50:
specialties, fine dining Low priced restaurant
5. Greiffenegg-Schlossle, 13. Schlappen, Lowenstr. 2:
SchloBbergring 3: Local gastronomic Low priced restaurant
specialties, fine dining 14. Pizzeria Laubfrosch, Kaiser-Joseph-
6. Hausbrauerei Feierling, Gerberau 46: Str. 273: Low priced restaurant
Brewery and local gastronomic 15. Paradies, Mathildenstr. 28:
specialties, casual dining Local and international gastronomic
7. Osteria Kiihnel und Scaglia, specialties, casual dining
Griinwalderstr. 2: 16. Omas Kiiche, Hildastrasse 66:

Italian wine tavern, casual dining

8. Storchen La Cicogna,
Schwabentorplatz 7: Italian gastro-
nomic specialties, casual dining

Local gastronomic specialties,
casual dining



Map of the Conference Venue and Hotels in Freiburg
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1. Conference Venue 7. Park Hotel Post
Haus “Zur Lieben Hand” Eisenbahnstrale 35/37
Lowenstralle 16 79098 Freiburg
79098 Freiburg Phone: +49 761 385480

2. Railway Station 8. Hotel Barbara
Bismarckallee 7c Poststrale 4

3. Ringhotel Zum Roten Biren 79098 Freiburg im Breisgau
Oberlinden 12 Phone: +49 761 296250
79098 Freiburg im Breisgau 9. City Hotel
Phone: +49 761 387 87-0 Weberstr. 3

4. Colombi Hotel 79098 Freiburg
Rotteckring 16 Phone: +49 761 388070
79098 Freiburg 10. Hotel Rheingold
Phone: +49 761 21060 Eisenbahnstr. 47

5. Hotel Oberkirch 79098 Freiburg
Miinsterplatz 22 Phone: +49 761 28210
79098 Freiburg 11. Hotel Schiller
Phone: + 49 761 2026868 Hildastr. 2

6. Hotel am Rathaus 79102 Freiburg
Rathausgasse 4-8 Phone: +49 761 703370
79098 Freiburg 12. Peterhofkeller (Get-Together)
Phone: +49 761 296160 Niemensstr. 10

In case of any problems, please call the conference hotline +49 176 282 124 51.



