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Motivation and Objectives

* User’s questions about the experiment design for an event-related fMRI

e Share my experiences of an event-related fMRI
— GLM analysis
— Tool: FSL FEAT

e Development of new concepts
— Regression of global signals (GM, CSF, WM) in task fMRI as in resting fMRI
— Increase BOLD sensitivity using a WSA (Weighted Square Averaging) method

¢ Temporal derivative
¢ Summation of both primary and derivative parameter estimates
¢ Reported to ISMRM 2018 and a revised version has been submitted to ISMRM 2019.
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Review: General Linear Model in fMRI

TS

Predicted Response

* The process can be modelled by convolving the
activity curve with a "haemodynamic response
function" or HRF
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Review: General Linear Model in fMRI

FMRI Experiments: Analysis

* Each voxel contains a time-varying

signal (BOLD signal) BOLD response, %
* Model the stimulus-induced change in ,::\; | e
BOLD signal (predicted response) S "

st

* Find which voxels have signals that match the model

* Good match implies activation related to stimulus

measured timeseries at

marked voxel
—_— predicted response
time
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Nonlinear BOLD Response
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HRF Fitting: Linear vs Nonlinear (F2, ISI =6 s)

Linear Nonlinear
HRF: SPM
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Event fMRI: Face Working Memory

Encoding

00/0®

Delay Retrieval

Iml
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L J Time (sec)
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8 sec 16 sec

Explicit stimuli: encoding, retrieval, button response
Implicit stimuli: delay

Dissecting Contributions of Prefrontal Cortex and
Fusiform Face Area to Face Working Memory

Druzgal & D’Esposito, JCN, 2003

HMRC, Dr. Jung

Blocked vs Event-Related Design

__

Stimulation (explicit) Repetitive Single
Duration of a repetitive stimuli long (<=4 sec) short (<= 2 sec)
Duration of implicit stimulation

Long Long
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Sustained BOLD activity in bilateral PFC

Prefrontal
Cortex

Ventral Temporal
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Figure 6. Trial-averaged time series plots (solid curves) from FEA
(hlacky and PFC {red). combined across all four mpemonic loads. The
first pair of vertical bars (dashed lines) indicates the time point for the
encoding peaks of the two curves. The second pair of vertical bars
marks the time for the retrieval peaks of the two curves. The FFA peak

m_rg‘gﬁ;gk:.\ the PFC peak during the encoding period, and this order
reverses at the rerrieval period

FFA

BOLD time course study
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Jung, OHBM 2010

Analyze the data in
Druzgal’s paper

Model the retention
period as an exponential
decay

Explanation of the peak
time shift

— Not due to the top-down
information flow

— But due to the overlap of
the sustained signal from
the cue into the probe
period.

10
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Face Recognition?

e

Not a real scene, conceptual picture

Photo Big Button Phone

Recognizing even mother's face can
be a challenge to man with brain injury

Sunday, May 02, 2010
By Mark Roth, Pittsburgh Post-Gazette

" Rebecca Droke/Post-Gazette
Shawn Muzzey suffered brain damage in a car accident 18 years ago_ It left him
with prosopagnosia, or face blindness. He can walk past his mother without
knowing who she is, 50 he realizes the irony of the fact that he works in his
father's pholo studio_ "I's fine." he says, "because | don't have to identify any
faces when I'm cutting pictures.”
OK, now who's this?" asked Carnegie Mellon University
professor Marlene Behrmann, tapping a key on her laptop

Up on the screen popped the iconic, pouty-lipped image of
Marilyn Monroe.

Shawn Muzzey stared at the picture intently. Silence.

"Can you describe her?" Dr. Behrmann asked.

HMigh&has ¢urly blonds hair, lipstick on ..." said Mr. Muzzey of 1
McCandless
Superior frontal
sulcus
Left PFC Superior
e Science, 1998
An Area Specialized for Spatial Working Memory [
in Human Frontal Cortex suleus
Susan M. Courtney,” Laurent Petit, José Ma. Maisog, :‘,‘:,‘:';, Precentral
Leslie G. Ungerleider, James V. Haxby ayrus
Fig. 2. Areas with significant sustained activity ——
in a single subject during the working memory |k
delay for faces (blue outline) and for spatial froviat
. . . gyrus
locations (red outline) overlaid onto
the subject’s Talairach normalized anatomical
MR image.
17”””
HMRC, Dr. Jung Spatial working memory 12

Face working memory
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Hypothesis: Damaged Fiber Connection

Left Right
Temporal
lobe

The left DLPFC plays a central role for the face recognition with
connections to the temporal lobe and the contra-lateral DLPFC.

A damage to the connecting fiber to the left DLPFC could result in
prosopagnosia and it might explain the case of SM (the red x).

HMRC, Dr. Jung
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Tracts (ExploreDTI, CSD)

Fig. 3. Fiber tracts from a seed at the left DLPFC for
two subjects of EM (left) and TH. The tract color is
encoded for the tract direction (red: left-right, green:
anterior-posterior, bluexsuperior-inferior).
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Experiments
» Task: face working memory task

e Data were collected during MNTP (multimodal
neuroimaging training program) workshop in
Pittsburgh (University of Pittsburgh and
Carnegie Mellon University) in 2010 (Allegra)
and 2011 (Verio)

MNTP 2010

Tim Xiohan Hae-Song
HMRC, Dr. Jung 15

Task: One block

Rest (18s)

N
-

Retention
(8s)

Probe (1s)

(1) Cue: Three faces are shown sequentially one by one during 2 sec for all 3 faces.
(2) Retention: Retain the face memory until the probe.
(3) Probe:
- Press an index finger if the face matches to one of the 3 faces shown in the
cue.
- Press a middle finger if the face does not match to one of the 3 faces shown
in the cue

HMRC, Dr. Jung 16
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Task: A run with 10 blocks

o I8

>
Cue Probe/Resp
alafa-+HaH
2 sec 8 sec 1sec 18 sec

Repeat (x10)

Scanner: Siemens 3T, Allegra (2 subjects) and Verio
TR =2 sec
TE = 25 ms (Allegra) and 30 ms

HMRC, Dr. Jung 17

Single Subject (008): BOLD at FFA

HMRC, Dr. Jung
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Sustained BOLD at Left DLPFC

fMRI response (9% BOLD signal)
v - [

- 7 10 13 16
Time (scans)

Fig. 2. Lateral views of the BOLD activations
of two different contrasts in the Talairach
space. The blue and red circled regions rep-
resent the left and right DLPFC's.

Cue (28) Retention (8's Probe (1s) Rest(18s)
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Fig.1. fMRI stimuli and BOLD time courses in the left
and right DLPFC regions marked in Fig. 2.

HMRC, Dr. Jung
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Preparation for GLM Analysis

9 subjects
Fixed conditions: Cue, retention (delay), Probe
Subject-dependent condition: Response

Conversion of behavioral data (ePrime edata) into a condition

file
Conversion of Dicom to Nifti: MRICRON dcm?2nii

Check of Processing Pipeline: Registration
OQOQ.Q.Q..
cocraenniboe

XTI

Y Y IYITIIIIY

creonernnddoe

L L LYY T X

soocacanddos

QQ.QOG.Q..

oooee2anhHOS

HMRC, Dr. Jung
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Check of Processing Pipeline: Motor

Construct a Directory Structure

e Automated processing
e Directory (custom)

— EV (subject independent)

— subjects
 subject_id
— Dicom
— ev
— fsl
— nifty

e BIDS (Brain Imaging Data

Structure) :
http://bids.neuroimaging.io

@ [J[FaceWM]
[J[Conn]
[J[ePrimeProgram]
[J[EV_ePrime_Time]

[J[EV_Face]
[J[EV_Face_Org]
[J[EV_FaceHouse]
[Dlgfeat]
[Olincomplete]
& [J[subjects]
B [(3J[201]
((J[Dicom]
[J[edata]
[Tev]
([3[fsl]
= [nifti]
J[2021
[3[203]
(3[204]
(3[205]
(J[2086]
3207
(3[208]
(3[209]

][ =] wbuntu_root] 1142658920 k of 2884152988 k free | \ |

w vi\home\jung\backup3t\FaceWM\subjects\201\nifti\". * ‘

+ Name Ext  Size Date

&L <DIR>  12/14/201,
[(J[mprage_axial.anat] <DIR> 01/07/201
Hepi_ref.nii gz 466,844 01/05/201
Hepi_ref_brain.nii gz 163,474 01/05/201
Hepi_ref_brain_gdc.nii gz 171,153 01/05/201
Hepi_ref_brain_mask.nii gz 4,259 01/05/201
Hepi_ref_gdc.nii gz 502,163 01/05/201
Hface.nii gz 27,280,326 12/14/201
. face_fd png 3,142 12/19/201
Elface_fd xt 1,731 12/19/201
B face_mcf par 11,936 12/14/201
H face_mcf.nii gz 27,305,247 12/14/201
Hface_mcf_brain.nii gz 14,464,693 12/14/201
m face_mcf_rot png 2,937 12/14/201.
® face_mcf_trans png 3,993 12/14/7201
Hface_stc.nii gz 84,509,065 12/19/201
Hface_stc_brain.nii gz 26,655,371 12/19/201
m face_stc_fd png 2,990 12/19/201
Bl face_stc_fd >t 1,740 12/19/201
Bface_stc_mcf par 11,757 12/19/201

FAfncn b ek 3

or AAA 137 1aMAMAN

HMRC, Dr. Jung
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Overlapped Conditions: Orthogonalization

Cue

Retain Probe

\“\
Cue Probe/Resp
[a\a A+ HAaH +
2 sec 8 sec 1sec 18 sec _|

Resp

Ea General Linear Model

EVs cmnl.r-m]

Mumberof original EVs [4 3
1 I 2 3] ll

EV name |Prabe

Basic shape: Custom (3 column format) —

' Face (|

=10l x]

FLENIE|

Convolution:  Double-Gamma HRF  —

Phase (s) i H

|v Orthogonalise wrtEVs [ 1 [ 2 W4

[~ Add temporal derivative
¥ Apply temporal fitering

Eﬂ General Linear Model

~olx|
EVs CM&F&I

Numbernfmi;'na]EVsI-l =

1 l 2| 3 4]

EV name |Resp

Basic shape: Cuslom (3 coumn format) —

L M iects! (3]

Convolution:  Double-Gamma HRF  —

Phase is) ]

[~ Orthogonalise

[~ Add temporal dervative
¥ Apply tlemporal fitening

view BMRC OEABAR, | | one

Viewdesign | Effidency | Done

Motion Outlier: Regression

Frame Difference

Motion

CueRetai®robeRespconf conf conf conf conf conf |n conf confijconf conf conf conf conf conf conf conf _

Motion Outliers

Global
(GM,CSFWM)

HMRC, Dr. Jung
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Slice Timing Correction (STC)

Stimulus

‘ ) TR/2

=1
8 EO, ’% 18]
’ o @) 7] €

é 6 6] ® 6]

el

5 s ® 15 5]

g+ ld—® (4]
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} " 3 -4|—J ™~~~ ‘_3J
22 2 2]

U—l \T‘ ol
1 1 1
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Time (slice interval)
Temporal interpolation

Assumption: fixed slice positions (no movement)

HMRC, Dr. Jung
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Construction of An Inter-Volume
without An Interpolation

Half TR
18] 8 ’J]
7] 7
[ REE ®
—15l 5]
i @
3] i -3
1 [1]
Volume 1 Volume 1.5 Volume 2

HMRC, Dr. Jung
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Open Neuro, UCLA (TR=2s): #11044

MCFLIRT estimated rotations Cradisrs)
o000 - MW%AMWM::
Ful R o~ —.
STC+MCF & e
H 0 20 40 0 70 100 120 140
Rotation
MCFLIRT estimated rotations Cradisrs)
P T e sy
000000
Half TR ™ = od— ¢
MCF [ -
£ L
0 20 Smr—60 80 100 120 140 160 180 200 220 240 ZEO 280 BOC
o450 HCFLIRT estimated translations (mm)
0.200 _ :
Full TR 0.00 —z
=
H
STC+MCF -0.200
I : o 20 40 50 a0 100 120 140
Translation
o.00 WCFLIRT estimated translations Cmmy
0.200
Half TR
0.000580
MCF £
-0.200
o 20 40 60 sbiMfby Drideing1do 160 180 200 220 240 260 280 30C 29
ol
Phase (Time Shift) of HRF
Stimulus

Slice number

4

Eﬂ General Linear Model

EVs I cmuanmsl

IE 4=

=10 x|

,?\ Number of ariginal EVs |4 =
o]
: 7] LIRIREEE
7] 7
6 [6}@ [6] EV name |Cue
5 5 Esj ES} Basic shape: Custom (3 column format) — |
-l » Filename /media/j
214 4 4
3 {_l 3 4|—“| L |—3—| Convolution: Double-Gamma HRF  — |
I
ZEZH ) ey e Pasets [ 5
1 I — \—r‘ ,_1_| [~ Orthogonalise
=]
o 1 2 3 4 5 6 7 0 2 3 4 5 6 7
Time (slice interval)
[~ Add temporal derivative
I I [v Apply temporal filtering
Voll Vol2
View design

FaceWM/EV_Face 5]

HMRC, Dr. Jung

Efficiency | Done |

30

HMRC, Dr. Jung
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HRFTiming s 0' @ @ @ @

by Phase:
Retain > Cue,
Stepped
retention,
GIobaI

H@ﬂl@? sxs00088
Retain > Cue, @3 @ @ 6 6

Stepped

retention, _ ﬁ

Global

confounding & ‘ﬁ % & # » .

Phs =
0.5 sec
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P I "

oﬁ@@@@

880600000
000

HRF Timing *‘
by Phase:

Retain > Cue,
Stepped
retention,
Global

Phs =
1 sec

Hemodynamic Response Function

EVs I Contrasts & F-testsl

Number of onginal EVs |4 g

EEE

19 EV name Cue

~10f x|
* Double Gamma

e Gamma: sustained activity

1+ Basic shape: Custom (3 column format) — |

0.8 Filename |/media/jung/backup/FaceWM/EV_Face J
0.6
Convolution: Double-Gamma HRF  — | -

04

2 0z Phase (s} 1 ﬂ

S o2t

= . [~ Orthogonalise

§

-0.4
0.6 [~ Add temporal derivative
-0.8 [v Apply temporal fittering
1 L L L . s
0 5 10 15 20 25 30
time (s)

View design

Efficiency | Done |

HMRC, Dr. Jung
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Retention EAEXS “w é @@@

Model:
Retain > Cue & a 6 6 ’3 é 6 6 Gamma
Global «
confounding, ﬁ “ 3 ﬁ ﬁ ﬁ ‘i &
Phs=1sec, | : : DSt " "
Stepped ﬁ ‘i B & & «
- » 8 &
. y S e ¢ &9 €3
Retention PRS- F ¥ '
Retain > Cue a a a 53 a 6 6 Double
Global Gamma
confounding, ﬂ “ ﬂ i ‘i 0
Phs=1sec, | " e ” " "
Stepped &8 &8 b # o

HMRC, Dr. Jung
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BOLD Model During Retention (Delay)

Cue (25) Retention (85) Probe (2s) Rest(18s) i |mp|IC|t stimulation

# * Simple methods:

(a) Full duration

’ A — e Que Retention
ﬂ \ (b) Half duration

2 U/

é v / \\ /A\ L Que Retention

@ 00 - Pt /

(c) Stepped

-4 0 4 8 12 16 20 24 28 32

Scan time (sec) .
Que Retention
Fig.1. fMRI stimuli and BOLD time courses in the left

and right DLPFC regions marked in Fig. 2.

HMRC, Dr. Jung 37
EV (Experimental Variable) Files
= vi\media\jung\backup\FaceWM\ FV_Face\Retain_flat.ixt - Subime Text (UNREGISTERED)
Flle FEdit Selection Find View Goto Tools Project Preferences Help

8 1 4 1 4 1

8 1l 4 1l 4 a.

a 1 4 1 4 1

8 1 4 1 4 a.

8 1l 4 1l 4 1

a 1 4 1 4 a.

8 1 4 1 4 1

8 1l 4 1l 4 a.

2 1 4 1 4 1

8 1l 4 1l 4 a.
4 1
4 a.
4 1
4 a.
4 1
4 a.
4 1
4 a.
4 1
4 a.

HMRC, Dr. Jung 38
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Retention
Model:

Retain > Cue,
Global
confounding,
Phs=1sec,
Gamma

Flat Full

Retention
Model:

Retain > Cue,
Global
confounding,
Phs=1sec,
Gamma

- . “ “ “ 3

o @ aﬁ@@@@

88800606060
(IXYYYYy
L X X I

Flat Half

HMRC, Dr. Jung
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Aﬁ““*

Retention M s “” @@@@

Model:
& 6 L1 6 oooe
Global
confounding, & “ ﬁ ﬁ ‘i #
Phs=1sec, |

Gamma @ “ & & & »

Brain Segmentation

* Segment MPRAGE
e Erosion

» Coregister segmented
MPRAGE to EPI

* Brain, Gray matter, CSF, Whit
matter

* Weighted (partial volume)

'!?:éf

HMRC, Dr. Jung 21



Global Signal Regression

* Brain, Gray matter, CSF, Whit
matter

* Weighted (partial volume)
* Mean signal of EPI time series

e Combine global time series
into estimated motion

* Apply to confounding

BT} FEAT - FMRI Expert Analysis Tool _|o] x|
Fistievel analysis — | Fullanalysis — |
Misc l nau] Pru-l Registration Stats. I Puuuu]
[ Use FILM prewhitening
Don't Add Motion Parameters — |
Voxenwise Confound List | =
BETA OPTION: Apply extemal script | =

[v Add additional confound EVe  Select confound EVs text file(s) -
Model setup wizard
Full model setup

N e (TN =0 [ I

HMRC, Dr. )

REIET
fimed: =

et

e

43

Global Signal Regression: Design Matrix

e Graphical plots: design.png
e Real values: design.mat

conf conf conf conf conf

HMRC, Dr. Jung

conf conf conf conf

k_Y_)

GM, CSF, WM

44

HMRC, Dr. Jung
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Group Analysis Results

: =lo]x|
* Mixed effects (FLAME1) = T

e Z >2.3,Cluster P<0.01 [ B e |

* Template: Standard P s s =
— Threshokdi
Spa Ce ( M N I Tl’ 2 m m ) Cluster — Zthresholdlﬂcluster P thresholdm
Contrast masking

Background image  Standard space template — |

Use actual £ min/max - | Transparent blobs — |

[v Create time series plots

ﬂ Save Load Exit Help Utiis

1/21/2019

Effect of Global Signal Confounding: Retain > Cue
(Stepped retention, Phs=1sec)

| A*“;.;a _,._““;,.3
2220000020000 08
$868000680888006860
0000000000000 000

Without With

HMRC, Dr. Jung
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el s 00008

Signal

Confound: aﬁaaéﬁﬁ GM
Retain > Cue, B go  gm  am f.\h ‘\
o XYL

retention,

phs=1sec ﬁ ‘s & & & »

e ww®

alls s 200000

Signal

NS 8060060600
Retain > Cue,
sepped (X X XN XX R

retention,

phs=1sec ﬁ » & & & «

CSF

HMRC, Dr. Jung
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- - * %
@ o~ oo oo & ©

ulls s 500000

Signal

Con_found: & a 6 6 6 é 6 6 GM

Stepped
phs=1sec ﬁ ‘i & & & «

retention,

Global Intensity Normalization
-l x|

First-level analysis _-l Full analysis _.|

e The use of the global signal
in the task fMRI analysis is

Misc I Data Pre-stats ] Registratinnl Shtsl Pnst-siatsl

not new.
Altemative reference image [ .
Motion comection: None _-| b It IS nOt popular anymore
BO unwaming [ . .
= e False activation on the
BET brain extraction [ white matter

Spatial emoothing FWHM (mm) lﬂ

Intensity nomalization [v

Temporal fitefing  Perfusion subtraction [ Highpass v
MELODIC ICA data exploration [

Go Save Load Exit Help | Utils |
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without global
confounding

.ﬁ.‘i,“,“,”_“

Global
Signal:
Retain > Cue,
Stepped Intensity
retention, Normali
phs=1sec, ,‘ y @b @» @5 ob zation
without global [ .
confounding % 4
- » 2 %
4 s e o 9 @
oo | FYYXYX]
lt O\A
: CSF
Signal: “ ”
. WM
Fd8600606000
Stepped Intensity
retention, R 4 4 4 & Normali
phs=1sec, ﬁ“ % ﬁ ‘i “ zation
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- » @ w»

Global 'm'nonwéﬁﬁﬁ

Signal

Confound: aaaaeééﬁ GM

Retain > Cue, |

CSF

Stepped WM
retention,
phs=1sec

Angular Gyrus?

Memory retrieval -
GYRUS

Spatial cognition

Language

Number processing
Attention
Theory of mind

lcus
l sl

e —
A, —ORAL GYRUS

(33
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Conn Toolbox: Confounding of CSF+WM (Conditions: subject independent)

RESULTS (2nd-level)

Seeds/Sources
ROl-te-ROI

Analysis results

[E conn functional connectivity toolbox (1) (standakone)
RESULTS (2nd-level)

ROl-to-ROI

Analysis results

Targets Data F(4,5)

HMRC, Dr. Jung 28



Conn Toolbox: CSF+WM

@ [threshold ROLto-RON connections (by

Intensity)

005  |p-FDR (seeceval commaction)

o] frmsiea B

r fihreshold seed RO (F-teat

Export mask

El

Enabio pormutation losts

Stat.

istic

P-FOR  p-FRE

CSF+WM+G

D connectivity matrix:

Select al

5 [threshold ROKto-ROI connections (by intensity)

005 |D-FDR (sead-leval corr

Betion)

r |‘.h'nsho|d seed ROls (F-test)

Export mask

| Enabie permutation bests |

Statistic

p-unc  p-FDR  p-FWE

HMRC, Dr. Jung
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Another Event-Related fMRI

 Title: Visual Zoom
* Pl’s: Dr. Kyle Cave and Dr. Matt Davidson

* Scans
— HMRC, 20-ch head/neck RF coil
— BOLD: TR=1.5sec, TE=30ms, 44 slices, 3x3x3 mm, 362 volumes (543
sec)
— T1W 3D, Fieldmap
— 17 valid subjects out of 19 (College students, motion)

HMRC, Dr. Jung 59

Paradigm: Tree or Diamond?

Cue Ta rget .~ Incorrect
)
Run: Dist, Undist t
Feedba
Lookat FixWai Fix3
Event | FixInit Cue Target Fix4 ck FixEnd
Me. t (Resp)
(Audio)
Dur (s) 3 0.15 1 ISI 0.1 2 var. 0.25 12
e Filled with sky blue: repeat 42 times 1 |
* Scantime: 543 s =9 min 3 5, 362 volumes (TR=1.5s) by -
e Number of acquired volumes: 365 (TR=1.55)=547.5s ° ®
* FixWait, 15I:4,5,6,7,8,10,12 s 2
FixWait 4 5 6 7 8 10 12
Distracted Fix4 0.5 3.5 2.5 1.5 0.5 2.5 0.5
HMRC, Dr. Jung 60
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Check of Processing Pipeline: Motor

- » ..

Aﬂt’&ﬂ‘v

Rl s s = @00 3

Signal

mmm&&@@&@@@

Retain Large,

Full retention,

phs=0.75sec,
WSA
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Global
Signal

wmmaﬁﬁﬂﬁﬁﬁﬁ

Retain Large, &
Full retention, | 7¢
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Temporal Derivative + Weighted Square Averaging (WSA)
Feedback Caudate nuclei
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Summary of Even-Related Design

Sensitive to BOLD model Design
— HRF selection — Fixed
— Phase: TR/2 — Fixed order of randomized
— Intrinsic stimulation jitter
Global signal regression in Weighted Square Averaging
task fMRI — Temporal derivative
— GM + CSF + WM — Averaging using a new
— Contrast algorithm

HMRC, Dr. Jung 67

Thank you for your attention.
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