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1. Context

The approach through the thesis project is part of a global vision to analyze different complex Inherited
cardiac conditions (ICC) are severe and misunderstood diseases that affect millions of young patients
worldwide. More than a thousand mutations have been identified in many genes, indicating that diverse
molecules and pathways cause channelopathies and hypertrophic, dilated, restrictive, and
arrhythmogenic cardiomyopathies. These mutations are often patient specific, relevant for a person or
family. They may also be group specific, or the hallmark of sub-specific populations of patients. However,
genetic heterogeneity and allelic variation together with variation in clinical expression, pose substantial
challenges for clinicians faced with their patients.

The thesis proposes a diagnostic support intelligent system to optimize diagnosis of ICC. The proposal aid
tool will structure the clinical decision for patients with suspected ICC, precisely define the question to be
addressed, identify exhaustive actions that may be undertaken and their potentials outcomes, estimates
the probability that events will occur and their associated costs and values.

2. Objectives

The objective of this thesis is to analyze different complex data (ECG forms, genetic variants and other
clinical information...) with data mining and machine learning techniques for decision aid in the broad
sense. The ECG signals and the clinical and biological data will be restructured in the form of matrix
representations, which may contain all kinds of relevant information or not. Among these information,
two sets of dimensions are of primary interest for clinicians: Cardiac behaviors, via ECG signals, and
genetic factors, via DNA records of patients. These dimensions are very important indicators that provide
synoptic information on the overall performance of a medical diagnosis of a patient or more generally a
group of patients.

Given the complex nature of the data collected on patients, the needs expressed by the clinicians cover
the following aspects, which are the operational and scientific objectives of this work:

- Detection of cardiac anomalies from ECG signals.

- Extraction of patient profiles from complex data (ECG, genetic and clinical data).

- Automatic diagnosis from complex data, with good precision

- Need of therapeutic decision support based on diagnosis provided by Al solutions.

- Need of interpretation process by selecting genes that explain the diagnosis of different
pathologies.

- Need of scalable machine learning tools for dealing with huge amounts of high dimensional data.
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3. Scientific program

The operational objective of the scientific program behind this thesis is to demonstrate, with
mathematical and computer tools, the interaction between the clinic and genetics, which represents the
main challenge of the project. This demonstration will involve close collaborations and fruitful exchanges
between researchers from the DM2L (Data Mining and Machine learning) team of LIRIS Lab and
cardiologists and geneticists of HCL (Hospital of Lyon). The aim is to develop the best relationships
between the fundamental aspect, by new machine learning algorithms and the decision-making aspect
that seriously concerns clinicians.

As part of this thesis, we propose to develop data mining tools based on statistical learning models for
the automatic diagnosis of pathologies of inherited cardiomyopathy. The main goal is to help with the
therapeutic decision of these serious, complex and poorly understood diseases actually. To do this, we
adopt a data-driven approach that will be used to build our models, by four main tasks:

3.1. Cardiac anomaly detection from ECG data: In this task, we propose to develop a global approach
which allows to detect ECG data, showing cardiac anomalies and then, model this particular form
according to the characteristics of the signals.

3.2. Profiling of patients from complex data: The objective is to combine, simultaneously, EGC signals
and biological characteristics to extract homogeneous clusters of patients that can provide a complete
picture expressing similar symptoms, for making good decisions. We propose to carry out this task on two
steps : coding the genetic variants and integrating them, with other types of data, on an unsupervised
learning approach in order to extract accurate profiles of patients.

3.3. Diagnosis of inherited cardiomyopathy and channelopathy: As reported in task 3.2, the data are
complex. In fact, each patient is described by several ECG leads, several genes and several clinical data
(sex, age, ...). In addition, the classes about ICC are multiple (dilated, hypertrophic, restrictive, non-
compaction, long QT and Brugada syndromes, catecholaminergic polymorphic ventricular tachycardia,
idiopathic ventricular fibrillation). To treat such heterogeneous data to make a diagnosis, is part of a
special case of supervised machine learning, which is multi-view learning.

3.4. Factor selection for explaining the diagnosis of inherited cardiomyopathy: This task is important for
explaining the diagnosis and can be carried out in machine learning by feature selection methods. The
objective is to determine the relevant factors from ECG, genetic and clinical spaces, allowing to explain a
given diagnosis.
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