Contents

LI 1o = I
FiBUIES. . iiuiiiiieiiiiiiiinniituiirnetiraesetreesttresstreesstresssteasssressssressssrassosssssssssssssenssssasssssasssssnsssssnsssssnes n
ADBDBreVviations ........uueiiiiiiiiiiiiiiiiiiri s e s e s e s arsaaa s ssssssssaen e vil
Y <] 1 o Y IX
=LY 3 =T o P Xl
LT ¥ ] o o PN Xl
LI (=TT e TV 1T =N XV
Motivation, Hypothesis and ObjJECctiVes ........cciveeeiiiiiiieiiiiiiieiniiiiirceniresis s sernnessssssansssssenns 1
1. 4T o T U T 4o o T 3
1.1 Alcohol use diSOrders (AUDS)........cooieeeiieiiiiiiiiiiiieeieeiee e eeeeeeeeeeaeaeaeeeeeeeseesesessansassanans 3

1.1.1 Animal models in alcoholisSme........cooiuiiiiiiiiiiiiii e 7

1.2 Brain imaging to identify neuroanatomical basis of alcohol addiction ..................... 8

1.3 Machine Learning in Brain IMaging ........ccoooieiieiiiiiiiiiiiiiiiiie e e e e e e e e e e e e e e e e 11

2. 1Y =T T L 13
2.1 ANIMal PrepParation.. ... e e e e e 13

2.2 Y I o d o T T 0 1= L £ RS 15

2.3 Software and Computational TOOIS..........uviiiiiiiiiiiiiiii e 17

3. 1V =14 o T 19
3.1 [MAEE Pre-PrOCESSING ..uieeieiieeieiiiiiiiiire e e e eeteeeee e e aeeeeeeeeeaasreraaseeeeeaneseneeresnnnnnens 19

3.2 Introduction to Machine Learning algorithms...........ccoccviiiiiiiiieiiiiiiieeeeeee, 23

3.2.1 Support Vector Machine classification .......ccccccciiiiiiiiiiiniiiccccciiiiens 23

3.2.2 Feature Extraction and Selection with Random Forest Algorithm................. 27

3.2.3 Validation and possible bias of the predictions .............cccoooeiiiiiciiiiciiniinnns 30



3.2.4 Wrapped SVM classification according RF variable importance..................... 32

33 Multimodal magnetic resonance imaging as a tool for identifying the different stages
(o] i1 [ole] a o] I=Te [o | Tord o Yo HONN NPT POPPPT T 36
3.3.1 Multimodal ROI (MROI) definition.........cccceiiiiiiiiiiiiiirieeer e 36
3.3.2 Feature extraction, ranking and support vector machine learning classification ...... 40
3.4 A mesoscopic multimodal machine learning approach from alcohol initiation to

Treatment iN MSP Fats ..ottt e e e e e e e e ee e ene s 43

3.4.1 Feature extraction, ranking and support vector machine learning

ClaSSIfICAtION ..ueiiiiii e 43
RESUIES ... iiiiiiiiiiiiriiiiiiiis it s es s e s s ses s e s e e s s e e asassssssssssessesensassasssssssssns 47
4.1 Preliminary FESUITS ...cvviiiiii et e e e e e e e e e e e e e e e e e e e e e e e e e eeana 47
4.2 Multimodal magnetic resonance imaging as a tool for identifying the different stages
(o] i1 [ole] a o] I=Te [o | Tord o Yo HONN NPT TOPPPTT 47

4.2.1 Definition of the Finite Mixture Model ............oocvviieiiiiniiiiiiiieeeee e 48

4.2.2 Multivariate analysis Of IMISDS .........uuuiiiiiiiiiriiieeeiee e e 51

0 2 T B 1 1Y of 1] o o OO PPPRRPPN 71

4.3 A mesoscopic multimodal machine learning approach from alcohol initiation to

TreatmeENnt iN MSP rats ..o e e e e e e e 74
4.3.1 Effect of alcohol consumption in MRI parametric maps........cccceeeeenvvnvvennnnnns 74
4.3.2 Variable IMPOItAnCE ........oovveeviiiiiiie et crret e e e e e e e e e ee e en e e e eeeeeevesaaans 75
4.3.3 Naive vs Ethanol Exposed SVM Classification ...........ccoeeeviiiiiiicvccviiiiniinnns 80
4.3.4 Evaluation of treatment efficacy by SVM.......cooooiiiiiiiiiii s 85
N T T B 1 1Y of 111 o] o OO UPPPRRPPNt 86
€T =T =T =TI [ o] - T o 91
0o o Lol 1T T 4 T 95
(22T =T =T o o 97

Y o] e T=T o e [0 Iy 111



