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Human Connectome Project (HCP)
e Cutting-edge & high quality 3T MRI techniques Van Essesn 2016, Ugurbil 2016

Glasser et al Nature Neurosci 2016

e 1,200 subjects

UK biobank

 Cohort study with 100,000 healthy controls Millar et al., Nat Neurosci 2016

« Biomarkers based on Brain 3T MRI data smith etal, Nat Neurosci 2016

ABCD

* along-term monitoring of environmental, behavioral o Coamis Derepert
assessments, multimodal neuroimaging and biospecimen Casey et al, Dev Cogn Neurosci, 2013

for 10 years at 21 sites.

Multi-site clinical neuroimaging project in Japan

* Lead by Dr. Kawato in SRPBS - 2409 participants vamada et al. 2017
e Developed automated diagnosis of psychiatric diseases based on  yahata et al., Nat Commun 2017
resting-state network Yamashita et al., PLOS Biol 2019
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Volume-vs:Surface-based Registration
S g O

B Area2(vBR) C  fsaverage

Colin atlas
A (parasagittal)

» Cytoarchitectonic Area 2
(Grefkes et al., 2001)

 Surface-registered by
FreeSurfer (Fischl et al

2008)
. ) D . Area 2 (VBR) on
e Volume-registration can not Area 2 (VBR) on mnnateu o verage
. . fsaverage midthickness '
well align over the cortical . —

surface
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o MEIFIK(folding) I L A IESHHE (e.g. FreeSurfer)
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Glasser @ HCP Course 2016 V1 Max Overlap MT+ (hOCS) Max

From Fischl et al 2008 Overlap 50%
“FACT” (Function, Architecture, Connectivity, and Topology) 2 X 2 fiE&HE - HE1L?

91 architectonic areas 164 architectonic areas
(Markov et al., 2014) (Paxinos et al., 2000)

.. ._ﬁéﬁw‘é‘n & Van Essen (1991)






HARP_ (HARmonized Protocolin‘Brain/Minds-beyond) -

1. Next-generation multi-site, standardized, high-spec 3T MRI* protocols in Japan

*High-spec 3T - MRI scanner should have an ability of multi-band EPI sequence, and 32ch head coil. Started with five
high-spec 3T MRI scanners (Siemens) but welcome other scanners/vendors in near future

2. The purpose is to harmonize across scanners and to allow cross-site studies of clinical brain
imaging in neurology, psychiatry and neuroscience

3. Optimized preprocessing with surface-based analysis to harmonize across protocols (HARP,
SRBP, HCP, UK biobank)

4. Higher-level harmonization with traveling subjects’ study

Koike et al., BioRxiv



» Spatial resolution

e 0.8 mm in HARP & CRHD ~ a half of minimum cortical
thickness

e Fat suppression (w/ water excitation pulse)
* Reduce bone marrow signals in cranium
* Works when estimating brain & cortical surface
e HARP & CRHD: ON
e Cf. HCP: ON, UK Biobank: OFF

e Apparent TE of T2w was adjusted across scanners

* Preprocessing includes
e Registration to AP-PC space — ‘FLIRT’ and ‘FNIRT’
Smith et al., 2004, Jenkinson et al., 2012
 Homogeneity correction — Tlw/T2w-based etc.
Glaseser et al. Neurolmage 2013
e Cortical surface reconstruction — ‘FreeSurfer’
Fischl and Dale et al. 2001

e Create myelin-like contrast with T1w/T2w -
‘Connectome Workbench’

Glaseser et al. J Neurosci 2011

Viewed by Connectome Workbench, ‘wb_view’



5 1‘ Z:i/;j . ’I‘f: 2 ;F_; IE Boan/'

L - = —I—'—‘

o WROEGREN /DT Z7LTIEY 7 b7 2 THICESBEE—LEEZIT-oTER (B
MNI N3, N4, SPM, FSL FAST )

o EPRICIENATRAT74—ILF cﬂaﬂ EECEEROEE (D4 ILRE, RFEFOE— %, 58

45%4?(’?5%%1 RREFESE J: S TERLD
e HCPTIZ'T TV VESHIEFE %ﬁéﬁﬁo TlwH L UOT2wEIR D T — X EE I L 5 EBRIFE,

Brain tissue myelin contrast x o< T1w o< 1/T2w

Tilw =xx F
1

T2w =— % F
X

1
\/TlW*TZWZ\/(x*F)*<;*F>=F

Glasser et al Neuroimage 2013



HEEERE ;'Ez'/:fi' 2o Je%e

. TlW/TZW@:I/I‘7X b ‘)1’?)36
o« —XBENIXEE MTAEOEEMNEPMICOY FFZ X b
e BIFIO T vy 7DERME~TY 7 & DB

p | R,
W QY

Mﬂ@w mi '.],,_-J,mf ' “ﬁ% |

- nnnmnmntamllﬂl\!!11111Il

i i

Paul Flechsig (1847-1929)

Glasser & Van Essen 2011
Glasser et al., Nature 2016



Contents lists available at ScienceDirect

Neurolmage

A . B ORIGINAL RESEARCH ARTICLE
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Challenges in the reproducibility of clinical studies with resting state W) oo The Effect of Low-Frequency Physiological Correction
fMRI: An example in early Parkinson's disease on the Reproducibility and Specificity of Resting-State

Ludovica Griffanti *, Michal Rolinski "<, Konrad Szewczyk-Krolikowski <, Ricarda A. Menke , Nicola Filippini 9, fMRI Metrics: Functional Conn ectivity, ALFF, and ReHo

Giovanna Zamboni ?, Mark Jenkinson 2, Michele T.M. Hu "<, Clare E. Mackay *>¢*
Ali M. Golestani®, Jonathan B. Kwinta'?,  Yasha B. Khatamian! and ﬁ J. Jean Chen!?

Reproducibility of functional brain alterations in major depressive disorder: ‘ n ature

+ Human Bra - @vidence from a multisite resting-state functional MRI study with 1,434 individi

han Liu, LiVWang, Jie Meng, Miao cle | Pul 12 June

Reproducibility of R-fMRI Metrics on t Zid nging Tang, Ke Xu, Q g Fei Wang, Jiang Qiu, * What we can do and what we cannot do
of Different Strategies for Mult °'PA™° EssIve " orking Grou )
: with fMRI

Comparison Correction and Sampl doi: ht
N published in A

nature
Variability in the analysis of asingle
neuroimaging dataset by many teams

https://doi.org/10.1038/541586-020-2314-9 A list of authors and affillations appears In the online version of the paper.

Received: 14 November 2019 Data analysis workflows in many scientific domains have become Increasingly

Accepted: 7 April 2020 complex and flexible. Here we assess the effect of this flexibility on the results of




fMRI scah

Spatial resolution
e 2.4mm in HARP
e 2.0mmin CRHD

Temporal resolution
e 0.8 secin HARP & CRHD EPI

Contrast equalized
e TE=34.4 msin HARP

Fieldmap with opposing phase encoding
spin-echo EPI

Inhomogenity of static magnetic field
(BO) causes distortion of EPl image in
phase encoding direction

Tlw

BO-distortion corrected by ‘TopUp’

Andersson et al., Neurolmage 2003

RRD® "

HEH MIKEN Center syst mumgn

— Phase AP TopUp-Corrected

]

Data from RIKEN- BCIL /mnt/pub/MRI/Human/HCP- RIKEN/H19022202
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dMRI - Microstructure

e Microstructure modeling using dMRI
e Diffusion Tensor Imaging (DTI)
e Diffusion Kurtosis Imaging (DKI)

* Neurite Orientation Dispersion Density
Imaging (NODDI)

Zhang et al., Neurolmage 2012

e HARP is good for NODDI

e 2-shell with b=700 and 2000 sec/mm?
was chosen for NODDI

Zhang et al., Neurolmage 2012

e Spatial resolution (1.7mm) was chosen
based on tSNR (same resolution as in HCP
ABCD, higher resolution than in UK
biobank)

x'b=700
X b=2000

0.5 § 0.5
|n'G”|Glrnax |n'G”|Glrnax

HARP dMRI data obtained at RIKEN, fitted with NODDI model
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dMRI - Cortical Microarchitecture

* Optimized intrinsic parallel diffusibility (d /) | []
e Assumed parameter in NODDI A | |
e White matter: 1.7 mm?2/s |
e Gray matter: 1.1 mm?/s

L
@
x
2]
>

**

Alexander et al. Neurolmage 2010
Zhang et al. Neurolmage 2011
Fukutomi et al. Neurolmage 2018
Guerrero et al. BioRxiv 2019

% 103 [mmafs]

Intrinsic diffusibility (d,)

Fukutomi et al., Neurolmage 2018

Thickness

e Accurate NODDI fitting

‘CUDIMOT’ — accelerated and precise calculation using GPU
Hernandez-Fernandez et al. Neurolmage 2019

NDI oDl

e Optimized cortical surface mapping

‘NoddiSurfaceMapping’ — surface mapping of microarchitecture

Fukutomi et al. Neurolmage 2018
N=505

Fukutomi et al. Sci Rep 2019 —
Fukutomi et al., Neurolmage 2018, Fukutomi et al., Sci Rep 2019



dMRI — Tractography is Challenging

e What is the optimal number of diffusion-
weighted direction in dMRI tractography?

e High-quality dMRI (#DIR >270) showed high
sensitivity to 3™ crossing fibers (65%) in white
matter and accurate tractography comparable
with neural tracer (R=0.70)

TEpd TEpv

\ J
R=0.70 Autio et al. Neurolmage 2020

Autio et al. BioRxiv 2019

e Using ‘Bedpostx_gpu’ and ‘Probtrackx_gpu’ NHP-HCP

* Simulation revealed that 3" crossing fiber
sensitivity highly depends on the number of
diffusion gradient directions.

e Simulated using HCP data

 Sensitivity to 3™ fiber is only ~10 % when used
90-direction dMRI (like in HARP)
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wb view

MXDEH-T—2DHEF

Publication

Fukutomi et al 2018

BALSA nhttps:/balsa.wustl.edu/study/show/k77v
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HCP/S( 77 v

Structure PreFreesurferPipeline PostFreesurferPipeline dMRI

[ e | |
1 11 1
1 11 1
Fine Tune T2w to T1 1 11 1
Reg with BBRegis 1 ] 1
High Res Pial Surface Placement] 1 | | 1
w \.Lh White Matter Intensit 1 11 1
T Rey ] 1l !
— 1 [ 1
5 q 1 11 1
FreesurferPipeline 1 1 1
fMRISurface
MSMAII
PCA + WRO Glasser et al Neuroimage 2013

Glasser et al Nature 2016
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« PALM https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/PALM/
e BB®T—X(CIFTIL, GIFTI,NIFTD®TF*F X b T —XREDKE %2172 571
7= I\
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o EZZBEHTERET : Non-Parametric Combination (NPC), MANOVA,
MANCOVA, CCA, PLS

 ZEIKME (ZHE. TXY T 1)

« Matlab
« CIFTII/O
https://github.com/Washington-University/HCPpipelines/tree/master/global/matlab
e Python
« NiBabel

o Ciftify

34


https://github.com/Washington-University/HCPpipelines/tree/master/global/matlab
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/PALM/

HCP/ X4 724 v—a<v

Set environments

export HCPPIPEDIR=<path to HCPPIPEDIR>/Pipelines
export HCPEXAMPLES= $HCPPIPEDIR/Example/Scripts
source $HCPEXAMPLES/SetUpHCPPipeline.sh

B B B H

# Structural MRI
PreFreeSurferPipelineBatch.sh
FreeSurferPipelineBatch.sh
PostFreeSurferPipelineBatch.sh

# Functional MRI
GenericfMRIVolumeProcessingPipelineBatch.sh
GenericfMRISurfaceProcessingPipelineBatch.sh
IcaFixProcessing.sh
$HCPPIPEDIR/ICAFIX/PostFix.sh

$HCPPIPEDIR/ICAFIX/ReApplyFixPipeline.sh
$HCPPIPEDIR/MSMA11/MSMAl11Pipeline.sh

& BEMRIEZOHINE

& HEEMMRIEEDRTLE

ICAaAVR—RUbD/A X EBEBEHFEL

G <subject>/MNINonLinear/Results/<fmminames>®
A MDReclassifyAsNoise.txtH LU
ReclassifyAsSignal.txtIZEBAT %,

$HCPPIPEDIR/DeDriftAndResample/DeDriftAndResamplePipeline.sh

$HCPPIPEDIR/ICAFIX/ReApplyFixPipeline.sh

# Diffusion MRI
DiffusionPreprocessingBatch.sh

# Task fMRI
$HCPPIPEDIR/TaskfMRIAnalysis/TaskfMRIAnalysis.sh

@ HLEMRIE{ROFTLE

@ FRUMRIEEDOFILE

35



HCP/ XA 774
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RBDR -
Scanners =

-—m

Field strength [T]

Bore size [cm] 60 70 60
Magnet
Max. FOV [cm] ~50 ~40
Zero helium boil-off yes no
_ Max gradient [mT/m] 80 45
Gradient
Max slew rate [T/m/sec] 200
Max Rx channels 128 32
RF system Parallel Tx 2 no
Head RF Coil 32ch 32ch 32ch 32ch 32ch
Kyoto U, Hiroshima
Sites RIKEN, Tokyo U, ATR U, Showa U, Kyoto NCNP MlEs Tamagawa U

Pre U, Fukushima U AU



er for Biosystems Dynamics Aesearch

Structure MRI - T1lw

1 MPR “Prisma | Siyra__ | VerioVD | VerioVB | Trio

FOV(RxPxS) [mm] 256x240x180
orientation sagittal (PE dir. : A >> P)
matrix size 320x300x224
resolution [mm] 0.8x0.8x0.8
TR/TE [msec] 2500/2.18/1000
scan time [min:sec] 5:22
flip angle [deg] 8
accelartion (PE) pF : 6/8, Pl : GRAPPA(factor:2, ref.line:32)
bandwidth [Hz/Px] 220
Fat sat Water excite fast

filter Distortion Corr OFF, Prescan Normalize



er for Biosystems Dynamics Aesearch

Structure MRI - T2w

T2 SPC “Prisma | Siyra__ | VerioVD | VerioVB | Trio

FOV(RxPxS) [mm] 256x240x180
orientation sagittal (PE dir. : A >> P)
matrix size 320x300x224
resolution [mm] 0.8x0.8x0.8
TR/TE [msec] 3200/564 3200/565 3200/564 3200/562
scan time [min:sec] 5:31 5:31 5:22 6:26 6:26
excitation variable flip angles
turbo factor 314 314 326 167 167
accelartion (PE) Pl : GRAPPA(factor:2, ref.line:32)
bandwidth [Hz/Px] 144 679 679 679 781

filter Distortion Corr OFF, Prescan Normalize, Image Filter(sharpening & smoothing)



Functional MRI

Center for Biosystems Dynamics Research

RIK=H  RIKEY Cent

iR “Prisma | Siyra__ | VerioVD | VerioVB | Trio

FOV(RxPxS) [mm]
orientation
matrix size

resolution [mm]
TR/TE [msec]
#measurements
scan time [min:sec]
flip angle [deg]
accelartion (PE)
bandwidth [Hz/Px]
Echo spacing

filter

206x206x144

transverse (PE dir. : swapped alternatively btw A >> P & P >> A)

2076

86x86x60
2.4x2.4x2.4
800/34.4
375
5:08
h2
Pl : Multi-band(factor:6)
2077 2079 2078
0.63
Prescan Normalize ON

2326
0.59



Diffusion MRI

RBDR

RIK=H  RIKEY Center for Biosystems Dynamics Aesearc

Eﬂ!ﬂi_m

FOV(RxPxS)
orientation
matrix size

resolution [mm]

TR/TE [msec]

#diff. dirs. Label
Phase encoding

b-values [sec/mm”2]
vols/dirs/dirs
type of gradient

scan time [min:sec]
flip angle [deg]
accelartion (PE)
bandwidth [Hz/Px]
filter

3600/79

53/54
AP/PA
0/ 700/2000
13/32/64
monopolar

3:32

pF:6/8, MB:3
1984

transverse (PE dir. :

1544

204x204x142.8

swapped alternatively btw A >> P & P >> A)

120x120x84
1.7x1.7x1.7

3600/89 3600/94

67/68
AP/PA
0/ 700/2000
17/40/80
monopolar

4:54
90
pF:6/8, MB:3, GRAPPA:2(ref.scan:GRE)
1436 1436 1736

Prescan Normalize



Task fMRI

CARIT
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Go Target
Reward
(any
:® =
‘g ITI
600 msec =
+
400 msec

Go Target

1.4 sec
D Go Target
B |
Prepotant No-Go
GoTa Target
600 msec + e
%
\‘\ L — -
14 s8¢ e B =
oG
+ Target
" eDamssc

+ Go Tafgel
500 msac
h ’ i
S tdsec] i
+
600 msac
g 14560

Winter & Sheridan et al. 2014

Emotion

RIMSH  RIKEN Center for Biosystems Dynamics Research

Hariri et al. 2002
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