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Introduction: Patients suffering from epilepsy are subject to high levels of anxiety and, therefore, 

depression and overall lower quality of life. This is due the fact that they usually cannot predict 

seizures, once anticipatory signs are very rare. By this token, technologies capable of predicting 

incoming seizures or detecting periods of high probability of seizure occurrence may be of great value 

for patients and clinicians. A common approach to this issue is the computational analysis of 

intracranial electroencephalographic (iEEG) recordings for the extraction of features that can describe 

underlying neural dynamics and, thus, detect pre-ictal periods. To foster development and innovation 

in the field, the University of Melbourne together with the American Epilepsy Society and other 

institutions launched, in 2017, an open competition in which applicants should implement algorithms 

to predict seizures by blindly analyzing multi-channel (16 electrodes) iEEG recordings collected from 

epilepsy patients [2]. The challenge was to distinguish between A) ten minute long data clips covering 

one hour prior to a seizure (pre-ictal state) and; B) ten minute clips of one-hour long interictal activity. 

This work describes our participation in the contest with a biologically oriented approach: detection 

of synchronization patterns within neural oscillations present in the iEEG recordings. 

 

Material and Methods: Inspired by the fact that seizures are episodes of hypersynchronous neural 

activity, we devised a seizure prediction strategy by applying data classification of phase-amplitude 

cross-frequency couplings (CFC) between myriad distinct oscillations in different frequency bands. 

CFC was calculated using Modulation Index (MI) devised elsewhere [1]. The algorithm starts by 

filtering (finite impulse response filter of order 15) the signals in bands of interest: a low frequency 

one (2 Hz sized bands spanning 0 to 50 Hz) whose phase will modulate the amplitude of a higher 

frequency band (10 Hz sized bands spanning 0 to 400 Hz). Thus, Hilbert transform is used to calculate 

pairs of phase values of the low frequency oscillation versus amplitude values of the high frequency 

oscillation, with which a distribution is constructed. Finally, the normalized difference between this 

distribution and a uniform one is calculated using a variation of the Kullback-Leibler distance. All 

values of MI for the whole spectrum constitutes the comodulogram; a matrix of CFC values. This 

matrix was supplied to an artificial neural network (ANN) of a single perceptron in a single layer 

trained with iEEG data supplied by the contest. Results were provided by the contest system.  

 

Results: During the development period, in which 30% of the test data was provided so competitors 

could evaluate and adjust their trained algorithms, we submitted 40 trials, achieving a maximum hit 

ratio of 68.01%. In the final evaluation, assessing the other 70% of the data, our hit ratio was 61.83%. 

 

Discussion: The hit ratios obtained in our study (61.83% and 68.01%) were above chance (50%) no 

matter the dataset used, indicating some predictive power. Results are far from ideal and other groups 

have reported better performance (80.7%). On the other hand, the format of the competition imposed 

several limitations, such as undisclosed evaluation data, limited number of patients, limitation of the 

prediction period in the 60 to 10 minutes prior the seizure, and particularly important, undisclosed 

patient information. This is of central importance when a biologically oriented approach is used.  

 

Conclusion: Considering the limitation factors and the results above chance, we believe this 

technique to be a valid alternative to develop seizure prediction devices that may aid epilepsy patients, 

even though further improvements, such as using subdivisions of the ten minute windows of analysis 

as different inputs of the ANN and a more sophisticated ANN are in need here. 
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