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Data-driven, reproducible, and causal human brain imaging
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Reaching for more at the limits of fMRI: High Resolution &
Dynamic Connectivity

Peter Bandettini

National Institute of Mental Health, National Institutes of Health

Functional MRI methodology continues to advance as methods for extracting functional information at high resolution
and from time series fluctuations develops. In recent years, our lab has been working in two areas of fMRI: Sub-
millimeter Resolution and Dynamic Connectivity. For sub-millimeter resolution fMRI, we have been scanning at 7T
using non-invasive blood volume contrast, known as VASO. We have been able to resolve layer specific modulation
with a finger movement task, individual motor and sensory digit representation, and layer specific differential
activation in dorsal lateral prefrontal cortex between working memory/manipulation and subject response. We have
also been mapping layer specific functional connectivity, revealing a hierarchal structure in the motor and visual
systems. In the realm of dynamic connectivity assessment, we have been developing approaches to extract ongoing
cognition during a task as well as spontaneous thoughts during rest. We have also been using cross-subject correlation
approaches to extract individual differences in neural correlates of traits such as reading ability and paranoia level. For
these studies, we determine the correlation between fMRI time series of subjects’ ongoing activity during time-locked
naturalistic tasks. In this talk | will discuss this recent work, emphasizing the methodological challenges and future

potential.
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Establish an effective neuroimaging learning system in Japan
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Harmonized Brain MRI Protocols/Preprocessing for Brain/MINDS-beyond

Takuya Hayashi?, Shinsuke Koike?, Tomoyuki Okada®, Masaki Fukunaga®, Hiroki Togo®,
Atsushi Miyazaki®, Takayuki Ose?, Akiko Uematsu?, Kousaku Saotome?, Tetsuya Matsuda®,
Norihiro Sadato®, Yasumasa Okamoto?, Saori C Tanaka?,

Takashi Hanakawa®, Kiyoto Kasai?, Mitsuo Kawato®

in Brain/MINDS-beyond working group for imaging protocols/preprocessing ‘ ‘

1 RIKEN, 2 Tokyo Univ, 3 Kyoto Univ, 4 NIPS, 5 NCNP, 6 Tamagawa Univ, 7 Hiroshima Univ, 8 ATR

Large cohort brain MRI studies are recently performed in several countries and provided important knowledge on
brain organization and disease diagnosis. Since 2014, the Japan Strategic Research Program for Brain Science (SRPBS),
led by Kawato et al. have collected brain MRI data from 2409 participants at multiple sites including healthy and
neuropsychiatric patients?, and was useful to develop key machine-learning algorithms to automatically classify
patients with autism-spectrum disorders (ASD)2. Recently, Yamashita et al.? proposed a generalized approach to
classify multiple mental disorders including ASD, depression, schizophrenia from healthy participants using patients’
resting-state functional MRI (rfMRI) and traveling healthy subjects’ data. They also showed that the network
biomarkers often suffered from cross-site bias to the same extent as disorder-related variability and stressed the need
for establishing highly ‘harmonized’ scanning/preprocessing in future study. Meanwhile, Human Connectome Project
(HCP) in US and UK biobank in UK have exploited the cutting-edge fast MRI scanning, such as multi-band echo planner
imaging (MB-EPI)*, and related analysis pipelines® for in-depth correction of image distortion, homogeneity, motion, as
well as sophisticated estimation of ‘denoised’ connectivity and other neurobiological measures based on surface-
based analysis. They have been providing important findings on the organization of cortical parcellations and
connectivity® and complicated network organization and its relations to behaviors’™. The data and preprocessing
pipelines are freely shared and expanded this brain MRI field by increasing chances for non-MRI scanner users to ask
their own questions on brain systems. Since 2018, a Japanese national project ‘Brain/MINDS-beyond’ started by the
support of the Japan Agency for Medical Research and Development (AMED), aiming to understand human brain
functions and diseases using non-invasive methods such as MRI. The project is divided into three groups I) clinical
application in young, adult, aged participants/patients, Il) cross-species comparisons, 1) prediction and classification
of disease based on MRI. Based on round-table discussion, all the PlIs for clinical studies (group | and Ill) decided to
acquire high quality 3T MRI data in a larger number of participants by a multi-site and harmonized manner in coming
five years until 2023. The core working group of Brain/MINDS-beyond designed a HARmonized Protocol (HARP) for
scanning MRI with ‘spatial precision’, ‘high sensitivity’, and ‘multi-modal contrast’ using five types of 3T scanners
installed with 32ch- RF coil and MB-EPI (i.e. Siemens Trio, Verio, Verio-dot, Skyra, Prisma), as well as higher resolution
protocol of Connectome-Related Human Disease (CRHD) to be used in a high spec 3T scanner (i.e. Siemens Prisma).
The core imaging parameter, spatial resolution was 0.8mm in structure (T1w and T2w) in both protocols, 2.4mm
(HARP) and 2mm (CRHD) in fMRI, and 1.7mm (HARP) and 1.5mm (CRHD) in dMRI, allowing high sensitivity both in the
cortex and subcortical structures (details of protocols will be presented by Koike et al., JHBI 2019 poster). Imaging
parameters are overall comparable with HCP ABCD, HCP CRHD, and ADNI, allowing future harmonization with these
databases. The working group also plans to extend the harmonized protocols to other vendors/scanners. The
preprocessing will be tuned for surface-analysis and optimized for these high-quality, multi-site data. To develop
higher-level analysis of harmonization, the project for ‘traveling subjects’ across protocol (HARP, CRHD, SRPB) and
sites/scanners (12 sites/5 scanners) is now planned and will soon be started in this year. We will present some of
details of harmonized brain MRI protocols in the Brain/MINDS-beyond, preliminary results of the
protocols/preprocessing and the principles of data sharing for future brain imaging science in Japan.
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Harmonization of resting-state functional MRI data across multiple imaging sites
via the separation of site differences into sampling bias and measurement bias

Ayumu Yamashital?3, Noriaki Yahata'*>, Takashi Itahashi®, Giuseppe Lisi!, Takashi Yamada's®,
Naho Ichikawa’, Masahiro Takamura’, Yujiro Yoshihara®, Akira Kunimatsu®, Naohiro Okada*®,
Hirotaka Yamagata'?, Koji Matsuo®!, Ryuichiro Hashimoto'®!2, Go Okada’, Yuki Sakai'*3, Jun
Morimoto?, Jin Narumoto®!3, Yasuhiro Shimada®?, Kiyoto Kasai**°, Nobumasa Kato'%, Hidehiko
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Hiroshi Imamizu'*

! Advanced Telecommunications Research Institutes International, 2 RIKEN, 3 Boston University
School of Medicine, * The University of Tokyo, ® National Institutes for Quantum and Radiological
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Medical and Dental Sciences Tokyo Medical and Dental University

It has become increasingly apparent that the low reproducibility is a ubiquitous problem across many science fields
such as biomedical science and psychology 2. Especially, it is a serious problem in biomedical studies using functional
magnetic resonance imaging (fMRI) data. An increasing number of studies have reported success in construction of a
machine learning algorithm that classifies healthy or psychiatric disorder using fMRI data. However, it has been
suggested that these classifiers might not generalize to the data acquired from other imaging-site if these classifiers
were constructed from small sample (e.g., tens of participants) from a single site >*. A solution of this low
generalization is to collect big data across many sites but considerable site-difference in fMRI data is a formidable
obstacle to this solution. In this study, we demonstrated that site-differences are composed of biological sampling bias
(differences in participant groups) and engineering measurement bias (differences in the properties of MRI scanners).
We found that the effects of both bias types on rs-fMRI functional connectivity were greater than or equal to those of
psychiatric disorders. We specified properties of MRI scanners that significantly affect the rs-fMRI connectivity.
Furthermore, we revealed that each site can sample only from a subpopulation of participants, which suggests
importance of collecting multi-site data. To overcome the limitations associated with the site differences, we
developed a novel harmonization method that removes only the measurement bias by using a traveling-subject
dataset and achieved the reduction of the measurement bias by 29% and improvement of the signal to noise ratios by
40%. Finally, we also publicly released the multi-site neuroimaging data of thousands of people including multiple
psychiatric disorders. These would innovatively accelerate understanding neural mechanisms of psychiatric disorders,
development of brain-circuit based biomarkers of psychiatric disorders and so on.
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Increasing the clinical relevance of fMRI: Big Data, harmonization, and the individual

Peter Bandettini

National Institute of Mental Health, National Institutes of Health

Functional MRI has opened up a new era in brain research, allowing brain activation in humans to be non-invasively
assessed. Twenty-eight years after it’s inception, tens of thousands of papers have been produced however, the
method has made only minimal clinical impact. Perhaps the primary reason for this is that while activation maps are
robust, differences between individuals are subtle and noisy, thus requiring more sophisticated multivariate
processing on much larger data sets to begin to be able allow the creation of sensitive biomarkers that can be useful
for diagnosing and treading brain disorders. In the past decade massive data sets have been created, however
challenges remain regarding the variability across contributing centers - limiting their utility. Here, | show that scanner
manufacturer, model, as well as the individual scanner itself, are detectable in the resting and task-based fMRI results
of the Adolescent Brain Cognitive Development (ABCD) dataset. | will further show that these differences can be
harmonized using an empirical Bayes approach known as ComBat. Accounting for scanner variance, including even
minor differences in scanner hardware or software, is crucial for any analysis, and absolutely fundamental to utilizing
these databases to their full potential.
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Alpha oscillations as a clock for visual processing
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Toward understanding of the neuromolecular bases of
cognitive functions using fMRI and PET
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EFRIEEMTARRAREE QST

BRAKRZIZADHERZNUBFETIR I HBE. IO EDBEFAEEB L TWLWAALZMROELZIEZE L THAN
HHBERIBNEIR (functional Magnetic Resonance Imaging, fMRI) ZRW/EHIERAEFRTH Y. SE PR
BACEEDRMBRICE LB MMEEN CNETHLAICEINTWS, LA L. RAOEREFHOBERICHS
WETDORFANZZALIEIINETIFEAEBELNICINTUVEWL, DFADZXL%EBPBTEFEEDL1I DL
LT, BRmEMBEOENEERIEE L 55 PET (Positron Emission Tomography) A% V) . iR 7A D Kt
HIRZ DI EICIEIBRAN D B, MR TELS O FIEB LAIBIER2BS 2 LA REETH D, ABETIE.
HikHEe, PlERE., D FIEBEOMENER A BIEL7-UTD 4 DOERNHEEZBNT 5,

1) BENATRO—D [BHOER] &, BEMEENEEL F—/XIY D, ZRREE L OB&EKE. 2)
BEARL - IRERCHAETCROD 2L DH D [BEETTRZA S| BEE0OHRERIE F—/1I Y D, RREKEE
EDOBEEE, IBFEREZ —BFNICRDEDOIRET 2 [EXRE] ICELIREEMEL EXZ IV H;ZR
REE & ORB&EM. HITSNHICEEHL S [EI~DRZM] &, FEbHREEENEEL O b=V 2A 2R
HREEDOREEMEICOVT,

TR FERICLVAECEZAEZEEN L, fMRI & PET 28 AEb8E770—FIC&kY ., B4R Z
ZADBERD [DFHEHNT X BMEE ] BN AIREL 705 Z & T, RBIERORREER LA ERREA~AD
BN HAREICTZ %,

5| Ak
1. Yamada M, Uddin LQ, Takahashi H, Kimura Y, Takahata K, Kousa R, lkoma Y, Eguchi Y, Takano H, Ito H, Higuchi M,
Suhara T. Superiority illusion arises from resting-state brain networks modulated by dopamine. Proc Natl Acad Sci U
SA.2013;110(11):4363-7.
2. Yokokawa K, Ito T, Takahata K, Takano H, Kimura Y, Ichise M, lkoma Y, Isato A, Zhang MR, Kawamura K, Ito H, Takahashi
H, Suhara T, Yamada M. Neuromolecular basis of faded perception associated with unreality experience. Sci Rep.
2018;8(1):8062.
3. Ito T, Kimura, Seki C, Ichise M, Yokokawa K, Kawamura K, Takahashi H, Higuchi M, Zhang MR, Suhara T, Yamada M.
Histamine H3 receptor density is negatively correlated with neural activity related to working memory in humans.
EJNMMI Res. 2018;8:48.
4. Kojima K, Yamada M, Hirano S, Kimura Y, Seki C, lkoma Y, Takahata K, Ito T, Yokokawa K, Hashimoto H, Kawamura K,
Zhang MR, Ito H, Higuchi M, Kuwabara S, Suhara T. Serotonergic neural network related to behavioural inhibition
system. (submitted).



v viRY 7 L Symposiuml 9 A6 B 14:30-16:30

Preferential involvement of the direct and indirect corticospinal pathways
in preferred and non-preferred hand in right-handed humans

FIER +t Mitsunari Abe
EEEIERAF Fukushima Medical University

Evolution of the ‘new’ direct corticospinal pathway projecting from the primary motor cortex to spinal motoneurons
parallels the acquisition of hand dexterity and lateralization of hand preferencel. Previously, the phylogenetically ‘old’
indirect corticospinal pathway was thought of as a neural implementation only for gross forelimb movements mainly in
lower mammalians2. Recent evidence suggests that the indirect pathway can serve as back-up system to compensate
for the damaged direct pathway for recovery of hand dexterity!. However, the physiological role of the indirect
pathway is not fully understood. Using functional magnetic resonance imaging covering both brain and spinal cord, we

examined involvement of the direct and indirect pathways in unilateral right-hand and left-hand movement.

We found greater involvement of the direct pathway in right-hand movement than in left-hand movement in right-
handed humans. Our results also supported greater recruitment of the indirect pathway in left-hand movement than
for right-hand movement. We further investigated the relationship between individual’s differences in hand preference
and involvement of the direct and indirect pathways. Hand preference was estimated by the questionnaire of
Edinburgh Handedness Inventory. The degree of involvement of not only the direct pathway but also the indirect

pathway paralleled individual differences in hand preference.

A previous report supported that involvement of the direct pathway functionally paralleled the degree of hand
preference®. No previous studies documented inter-individual variability in the involvement of the indirect pathway in
preferred and non-preferred hand movement. Recent evidence supported that recent evidence suggests that the
indirect pathway likely plays a role for dexterous hand movement in intact state*. We propose the physiological role of

the indirect pathway for non-preferred left-hand movement in right-handed humans.
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Computational models and big data in social neuroscience
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Application of brain imaging and Al for schizophrenia research
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HEARISEIEICE 1T B advanced diffusion MRI
Advanced diffusion MRI in Neurological Disorders

#A2EET Koji Kamagata
JEREBXRFARZREFZHRR BERZEFEE Juntendo University

LB MRI AT D I — LT XA & > & — K T# - 7= diffusion tensor imaging (DTI) HIRETIERR4 2R
RHEHMoND LD ICHRY, KNEHEEED LY B UWEBEHEOHERZ B #YIC Neurite orientation dispersion
and density imaging (NODDI). Free water imaging . MR g-ratio 2, Fixel-based analysis 37 &', /=%
LB MRI BRIT FEHZ CIRE. RAREZBOKREBICICAI N, Z0FAUIRES L TWS,

Free water imaging |& bi-tensor model IZ & Y HIl@ARR—XDBHKDEEZRNT 5 Z & T, MiER
NOILEREZ L ) R CHERT 5 Z L A RIRE T, SEFERKRSAAEML T3, —7 g-ratio 13 RO &
KER)/ @R+ ITY VORKER) ] LERIN, BHEERORETHY ., BEREKOMERS L UTHERK
CEEREARIRT Z2EELIEIETH S, g-ratio [TTARBEZHLAEMBETH B4, EEILEMRI 2N
EREND MR g-ratio DHEFE L ATREL B> TETH Y, BBEREZIEILD LT EZ < OHREREBICHA~DH
FHASE>TW5B, Fixel-based analysis [3—2 DR 7 EILARICHIDAREICEITT 2 EHROHRIGHEHIE
FNZGAETHHRBHEREBORENALBELS L 2T 5 Z & A AR 2T Fi& <. Tract based
spatial statistics > Statistical parametric mapping % £ €3 ® voxel based analysis (CfXh B2 FFEHEE L
TEFEEZEDHTW S,

A5 ETIL NODDI, Free water imaging. MR g-ratio. Fixel-based analysis 7 &', #7-% 380 MRI
FEATIA, MEAREOBRKCAICE L TR T %,
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DERRHC BT 5 REE SRR
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Neuroimaging Research in Psychosomatic Medicine to Elucidate
Pathology in Eating Disorder and Psychosomatic diseases

BIA 3 Atsushi Sekiguchi
EifEw - HREEMRE Y 2— RBHEREWEAT NCNP

OERRE & [OEBEEZ2HET 2RE] AERTH LD, BARTIISHERIVEE L L IERRBEECH
RENKEDX ML ABEEREZZERLTLWIDARKRTH 5, HMEGMEOT—< & L, B4 IFEBREESR
BEODBEDOA N XLOEPABIIELTWD, SEIE. RPOMNEGRFEICEDL 2 MEARELIEEL T
RHELTWREREBEERBEOMNERT —ZR—IABROHAA L, DBEOAHZXLOERLEZLNTWL
2 [RZARBRE] (ST IMEBRIAEICOVNT, HILXT 4 AL - XARV I#EED MRI B2 TEESH
1T —ER—XDERAEEED TENT %,

(BEEEOMERT —ZX—X] BEEZLEZARMNEETHOREZ RL. INOEE OMHREREE
BA% B L THER - MENMNEGFEATADNTWS, EEBEEOREICLZBEMRBROBREOOHEA L
PEFTLRE L DEEAREINTWEHAY, RN L HICE—ERTONRBERMEICERONTWSEEY, §F
RICERBZHI~—h—PREY—H—. FERFIARFORFED-HICIE, KBEART —ILTOREHIE
FNTWBY, HRNICEREZOMERT — 2 RXR—RIRBETHD LEEDLIDEBLHL,

FA41E 2015 £ &Y, FIKF, FEARF, EEXERKFE, WNAXZFLHEL. J-ADNI2 EHDiRE& 7 O
Pa—LABAWTEREEEES LUOEENBEH#HOM MR Bfkd L VBEKRERCLOEREDOINESI1T>T
BY., 2018 ENBlE. FHAFOSEDLEB T, HEN 35846 (BEREEHE © KT 125§, HitwT 40 F), 2
EXFEE - HERT 163 B, #ithT 30 ) DEREEMNEBEHRL VR M) EBELTWDE, INOBEFET—XDER
Fit. BLPSHROT—2PRNEDOABEEIZDOWTBNT 5,

[DBEED X H =X LER] CEEORABFNLEERE LT [RFAREE (Interoception) ] ANEFE &
nTWs, AZRREE L. Wk - 0E - BEOHZ A EBERRNEIOEBNAREICHTIEEDZ L TH
DO TRAFZZ L ZDMFICHBLEEELEZZONTWS, RZRAREDEE (Interoceptive
dysfunction) I3#k4 Afthd X b L XE&EEE (5 2K, FLEE. PTSD, BEREEAR L) THRHHNT
W30, AEENAZCLEFONBTTCHLIAREINTEY., AZRAREDESINOBREICENS
N, READERE %8 L THRARBHEBROEEEES LShTW3®, RZRAREDOHEIL, BEHIL
HEIFICRELAEFIXT A AL - XA IHEEICH 1D MRIZEETA4000 ABOT—2 A ERBEINTSEH
D, INOT—XDODBESLVCFEROFERENEATWS, SEIE. INOT—XOMERDERHZBN
L. BICAZRREZRIATSZL2#BIELTERLTVS, AZRBRREZET L L - NEGARZ2BNT
b,

3| AR
. Chen, J,, et al., Brain Cogn, 2016. 110: p. 20-42.
Kodama, N., et al., Biopsychosoc Med, 2018. 12: p. 15.
Sato, Y., et al., PLoS One, 2013. 8(5): p. e61108.
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FERERA X =LV V2BV BMI I & 3i8ED0ATREH
Treatment of neurological disease using Brain-machine
interface based on neuro-imaging

BIEBKSE Takufumi Yanagisawa
(1) KBRAXZEZHAIMERE Osaka University
(2) KERKZFXZEREFRARRBIGEARE (3) ATR BNIEHRATR

BRI 7 EIEREEDA X — v TR ) TR A LIZERITT 3 Z & T, Brain-Machine Interface
BMN%ZXEIBTE 3, BMI LBEEEEDH 3 BE S ADESBEFEL Y NEYTF—YaVICHASNTE
7=P EFEIF=Z2—074—FNy o7& LTOFEREEFREINT LS, £FIC neural decoding &L AEHHE
BIETAA=PYTLVEREICHBEREZHEL., TNICEDOW 71—y 72L& >T, BEENC
AN ZFE L, MRERZBEHT A2EMIPBREINTWS, ZOFMIL. KL BEREREOREAD
I IN DT <, BUEENARE & IR & OXIGEHRZANDE D OMERIFENL Y —L e L
THLERTH D, B4 ld. MERIES % decoding LTRAKRY F%8AHT BMI ZBFE L. ChExzeH Il
ZOIRBEBEEMNTHI LT, BEOREEHFICAIBNE(ZFEL, OEBEHEHcEs %Rl
L, £7-. FEKROIIEE% 3 BEERK TV, BRERAEEZ SFM L 7=,

KRAZEZHMERRICEBRT 20BREEEZNRE LT, BEEORERESRE KER L TIERK L 7248
A A=2%BMI THIEIL., BEHIOFZEIDNTOH Y TORA X =% FET 2l E TR -7, XWEE
LT, FYRLICEOBAXA—2%8H L, BFICIDEVZANSEY, ALRBEE L CIEEITHR -7, 21
BMOIEE 15 BEOY+ v a7 %FBT cross-over THEITL 7=, JIEFH L. JIEE 3IBEOE
H7% VAS ([CTEHE L 7=,

SHEDIEFRICEELRRBADIETAALNT, /-, WRELLEL T, BMI ZBW-ilETlx, g
BRTBROLHEEF CERABADOET 22D, 3 HEOIEF® Tt IEBESFONERESH LD
NRBEENEERBENERICET Lz, £/, HEERBREDVETLRADEKTAERICHEBEL 7,

BREEIC & 5 BMI Z AW -3lRIZ. SIEBERICEMNTH S Z LhmEnr, £7-. BMIFIRICH S EE)
BFEROETICEVBEADMMETTAZEATREEINS, BMIZAW:-Z2—07 14— KNy 7 3ESMERES 1T
THL, BROERICHERTHS Z LRI NT,
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1. Yanagisawa, T. et al. Induced sensorimotor brain plasticity controls pain in phantom limb patients. Nature
communications 7, 13209, doi:10.1038/ncomms13209 (2016).



