(Demo-ing) fMRI Connectivity using
Dynamic Causal Modelling (DCM)

Rik Henson, Pranay Yadav

Theoretical background:
https://www.youtube.com/watch?v=1VOKsWWLgjk
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‘Full’ model

Faces modulate both between-region & self connections
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‘Full’ model

Faces modulate both between-region & self connections
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‘Self model

Faces modulate only self connections
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DCM bilinear model
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Chapter 42

Multimodal, Multisubject data
fusion

42.1 Overview

I'his dataset contains EEG, MEG, functional MRI and structural MRI data from 16 subjects who
undertook multiple runs of a simple task performed on a large number of Famous, Unfamiliar
and Scrambled faces. It will be used to demonstrate:

e

batching and scripting of preprocessing of multiple subjects/runs of combined MEG and
EEG data,

. creation of trial-averaged evoked responses,

. 3D scalp-time statistical mapping of evoked responses across trials within one subject,
. 2D time-frequency statistical mapping of time-frequency data across subjects,

. preprocessing and group analysis of fMRI data from the same subjects and paradigm,

. source-reconstruction of the “N/M170” face component (using structural MRI for forward

modelling),

. individual and group-based fusion of EEG and MEG during source reconstruction,

statistical mapping across subjects of cortical power in a time-frequency window, using the
functional MRI results as spatial priors



The Dataset



potential difference relative to

average over electrodes (V)

1700 ms N=16 subjects (BIDS format)

400-600 ms
800-1000 ms

EEG = 70 channels, nose-reference (concurrent with MEG)
MEG = 102 magnetometers + 204 planar gradiometers

fMRI = BOLD EPI 3x3x3mm (3T Siemens Trio)
MRI =T1 MPRAGE 1x1x1mm

Stimuli: 3 types of greyscale face images:
~300 x Famous
~300 x Nonfamous (previously unseen)
~300 x Phase-scrambled versions of above

Task: Judge left-right symmetry
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Wakeman & Henson (2015), Scientific Data, http://www.nature.com/articles/sdata20151
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Contains links to processed data, batches, scripts...



Data organization

ds000117 < rawpth (‘data’ in repository)
L— derivatives

— SPM12 derpth
— sub-01
— sub-02
— sub-03
— sub-04
— sub-05
— sub-06
— sub-07
— sub-08
— sub-09
— sub-11
— sub-12
— sub-13
— sub-14
— sub-15
— sub-16




Data organization

dseee117
L— derivatives
L— spm12
— sub-01
— sub-02
— sub-03
— sub-04
— sub-05
— sub-06
— sub-07
[ <ub-08 These should already be present if you began with raw data
— sub-09 and processed as per Henson et al 2019.
— sub-11
— sub-12 Else, download from figshare and extract here.
— sub-13
— sub-14
— sub-15
— sub-16




Data organization

ds0ee117
L— derivatives
L— spm12
— sub-01
L— fmri
— rp_sub-01 ses-mri_task-facerecognition_run-01_bold.txt 3 x 9 = 27 files
— rp_sub-01 ses-mri_task-facerecognition_run-02_bold.txt (per subject)

— rp_sub-01 ses-mri_task-facerecognition_run-09 bold.txt

— sub-01 run-01_spmdef.mat
— sub-01 run-02_spmdef.mat

— sub-01 run-09_spmdef.mat

— swsub-01 ses-mri_task-facerecognition_run-01 bold.nii
—— swsub-01 ses-mri_task-facerecognition_ run-02_bold.nii

L— swsub-@1_ses-mri_task-facerecognition_run-09 bold.nii
— sub-02
L— fmri
f—— rp_sub-02 ses-mri_task-facerecognition_run-01 bold.txt
f—— rp_sub-02 ses-mri_task-facerecognition_run-02_bold.txt




Data organization

dsee0117
L— derivatives
L— spm12
— sub-01
L— fmri
— rp_sub-01 ses-mri_task-facerecognition_run-01_bold.txt Movement parameters
— rp_sub-01 ses-mri_task-facerecognition_run-02_bold.txt

— rp_sub-01 ses-mri_task-facerecognition_run-09 bold.txt

— sub-01 run-01_spmdef.mat
— sub-01 run-02_spmdef.mat

Trial information

— sub-01 run-09_spmdef.mat

— swsub-01 ses-mri_task-facerecognition_run-01 bold.nii < Volumes
— swsub-01 ses-mri_task-facerecognition_run-02_bold.nii

L— swsub-01_ses-mri_task-facerecognition_run-09 bold.nii
— sub-02
L— fmri
|— rp_sub-02 ses-mri_task-facerecognition_run-01 bold.txt
|— rp_sub-02 ses-mri_task-facerecognition_run-02_bold.txt




Famous - All Sessions

contrast

Single-subject -
fMRI timeseries o .
GLM o

1600
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20 40 60 80 100120140

Design matrix

SPM{T1674} 800

Statistics: p-values adjusted for search volume

set-level cluster-level peak-level mm mm mm
p & pFWE—corquDR-mrr kE punmrr pFWE—mrquDR-mrr T sz} punmrr

8.0008 37 9.000 0.080 10065 0.800 9.000 ©.000 22.70 Inf ©.000 26 -98 12

p.0B 0.000 22,38 Inf 0.000 -22 -160 -4

9.000 ©.000 21.81 Inf ©.000 -18 -98 16

8.000 D0.080 816 0.880 9.000 0.000 13.75 Inf 0.080 48 18 34

9.000 ©0.000 6.46 6.42 0.000 46 16 50

8.000 0.080 278 0.800 9.000 0.000 12.79 Inf 0.080 3z -4 -32

9.000 0.080 702 ©.800 9.000 ©.000 10.18 Inf ©.000 -52 22 28

9.000 ©.000 7.67 7.60 0.000 -46 4 38

P.0BE  0.000 7.47 7.41 0.080  -40 B 34

8.000 0.080 1754 ©.800 9.000 ©.000 9.50 Inf ©.0080 54 -12 58

P.0B 0.000 9.24 Inf  ©.080 42 16 B4

p.0B 0.000 9.02 Inf  0.080 46 -12 58

8.000 D0.080 652 0.800 9.000 ©0.000 9.21 Inf ©.080 8 58 -12

9.000 ©.000 7.35 7.29 0.000 @ 30 -26

p.0B0 0.000 7.07 7.81 ©.00 -1 38 -18

9.000 0.081 83 0.800 9.000 0.000 B.42 Inf ©.000 -36 -10 -28

8.080 0.080 139 0.800 9.000 0.000 B.40 Inf 0.080 46 36 18

9.000 0.080 104 ©.800 9.000 ©0.000 B8.39 Inf ©.000 38 34 -14

8.000 D0.080 267 ©.800 9.000 ©0.000 B.25 Inf ©.080 -38 -60 22

P.0B0 0.002 6.89 6.85 0.080 -48 -56 14

8.000 0.080 294 0.800 9.000 0.000 B.01 Inf ©.080 & 8 52

P.0B0 0.000 6.42 6.38 0.080 6 4 56

table shows 3 local maxima more than 8.0mm apart
Height threshold: T = 4.77, p = 0.000 (0.050) Degrees of freedom = [1.0, 1674.0]

Extent threshold: k = 0 voxels FWHM = 10.6 10.510.3 mm mm mm; 5.3 5.3 5.1 {voxe
Expected voxels per cluster, =k= = 4.518 Volume: 1737816 = 217227 voxels = 1415.5 resels
Expected number of clusters, =c> = 0.05 Voxel size: 2.0 2.0 2.0 mm mm mm; (resel = 142.70 vo»

FWEp: 4.767, FDRp: 5503, FWEc: 2, FDRc: 23 Page 1 ==
1
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Design matrix

Statistics: p-values adjusted for search volume

set-level cluster-levil pzi*aTk-Ie\felz mm mm mm
P < Pewe-cordrpRcorr e Puncorr  PrwE-conYFDR-corr (Ze) Puncorr
0.000 5 0.000 0.808 122 0.000 .80  09.005  9.00 .22 0.008 42 -52 -14

@.600 9.800 186 0.800 .8ae 8.885 8.68

]

] a9 6.008 36 -88 -18
G.000 8.812 39 0.007 8.601 0.842 7.42

]

]

6.008 -38 -86 -14
.97 @.008 -42 -56 -208
83 6.008 -22 -18 -16

0.014 0.284 5 0.284 .e17 9.399 6.27
B.812 8.284 6 8.242 .831 8.624 6.01

o e ]
wn
wn

table shows 3 local maxima more than 8.0mm apart

Height threshold: T = 5.80, p = 0.000 (0.050) Degrees of freedom = [1.0, 30.0]

Extent threshold: k = 5 voxels, p = 0.284 (0.014§WHM = 13.0 12.9 12.6 mm mm mm; 6.5 6.4 6.3 {voxe
Expected voxels per cluster, <k= = 4.709 Volume: 1515968 = 189496 voxels = 671.9 resels
Expected number of clusters, <=c= = 0.01 Voxel size: 2.0 2.0 2.0 mm mm mm; (resel = 261.78 vor
FWEp: 5.804, FDRp: 7.424, FWEc: 5, FDRc: 39



Concatenation

Could estimate each run
separately, but easier to
concatenate into one run

Re-parametrise conditions by:

— Collapsing famous and
nonfamous faces

— Defining two conditions: 1) Faces
+ Scrambled, 2) Faces only

— 838 trials in total
— 1872 volumes (TRs) per subject

images

Statistical analysis: Design

All*bf{1)
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5n

constant
constant
constant

Sn
Sn
Sn

1
parameter estimability

Design description...

Basis functions :
Number of sessions :
Trials per session :
Interscan interval :
High pass Filter:
Global calculation :
Grand mean scaling :
Global normalisation :

hrf

1

2

2.00 {s}

[min] Cutoff: 128 {s}
mean voxel value
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.facerecognition_run-01_bold.nii,1
..acerecognition_run-01 Bold.nii,b!
..cerecognition_run-01_bold.nii, 11!
..cerecagnition_run-01"bold.nii, 17!
..acerecognition_run-02_bold.nii,2!
..acerecognition_run-02_bold.nii, 8
..cerecogngtgon_run-Oz_EoId.ngg,id-
..cerecognition_run-02_bold.nii, 201
..acerecognition_run-03_bold.nii,5'
..cerecognition_run-03_Bold.nii, 11i
.cerecognition_run-03"bold.nii, 17!
..acerecognition_run-04_bold.nii, 21
..acerecognition_run-04"bold.nii, 8!
..cerecognition_run-04_ﬁold.nii,i4-
..cerecognition_run-04_bold.nii,20.
..acerecognition_run-05_bold.nii, 5
..cerecognition_run-05_bold.nii, 11.
..cerecognition_run-05_bold.nii, 17,
..acerecognition_run-08_bold.nii,2.
..acerecognition_run-06_bold.nii,8
..cerecognition_run-06_bold.nii, 14
..cerecognition_run-06_bold.nii, 201
..acerecognition_run-07 bold.nii,5
..cerecognition_run-07_Bold.nii,11I
..cerecognition_run-07"bold.nii, 16!
..acerecognition_run-08_bold.nii, 2!
..acerecognition_run-08baold.
..cerecognition_run-08_bold.nii, 13
..cerecognition_run-08_bold.nii,19
..acerecognition_run-09 _bold.nii,4
..cerecognition_run-09_bold.nii 10’

..cerecognition_run-09_bold.nii,20i

{gray — 4 not unigquely specified



Extract data
from VOls

* bEVC, IFFA, rFFA (order important)

Batch Editor ARSI

Eile Edit Wew SPM BasiclO L

SPM12 (7771): Graphics S

Desktop Window SPM Figure Help ™

== A

Module List Current Module: Volume of Interest

D

Volume of Int t Help on: Volume of Interest
Select SPM.mat ...es/SPM12/DCM/sub-01/5PM.mat

Adjust data 1
‘Which session 1
MName of VOI IOFA
Region(s) of Interest
. Sphere
.. Centre [-38 -86 -14]
. Radius 10
.. Movement of centre
e ried
. Threshaolded SPM

. Select SPM.mat

.. Contrast 1
.. Conjunction number 1
.. Threshold type none
.. Threshold 0.001
.. Extent (voxels) 0
.. Masking

Expression i1&i2

Current Item: Movement of centre

*Fixed =
Global maximum

Mearest local maximum
MNearest suprathreshold voxel

4

Specify...

Effects of Interest

contrast

Design matrix

1st eigenvariate: IOFA

1000 2000 3000
time {seconds}

319 voxels in VOI from mask VOI_IOFA_mask.nii
Variance: 65.68%




Data organization

dseeel117
L— derivatives
L— spm12
— sub-01
L— fmri
— SPM.mat ¢«————————————————————— - ——— That one file
—— VOI bVC 1.mat .
— VOI:bVCZmask.nii < Bilateral EVC VOI
[ VOI_1FFA_1.mat
[ VOI_1FFA mask.nii © Left FFA VOI
L — VOI_rFFA_1.mat :
 VOI_rFFA mask.nii Right FFA VOI
— sub-02
L— fmri
—— SPM.mat
— VOI_bVC_1.mat
— VOI_bVC _mask.nii




Tomorrow

« DCM for evoked M/EEG responses:

Talk by Pranay: https://www.youtube.com/watch?v=HNaAvKmVCYo
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