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Summary:

Alzheimer’s disease (AD) is a considered one of the common elderly diseases. It is a type of
dementia that causes changes in behavior in addition to memory loss because of the death of
brain cells. There are three stages for Alzheimer disease named: Alzheimer’s Disease patient
(AD), Mild cognitive impairment (MCI) and Early stage. In this work, we proposed a
promising method to classify the different categories of Alzheimer and the healthy control
(HC) subjects using multiple T1-weighted MRI scans of the whole brain volume directly to
extract several features by subtracting the longitudinal data of different visits and compute
the associated changes in the brain. These features are then fed to the Support Vector Machine
(SVM) classifier. The main advantage of this method is that it doesn’t involve lots
preprocessing steps including the segmentation that was done to extract the hippocampus or
amygdala or any other region of interest, which is considered as an expensive and complicated
process. The second part of this thesis is employing a bio-statistical anaylsis to compute the
cross-sectional correlation/regression between different clinical assessments such as
MMSE,... and ... and four Volume of Interest (VOI) named hippocampus, amygdala, lateral
ventricles and total brain volume formed of WM and GM. It was observed that MMSE is the
most significant assessment, having a high correlation with the four VOI. The graphical
representation of the volumetric changes in the different VOI was studied longitudinally
along with the shrinkage rate of hippocampus, amygdala and overall brain volume as well as
the enlargement rate of lateral ventricles through the progression stages of the disease
compared to the normal subjects.
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Abstract

Alzheimer’s disease (AD) is a considered one of the common elderly diseases. It is
a type of dementia that causes changes in the patient behavior in addition to memory loss
because of the death of brain cells. It is considered a chronic neurodegenerative
progressive disease which gets worse over time. In the Early stage, the patient may
perform his/her usual activities as he/she still drive, work and deal with other people but
with less efficiency. Later occurs the Mild Cognitive Impairment (MCI) stage, known as
moderate Alzheimer's disease, that is considered the longest stage and may last for many
years in which the patient may suffer from many troubles like confusing words, getting
frustrated or angry, or acting in unexpected ways. AD, is the severe stage or late stage,
where the patients lose their ability of responding to their usual environment and that
ends with the patient death.

The Hippocampus and Amygdala regions, subregions of the limbic system, are very
good indicators for the presence of AD and considered as the most affected part in terms
of shape and volume by the Alzheimer deterioration since they are responsible for the
memory storage. Moreover, In Alzheimer's disease, there is an overall shrinkage of brain
tissues in addition to enlargement of the lateral ventricles.

There is no single medical test that proves a person has Alzheimer's. Diagnosing
Alzheimer's involves a complete assessment that is formed of few tests such as : Mini
Mental State Examination (MMSE) and Clinical Dementia Rating Scale (CDR), as the
standard dementia screening and staging severity tests. There are also other clinical
assessments that are used such as The Functional Activities Questionnaire (FAQ) and
The Global Deterioration Scale (GDSCALE). These four assessments are based on a
scoring system.

In this work, we propose a promising method to classify the different categories of
Alzheimer and the healthy control (HC) subjects using a series of longitudinal T:-
weighted MRI scans of the whole brain volume for every follow-up visit. The difference
volume of each visit is computed by subtracting each follow-up scan from the baseline
MRI to get the 3D feature vector associated with every subject. These features are then
fed to the decision support system. The main advantage of the proposed system is
eliminating most of the preprocessing steps, which in its turn decreases the processing
time and though the overall cost in terms of time and cost. The preprocessing module is
formed of the alignment of the longitudinal dataset to the Atlas as well as the down
sampling of the volume in order to decrease the processing time.

Both of Two sample T-Test and Fisher Score are studied for dimensionality
reduction purposes to overcome the overfitting problem followed by SVM classifier for
the classification between HC and MCI subjects, HC and AD subjects and MCI and AD
patients. Leave one out cross validation (LOOCV) and 10-Fold are used to study the
system robustness based on the accuracy.

The second part of this thesis is employing a bio-statistical anaylsis to compute the
cross-sectional correlation and regression model between different clinical assessments
such as MMSE,... and ... and four Volume Of Interest (VOI) named hippocampus,



