Super-resolution DTI: 50,000 nodes

Diffusion image

S, AL

1‘ N
VAl e

-

\

FreeSurfer segmentation
& parcellation of grey
matter cortical areas

FreeSurfer generated Combine areas into one
surface mesh grey matter volume Tractography using

' grey matter as end points
Downsampled surface S A :
mesh (~50,000 nodes)

& BELT

Linear registration of

tracts & T1
Incorporate local connectivity

“’_ o / Processing tools

Pre-processed HCP data

Combine short & long range
connectivity to form final
connectivity matrix

incorporate longrange | MMl iso2mesh
connectivity DSI Studio

Along tract stats
B Custom MatlLab code

Taylor et al., Scientific Reports, 2017




'i T i1k r : e
— t.-l,l.: I L
s [ M. TR T
[ (LY 1l la  Haaild . .
o] i ;?Iti-_ 4
e MR . i R
e e
. = K “ BN
o - ‘:.*H-
= ™
" [
- S
1
I TE
= = i |
© ' = e
ﬂ' v "y
o im o
=
N i
i :

Super-resolution DTIl: modules within brain regions

DW-MRI Inferred Network
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Taylor et al., Scientific Reports, 2017
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Super-resolution DTI: spatial (and functional?) modules
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Super-resolution imaging: near-field holography
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Kjeldsen, Kaiser, Whittington. Journal of Neuroscience Methods, 2015



Super-resolution MEA: measuring delta rhythm activity
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Super-resolution EEG: Energy flow during processing

Dynamic Energy Flow
Super-Resolution EEG
Change how you see the Brain

Henrik Kjeldsen, Truust Neuroimaging (patent pending)



Computational models of effects and side effects

Not necessarily the ones that are most important for (altered) brain function

targeting involved nodes might lead to huge side effects

Simulating brain dynamics
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Computer simulations — predicting the effect of optogenetic stimulation
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VERTEX: simulating dynamics within cortical columns
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Computer simulations — predicting the location of epileptic tissue
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Computer simulations — predicting the location of epileptic tissue

Hutchings et al. PLOS Computational Biology, 2015



Computer simulations — predicting epilepsy surgery success
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Figure | lllustration of model dynamics. (A) Deterministic dynamics of a single node representing the bi-stability of the model. (B)
Stochastic dynamics in a two node network. The two nodes are initially disconnected having independent dynamics. Depending on the strength
and direction of connections, the dynamics of each node is influenced by the other. (C and D) Patient-specific connectivity matrix is obtained from
intracranial, interictal ECoG recording, which is incorporated as a model parameter to simulate the model dynamics.
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Computer simulations — predicting epilepsy surgery success

P1: Seizure free outcome P2: Not Seizure free outcome
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Sinha et al. Brain, 2016
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Summary

* Diagnosis for individual patients including aetiology
(developmental origin) and disease subtype

* |dentification of potential treatment targets

* Model for effects and side effects of treatment

All three components are needed to lead to new
alternative treatments for brain network disorders
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