%6 EABE>aVFO—ILBEOIVFSAE

MNI
area BA x Y z T Clu:ter
Right Inferior Temporal Gyrus 54 -70 -4 2374 572 3215
Right Middle Occipital Gyrus 34 -92 -4 1145 467
Right Inferior Temporal Gyrus 4 -72 -4 1107 4.61
Left Inferior Parietal Lobule 40 -62 -40 32 1968 547 3232
Left Inferior Parietal Lobule 40 -34 -46 42 1482 506
Left Postcentral Gyrus 2 -48 -30 42 1292 485
Thalamus Lateral Dorsal
Right 12 -20 14 1844 5.37 236
Nucleus
Thalamus Ventral Lateral
Right 14 -14 8 10.13 447
Nucleus
Thalamus Ventral Posterior
Right . 16 -24 2 101 447
Medial Nucleus
Left  Inferior Frontal Gyrus 9 -58 8 34 1809 535 1025
Left Precentral Gyrus 6 -50 4 12 939 435
Left Precentral Gyrus 44 -58 10 14 905 4.29
Left  Putamen -24 -4 4 16.62 5.23 296
Left  Putamen -32 -18 -2 787 406
Left Insula 13 -40 -4 10 7.04 387
Left Middle Temporal Gyrus 37 -46 -62 2 1561 5.13 3650
Left Inferior Occipital Gyrus 19 -34 -78 -12 13.71 494
Left  Inferior Occipital Gyrus 18 -32 -94 -16 1291 485
Left Medial Frontal Gyrus 6 -6 -2 62 1484 506 503
Left  Superior Frontal Gyrus 6 -4 6 54 1006 4.46
Right Medial Frontal Gyrus 6 4 -6 64 926 433
Right Postcentral Gyrus 2 48 -32 40 13  4.86 454
Right Inferior Parietal Lobule 40 40 -38 36 821 413
Right Inferior Parietal Lobule 40 56 -22 26 7.08 3.88
Left Middle Frontal Gyrus 46 -50 30 26 1278 484 251
Left Middle Frontal Gyrus -50 36 18 6.23 3.66
Left Middle Frontal Gyrus 10 -38 36 28 5 3.27
Right Superior Parietal Lobule 7 14 -64 66 11.12 4.62 544
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Right
Right
Left

Superior Parietal Lobule
Superior Parietal Lobule
Thalamus Mammillary Body
Thalamus Lateral Posterior
Left

Nucleus
Left Thalamus Medial Dorsal

Nucleus
Left
Right
Right
Left
Left
Left
Right
Right
Right
Right
Right

Superior Frontal Gyrus
Precentral Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Middle Frontal Gyrus
Precentral Gyrus
Inferior Frontal Gyrus
Inferior Frontal Gyrus
Superior Frontal Gyrus
Sub—-Gyral

. Cerebellum Inferior
Right

Semi-Lunar Lobule
Cerebellum Inferior

Right
Semi-Lunar Lobule

Left
Left
Right
Right

Superior Frontal Gyrus
Inferior Frontal Gyrus
Inferior Parietal Lobule

Postcentral Gyrus

[=> T = > I = S « o B = BN (o |

45
47

10
47
40

28 -62 62 10.52 4.53
20 -72 58 863 4.21
-10 -22 2 992 444 156
-16 -20 12 561 348
-8 -14 8 53 338
-4 60 34 88 424 15
42 -6 46 835 4.16 173
48 8 46 691 384
-28 -8 58 801 409 694
-42 0 50 765 4.01
-26 -10 48 756 3.99
58 14 8 777 4.04 195
58 24 2 734 394
56 38 -4 669 378
30 -4 68 756 399 70
24 -4 54 722 391
20 -72 -50 735 394 66
10 -76 -50 5.61 348
-38 50 26 6.26 3.67 44
-38 30 -12 594 358 30
46 -40 60 552 345 64
34 -46 68 543 342

C.3. U T L&A L fMRIGtIMRI) 003
P NER A =2/ N:-F

U745 {MRI ICVERT 41—
R 7 fBHT S A7 L%, Sk MIT &
#/7 L. Matlab #X—A{ZL7=7 1
7537 Ic ko TR L . B ERER

EiTol=, iz 70—k U7- Rt
xRz, 1.5TMRI 2w, EPI
v— 2 T AL &S IMRI g S
Bl E 5 2, Be NZBWT, %Y
T OREETRE A LD THRL, [T
B A 52, TOEE BOLD 7
FERG L RIFIZZ O THlE LA
REIZFRAT L, & ORISR B OfE % |, fMRI
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D. £%

BMIEZR E DA REEICR T HREH
HitE O EMELF OB LM EE
oL, ttMRIZH W =2 —a T
—F Ry rickparba— v ~EEE

RALTUK DI, AR TIIREEL
*RELTRIEFRE B THD IAPS &,

B A B ERE O RS EOREIT
2,

ZORER, TNETEHLDFEE L
TAT O TE T IHFEIRIEZ T i
BBAA—T 7 EREFRROMIER
H 22 X h 7~ (Hariri et al., 2003,
Sabatinelli et al., 2005),

F9°, IAPS W% Cid, B1E SR
fH (RIR, BR) (R ERMIEENEL TR
PEEDBIERRO LN, ZNHDIE
NI REOBRIZ LA RE AR ICH
HELTW=EE BN,

BAR RO LB LR ADTEENCEL
TITE LD IERITTONTE=, FL
T, ZNHDHEMND, 1) RkEi
Bx REREZLVTADDHOIND
PRABIZISEL, 2) AL EE T
BREDSETIIREFIZ L > T
FRIINDIZE BN, ILE
IR OREEE (arousal level),
D38 X (hedonic strength), %L CTHlJ#
s O B AR 0 B T ol fE
(motivational value) (Z&->TEMIM,
4) B IRAEIZEEL, 5) BRI
BRI OEBELHERE (BeEH, B
F2E) ITEH-TEL, 6) mHEDE

BIIEMAORE SENRELAELD, T)
BERE 2RO MRk oS8 X
VETIIRL, 8) RAkEDIE &L ESR)
e, B RMREE, SECERS
W=~ a2 ERICEEEL, 9)
FEHOEAZCHEL TMERARSE
ORHELET VIZIZHED T, 10) 158
DRESRE R ZEITREMIREE, 13,

HRLEDERELEEL TWAHI LY
MBALDNIS N TET=(Zald, 2003),

(7o, MAORBHEE THIBERE
$EIRMEE Tp) O BOLD signal DAREE
i, BRAFHBORTEEFE (arousal) 21
PILTHEARL, REEORWVERY R
TUVW5HEXD BOLD signal X HEEI I
RTEBTIZESMLNATND
(Sabatinelli et al., 2005), AWFFE T,

RRFZHIZBIT DRk AEOTEE L,
P&, TS TRH Zfg 1o
KL TOBIEDRENTE,

JERIR TR B IR AR IR &35 A R e o
BEALTHAED, BRIFHRBRE R
BAaRROHERBIOEVEENTL, 8
BTN/ BA~DEBEOSEIZ
MELTWwsEEZLNLTWSD
(Sabatinelli et al., 2005),

IhbaFEedrl, RkEOTEE)IR
BoOBEEM (salience) % H BAIIZF
L, ZOFMICEDWTERLHIZM
DRI DIEB ZEMTHIETHHE
% %z b A(Ewbank, Barnard, Croucher,
Ramponi, & Calder, 2009), ZfisiEIZE
112, REKEAHEIZOAEH FHICER
RIS RO EFM TS
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N TWWA(Hariri et al., 2003), ZLT%
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nTWa, bbb, AREE &Rk
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IR T o R ICEELTVALE
AONBTD, BIERERLEEIZ
BT HREAE OB MRS B2 3R T
LEDOVESDOE.LEK SRS,

F . BABBEORBEICEBOTIE, W
HEE LI a— VBB O & ED
RIEBNDE SR LDHE, TER - ER I
EPLTEBEEEIINT T, BLOT
ERTEEEOEME L LI, AR EE
e, R ORK—F MK ERED, BEE
DIEBHH B ThoT- DM ThH
oz, ERDOBETH, AR E EE
WCEZTEL BAICEERD RV
U— I BEEZ R T IENRINTRY,
A AT AE B e IR % F] > T
AZED 53 H35 (Moriguchi et.al., 2007),
HESTBMRE DBEL . AR
VIRTE TORE AR T — 7 03 EE 15
ZENEBILN, S HDOMIEEIOaL N
o— /LR ==V OREEELTHEZET

HOTLIITRIBENT,

E.

REEIZ, AMVRAEERBD S B,
FTRE (ERHBWR YY) I3
A M UABRBEOER L, ZREFh O}
BT ARy N —7 O
EEEEITV. LK% - H0&R (B
Bkik, AIERRE]. R/ABRE) ., KK
REIEM., PRAGERD, MEpled, £
TR ERBE ORI BV T, /i
TR BRI A0 2 T ARME R R IR O HRR
g7z EOEE 2 L, BRI iN
Ry NT—T BHER S, BEORY
AR ENT, 2, VTAZ A A
fMRI ICHE2 T ¢ — 8w T T
AT ALETa Ik TH
EL., BEwERREITo72, 5%, &
WELSDOREERT VT4 TIZED
EEHM=20), K ORHER E DR b
LV ABERBREIZIOWTHY 27—
ML, P 7 AEEEPL TN, &
bz, Y TEIZH -7~ MRI v A5
D B B 8 17 R A B IS 3 A B D
MRI v — 27 = RZHOWWTH LV
Eommuy ST-MRI AL 0O#BRE L,
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7t H 5 (Etkin and Wager 2007
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v 7, WmEHEEL SicBVTHL
IR E 2 B2 LT\ B bl Tldi
<. HHF L ORI BMRILIC
BOTHREZREZLTVWE ETHH
Wb, MOMBERKICELTHHE
WIHTRELT, HFCBHHETT LI
K BN F 22 OENLIE EF s
BEETHD,

29 LIEARLZEERIL, ERRES
SDORTRp-TWA, PTSD TiX
W - B, RIEHR, BESY
Fwany i EORKRERY
ENBHETHD, ZhbDERT,
BE OBRM R T E 21T
I I WLDOTH D, OF
. PTSD Tit, —HIRAKREE
. DULARR S -IEEBEORKE
ENDHDLHZ EETRBLTNS, L
L. —ROARLEE L PTSD % [FK
RS L b i ey,

Etkin and Wager (2007) iX. PET
& fMRI BFE % 12 L T,
voxelwise DA Z T+ VU v AFEE
AWT, PTSD, thaReEE, &
WIEDOITEEN % — L DB Z 1T -
TW% (Table 1),

PTSD BECld. fEEMLEEIZ LW
T, mbkik, BEHE, BRE. H
ETE, PEakE, HEarimssiEE
WILEL TWe, #HERL T R
Pk, MEREEE, #5EER], REFEK,
SRE. BT, HAEEREEE)
WILEL ., S 6z, BURE Crimst
R, #sER], BRE. SEE. THH
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(Figure 1A) & BEE (Figure 1B) BIZEEROIX.5 >OWFFED PTSD
FETOREBRIZHEBE LTV, /-, DIERDOBEIEHE & MTEB O % &
Z OFEEIE, BEF B COBMRME 2 TWT, 2 THNR O §iEEAT B
T THEBT LK TH -T2, (mPFC) DiEENMETASBEE LT
PTSD B\ Tit, &< OFEETE 52 & & LT (Figure 2 3
BHETHROLND (Figure2A) 73, ),
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TABLE 1. Summary of the Included Studies for the Meta-Analysis of Functional Neuroimaging Studies in PTSD, Social Anx-
iety Disorder, and Specific Phobia®

Comparison Symptom
Disorder Reference Subjects  Patients  Emotional Stimulation  Included Contrasts  Provocation? Method
Posttraumatic  Bremner etal. 12 10 Neutral and traumatic ~ Trauma-neutral Yes Positron emission
stressdisorder  (1999) (23) SCripts tomography (PET)
{PTSD)
PTSO Bremner etal. 10 10 Neutral and traumatic  Trauma-neutral Yes PET
(1999} (24} sounds/pictures
PTSD Bremner etal. 9 12 Coler naming color and  Emotional-neutral No PET
(2004} (25) emotional words
PTSD Bremner etal. n 10 Neutral and emotional  Deep emotional- No PET
(2003) (26) wards neutral
PISD Britton et al. 14 16 Neutral and traumatic  Trauma-neutral Yes PET
(2005} (21) SCripts
PTSD Lanius et al. 10 7 Traumatic script Trauma-baseline Yes Functional mag-
{2002} {27) netic resonance
imaging (fMR1)
PTSD Lanius et al, 9 9 Traumatic script Trauma-baseline Yes TMRI
(2001} (28)
Lanius et al. 10 10 Neutral and emotional  Emotional-baseline Yes (only MRt
PISD {2003) (29) scripts for 1} traumatic, trauma}
2) sad, 3) anxious
Phan et al. 15 16 Negative and neutral Negative-neutral No PET
PTSD {2006} (22) pictures {controls are
combat)
Sakamoto et
PTSD al. {2005) 16 16 Masked traumatic and  Masked trauma- Yes MR
{30} neutral images masked neutral
PTSD Shin et al. 8 8 Neutrai and traumatic ~ Trauma-neutral Yes PET
(1999} (31) scripts
PTS0 Shin et al. 19 17 Neutral and traumatic  Trauma-neutral for Yes PET
(2004) (6} scripts 1) male combat,
2) female nurse
veterans
PTSD Shin et at. 13 13 Fearful and happy taces Fearful-happy No TMRI
{2005} (7}
PTSD Williams et al. 13 13 Fearful and ncutral Fearfut-neutral No IMRI
(2006} (8) faces
PTSD Yang et al. 6 5 Neutral and traumatic  Earthquake-neutral Yes fMRI
{2004) (32) images for 1) perception,
2) imagery
Social anxiety  Amir et al. " " Disgust and neutral Disgust-neutral Yes IMRE
disorder (2005} (44) faces
Social anxiety  Kilts et al. 6 12 Sodial anxiety and Social anxiety disor- Yes PET
disorder {2006} (45) neutral imagery scripts  der-neutral script
Social anxiety Lorberbaum 6 8 Speech anticipation Anticipation-rest Yes TMRE
disorder et al. (2004)
(9)
Social anxiety Phan et al. 10 i 1t] Harsh and happy faces  Hacsh-happy Yes IMRY
disorder {2006} (10)
Social anxiety  Steinetal 15 15 Negative and happy Negative-happy Yes tMRL
disorder (2002} (11} tfaces
Social anxiety Straube et al. 10 1] Angry and neutral faces  Angry-neutral for Yes MR
disorder {2004) (12} 1) implicit task,
2) explicit task
Social anxiety  Straube et al. 9 9 Angry, happy, and Main effect for Yes MR}
disorder 2005} (13} neutral faces 1) angry. 2) happy,
3} neutral
Social anxiety Titlfors et al, 6 18 Public and private Public-private Yes fMRI
disorder {2001} (14) speaking speaking
Specific phobia  Dilger et al. 10 10 Spider pictures Spider pictures- Yes fMRI
(2003) (15) baseline
specific phobia  Schienle et al. 13 10 Phobia, lear, disgust, 1) Phobia-neutral, Yes {only (MRI
{2005) {16} and neutral pictures 2) fear-neutrat, phabia)
3) disgust-neuvtral
Specific phobia  Straube et al. 14 28 Spider and control Spider-control Yes MRI
{2006) (36) videos
Specific phobia  Straube et al. 1 1 Phobia and controt Phobia-control Yes fMRI
(2004) (33} wards
Spedific phobia  Straube et al. 12 11 Spider and mushroom  Spiders-mush- Yes fMRY
{2006) (17} pictures rooms for 1) iden-
tification, 2) dis-
traction tasks
Specific phobia  Veltman et al. & 12 Spider and bunerfly Spiders-butterilies Yes PET
(2004} (18) pictures
Specific phobia  Wright et al. 10 10 Fearful, neutral, and Fearful-neutral No fMRI
(2003} (34) happy faces

4 Sample sizes, emotional stimulation paradigm used, included companisons, and whether the study was a symptom-provocation study are
noted. Overall, we analyzed data from 19 comparisons {see Methods) in PTSD, 11 in social anxiety disorder, and 10 in speafic phobia, which
together involved 172 patients with PTSD, 93 with social anxiety disorder, and 92 with specific phobia and 314 comparison subjects {175 for
PTSD, 73 for social anxiety disorder, and 76 for specific phobia). Reference numbers are in parentheses. The sample size-weighted average
age of the patient and ¢comparison cohorts in the PTSD studies (mean=42.3, $0=17.5) was not significantly different from that in the social
anxiety disorder studies (mean=30.4, SD=11.8; p=0.10 by t test). The PTSD cohorts, however, were older than the specilic phobia cohorts
(mean=24.7, SD=2.4; p=0.001}, which did not signilicantly differ from the social anxiety disorder cohons (p=0.27). The proportion of lemale
subjects in the PTSD studies (50.3%} did not ditfer from the proportion in the social anxiety disorder studies {54.2%), which were both signif-
icantly difterent from the specific phobia studies, which were made up predominantly of women (93.5%; both p<0.0001 by chi-square tests).
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o PTSD social Anxiety specific Phobia Fear

Il Hypoactivation (comparison subjects > patients) il Hyperactivation (patients > comparison subjects)

2 Results are shown for the amygdalae (A) and insular cortices (B). Note that within the left amygdala there were two distinct clusters for PTSD,
a ventral anterior hyperactivation cluster and a dorsal posterior hypoactivation cluster. The right side of the image corresponds to the right
side of the brain.

Social Anxiety Specific Phobia Fear

Bl Hypoactivation (comparison subjects > patients)  [Jilj Hyperactivation (patients > comparison subjects)
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Figure 3

Hyperactivation Hypoactivation
(patients > comparison subjects) (comparison subjects > patients)
- -l - ik
70 I N TS0
24 ekl ool it * Social anxiety disorder
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& [ specific phobia
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¢
540
a
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2
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0 - .
Left Right Left Right Left Right Left Right Left Right Left Right
Amygdala Insula Rostral Anterior Ventromedial Dorsal Anterior Thalamus

Cingulate Cortex Prefrontal Cortex  Cingulate Cortex

2 (Left) Hyperactivation in patients, relative to comparison subjects, was observed more frequently in the amygdala and insula of patients with
either sodal anxiety disorder or specific phobia than in patients with PTSD. (Right) Hypoactivation in the ventromedial prefrontal cortex, ros-
tral and dorsal anterior cingulate cortices, and thalamus was specifically observed in patients with PTSD in relation to matched comparison
subjects and not in patients with social anxiety disorder or specific phobia.

*p<0.05. **p<0.01. ***p<0.005.
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Clinical application of neurofeedback: real time functional magnetic resonance imaging
(rtfMRI) study of psychiatric patients with stress-related disorders.

Yoshiya Moriguchi'”, Satrajit Ghosh®, John Gabrieli’, Hiroki Murakami', Ami Sanbai',
Naoki Kodama®, Gen Komaki’, Kazuo Mishima®, Noriko Sato*

IClinical Pathophysiology Lab, ’Department of Psychophysiology, *Department of
Psychosomatic Medicine, National Institute of Mental Health, ‘Department of
Radiology, National Center Hospital, National Center of Neurology and Psychiatry,
*Health Sciences and Technology and Brain and Cognitive Sciences, Martinos Imaging
Center at the McGovern Institute, MIT

<Summary>

Real time fMRI (rtfMRI) is recently spotlighted and is getting widely used to control
our own brain activity. Emotional regulation with this technique, or clinical application
to psychiatric disorders for instance, has been scarcely tackled, however. The aim of the
study is to establish a training method of emotion regulation based on neurofeedback
with real time fMRI (rtfMRI) targeting emotional brain regions, and seek the clinical
application of this technique to stress-related disorders. Healthy volunteers and those
with stress-related disorders including phobia, obsessive-compulsive disorder (OCD),
and post-traumatic stress disorder (PTSD) will be recruited, and scanned using fMRI
during observation of subject-specific visual stress task to localize subject-specific
responsible regions beforehand. In subsequent rtfMRI training sessions, each volume
EPI should be constructed immediately after each scanning and consecutively sent to a
remote server or PC to process the data and calculate parameter estimates in the brain
region online using in-house FASTR software. Hemodynamic response to the same
emotional stimuli in the individually-localized target affective region is immediately
fed-back in some visible manner to the participant online, and the participant try to
reduce the stress-related neural activation through five training sessions. To confirm the
regulatory effect of rtfMRI, we have the participants rate their subjective impacts of the
emotional task before and after the sessions.

This study is done in National Institute of Mental Health, National Center of Neurology
and Psychiatry (Tokyo, Japan), in collaboration with Martinos Imaging Center at the
McGovern Institute, MIT, and Siemens Co, Japan.
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Introduction

Recent advance of neuroimaging technology including functional magnetic resonance
imaging (fMRI) has enabled us to probe functional neural pathology in the psychiatric
patients, and numerous fMRI studies have been done. Despite accumulating knowledge
from these studies about psychiatric disorders, however, clinical application of these
knowledge, especially for therapy to the patients, has not been scarcely tackled or
explored. Neuroscience has not been a true benefit to these suffering patients so far.

Biofeedback is an effective therapeutic strategy which has been used widely for
psychiatric and psychosomatic patients. The biofeedback provides the subjects
immediate visible information of their inner physiological states which is not easily
perceivable (e.g., using electromyogram, electroencephalogram, skin conductance, skin
temperature), and makes the subjects easily access the inner physical and mental states.
This process facilitates their control of bodily and mind states through trying to regulate
the simultaneously obtained signals from their body. A recently developed
'neurofeedback’ training with real time fMRI (rtfMRI) is based on an innovative idea
that the direct neural activation measured by fMRI can be used as immediate feedback
information (see [1, 2]). A neural activation (hemodynamic response) in a certain brain
region is measured by fMRI, and this activation level is presented to the subject in the
scanner at the moment (although the hemodynamic response delays for several seconds
from the actual neural response). The subjects try to "control" the level of the activation
in the brain region through training sessions. This new neurofeedback method began to
be applied recently to the patient population (e.g., chronic pain patients [3]), and is
expected to be a promising clinical approach also to the patients with psychiatric
disorders like stress-related disorders.

Stress-related disorders (ICD-10, F4; neurotic, stress-related and somatoform disorders)
are the mainstream in psychiatric clinical field, and rapidly increasing in number. Drug
therapy alone is not effective in many cases, and the symptoms are frequently prolonged.
Thus nonpharmacologic approaches to these patients should be explored. Real time
fMRI should be a candidate for an alternative approach to the drug-resistant patients, or
an enhancer which produces a synergistic effect on any psychotropic drugs.

A number of neuroimaging studies of stress-related disorders have emphasized altered
affective processing in limbic and the adjacent brain regions. One good reason for
application of rtfMRI to stress-related disorders is the location of the target limbic
system and adjacent affective regions (e.g., amygdala, insula, anterior cingulate,
orbitofrontal cortex, hippocampus, fusiform, thalamus, midbrain and brain stem). Other
imaging strategies like near-infrared spectroscopy, electroencephalogram, or
magnetoencephalogram are easy-to-use and good for detecting the signal from the
surface of the brain, but can not detect such deep brain structures like affective limbic
system. Positron emission tomography (PET) is not usable because of its low time
resolution and does not fit real-time feedback. For now, rtfMRI is the only
neuroimaging feedback technique to focus on affective neural networks which play
central role for such psychiatric patients. A couple of rtfMRI studies appeared to show
the possible emotional regulation with this technique [4-7], but there has been no
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reports of successful emotional regulation with any clinical sample.

The purpose of the present study is to introduce the rtfMRI system to real clinical
settings (Department of Radiology, Clinical Brain Imaging Center, National Center of
Neurology and Psychiatry, Tokyo). Target clinical population is those with stress-related
disorders including phobia, obsessive-compulsive disorder, and post-traumatic disorders.
We develop the training system for such patients to control their own affective neural
network in response to the stressors specific to each individual. We expect that the
patients will get resistant to the affective stressors and control their own symptoms (i.e.,
inappropriate oversensitive responses to triggers). We never know any reports about
clinical application of tfMRI, focusing on their control of the affective brain circuitry.
Also it will be a valuable trial where neuroscience will benefit patients in real
therapeutic settings.

Method

Participants

We recruit right-handed healthy college student volunteers (n=20, age range 20-45)
from colleges in greater Tokyo area as healthy control group. We also recruit
right-handed patients with stress-related disorders (n=40, age range 20-45) from
psychiatry outpatient clinic of the National Center Hospital in the National Center of
Neurology and Psychiatry (Tokyo, Japan). The healthy and patient group are matched
on age and sex. Among stress-related disorders (ICD-10, F40-F48; neurotic,
stress-related and somatoform disorders), we focus three categories; 1) specific
(isolated) phobias (ICD-10, F402, n=15), 2) obsessive-compulsive disorder (OCD;
ICD-10, F42, n=15), and 3) post-traumatic stress disorder (PTSD; ICD-10, F43.1, n=10).
Specific phobias include acrophobia (fear of heights), aichmophobia (fear of needles or
of pointed objects), dentophobia (fear of dentists and dental procedures), zoophobia
(fear of animals; dogs, bees, spiders, insects, snakes, birds). The reason for selecting
these categories is that the triggers to initiate such patients' oversensitive response are
concrete and easily specified, and we can identify the source of individual patient's
problem and can make individually-specific stimulation for rtfMRI training. The study
of such patients will be a milestone for the future studies of rtfMRI application to
broader range of psychiatric disorders.

The study is approved by the local ethical committee, and all participants provide
written informed consent, and are paid for their participation. This study is funded by
Comprehensive Research on Disability Health and Welfare, Health and Labour Sciences
Research Grants, Ministry of Health, Labour and Welfare (2010-2013).

Psychological Measurements
To assess the psychological property of each participant, the following questionnaires
and structured interviews are used before the scanning.
State-Trait Anxiety Inventory (STAI) for measuring anxiety
Beck Depression Inventory (BDI) to exclude those with depression.
Profile of Mood States (POMS) for assessing transient, fluctuating active mood states
at the moment.
National Adult Reading Test (NART; Japanese version JART) to estimate levels of

....3"._



intelligence which moderately correlates the IQ.

Edinburgh Handedness Inventory to ensure the participant's right-handedness.

Yale Brown Obsessive Compulsive Scale (Y-BOCS) if the participant is considered as
suffering obsessive compulsive disorder (OCD).

Impact of Event Scale (IES-R) to assess clinical symptoms due to a traumatic event if
the participant is diagnosed posttraumatic stress disorder (PTSD).

Mini-International Neuropsychiatric Interview (M.IN.I) to assess clinically
psychiatric disorders, including not only stress-related disorders but also other
psychiatric problems such as mood disorders, psychosis, anxiety disorders, addiction,
eating disorder, and antisocial personality.

Visual Stimuli

We create picture and/or movie stimuli illustrating individually different triggers (e.g.,
pictures of needle, movies of climbing up the ladder). For ethical reasons, the intensities
of these emotional stimuli (i.e., subjective impact to each participant) should be
controlled so that the participants can bear the stimuli, as well as experience some
difficulty and feel stressed. So the participants were interviewed well before the stimuli
are created.

For example, a participant with acrophobia (fear of heights) will be shown the pictures
or movies depicting some situations of the heights, but the intensity of the stimuli will
not be maximum but limited as the participants can experience them with bearable
stress. Once the preliminary stimuli are created, they will be presented to the
participants (on a PC) and the intensities are rated by them with visual analogue scale
(VAS). The participants will be asked about if they can bear the stimuli in the scanner,
and the stimuli are selected based on each participant's agreement. Also, we create
neutrally-valenced control pictures (or movies) which match the task pictures with
regard to picture size, color, contrast, and luminance.

Functional localizer scanning

To localize brain regions individually associated with the subject-specific affective
stimuli beforehand, a localizing fMRI scanning is conducted for each participant. The
visual stimuli are presented with a block design fashion; one block consists of six static
stimulus pictures (or two movies), with each picture presented for 5 seconds (or with
each movie presented for 15 seconds). One fMRI run (session) consists of ten task and
ten control blocks and, in the first and last period of the run, additional two 30-second
baseline blocks with fixation cross are presented, resulting in a 11-minute run in total.
For image acquisition we use a Siemens Magnetom Vision-Symphony 1.5T whole body
high-speed imaging device equipped for echo planar imaging (EPI) (Siemens Medical
Systems, Erlangen, Germany) with an 8-channel gradient head coil. Expandable foam
cushions restrict head movement. After a scout image is acquired and shimming
procedures are performed to optimize field homogeneity, structural MR images are
acquired with a magnetization-prepared rapid gradient echo sequence (MPRAGE,;
TE/TR, 4.4/11.4 ms; flip angle, 15 degree; acquisition matrix, 256 x 256; 1 NEX FOV,
31.5 cm; slice thickness, 1.23 mm). Changes in blood oxygenation level-dependent
T2*-weighted magnetic resonance (MR) signal [8, 9] are measured using a gradient
echo-planar imaging (EPI) sequence (repetition time [TR] = 2500 ms, echo time [TE]} =
40 ms, field of view [FOV] =220 mm, flip angle = 90 degree, 64 x 64 matrix, 40 slices
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per slab, slice thickness 3.0 mm, 0.3 mm gap, voxel size = 3.44 x 3.44 x 3.3 mm). A
total of 269 EPI volume of whole brain images are acquired along the AC-PC plane
during visual stimulation presentation. The first five scans are discarded because of
instability of magnetization; therefore, we obtain 264 volumes of EPI for analysis. The
stimuli are projected onto a screen ~50 cm from the participant’s head. The participants
view the screen through a mirror attached to the head coil.

Image processing is carried out using statistical parametric mapping software (SPMS,
Wellcome Department of Imaging Neuroscience, London, UK). The EPI images are
realigned and co-registered to the participants’ T1-weighted MR images. Then, the T1
images are transformed to the anatomical space of a template brain whose space is
based on the MNI (Montreal Neurological Institute) stereotactic space. The parameters
for the transformation are applied to the co-registered EPI images. The normalized
images are smoothed by a 6-mm FWHM Gaussian kernel. A subject-wise analysis is
done using the general linear model with the hemodynamic response function modeled
as a boxcar function whose length cover each task or control block. To test the
hypotheses about regionally specific effects in the task condition compared to control
condition, the parameter estimates of task and control conditions are compared by
means of linear contrasts for each epoch (affective task versus control condition). The
resulting set of voxel values for the task vs control contrast constitutes a statistical
parametric map of the t statistic SPM(t).

We have a hypothesis that some emotion-related regions play an important role to
exaggerate the affective response to stimuli, so we focus the brain areas which have
been consistently reported in previous neuroimaging studies about emotion [10-20]. We
focus 1) amygdala (AMG), 2) hippocampus (HC), 3) parahippocampus (pHC), 4)
fusiform gyrus (FG), 5) anterior/posterior insula (AIC/PIC), 6) inferior frontal gyrus
(IFG) or ventrolateral prefrontal cortex (VLPFC), 7) orbitofrontal gyrus (OFG), 8)
medial prefrontal cortex (MPFC), 9) dorsolateral prefrontal cortex (DLPFC), 10) pons,
11) midbrain (Mb), 12) thalamus (Th), 13) striatum (St), and 14) anterior/posterior
cingulate cortex (ACC/PCC). First, the most remarkably activated cluster (from task vs
control contrast) is picked up among these affective areas defined by Automated
Anatomical Labeling atlas database (AAL atlas) [21] implemented in WFU-Pickatlas
software [22, 23]. A sphere region of interest (ROI) (5-10mm in radius) is set centered
at the peak coordinate as the target region.

Neurofeedback (rtf MRI)

The participants are instructed to downregulate their target region activity for block
periods of 30 sec (“down”) which follows preceding baseline periods of 30 s (“rest”)
(i.e., 10 down-rest repetitions per run). One training run lasts for 11 min. They undergo
five neurofeedback runs, yielding an overall training time around lhr per participant.
Imaging parameters are the same as that described in the localizer section above.

We suggest to the participants that meta-cognitive 'mindfulness'-like approach, which
have been argued as an efficient way of emotional regulation [24-27], may be employed
and give some brief lecture about mindfulness approach. But we do not force a specific
strategy, and suggest instead that participants should monitor the feedback signal and
‘tune’ their strategy during successive blocks to look for the most efficient approach.
For the continuous feedback provided in our study, a picture of a thermometer whose
temperature reflects amplitude increases of the fMRI signal in the target area, relative to
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a baseline period, is presented beside an affective scene. The thermometer was updated
every 2.5 s to inform participants about their performance.

Online data analysis of rtfMRI

Online (‘real time’) fMRI is made possible via a fast connection between the MRI
scanner and the analysis computer (see Figure below). After acquisition and
reconstruction at the scanner computer, data from the scanner is sent to the analysis
computer. An in-house real time fMRI software (FASTR) detects, imports and analyzes
the data, corrects them for angular and translational motion and added them to an
incremental general linear model calculation. The signal estimate for each incoming
functional imaging volume within the selected region-of-interest was fed-back to the
participant, from a projector, with the in-built thermometer display. Delay time between
the image collection and presentation of the feedback signal to the participant was less
than 100 ms.

Siemens Vision-Symphony 1.5T

Projector to the subject
in the scanner

MRI console

-~%®

PC1 for data PC2 for stimulus
processing presentation

Constructed
3DEPI

I I [ I

I Presentation g
[Win

Connected
via network

Offline data analysis of rtfMRI

Raw EPI data obtained from rtfMRI sessions are further pre-processed offline and
analyzed with SPM8 as the localizer fMRI data have been analyzed. The signal change
in the target region compared to rest period are calculated using GLM in each rtfMRI
session, and we see if the parameter estimates across five training rtfMRI sessions will
be gradually and successfully reduced as the sessions proceed.

Subjective measurement of emotional stimuli
We use a 10-point visual analogue scale (VAS) to have the participants rate the
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subjective impact of all the stimuli used in the sessions before and after rtfMRI sessions,
to see if the entire training is successful to reduce the subjective impact of the stressful
stimulus on them.

Sham rifMRI training sessions

It 1s highly supposed that only repetitive presentation of the emotional stimuli is
effective to desensitize the participant in response to the stimuli because 'exposure
therapy' has been regarded and frequently used as an efficient therapeutic strategy in
real clinical settings [28-33]. Also, the participants' trial itself (i.e., to struggle to reduce
the emotional impact in any way), regardless of the correctness of the feedback
information, is suspected to have some effects to alter the participant's sensitivity to the
emotional stimuli. To confirm the therapeutic effect specific to the neurofeedback,
'sham’ training sessions are conducted to a part of the healthy volunteer participants
(n=10). They undergo sham rtfMRI sessions before real rtfMRI sessions without notice
of if the sessions are real or sham. Only difference between real and sham sessions is
that neurofeedback information is reversed in sham sessions; the more activation in the
target region shows, the less amplitude the thermometer indicates. At the initial time
when the task blocks start, the meter indicates relatively high amplitude of activation,
and the meter never grows and only goes downward when the activation increases (i.e.,
if the activation actually decreased, the meter does not response anymore and stay still).
In this way, the participants are engaged in making efforts to, in their mind at least,
"reduce” the activation (i.e., their attitude to the training is the same as that to the real
sessions), and feedback information is seemingly true to them, but is not actually
correct.

Familiarization rtfMRI session

To have the participants be familiarized with the general procedure of rtfMRI and
experience the time-lag between the stimulus (or relevant neural activation) and
feedback information, we do a familiarization rtfMRI session before the all rtfMRI
training sessions. A localizer fMRI (to localize individual visual area) is conducted in an
event-related fashion with the same EPI scanning parameters as other fMRI/rtfMRI
sessions. The run consists of 30 events (7.5-min run), and in each event, alternating
white/black 4Hz checkerboard stimulation appears for 2.5 seconds with 12.5 seconds of
interstimulus interval. After usual preprocessing and GLM analysis with SPM8 to
calculate the parameter estimate on event-related hemodynamic response, the most
highest activation peak is picked up and sphere ROI is set centered at this peak in the
primary visual cortex. In a familiarizing rtfMRI run, instead of the presentation of the
emotional stimuli during the task blocks, they undergo the same checkerboard visual
stimulation during 30-second task block following 30-second baseline. Alternating
white/black 4Hz checkerboard appears for 2.5 seconds with 12.5 seconds of
interstimulus interval (i.e., two times in a task block). In this manner the participants
learn the relationship (delay) between actual perception of stimuli (or mental activity)
and fed-back information based on the delayed hemodynamic response.
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