View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Okayama University Scientific Achievement Repository

AR

fi e kiRt 551268 April 2014, pp. 117-126

KXPRTFTT7 4 —TAONLERIELANETOE VEHD
KRB OFEA IR B 0%

Pl B ST, kB ER, AR OE PO, DHEERT
O W e, WA B, KO8R R W oA g

YIRS HORBAR, DERKPEEE R, o TRRRERRRAE B, ‘BBRANRS LY 5 —,
Rl RE, TR PORBARNTE, RILGEE > 7 —, PRIIIRE R BRI R BN R
(PR WA JE 8d2)

The origin of infra-slow oscillations of oxygenated hemoglobin observed
in functional near-infrared spectroscopy

Chikafumi Shoshi?*, Hiroshi UenoP, Masako Kubo®, Masuko Oda¢,
Naoya Hirata®, Rika Takemoto!, Kazushi Kinugasa?, Motoi Okamoto”

aDepartment of Medical Technology, Kawasaki College of Allied Health Professions, Okayama 701-0194, Japan,
bDepartment of Pharmacology, Kinki University School of Medicine, Osaka 589-8511, Japan,
¢Department of Nursing, School of Health Sciences, Tokyo University of Technology, Tokyo 144-8535, Japan,
dKurashiki Medical Center, Okayama 710-0824, Japan, ®Fukuyama City Hospital, Hiroshima 721-8511, Japan,
fDepartment of Medical Technology, Okayama University Hospital, Okayama 700-8558, Japan,
20kayama Ryogo Center, Okayama 700-0927, Japan, "Department of Medical Technology,
Graduate School of Health Sciences, Okayama University, Okayama 700-8558, Japan

There is increasing interest in the intrinsic activity of the resting brain, especially the activity slower than 0.1Hz
(i.e., low-frequency oscillations, or LFOs). To investigate the origin of LFOs observed in functional near-infrared
spectroscopy (fNIRS), we recorded multichannel fNIRS and electroencephalography (EEG) from the frontal cortex of
11 healthy young volunteers in the resting state. Electrocardiography (ECG), electro-oculography and respiration were
also measured. Synchronous oscillations of oxy-hemoglobin (oxy-Hb) around 1.0Hz were detected in all fNIRS
channels, and their frequency was consistent with a peak frequency of ECG, suggesting the changes of cerebral blood
flow due to heart beats. In addition, oxy-Hb oscillations around 0.1Hz (i.e., LFOs) appeared in the fNIRS. The
channels where LFOs appeared differed among the subjects, and the LFOs appeared or disappeared even in the same
fNIRS channels. The appearance of LFOs in fNIRS channels was significantly higher when the LFOs appeared on the
EEG in the adjacent EEG electrodes compared to when LFOs did not appear on EEG. The amplitude and coherence
(synchronicity) of the LFOs were increased by changing the subjects’ position from dorsal to the sitting position in
both fNIRS and EEG, and the coherence in particular was increased in the homologous fNIRS channels on the bilateral
hemispheres. These results suggest that LFOs of oxy-Hb couple with resting-state EEG activity .
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Fp2 | 2.40+0.49 | 1.83+0.84 | 0.036
g F3 | 2364108 | 2005137 | 0.149
B\ F4 | 2.93+0.85 | 2.67+1.30 | 0.204
b 67 [ 07a+027 | 079+033 | 0.3
F8 | 0.65+0.30 | 0.48+0.45 | 0.160
Fz | 2.10+0.56 | 2.02+0.91 | 0.401
Fpl | 2.59+0.44 | 2.93+1.57 | 0.251
Fp2 | 2.69+0.47 | 1.93+1.13 | 0.030
F3 | 2.73+1.08 | 2.74+1.32 |  0.491

% F4 | 3.11+0.59 | 2.38+1.23 | 0.049"
F7 | 0.82+0.20 | 0.64+0.46 | 0.118
F8 | 0.74+0.25 | 0.61+0.49 | 0.226
Fz | 2.17+0.94 | 1.87+0.8 | 0.225

Bk FEAR I B HET 5 NIRS 7% » A VD H b LFOs 5B L
oF v AV EIRT. ROFAEIZMNE T LFOs A3 L Tw
LRy y (14 LHBELTWARWIEY 7 OFIE 1%
R ZRT.
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VBB HEEIL S -7z (F£2).

Wiz, NIRS &Rl TA 5N 50.1Hz Hifk o LFOs 122
WCHEREY = — 7 Ly MEIT R ATV, T ORI &
AT Y o — T Ly MENTOREE, 4 2 TR,
JERL D & B 5 B INIRS D F ¥ » 32 V13 & ik F4 T
0.1Hz ® LFOs "EE &7z (M8)., D 441220 T
INIRS ®F v > A )VI3E MWD F4 &L DTk — L v AT
AT o126 R, MM ClZae — L > 2 fli3F350.42 +
0.067T, fNIRS & ¥ D0.1Hz i LFOs 1213 B X %7.1
+1 IBoHENR Sz (K9). B & e TREAL
TlIE INIRS & ik o LFOs 3B 272 1), IRIEASHE K L 72
(8, 9). HWALTO NIRS DF ¥ > # V13 & ik D F4
Eoav—L r 2MEIZFIH0.67+0.06T, INIRS & kT
HAHNAH0.1Hz Hi#% D LFOs 121338 & £5.8+2. 980 D fir
MEFRSNZZ (1K9).

%8, LEMEY RR ML EBEL L CTFFT @345 &9
% ¥, 0.05~0.15Hz ® LF 55 £0.15~0.45Hz @ HF &
STz, BEIZ, 0.05~0.15Hz @ LF #4r1d INIRS @
LFOs & [/ UE# %R L, INIRS TH S5 LFOs & D
Je—LryAxRLE, MO -1 ¥ ZfHITFY
0.49+0.12, MEfroav —1L ¥ Z{HIZFI50.54+0.10TH

-7z,

I W == .

B =

|
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EEG F4 i iz)
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— 7L v MER

INEAE & AL I B U Bl = — 7 Ly MEFTO
160”3, EREBIEY > 7)) > 78 5200Hz
DRI, O F1% INIRS O > 7)) > Z Rk

WEbELLOICI0HZ (28 o) 7Lz

WP, —& ML Y * — 7 Ly MMENE

BTHH, AT 7)) v 7B H1I0Hz ©
fNIRS @ oxy-Hb ¥, —FTIEZDO 7= —TL v
MEATRERCTH 5. ZNZNo HEHEH0. 1Hz OfF
FrCdhb., WAL, BAOEELS H13F ¥ 2 IVD
oxy-Hb O Z 8 & FAD K% T0.1Hz O BALZL B 23

B = . Il == | [ |

=ze= B Sz, IIBARE &l CHRERE T @ LFOs
= S0 pRiESEA L.

123



LEHMDEAL

EEG(F4)
fNIRS(CH13)

/’\"‘/\/\"\/
R rwwwwawd

O 10 20 30 40 50 60 70 80 90 100 110 120
K [s]

Coherence;0.420.06

RHRIE BFBENL

/\/\/\/\/\—\/\/\
S

O 10 20 30 40 50 60 70 80 90 100 110 120
B [s]
Coherence;0.67+0.06

EEG(F4)
fNIRS(CH13)

9 {NIRS (Fx > A)V13) LWk (F4) ©0.1Hz (KE 2%
BoOav — L v AN

fNIRS (7 > % )V13) Lhxik (F4) 90 1Hz EREEZEH O 16]
ERT. ENENORKME L RMEOE TAr—1) v 7 L7z
FaRER L7720, FHEOREIHSETH ), ML A
=, ZOFITIE, WEMETO INIRS (F v ¥ £ v13)
ERE (F4) oae—L v AEAFFIH0.42+0.06, AL TO 3
v — L ¥ AEAFH0.67+0.06 T - 7.

z

COWFETIL, AR & ZeaT T UL AL TR 2
5 fNIRS &Rk # 5tk L, ~NE/ 0¥y EOREEEB O
g, MBIERAL & oA, B ONAMHE T L2, Z08k
£, INIRS Tl, 1.0Hz fijf2 & 0.1Hz Bift o 2 FEEHDONE
FuYryeEOEHNBILE SN TN ORENREE
oxy-Hb TX VHHIFIZA BN,

1. 1Hzhi#s® oxy-Hb Z &) DI IR

FFT CiZ1.0Hz Hi 2 ® oxy-Hb 28 & [7 U RO
INT —ARZ PO Y — 7 PRLERMTORBE S, fk
TII1.0HZ HitA DO ¥ — 27 1 3A S o 72, INIRS THA S
721.0Hz Bif4 @ oxy-Hb OEENE, T XTOHERE TIT
EAEDT ¥ Y AVITHRRISHBLL, T —L v AT
TIEF ¥ ¥ AV ORARDIZIZFEM L Tz, ZofEEH»
5, oxy-Hb OJEEZE D 9 5, 1.0Hz i fZ O R3304
BZ & b 7% ) AR O ALK E O LS % ) L 725 @
EEZHND.

2. 0.1Hz fi#%® oxy-Hb ZB)D 1

Pfurtscheller 5 X LFOs & A % 3 % 121X oxy-Hb &
deoxy-Hb 25 AHIC 2 5 T B 2 L ASEIL S L4584 L €
W B A KFZE T b AL T oxy-Hb & deoxy-Hb 251F1T
WA AR L7 (K 2). L72A > T, 0.1Hz Aif2® oxy-Hb
OEFNIT —F 7 77 TR L, 21 E TINIRS, IMRI,
M CHE SN TV A LFOs (SIS THEEZHNA.

=
=
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b L, 0.1Hz RifA?® LFOs A34 5 8y 72 MiLiic O 25 8l % St
LTwb%b, 1.0Hz BitkOEE) & FFIZIZTEAEDF ¥
YAV L CHBT 2133 THh A, L L0 1HZ Fifk
® oxy-Hb OZEFNIHB T v ¥ 2 VED IR D 72 <, W
BRE I & o CHBUAI AR 1), 6] UHERE C b AR 253
REFHERGEIC X - THBIEM AL L2, 72, Je—1
Y AENTTIEL.OHz RIROEB) L R ), BT v v A
M O FIEAME 2 > 72,

FET f##7 i, 0.1Hz Rif4 0 LFOs & JBEEAS—5 T %
INT = AR MIVOE— 7 I CoORBIZE SN, kT
LFOs 7S L TW A IREIZIE, BT 5 INIRSOF v » %
WV TH LFOs OWBBHED B o 72 (£ 2). Ik EmR S~
TIZDWT LFOs Y T 2 B0 13 9 HYBEHE INIRS F ¥
Y AIIZ LFOs DSMBL 2 DS < e o 72 B HNE,
W TR E ATFRL SR S S KA R B g & INIRS T
oxy-Hb H3l7E & N2 K EHEEALT Ld 4 —/N—7F
v LawlkorEZONL, 2, BEMIZLSHETO
DRy 7 XY > TN L7272 LFOs O 3, 5k &
AT L 72Ky 79515 2 &%, INIRS DF v » £ )L13
CIMEDFA DI — L v ABITOHEIRT LIS
fNIRS @ LFOs & il @ LFOs DA AHA5.8~7. 181
LZEDHERLTWL EEZLND,

IPRARL T b AL T b e d KN ER O FER I & 72 5 T
X YA V13E 1012 LFOs 28 HB L 72 7 A TIE LFOs 2813
IZEAAHCHYEBL L 72, Mesquita & (348 E] INIRS TZE i
B> LFOs % f##T L, 0.1Hz BifkOMELE % 2 L5 2%
VIRFETIIA WEIPH 0. 1Hz K5O oxy-Hb DL FHIA
SNz, [RKICELER L7z Mayer % #2551 < &, AR
FERO AR R BN AL I CHALAR AT L 72 LFOs A3 5 4172
EHEE LTV AY, ARFETYH, BEEEINIRS 7 ¥ 4V
TIX LFOs ORAHDSTNAIZH D S, AAMHEERA T
HEIEAAD—E L T e,

INIRS (F ¥ > 4~ V13) &gk (F4) THEMZEEL T
0.1Hz it LFOs 28A b M- cav — L v A i
Wr & AT - 724558, INIRS & Bk LFOs [ 2L Tlx7.1+
1. 18, FERLTIE5.8+2. 9 D MZEA R S iz, Fox ORF
ZECIE, MO HRSE YRR E R AT R I IX AT EE AL C oxy-Hb A%
BN %75, ZOMINIRERE» S 5 ~ 6 BENTHE
59, RBFZETIEMIE L oxy-Hb @ &5 5 DZEALAe4T L
TWLNPIIERTE Lo 7228, e —L v AT TR
N7 B 22X DRT ORF7E & A3 L T 519,

%8B, LEKORR MEEHME{L L TFFT @i+ 5 &
0.05~0.15Hz @ LF B4 25 H & 117245, INIRS @ LFOs &
DIk —L y AHEIIEL, BWEDO LFOs e —1 v A
X =D T h otz F/z, INIRS® LFOs iZk M2k b,



F X VAV Ko THBE S EZ L), MEF v > AT
b, TOREATHELAD, HELLZEND, &2H1%
MITEOZES) (A V=) ZRBELZE1EEZIZ .

DUk, #EERE I & o CHRBIE SR ), MLF v o %
VTHMBLLAZDHEE LD $52 8, BT LFOs A5
BLCTWABIEICHERET 2 INIRS 7+ » AL TO LFOs O
HWHBHEA S W &, BEF v v AVETRAHS TS
WEAOHET v A VE TS —FT L2 &5
fNIRS THA 515 oxy-Hb @ LFOs l3ffifk Ay b —27 D
TEE % S L 72 b D TH L BEMED = .

72721, HALIZ LFOs 2SHEGBIOLENIC L 5 & i
DHIIZEERI D TR B . AW TIZANENT 2> & FE AT~ 25 12
9 5% &, INIRS @ LFOs OIRIEASER L 72, —#12, INIRS
TH 5D oxy-Hb @ LFOs (ZEALH 5 W IE AL TIRIEADS
WRTLZEND, &FNRIMTEOZEL, $512 Mayer 3 &
MEN A IMEFAEIRE L BE L2 0 TH B &3 507808
L\ st3W 2 O CIERN I O LFOs O RME b Bk L
7z, & 5612, INIRS TIXAGHFELRRALO LFOs 1ZIZ 12 A
MTHIE L7228, ik TIE F3 & F4 @ LFOs Iz H
o7z, FEAL TR LFOs OIRMEATEA L 72 JE RIZE %)
RCHRE, B THBOMMRA WA L, RLeEmIZERLMs
DRI Lo bEZLNLD, &) LTk TEN
MHEALE O A ZEDSD > 72D DAHTH 5.

Pfurtscheller & 13 % & IKTE T 5 4[] prefrontal cortex

(70— F~ D108 ) @ oxy-Hb % INIRS TrIHIF
L EAECFLEE (C3, Cz, C4) ol EitsiL T
v — L v AfENT R ATV, 9 A 8 AT prefrontal cortex @
0.07~0.13Hz @ oxy-Hb OZH) & ik D « #% (9 ~14Hz),
B (15~25Hz) /37 — & DT — @M (R B AH RS 2
RO BT, [FREZFEER L 72 MEZE) & ORI AR AR IE
Keax ol bMELTWDEY, 151, DFIRETIX
prefrontal cortex @ oxy-Hb OEJE % Z B2 sensorimotor
areas D o /37 —, B/ =L L EB)T 5 —F T,
oxy-Hb DR 25 &) A3 &) ¥ O BAE % % T L T2 0
Tl \Wh & % 2, neurovascular coupling D& % FE0E
LTCWwaY, §7%bb, oxy-Hb DB EZE DS v b
77— OEEERHT AT, MRy MU =27 DOIEH)
S oxy-Hb O ZHET L VI EZTHL, TR,
TNENAL 2> & JEE AL~ OARGLZE 4 T oxy-Hb IRIEOHERIZ & B
7o TR O LFOs OIRMEAIE A L 7243, oxy-Hb & kil &
TRIESE KA KBCEER CHAICRIERICITRE S 2 wizo il
F3 & F4 D LFOs [Z—@ D HEDN 72 &2 5
n5nb. 5, MEOEE»MEIEEIOLE) & v ) ZHIR
—HMYH A TlE % <, neurovascular coupling & \» 9 52>
5 & fNIRS % fMRI TH 5 11 5 K FE A B 0 Bk % FFAlli 5
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LUEDRD L.

WEFRIZLTD, RFZEDORERIZINIRS TAH LN S
LFOs ¥ Mayer 2R F SN L MEDOEE) % L 72
DTIERL, WETASND LFOs L BHEICHELZ2b D
ThbHIEERELTWVD,

3. AWFFEDEIRN %

fMRI % fii 5 72078 T, ZMEHEIC & 2 INIEE TR
REEIZHLEE [T22% LT LR B0iFEr~NT
723w, THGFORDOHF RN TWLES % BWiEs~
TLEEN] LIRT B E, 14~18% D HEE TIEH A
CeRE LB EH U L ) I SRR HEIEER IO
BOLD 52§ % 2 L8 ST 17, Uil
WIREOBEZEO—TICEAOR R Bk LInE TE 2 8E
WG I ERRLTWADS, HEYIREDEE Tlx IMRI A
FUEECE WAL %\ b L INIRS @ LFOs 25K &
DMFEB 2 L L 725 D7 5, BEIERECHES,
EHICREEDIFONTEZML TN ENE) ENY R
T A NTHET 22 EIZHIBHTE LW H 5.

%72, 0.1Hz B2 LFOs 137EE R iR kkat 7 w5 5
CEDRIEENT WA I EH DS, IMRI K L 0 b ffE
ZANIRS Z#IEH LT, #N O ZFHETE 2 WEEEDL D 5.

# 3

Aima 2 H1248), MRS T 7 4 —%5E ETGA0000
FFR 27272 & L7 A B RO SR LR 7 — UK
BT AEMmRECRCER#HR L.
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