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Preface

The second International Workshop on Spatiotemporal Image Analysis for
Longitudinal and Time-Series Image Data (STIA 2012) was held in Nice, France
on October 1st, 2012 in conjunction with the International Conference on Med-
ical Image Computing and Computer Assisted Intervention (MICCAI). This
workshop was a follow-up of the first international workshop on Spatiotemporal
Image Analysis for Longitudinal and Time-Series Image Data (STTA 2010) held
in conjunction with MICCAI 2010 in Beijing, which followed a previous tuto-
rial on “Detection and Quantification of Evolving Processes in Medical Images”,
organized by Nicholas Ayache at MICCAI 2004.

For STTA 2012, we received 22 submissions of which 13 were accepted yielding
an acceptance rate of 59%. Each submission was reviewed by two to three expert
reviewers. Submissions that were not championed by any of the reviewers were
rejected.

The analysis of spatio-temporal time-series and longitudinal data is becom-
ing increasingly more important as clinical imaging increasingly makes use of
longitudinal image studies to examine subject-specific changes due to pathol-
ogy, intervention, therapy, neurodevelopment, or neurodegeneration. Moreover,
dynamic organ changes as seen in cardiac imaging or functional changes as mea-
sured in perfusion imaging, just to name a few, by definition result in time-series
image data presenting volumetric image data over time.

The detection and characterization of changes from baseline due to disease,
trauma, or treatment require novel image processing and visualization tools for
qualitative and quantitative assessment of change trajectories. Whereas longi-
tudinal analysis of scalar data is well known in the statistics community, its
extension to high-dimensional image data, shapes or functional changes poses
significant challenges. Cross-sectional analysis of longitudinal data does not pro-
vide a model of growth or change that considers the inherent correlation of
repeated images of individuals, nor does it tell us how an individual patient
changes relative to a change over time of a comparable healthy or disease-specific
population, an aspect which is highly relevant to decision making and therapy
planning.

The goal of this workshop was to comprehensively discuss approaches and
new advances for the spatio-temporal analysis of time-series and longitudinal
image data. It also aimed at starting a dialog to define the generic nature of
algorithms, methods, modeling approaches, and statistical analysis for optimal
analysis of such data, in particular in the context of challenging applications. The
main body of submissions to the workshop was concerned with neuroimaging
applications. However, the workshop also touched on spatio-temporal analysis
in biology.



VI Preface

We are tremendously grateful to our program committee members, who care-
fully reviewed all submissions. We would also like to thank all participants of
the workshop and in particular our two keynote speakers for stimulating posters,
presentations, and discussions.

July 2012 Stanley Durrleman
Tom Fletcher

Guido Gerig

Marc Niethammer



Program Committee

Paul Aljabar
Stéphanie Allassonniere
D. Louis Collins
Roman Filipovych
Jan Ehrhardt

Jim Gee

Julien Lefevre

Jan Modersitzki
Sebastien Ourselin
Kilian Pohl
Marcel Prastawa
Angi Qiu

Daniel Rueckert
Laurent Risser
Maurico Reyes
Dinggang Shen

Julia Schnabel
Martin Styner

Fedde van der Lijn
Koen Van Leemput
Carl-Fredrik Westin
Prasanna Muralidharan
Sandy Wells

Simon Warfield

Hongtu Zhu

Organization

Imperial College London, UK

Ecole Polytechnique, Palaisau, France

Montreal Neurological Institute, Canada

University of Pennsylvania, USA

Universitdt zu Liibeck, Germany

University of Pennsylvania, USA

Université de la Méditerranée, Marseille, France

Universitat zu Liibeck, Germany

Imperial College London, UK

University of Pennsylvania, USA

University of Utah, USA

National Univerity of Singapore, Singapore

Imperial College London, UK

CNRS, Toulouse, France

Universitat Bern, Switzerland

University of North Carolina at Chapel Hill,
USA

Oxford University, UK

University of North Carolina at Chapel Hill,
USA

Erasmus MC, Netherlands

Aalto University, Finland

Harvard University, USA

University of Utah, USA

Harvard University, USA

Harvard University, USA

University of North Carolina at Chapel Hill,
USA



VIII Organization

Sponsors

We are thankful to ICM (Hopital Pitié Salpétriere, Brain and Spine Institute,
Paris www.icm-institute.org) and SCI (Scientific Computing and Imaging In-
stitute, Utah (www.sci.utah.edu) for sponsoring this workshop. The NA-MIC
consortium (www.na-mic.org) funded by NIH is acknowledged for providing sci-
entific and engineering support.

7S

www.sci.utah.edu

y o F

ICM cricm

Institut du Cerveau centre de recherche

et de la Moelle épiniére de l'institut du cerveau
et de la moelle épiniére

National
Alliance for
Medical Image
Computing




Table of Contents

Longitudinal Registration and Transport

Spatio-temporal Regularization for Longitudinal Registration to an

Unbiased 3D Individual Template ... ........ ... ... .. ... .. .. ..
Nicolas Guizard, Viadimir S. Fonov, Daniel Garcia-Lorenzo,
Bérengére Aubert-Broche, Simon F. Eskildsen, and D. Louis Collins

Local vs Global Descriptors of Hippocampus Shape Evolution for
Alzheimer’s Longitudinal Population Analysis .......................
Jean-Baptiste Fiot, Laurent Risser, Laurent D. Cohen,
Jurgen Fripp, and Francois-Xavier Vialard

Which Reorientation Framework for the Atlas-Based Comparison of
Motion from Cardiac Image Sequences? ......... ... .. ... oo,
Nicolas Duchateau, Mathieu De Craene, Xavier Pennec,
Beatriz Merino, Marta Sitges, and Bart Bijnens

Elastic Demons: Characterizing Cortical Development in Neonates
Using an Implicit Surface Registration .......... ... .. .. ... ... ...
Paul C. Pearlman, Ivana Isgum, Karina J. Kersbergen,

Manon J.N.L. Benders, Max A. Viergever, and Josien P.W. Pluim

A New Framework for Analyzing Structural Volume Changes of
Longitudinal Brain MRI Data .......... ... .. ... . o i,
Bérengére Aubert-Broche, Viadimir S. Fonow,
Daniel Garcia-Lorenzo, Abderazzak Mouiha, Nicolas Guizard,
Pierrick Coupé, Simon F. Eskildsen, and D. Louis Collins

4D Segmentation of Longitudinal Brain MR Images with Consistent
Cortical Thickness Measurement .. ................ ...,
Li Wang, Feng Shi, Gang Li, and Dinggang Shen

Spatio-temporal Analysis for Shapes

Mixed-Effects Shape Models for Estimating Longitudinal Changes in
ANatomy ...
Manasi Datar, Prasanna Muralidharan, Abhishek Kumar,
Sylvain Gouttard, Joseph Piven, Guido Gerig, Ross Whitaker, and
P. Thomas Fletcher



X Table of Contents

Unsupervised Learning of Shape Complexity: Application to Brain
Development . ...... ..o 88
Ahmed Serag, Ioannis S. Gousias, Antonios Makropoulos,
Paul Aljabar, Joseph V. Hajnal, James P. Boardman,
Serena J. Counsell, and Daniel Rueckert

Spatio-temporal Analysis under Appearance Changes

Spatial-temporal Pharmacokinetic Model Based Registration of 4D

Brain PET Data . ... e 100
Jieqing Jiao, Graham E. Searle, Andri C. Tziortzi,
Cristian A. Salinas, Roger N. Gunn, and Julia A. Schnabel

Predicting the Location of Glioma Recurrence after a Resection

SUTZETY v et ettt e e e e e e e 113
Erin Stretton, Emmanuel Mandonnet, Ezequiel Geremia,
Bjoern H. Menze, Hervé Delingette, and Nicholas Ayache

Tracking Metastatic Brain Tumors in Longitudinal Scans via Joint
Image Registration and Labeling . ........ ... .. . ... ... . .. .. 124
Nicha Chitphakdithai, Veronica L. Chiang, and James S. Duncan

Spatio-temporal Analysis for Biology

Motion-Based Segmentation for Cardiomyocyte Characterization. . ... .. 137
Xiaofeng Liu and Dirk Padfield

Multi-temporal Globally-Optimal Dense 3-D Cell Segmentation

and Tracking from Multi-photon Time-lapse Movies of Live Tissue

Microenvironments . . . ... ..ov .t 147
Arunachalam Narayanaswamy, Amine Merouane, Antonio Peizoto,
Ena Ladi, Paul Herzmark, Ulrich Von Andrian, Ellen Robey, and
Badrinath Roysam

Author Index . . ... . 163





