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OUTLINE

- The Ensemble of Brain Mapping Modalities
- Reasons and Challenges of Combining

- Multimodal Data Acquisition/Stimulation Techniques
for Brain Mapping

- Data Analysis Approaches in Multimodal Brain
Mapping

- Multimodal Presurgical Planning

. Conclusion




BRAIN MAPPING APPROACHES
- Nl
Activation maps RSN maps

fMRI scan o ARA / Fractional
' . anisotropy

tructural \

MRI scan Subject

/ \ MRI scan
Age, Gender, Handedness, | 31,4,
Environment, Education

Endophenotype

Diffusion

Tensor

Genetic




>
L
Q
o
[
[=2}
o
5
-
c
2
7]
2
E
w
c
o
=
-
wn
o
o




THE ENSEMBLE OF COMMON BRAIN MAPPING
MODALITIES

> MEG: Magnetoencephalography
> EEG: Electroencephalography

» INIRS: functional Near infrared Spectroscopy
> sMRI: structural MRI

> fMRI: functional MRI

> Diffusion MRI

> PET: Positron emission tomography

> TMS: Transcranial Magnetic Stimulation
> TES: Transcranial Electric Stimulation (TCS)




SPATIAL AND TEMPORAL RESOLUTION OF
BRAIN MAPPING MODALITIES
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REASONS FOR COMBINING

 Complementary Resolution

 Complementary Information (Different views)

 Study a Complex system in different levels
(chemical/electrical/structural/hemodynamic

Joint Information

Symptoms of

«. disease indicator

O
=
o
O
-
——
()]
0

[Calhoun, Biological
psychiatry, 2016]




CHALLENGES IN MULTIMODAL BRAIN MAPPING

« Different sampling rates in time/space
« Co-registration (Voxels/Channels/etc)

« KEach signal comes from a different
phenomena (Physical Model)

« Simultaneous or separate acquisitions?
« Challenges of concurrent acquisition
« Data Analysis (Data Fusion)




SEPARATE OR SIMULTANEOUS?
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POSSIBLE SIMULTANEOUS DATA ACQUISITION
o EEG-fMRI '

o EEG Artifacts
o fMRI degrading

o Epilepsy research

ynchronisation Synchronisation

rhythms




POSSIBLE SIMULTANEOUS DATA ACQUISITION

o INIRS-fMRI

o Increased spatial
resolution for NIRS

o better filtering of | B -~ .
physiological | T
fluctuations within |
fMRI by using the r
higher temporal -~
resolution NIRS | ‘

o And the additional
measures of Hbo

/
U

"’.
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SIMULTANEOUS DATA ACQUISITION AND BRAIN
STIMULATION: TOWARD A SPECIFIC CAUSALITY
STUDIES

o TCS-tMRI

o TMS-fMRI




POSSIBLE SIMULTANEOUS DATA ACQUISITION
o PET-fMRI

o More accurate resection of

tumors due to high sensitivity
of PET and resolution of MRI

s
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POSSIBLE SIMULTANEOUS DATA ACQUISITION
o INIRS-EEG Frz=

o Concurrent
hemodynamic and
electromagnetic brain
mapping

o More comfort for

patients than
fMRI_EEG




o MEG-EEG

o Complete set of
electromagnetic
measurements

Butterfly plot Topography

O
O

[

Source reconstruction in
Epilepsy presurgical

diagnosis, Plos One 2015
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POSSIBLE SIMULTANEOUS DATA ACQUISITION
AND STIMULATION

o TMS-EEG

o non-invasively studying cortical
excitability and connectivity

o Functional and effective
connectivity

o Challenge

o TCS-EEG




DATA ANALYSIS APPROACHES IN MULTIMODAL
BRAIN MAPPING

90 0@ 6 &

60 EE

Low information High information

_ [Calhoun, Biological
« Data Integration psychiatry, 2016]

« Assymetric Fusion: Informed Analysis (EEG-
Informed fMRI Analysis, fMRI-Informed EEG

Analysis, etc) ‘

 Symmetric Data Fusion




DATA INTEGRATION
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ASYMMETRIC ANALYSIS
EEG- INFORMED FMRI ANALYSIS
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DATA FUSION

Inter Subject
Vartability




Data Fusion
Approaches

Concument analysis of modalities One modality constrains another modality

Symmetric e —— Asymmetric

. | . EEG informed = DTl-informed
Wodel Driven DataDriven | | gap| analysis sMRI analysis

Decomposition
methods

L Semi-Blind —

Supanvizsed
Unsuparvizad
Sami-Suparvisad

3D fMRI contrast image 4D fMRI confrast image

[Calhoun, Biological
psychiatry, 2016]




JOINT ICA (V.D. CALHOUN 2002,2009)

Joint ICA
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components
controls
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Parallel ICA
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[Tumor Scale]
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APPLICATION:
MULTIMODAL
PRESURGICAL
PLANNING

Dr. S. Vollmar and Prof. Dr. K.
Herholz, Max-Planck-Institut




APPLICATION TO PUBLIC HEALTH

RESOURCE

nafure .
NEUrosciEnce

Multimodal population brain imaging in the UK
Biobank prospective epidemiological study

Karla L Miller!, Fidel Alfaro-Almagro!, Neal K Bangerter?, David L Thomas?, Essa Yacoub?, Jungian Xu”,
Andreas ] Bartsch®, Saad Jbabdi', Stamatios N Sotiropoulos’, Jesper L R Andersson', Ludovica Griffanti’,
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Neuroimaging Data Fusion In
jl- Schizophernia

Subject recruitment:
e Schizophrenia (DSM-IV)

Demographic information of the participants involved in this study

HC SZ

No. of subjects 18 18
Age (mean £ SD) 30.40 £ 5.45 35.72£9.97

Gender (M/F) 10/8 13/35
Age range 22 ~4] 19~55
Handedness (R/L) 15/3 13/5




Preprocessing of Structural MRI
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ﬂmEigenvector centrality mapping (ECM)
-

o Common techniques to study functional connectivity:
. seed-based correlations (focus on specific predefined ROIs)

. independent component analysis (brain sub-networks)

Google

PageRank

I

How The Google PageRank o3
Algorithm Works 30




l-ECM Calculation

264 GB RAM 137 MB RAM

Voxel time courses

correlation analysis Matrix
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Preprocessed data

in MNI space dominant

) , , ) eigenvector
 dominant eigenvector is unique

» coefficients and eigenvalue are positive and real-valued
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Data Fusion Schematic

32
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Experimental Results

l-The first Cannonical Variate

Correlation: 86.76%

s [HC]-CV Mod #1-(U1)
m— [SZ]-CV Mod #1-(U1)
s [HC]-CV Mod #2-(V1)

[SZ]-CV Mod #2-(V1)

10 15 20 25 30 35 40
Subject #
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Results of Fusion of Structural
J‘and functional data by ssCCA

The multi-slice view of the first canonical correlation coefficients of
(a) structural, and (b) functional modality, produced by ssCCA approach.
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Results of Fusion of Structural
J‘and functional data by ssCCA
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Structura

Frontal Medial Cortex
Frontal Operculum Cortex
Central Opercular Cortex

Region

position Parents

Lateral Ventricle
Caudate

Thalamus

Accumbens

Pallidum

Putamen

Amygdala

Cerebral White Matter
Hippocampus

Brain Stem

Left / Right
Left / Right
Left / Right
Left / Right
Left / Right
Left / Right
Right
Left / Right
Left / Right

Subcortical

Superior Temporal Gyrus
Heschls Gyrus

Planum Polare

Planum Temporale

Superior Temporal Gyrus

Supramarginal Gyrus

anteri Inferior Temporal Gyrus

anterior division Inferior Temporal Gyrus

Lateral Occipital Cortex
Cuneal Cortex
Supracalcarine Cortex
Lingual Gyrus

super Middle Temporal Gyrus

posterior division Middle Temporal Gyrus

Temporal Pole

_______ Temporal lobe

Parietal Operculum Cortex

....... Parietal lobe

Inferior Frontal Gyrus

Cerebellum

pars opercularis Inferior Frontal Gyrus

(Left / Right) IX
(Left / Right) X
(Left / Right) V
(Left / Right) Vb
(Left / Right) VI
Left Crus |
Right Crus I
Vermis Crus |l
Right Vllla
Right Crus I
Vermis VI

Cerebellum




Functional
Regions

=

Region

Caudate

Putamen

Pallidum

Accumbens

Cerebral White Matter
Lateral Ventricle

Cingulate Gyrus

Frontal Operculum Cortex
Frontal Orbital Cortex

Subcallosal Cortex
Paracingulate Gyrus
Insular Cortex

Position

Left / Right
Left / Right
Left / Right
Left / Right
Left / Right
Left

anterior division

Subcortical

Cingulate gyrus
Frontal lobe
Prefrontal cortex

Cerebral cortex
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il-ConcIusion

=, Multimodality provides added value for
precise diagnosis/planning and
comprehensive insight to brain function

a Multimodal simultaneous acquisition
degrades the data of each modality and
adds the experiment cost

a For popular use, technical issues of
acquisition and analysis must be
addressed
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