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Presenter Notes
Presentation Notes
The motivation of this work was my beloved deceased niece Christina-Zoe who diagnosed with KS in 2013. 

Our baby girl suffered from seizures and passed away in 2016 from a major respiratory infection. This presentation and my entire research journey in EEG analysis is dedicated to her. 


Introduction

WA AR A A b MUAY The Electroencephalogram

« EEG measures the electrical activity of the

WMMN%J\WWW‘W‘MW brain.
* Non-invasive way to capture and record the
brain's electrical signals.

Various techniques and algorithms can be
applied to extract meaningful information from

the EEG data.

Mainly used to detect epilepsy and monitor
Sleep  disorders, Alzheimer’s  Disease,
neurological and development disorders and
many other brain conditions.

A. Miltiadous, K. D. Tzimourta, et al., Diagnostics, 2021.
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To begin with, our brain is the most complex organ and it’s responsible for processing and coordinating various functions in our body. 
It consists of billions of neurons that communicate with each other through electrical signals. 
The Electroencephalogram or shortly (EEG) is a non-invasive technique used to measure and record the electrical activity of the brain. It involves placing electrodes on the scalp to record the tiny electrical signals generated by the neurons.

Various techniques and algorithms can be applied to extract meaningful information from the EEG data. 
While the EEG is the main diagnostic tool of epilepsy and is used to monitor Sleep disorders, Alzheimer’s Disease, and many other brain conditions.
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During the recording of EEG, the following waveforms are shown.

Alpha waves (8-13 Hz): Alpha waves are prominent during relaxed wakefulness and with closed eyes. They can be attenuated by opening the eyes or during mental activity.
Beta waves (13-30 Hz): Beta waves are present during active wakefulness, focused mental activity, or arousal. They can also be seen in certain pathological conditions such as anxiety or hyperarousal.
Gamma waves (above 30 Hz): Gamma waves are the fastest frequency range and are associated with higher cognitive processing, attention, and perception.
Delta waves (0.5-4 Hz): Delta waves are slow waves and are commonly seen during deep sleep or in certain pathological conditions such as brain injury or encephalopathy.
Theta waves (4-8 Hz): Theta waves are associated with drowsiness, relaxation, and light sleep. They can also be observed during meditation or in some neurological disorders.
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Some common abnormal EEG patterns associated with epilepsy are shown in this slide. 
Spikes and sharp waves: These are brief, high-amplitude, and often irregular waveforms that are indicative of epileptic activity
polyspike-wave complex which are actually multiple spikes followed by slow waves. This EEG pattern is typically associated with certain types of epileptic syndromes, such as absence seizures or generalized epilepsy.
Slow-wave activity: Abnormally increased slow-wave activity, such as generalized slowing or focal slowing, can be indicative of various brain dysfunctions, including encephalopathy, brain injury, or neurodegenerative disorders.

Imagine a scenario where we aim to develop an automated system for seizure detection using EEG data. Traditional methods often require manual inspection of EEG traces, which can be time-consuming and subjective. 

This is where machine learning comes into play. 



Machine Learning

Machine Learning 6

* Machine learning (ML) 1s a subfield of
artificial intelligence (Al) that focuses on the
development of algorithms and models that
enable computers to learn and make
predictions or decisions without being
explicitly programmed.

« ML algorithms learn from data, identify
patterns, and make informed predictions or
decisions based on that data.

A. Miltiadous, K. D. Tzimourta, et al., IEEE Access, 2023.
K. D. Tzimourta, et al., International Journal of Neural Systems, 2021.
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Machine learning (ML) is a subfield of artificial intelligence (AI) that focuses on the development of algorithms and models that enable computers to learn and make predictions or decisions. Now, we can train algorithms to recognize specific EEG patterns associated with epileptic seizures. 
These algorithms can learn from huge amounts of data.
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The machine learning process in brief can be shown in the slide. 

The first step, even before the Get Data step, is to Clearly define the problem that we want to solve or the goal we want to achieve. Then, we need to 
Gather and Collect relevant Data for our problem. This may involve acquiring data from various sources. 

The next step is to Clean and Manipulate these Data. In this stage, we need to clean our data from any noise, handle missing values, transform the data into a suitable format for analysis and split the Data into training and testing datasets. The training dataset is used to train the machine learning model, while the testing dataset is used to evaluate its performance. Then, we 

Select a Model: We choose an appropriate machine learning model based on our problem and our data. Common models include decision trees, support vector machines, neural networks, and random forests to name just few. 
The we need to 
Train the Model: We Use the training dataset to train the selected machine learning model. During training, the model learns patterns and relationships within the data to make accurate discriminations or predictions. 

Test the Model: We use the testing dataset to evaluate the performance of the trained model.

And last but not least we improve the model. We Tune and Refine to maximize the model performance. If the model's performance is not satisfactory, iterate and make adjustments. 

Keep in mind that this is not an one-way process but an iterative process where we continuously monitor the performance of the model and evaluate its effectiveness over time. If necessary, we update the model or retrain it with new data to adapt to changing conditions.

Of course, Once satisfied with the model's performance, we deploy it into a production environment or integrate it into an application or a system where it can be used for making decisions or predictions.

https://areopa.academy/
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Treatment Planning

P. Christodoulides, A. Miltiadous, K. D. Tzimourta et al., Biomedical Signal Processing & Control, 2022.
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Now, EEG analysis combined with machine learning techniques have a great potential for studying and understanding various brain disorders. There are hundreds even thousands of research studies deploying machine learning algorithms in EEG data. 

In EPILEPSY
The vast majority of studies focus on Seizure Detection and Prediction of epileptic seizures. ML Algorithms can be trained to recognize seizure patterns and provide real-time alerts when a seizure is about to happen. 

In Neurodegenerative Diseases where the main focus is on DEMENTIA and Parkinson’s Disease
The EEG analysis with machine learning techniques can aid in cognitive assessment and monitoring the disease progression.

Parkinson's Disease: 
Machine learning algorithms can analyze EEG signals to assess the severity of Parkinson's disease symptoms. This can also assist in evaluating the efficacy of treatments.

Alzheimer’s Disease there are numerous studies exploring how the brain connectivity and complexity is altered, providing Quantitative EEG biomarkers for cognitive decline

SLEEP 
Machine learning algorithms can be trained on EEG data to classify different sleep stages.
Additionally, they can help detect specific sleep disorders such as sleep apnea, insomnia, narcolepsy. 

In NEURO-DEVELOPMENTAL DISORDERS which is also another emerging field of research, where we can see studies focusing on 

Autism Spectrum Disorder (ASD) and Attention Deficit Hyperactivity Disorder (ADHD): Machine learning algorithms applied to EEG data can detect specific EEG patterns associated with ADHD or autism. This can help in the objective early diagnosis and assessment of ADHD symptoms, helping in treatment planning and monitoring.
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K. Glavas, G. Prapas, K. D. Tzimourta et al., Applied Sciences, 2022.
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Now the EEG apart from clinical purposes is also used in the field of Human-Computer Interaction. 
The BCIs are systems that enable the direct communication between the human brain and an external device, such as a computer, without any movement from the individual.

In this slide you can see all this high-tech, commercial, wearable EEG recording devices. Each device has different numbers of sensors/electrodes. In the video, Mr. Kosmas Glavas, one of our PhD Students is navigating the wheelchair only with his thoughts. 

The BCIs serve as Assistive Technologies that can be used to assist individuals with disabilities, by enabling them to control devices like wheelchairs, robotic limbs, or communication tools directly with their thoughts.
�
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A brief insight on how this intelligent EEG-based system works. 
The rider wears a wearable EEG recording device and then EEG data is collected from the user while they perform specific mental tasks related to wheelchair control. For example, the user is asked to imagine left or right-hand movements, or focus on specific visual stimuli. Then, the EEG signals are sent to the computer via Bluetooth. 

The collected EEG data is preprocessed to remove noise, artifacts etc. and features are extracted from the preprocessed EEG data. These features may include spectral power, frequency bands, or other statistical measures derived from the EEG signals.
Now these data, which is actually the user's mental tasks are associated with specific labels (e.g., left turn, right turn, stop). These labels are assigned to the corresponding EEG data samples, creating a labeled dataset that is used to train the machine learning model and the data are classified and associated with the mental commands.

This process is performed offline. 

The online phase includes the real-time application of the trained machine learning model to interpret the user's EEG signals and control the wheelchair accordingly. 
The EEG signals are recorded in real-time, preprocessed and the features are extracted in real-time. The extracted features are fed into the trained machine learning model, which classifies the user's command. The model predicts the appropriate command based on the patterns it has already learned during the training phase.

This predicted mental command is translated into specific control signals for the wheelchair. For example, if the user thinks to turn left, the system generates the appropriate control signals to steer the wheelchair in the left direction. This can involve sending signals to the wheelchair’s motors.
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Now, turning our attention to Kleefstra syndrome, we know by now that KS affects brain development and causes intellectual disability. In this slide a few symptoms associated with brain activity are presented. The crucial question is 

"What are the characteristic patterns and biomarkers observed in EEG recordings of individuals with Kleefstra syndrome, and how do these correlate with specific cognitive and neurological symptoms associated with the disorder?"

Do we know? Unfortunately, the answer is not. We certainly know more things about the syndrome today that we used know 10 years ago. But can we actually answer this question? ��


How can machine learning help individuals with
Kleefstra syndrome?

0

Diagnosis and T O Treatment Ontimizat;
reatmen imization
> P

Early Detection

l

J Behavior Monitoring

~=" and Support Assistive Technologies

Kleefstra Syndrome

- 1.Biorepositories
P CHMBINE
| ot



Presenter Notes
Presentation Notes
Machine learning can potentially assist individuals with Kleefstra syndrome in various ways. 

Diagnosis and Early Detection: We need to first see whether there are specific EEG patterns in KS cases. Machine learning algorithms can analyze large amounts of genetic and clinical data to aid in the early detection and diagnosis of Kleefstra syndrome. 

Treatment Optimization: where Machine learning algorithms can assist in optimizing treatment strategies for individuals with Kleefstra syndrome. 

Behavior Monitoring and Support: Machine learning algorithms can analyze behavioral patterns to monitor the activities and behaviors of individuals with Kleefstra syndrome.such as sleep disturbances or repetitive behaviors, machine learning models can provide early alerts to caregivers and healthcare professionals, enabling timely intervention and support.

Assistive Technologies specifically designed for individuals with Kleefstra syndrome. For example, the creation of speech recognition systems that adapt to the unique communication challenges faced by individuals with Kleefstra syndrome. These technologies can enhance communication capabilities and enable greater independence.

But none of this can be done unless we first have data. We don’t have the data and this is of crucial importance.

Patient registries and health records it’s the most important part. 
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In conclusion, EEG-based machine learning research holds tremendous promise and can aid individuals with Kleefstra syndrome by providing insights into their brain activity patterns, helping to understand the neurological aspects of the syndrome and potentially improving diagnostic accuracy, treatment strategies, and personalized interventions.

With ongoing research and collaboration, we can refine and expand the application of these techniques, paving the way for breakthroughs in understanding the underlying mechanisms of Kleefstra Syndrome and developing targeted interventions.
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