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I. I NTRODUCTION

Epilepsy is a neurological disorder charac-
terized by recurrent seizures, i.e. abnormal
synchronous activity of neurons in the brain.
The brain region responsible for the epilep-
tic activity is called the epileptogenic region.
In most cases epilepsy can be cured by using
anti-epileptic drugs. However, approximately
25% of the patients cannot be cured through
medication or by medical treatment, they suf-
fer from so-called refractory epilepsy. This can
be treated by surgically removing the epileptic
focus. The possibility for this surgery is ex-
amined during the presurgical evaluation [1].
Therefore, the precise and accurate location of
the epileptic region is of utmost clinical rele-
vance.

Intracranial ElectroEncephaloGraphy (iEEG)
is the recording of brain activity at a high
temporal resolution through electrodes placed
within the brain and is used to help locating
the epileptic focus during the presurgical eval-
uation. Functional connectivity estimates the
statistical dependence between spatially remote
neurophysiological events and provides insight
about the propagation pattern of information
flow between signals. The aim of this study is
to identify and detect the functional connectiv-
ity pattern through iEEG-analysis during multi-
ple epileptic seizure onsets of the same patient
to locate the epileptic focus more accurately.
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Figure 1. Placement of the intracranial electrodes

II. DATA AND METHOD

A. Data

We considered EEG epochs of approxi-
mately 15 to 20 seconds during 10 different
seizure onsets. The signals were recorded with
an intracranial depth electrodes with 12 contact
points (LH1 to LH12) located in the left hip-
pocampus. Pre-surgical evaluation indicated
seizure onset at LH4-LH5. The placement of
the intracranial electrode in the brain is showed
in figure 1.

B. Method

The method determines the functional con-
nectivity pattern of the recorded signals dur-
ing 10 different seizure onsets. A measure to
express functional connectivity is the Directed
Transfer Function (DTF) [2] which is calcu-
lated from the coefficients of a multivariate au-
toregressive (MVAR) model fitted to the signals
[3]. The DTF reveals the information flow from
one signal to another at a specific frequency
by exploiting statistical dependencies within
the multichannel iEEG recordings. However,
this DTF requires that the signals are stationary
over the assumed time-window.

In order to take into account the non-
stationarity of the epileptic seizure a time-
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Figure 2. Results of one seizure. (a) Energy de-
scribed by the TVAR model and (b) Functional
connectivity values

variant multivariate autoregressive (TVAR)
model with time-varying parameters was fit to
the data. The coefficients of the TVAR model
were derived using the Kalman filtering al-
gorithm [4]. A time-variant version of the
DTF, the Adaptive Directed Transfer Function
(ADTF), was constructed out of the coefficients
of the TVAR model. The ADTF shows the in-
formation flows between the signals in the fre-
quency domain as a function of time.

The energy captured by the TVAR model
was calculated by summing the ADTF values
over all channels at each frequency and at each
time point. The sum of the normalized ADTF
values over the frequencies with the highest en-
ergy was calculated. This value maps the func-

tional connectivity of the most important fre-
quencies over time.

III. R ESULTS

We applied the method to 12 iEEG signals
recorded during 10 seizure onsets of the same
patient. The result of one seizure is depicted
in figure 2.The fundamental frequencies of the
seizure as well as its harmonics can be seen in
the energy captured by the TVAR model. The
functional connectivity values show that infor-
mation flow is going from LH5 to all the other
signals. We found that the same region (LH4,
LH5 and LH6) was responsible for the spread-
ing of epileptic activity during all 10 different
seizure onsets. Furthermore, the leading region
was concordant with post-operative results.

IV. D ISCUSSION ANDCONCLUSION

The results show that the explained method
is capable in locating the epileptic focus
through the analysis of iEEG signals for this
patient. We proved that connectivity patterns
derived from iEEG recordings can provide use-
ful information about seizure onset propaga-
tion and may improve the accuracy of the pre-
surgical evaluation. However, more patients
need to be examined to evaluate the proposed
method.
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