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Context 
This project will be performed in collaboration and with the help of the Department of 

Neurology at the CUB Hôpital Erasme.  

 

Epilepsy is a disorder of the brain characterized by an enduring predisposition to generate 

epileptic seizures and by the neurobiologic, cognitive, psychological, and social consequences 

of this condition (Fisher et al., 2005). Epilepsy has variable etiologies, may affect both children 

and adults, and has an annual incidence of 4–8/1000. In about a third of epileptic patients, 

seizures do not respond to conventional anti-epileptic drugs.  

 

Management of epileptic patients in the Intensive Care Unit (ICU) is challenging. The ability 

to anticipate an upcoming seizure would be valuable both for patient management and as a 

predictor of treatment adequacy.  

 

Recently, a technique has gradually gained prominence in forecasting epileptic seizures: the 

investigation of brain connectivity, characterizing how highly specialized brain regions 

communicate with each other (Ismail and Karwowski 2020). Indeed, epilepsy is widely 

believed to result from disrupting healthy brain network properties (van Mierlo et al. 2014). By 

modeling the brain as a connectivity graph, the interactions between its regions can be studied 

formally, allowing quantitative characterization and interpretation of the specific patterns 

observed (Farahani, Karwowski, and Lighthall 2019; van Diessen et al. 2015).  

 

Machine learning techniques are often used on EEG data to accurately and automatically predict 

a patient's condition, such as at risk of seizure or not for ICU patients. However, research using 

machine learning techniques to analyze connectivity parameters extracted from connectivity 

graphs or even directly analyze connectivity networks has been much less explored.  

 

In addition to exploring the potential of machine learning in analyzing connectivity networks, 

it would be valuable to compare its performance to more traditional classification methods. This 

would help determine whether machine learning techniques can provide more accurate 

predictions. Another important aspect to consider is the trade-off between model complexity 

and interpretability. While more complex models may offer higher performance, they can also 

be more difficult to explain and interpret. Understanding this correlation and finding a balance 

between accuracy and interpretability is crucial in ensuring that these models are reliable and 

can be used effectively in clinical settings. 

 

 



  

 

 

 

 

 

 
 

Figure 1. Graph Neural Network (Hamilton 2020). Deep learning technique for topological 

data such as graphs. 

Work 
This work aims to design, implement and assess a machine-learning method to predict 

subsequent seizures based on brain connectivity. Recording of electroencephalographic signals 

(EEG) from patients in the Intensive Care Unit (ICU) will be provided.   

Bibliography 
Diessen, E. van, T. Numan, E. van Dellen, A. W. van der Kooi, M. Boersma, D. Hofman, R. van Lutterveld, et al. 

2015. “Opportunities and Methodological Challenges in EEG and MEG Resting State Functional Brain 

Network Research.” Clinical Neurophysiology 126 (8): 1468–81. 

https://doi.org/10.1016/J.CLINPH.2014.11.018. 

Farahani, Farzad V., Waldemar Karwowski, and Nichole R. Lighthall. 2019. “Application of Graph Theory for 

Identifying Connectivity Patterns in Human Brain Networks: A Systematic Review.” Frontiers in 

Neuroscience 13 (JUN). https://doi.org/10.3389/FNINS.2019.00585/FULL. 

Hamilton, William L. 2020. “Graph Representation Learning.” Vol. 14. 

Ismail, Lina Elsherif, and Waldemar Karwowski. 2020. “A Graph Theory-Based Modeling of Functional Brain 

Connectivity Based on EEG: A Systematic Review in the Context of Neuroergonomics.” IEEE Access. 

Institute of Electrical and Electronics Engineers Inc. https://doi.org/10.1109/ACCESS.2020.3018995. 

Mierlo, Pieter van, Margarita Papadopoulou, Evelien Carrette, Paul Boon, Stefaan Vandenberghe, Kristl Vonck, 

and Daniele Marinazzo. 2014. “Functional Brain Connectivity from EEG in Epilepsy: Seizure Prediction 

and Epileptogenic Focus Localization.” Progress in Neurobiology 121 (October): 19–35. 

https://doi.org/10.1016/J.PNEUROBIO.2014.06.004. 

 


