:
S
gJl.'S

Universiteit

“dd) Leiden
M’b The Netherlands

1

)
3|
B 3
.
=
.

4

&

o

Computer-aided detection of wall motion abnormalities in
cardiac MRI

Suinesiaputra, A.

Citation
Suinesiaputra, A. (2010, March 30). Computer-aided detection of wall motion

abnormalities in cardiac MRI. ASCI dissertation series. Retrieved from
https://hdl.handle.net/1887/15187

Version: Corrected Publisher’s Version
License: Licence agreement concerning inclusion of doctoral thesis
) in the Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/15187

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/15187

Computer-Aided Detection of Wall Motion
Abnormalities in Cardiac MRI

Avan Suinesiaputra



Colophon

About the cover:

Zulkhairi Rhiza Tala, which was based on a Kufic inscription writ-
ten on an 11th-12th century Iranian dish. The text on the dish is
‘g translated into: “Science is bitter-tasting (of thinking) at first, but
sweeter than honey in the end. Peace.” The dish is currently stored
Wg/ l 1& in the Islamic Art collection of the Musée du Louvre, Paris.

H\ lwi The cover is an Arabic calligraphy made by an 11-year old M.

Computer-Aided Detection of Wall Motion Abnormalities in Cardiac MRI
Avan Suinesiaputra

ISBN: 978-90-6464-384-2
Typeset in BTgX 2¢, generated by pdfTeX ver. 3.1415926-1.40.10-2.2.
Printed by Ponsen & Looijen B.V,, the Netherlands.

© 2010 Avan Suinesiaputra, Leiden, the Netherlands

All rights reserved. No part of this publication may be reproduced or transmitted in any
form or by any means, electronic or mechanical, including photocopying, recording, or
any information storage and retrieval system, without permission in writing from the
copyright owner.



Computer-Aided Detection of Wall Motion

Abnormalities in Cardiac MRI

Proefschrift

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van Rector Magnificus prof. mr. PE van der Heijden,
volgens besluit van het College voor Promoties
te verdedigen op dinsdag 30 maart 2010

klokke 13:45 uur

door

Avan Suinesiaputra
geboren te Jakarta, Indonesié

in 1974



Promotiecommissie

Promotor: Prof. dr. ir. ].H.C. Reiber
Co-promotor:  Dr. ir. B.PE Lelieveldt
Overige leden:  Prof. dr. J.J. Bax

Dr. N. Karssemeijer
Radboud University Medical Centre, Nijmegen

Prof. dr. ir. M.].T. Reinders
Technische Universiteit Delft, Delft

Advanced School for Computing and Imaging

This work was carried out in the ASCI graduate school.
ASCI dissertation series number 193.

This research was supported by the Dutch Science Foundation (NWO) under an innova-
tional research incentive grant (verniewingsimpuls) 2001.

Financial support for the publication of this thesis was kindly provided by:
* Bontius Stichting inz. Doelfonds beeldverwerking,
¢ Foundation Imago,
¢ ASCI research school, and

e Library of the University of Leiden.



Papah/Bapak and Mamah/Mamak,
from whom I receive most of Allah’s love through.






CONTENTS

Contents

1

Introduction
1.1 Imaging techniques for diagnosis of ischaemic heart disease . . . . . . . ..
1.1.1 Magneticresonance imaging(MRD) . . ... ... ...........
1.1.1.1  Restingcine-MRimages. . .. .. ... ...........
1.1.1.2 Dobutamine stressMR(DSMR) .. ... ..........
1.1.1.3 MRperfusion . ... ....... ... .. ... ... ...
1.1.1.4 Contrast-enhanced MRI (CE-MRI) . ............
1.1.2  Echocardiography . .. ... ... ... ... .. ... .. ... ...
1.1.3  'BF-fluorodeoxyglucose (FDG) PETimaging . . . . ... .......
1.1.4  Electrocardiographically-gated perfusion SPECT imaging . . . . . .
1.2 Computer-assisted diagnosis forischaemia . . . . .. ... ... .......
1.3 Motivation and objectives . . . . .. ... ... Lo
1.4 Outline . ...... ... .. ... e
1.5 References ... ... ... ... ... ...

Optic flow computation from cardiac MR tagging using a multiscale differen-
tial method: A comparative study with Velocity-Encoded MRI

Suinesiaputra et. al., Medical Image Computing and Computer-Assisted Intervention, Lec-
ture Notes in Computer Science Series vol. 2878, 483-490, Springer, 2003.

2.1 Methodology . . . . ... ... . e
2.1.1 Conservation principle in taggingMRI . . .. ... ... .......
2.1.2  The First Order Density Multiscale OFCE . . . . ... ... ......
2.1.3 Themultiscalescheme . ... ......................
2.2 Experimentalresults .. ... ... .. ... . ... ... .
221 ClinicalData . ... ... ... ... .. ...
222 Results . ... ...
23 DiscussSiOn . . .. ... e
24 References . ... .. ... ...

Extraction of myocardial contractility patterns from short-axis MR images us-
ing Independent Component Analysis

iii

-
[N IENEEN Wi RN, B S; IS, I NST N =

— =
N OO

21

24
24
24
25
26
27
27
28
30

31



5

6

iv

Suinesiaputra et. al., Computer Vision and Mathematical Methods in Medical and Biomed.-
ical Image Analysis, Lecture Notes in Computer Science Series vol. 3117, 75-86, Springer,
2004.
3.1 Methodology . . . . ... ... ...
3.1.1 ICAmodel . .. ... . . .
3.1.2 Geometry-based sorting forICAmodes . . . . .. ... ........
3.1.3 Cluster measurement metrics . . . . ... .. .............
3.2 Experimentalresults . . .......... ... .. .. ... .. ...
3.2.1 Weighting coefficientmatrix . .. ....................
3.22 Meanclusterdistance . . . . ... ... ... ... . ..
323 Clusteranalysis . . . . . . . .. oo it
3.24 Separationdegree . ... ....... ... ...
3.3 Discussion . ...
34 References . ..... ... ... ...

Detecting regional abnormal cardiac contraction in short-axis MR images us-

ing Independent Component Analysis

Suinesiaputra et. al., Medical Image Computing and Computer-Assisted Intervention, Lec-

ture Notes in Computer Science Series vol. 3216, 737-744, Springer, 2004.

4.1 Methodology . . . . . . . .. e
4.1.1 ICA modeling of the normal cardiac contraction ... ........
4.1.2 Determining the number of independent components . . .. ...
4.1.3 Detection of abnormal contractility patterns . . . . . ... ... ..

4.2 Experimental Results . . ... ... ... ... ... ... ...,

43 Discussion . .. ... ...

44 References ... ....... ... . ... e

Automatic prediction of myocardial contractility improvement in stress MRI
using shape morphometrics with Independent Component Analysis
Suinesiaputra et. al., Information Processing in Medical Imaging, Lecture Notes in Com-
puter Science Series vol. 3565, 321-332, Springer, 2005.
5.1 Methodology . . . . . . .. . .. e
5.1.1 Modeling contraction of healthy myocardium . . . . . .. ... ...
5.1.2  Optimal number of independent components . ...........
5.1.3 Density estimation of coefficient values from the ICA model . . . .
5.2 ExperimentalResults . . ... ... ... ... .. ... .. ... .. ..
5.2.1 Modelconstruction . .......... ... ... e
5.2.2 Qualitative prediction results of contractility improvement . . . . .
53 Discussion . .. .. ... ... e
54 References ... ... .. ... ... ... e

Automated detection of regional wall motion abnormalities based on a statis-

tical model applied to multi-slice short-axis cardiac MR images

Suinesiaputra et. al., IEEE Trans Med Imaging, 4(28):595-607, 2009.

6.1 Introduction . .. ... ... . ... ...
6.1.1 Automated RWMA detectionmethods . ... .............

34
34
35
37
38
38
39
40
41
42
43

45

47
47
49
50
51
52
52

55

58
58
59
61
63
63
63
66
66

69



7

6.1.2  Sparse decomposition in statistical shape analysis . . .. ... ...
6.1.3 Contribution of thischapter . . ... ... ... ............
6.2 Methodology . . . . . . . .. .. e
6.2.1 Statistical Shape Modeling of Cardiac Contraction . ... ... ...
6.2.2 Myocardial Shape Decomposition withICA . . ... ... ......
6.2.3 Robust Estimation of Independent Components . .. ... .. ...
6.2.4 Estimating Density Functions of Independent Components
6.2.5 Detecting AbnormalRegions . . . .. ... ...............
6.3 ExperimentalResults . . ... ... ... ... .. ... .. .. ... ..
6.3.1 Datadescription and preprocessing . . . . . ... ... ... .....
6.3.2 ValidationMethod . ... ... .. ... ... ... .. .. ... ....
6.3.3 Classification performance . . . ... ..................
6.3.4 Disagreement with visual wall motionscore . . . ... ........
6.3.5 Disagreement with wall thickening . ... ...............
6.3.6 Comparison with direct landmark density estimation . . ... ...
6.4 Discussion . .. ... ... ... e
6.4.1 Method performance . .............. ... .. .. .....
6.4.2 Studylimitations . . . .. ... ... ... .
6.4.3 Clinicalutility . . . . ... ... ... ... ..
6.5 Conclusion . ... ... .. ... ... . ...
6.6 References . . ... ... ... ...

An automated regional wall motion abnormality detection by combining rest

and stress cardiac MRI: Correlation with infarct transmurality from contrast-

enhanced MRI

Suinesiaputra et. al., submitted.

7.1 MaterialsandMethods . . . . ... ... ... .. ... . ..
7.1.1 Studydesign . ... ... ...
7.1.2 Dataacquisition . ... ... .. ... .. ... .. e
7.1.3 Sliceselection . . . . . ... ...
7.1.4 Myocardial contour delineation and segmental definition . .. ..
7.1.5 Normokinetic myocardial shapemodels . . . ... ... .......
7.1.6  Building RWMA probability density functions . . . . ... ... ...
7.1.7 RWMAevaluation . ......... ... ... .. ...
7.1.8 Transmuralextent ... ... ......... ... ... .. .. ... .
7.1.9 Statisticalanalysis . ... ... .. ... ... .. ... ..

72 Results. .. ... ... ... e
7.2.1 Restversusrest-stressdata . ... ......... .. ... ...
722 Scartissuedetection . . .. ... ... ... . Lo oL
7.2.3 Correlation with infarct transmurality . . ...............

7.3 Discussion . ... ...

74 References . . . ... .. ...

Summary
8.1 Myocardial wallmotionmodeling . ... ................. ...



8.2 Automated evaluation of regional wall motion abnormalities . .. ... ..
8.3 Automated prediction of functional improvement . . . ... ... ......
8.4 Futuredirections . .. .. ... .. ... ...
85 References . ... ... ... ... e

9 Samenvatting
9.1 Statistische modellering van de wandbeweging van het linkerventrikel . . .
9.2 Automatische detectie van afwijkingen in regionale wandbeweging van het

LV e

9.3 Automatische bepaling van functionele verbeteringen in wandbeweging
9.4 Vervolgonderzoek . . ... .. ... .. ...
95 References ........ ... ... . ...

Publications

Acknowledgements

Curriculum vitae

vi

122
123
124
125

127

129

131



