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Magnetic Resonance Study on the Analysis of Brain Function

Hiroyuki WATANABE
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Magnetic resonance spectroscopy and imaging were applied to study human brain
functions. In the present study, localized brain proton MR spectra and Ty* weighted
MR images were acquired in the occipital visual cortex under photic stimulation (PS) from
normal volunteers, and patients with migraine and mitochondrial encephalomyopathies
(Kearns—Sayre syndrome) (KSS) using whole-body 1.5T clinical MR system. In the controls,
lactate elevation was detected after the onset of PS. With continued PS, there was a
decrease from the maximum. After PS was stopped, the lactate decreased almost to the
baseline value. These results are consistent with the view that PS activated brain visual
cortex, which stimulated glycolysis more predominantly than oxidative pathway. In the
patients with migraine and KSS, the resting values of occipital lobe cortex lactate were
significantly higher than those of controls. Furthermore, lactate values in KSS were
significantly higher than those of migraine. However PS did not increase lactate significantly
suggesting the blunted glycolysis in the impaired oxidative metabolism.

The To* weighted MR images of the occipital visual cortex of human brain were studied
by means of fast low-angle shot (FLASH). Among normal volunteers, elevation of image
intensity up to 2% was observed in primary and associative visual cortex. After the PS
was turned off, the MR signal fell below the pre-PS baseline level. In the patient with
basilar migraine, MR signal change was smaller than those of normal volunteers, which
may be understood as a hyporeactivity of vessels.
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I. ## =

B PRERETE R 3Rk~ I BN, AN T o Rk
DEBEEATWAY, TOBRBC>LTRREZO—E
DAL PEI > TV BIBE R, & HIFREMNIC K
NEoJlETEAFERIIESh, 6k B GEFE
EAL RN 7o & OB REA, BN, SPECT
(single photon emission CT), PET (positron emission
tomography) &M fThhTw3. ThboRz T
70 AFRLZLOTHY, FABBESLLOTS
B, ZEMEE RS REES, BB TR, K
REFRBFLTVE.

WA, 1.5T L EOBRKASRBHELE (MR) %
BOBRHC LY, HEROBELBEOBEDOLTH L
b P BV TR S K (magnetic resonance
spectroscopy: MRS) @M+ 5 Z & Ma[fEL b,
AT - BT A C b Lind bR A B 5 -
FIMTEL L 5T~ 1. Prichard 5V {3 '"H-MRS %
JALT, ¥RE (PS) K& »Te b ORMEIEIELR
BB CIHENEE SN, SHICHMARGET 52 &
CEDHABMETT v L. Z0Lo H-
MRS #HVCHEEC /v 2 — AR PET L LICLD,
IEPURIT CORER M 2 BRI BE T2 5 2 L AURE R,
MDA CFAVELOBIRIfENT (functional MRS: FMRS)
NEELERDSOH A,

fiis, MR BRZMOSE CWNEEDOBREDE
TG TIROBRER L 2BIZE L L 5 7534 (functional
magnetic resonance imaging: FMRI)? ™20 ,47H h
HEDITls -7

O FMRI & - T, o2, RS HERE
Bha Lok, PSYO-8 o#EBEEY ALtk b
B47EE D mapping AATEEE 72 - .

AE, BREBARIOCHBREBEMIBVWT, PS K&
&% FMRS & FMRI % HifT L, WCHOBIRIMT R
JUEBI BT SREBFNT LT - O THRET 5.

II. MLV HE

MR #EBIERKRA 1.5T (MAGNETOM, Siemens)
TEE2A NVEEHRLE. PS i3 10Hz OB (B
BHERBMAUER 77 v vad4 b, BALRER) 2%
T A A THRRBA~FE L. BERREOR t
TR BT,

MRS ik, %REF (BEEA) 64, FEMEE3IS
(AT ZPES FEAMR 1 4, FFRMAR B 14, basilar

migraine 14), #LT3 Fav KU 7EGE (MD) &
#4 4 (Kearns—Sayre fEREE 1 KSS, 44) THREfL
oo TD5H PS BB 64, RBEEE2S (A
BRI 1 4, basilar migraine 14), £ LT MT
BE 34 (KSS) THefr L.

'H-MRS O#iEiL, Spin Echo (SE) Bt & - T#
RERL D, HEEREEC 3.5%X3.5%3.5¢cm O
LfEEA#HE L (Fig. 1-A, B), AL 2B MRS
# Jl7E L. water suppression (& chemical shift
selective (CHESS) Tfr-7.. &P MRS it SE #
A\, TR/TE=1,500/270 msec & Liz. 1 [EDEE
Wik 256 EINE T 6.5 E L. B PS FiOM
ARZCHF, PS fPic 3[E, PS # 1 EOBBRE 41T -
7.

FMRI (I BERE (BEERA) S5H&FEBESE 1A
(basilar migraine) THE L7z,

SE & X 018ES L O BEEEL R L FHEAER L (Fig.
1-C), FLASH ¥ T T.* WlRE& 4B TR/TE
% 50/30 msec, flip angle #20, matrix ' 128x 64,
A5 4 AR 12mm & L. 1EOBBRCH6 A2
L7c. BIEERERTC 5 EERMEYT-fcob, PS T
5 EEFRRELRT, ThE 2EE9EL, HORA
5 [EIRIRE L.

R EERETCER 3.0cm OBLREERE
L (Fig. 1-D), W OREBHE OHER % BBl E
L. E5MEOHRE, PS AMHS BOFHEESM
B x 4 2EDO LR TR L.

. # ES

Fig. 2 @ PS > W ME, HEM MT B&0
R#EH 7 '"H-MRS 0oHB %R, ThZh choline
(CHO), creatine (CRE), N-acetylaspartate (NAA)
& 1.33ppm 12 lactate (LAC) O¥— 7 HREES RS,

Fig. 3 & v— 7mEEL% 7T, NAA/CRE,
CHO/CRE HIEBHTHEXESRD I~ LAC/CRE
IR ERERE, MT BEHELLCHBREEN5%D
ERETHEZ ER LT, $RREERL DS MT
BEHOF NS ROBBETHEC LR LT

#ifE PS itk b LAC/CRE Ho#B% Fig. 4 ©
. MR kLTE, fEko@Eorsic PS B
RESCHEIN L, 20%, PS »#EET 5 L EE %
AL PS dbic k- THREEO LAV ETET L
fo. MT BERWTiE, 3M&bRBEBEL TR
BIF L LR LTk, PS wisB bz 2Ttz &
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Fig. 1 BLEBRORE
A, B :EEH MRI [Frhsil (A) RUAEE (B) (Spinecho I,
TR/TE=20/15ms) T MRS OBLHEE %, HIEERKE
Zoic 3.5%3.5X3.5cm REE L.
C : % MRI FH4&IR¥T (Spin echo ¥, TR/TE=20/15ms) T,
B - T, FMRI OBME#2E L.
D: LRt FMRI #ife (FLASH sequence, TR/TE=50/30ms, flip
angle=20", 128X 64 matrix, 12 mm slice thickness). B{.08HI
A HEHEREH 2P OCER 3em TERELL.

AEEE L, 1ATEERREET, »hoEET5E
AR L. FEMEETL, EL D BEEL T
WInERD 50, TOREIR MT BE L VBEET, PS
T ARG MT BECELL, WREEL~5 &
ZLL, moBETAEAY R L.

Fig. 5 wXBEO PS A0 To* EfOXE5H
Bo 1 xRS, REERET cCOBED LARED L
Ric. B HLERAPICHRE LB OHEERANORE SME OH#
B#% Fig. 6 wmrd. F5BET PS Bs & i

L, 2EBTIEY —21CZL, $12%0Minpnid s
i, PS b T4 CEBEEET L, RIEES
HEL PS BMARTMEL D GET L. PS 28T 5
Zlik, EEREEERML .

basilar migraine BEIC BT, ZhbOFELT
BB s ie b - 7.

Iv. # =
EEHROXNEEEAENF K5 'H-MRS T
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CHO/CRE CHO/CRE CHO/ICRE
LAC
LAC '—;C v
DARK
PS 3
PS 2
PS1
DARK
Y T T T T T T T T
3 2 1 3 2 1 3 2 1
PPM PPM PPM
Control Migraine Mitochondrial
Encephalomyopathy
Fig. 2 ¥W#iz X 2% 'H-MRS O##
& DIERAE, FEE (ARSI BRES), I Fav MU 7RE (Kearns-
Sayre fiEf&#EE). CHO: choline, CRE: creatine, NAA: N-acetylaspartate, LAC:
lactate. PS: photic stimulation.
24 7 : p<0.05 I ’ ' ‘ }
c& o g % 1 p< [ — °
201 8 0at ,/' 1
® 7 )
16 % y LAC/CRE | @---—-- e e
X o
NAA/CRE
08 - €, 8
<
06 - ©
LAC/CRE
CHO/CRE *
0.4 7 | —
%
— % 0.0 6.5 13.0 19.5 26.0
0.2 7 f minute O control (n=6, mean +SD)
L A migraine
* ® KSS
0.0 T T T T T 7 - | T
control control control Fig. 4 X¥iBi X %5 LAC/CRE ©
migraine migraine migraine B
s Kss Kss BEHER A 35\ T ERIBE R & 0 B L, T

Fig. 3 Z#HE KT 5 'H-MRS

D& Y— JERE

NAA/CRE, CHO/CRE Rz 3 8B HEXY
Bbieh 1. LAC/CRE HIIF RS, Kearns—Sayre
FEBERE (KSS) THEW ERA L TWwi (p<0.05).
FRRBEBIC N KSS ol b iFEr b

ALTwi (p<0.05).

DRI L > THRARIEKETT 5. 3

AHIE 8

Fav FY TR
F B WL CRIBAT L 080 LTk bR

L BRI AL, BEL BT SRR L.

R
BRI

BECEVTER, ARCHEIVEVHED
EL, KRB LA RBZERTH .
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Fig. 5

FREFRME F18%E P65 FTHE6FEA

LAC/CRE it FoEfEE, MT BEHL L EALT
V2. NAA/CRE, CHO/CRE Rz HBEOEXED
P, hEABo FRAARTLOLFEL LR, I
BOTEARET AMALELR%. LAC/CRE kit
TR F - RT HBEEREOBESL LTLHVS
5. HoTEREOFRELY, MEABTHLMAD T 2L
F—RBBREVHFAET L Z LN L S
FEBEZFCET 5 'H-MRS o, BELEBL
BoTRRS O GH, BEEIFRERFIREET
OFMOFT - BEET, BN EF LT ERR 5
LTWA2D, BEER BT, '"H-MRS B
EREABE SR THTE N, BIIAERER &M D
POBERR S D LM S h D,

MT BED 'H-MRS >\ T, i Matthews &
ik h KSS B#E 2k v, LAC/CRE o bR
& NAA/CRE, CHO/CRE HOETFA#EE X %),

WP L RSO T.* ShiAE & 4 NAA/CRE, CHO/CRE HiciZBBEZRDIh -
DESEHRD 1H foht, B ETBREOMBRAED ZEE 2B VT
BHESEHCEEOHMAAD 5. i3, NAA/CRE HiZooEWER %R L. NAA T
102 1 ]

101 7 7

100 )

99 h

photi stimulation i photic stimulation

0 30 60 90 120 150
second O control (n=5, meantsEMm)
A basilar migraine

Fig. 6 FMRI ToOBR.LBEBHNOESEELEL
(BEPT 5 BlOPHES 100 & L THER)
BEBRA TR L ESHEEZENLAMBOF LR L 0ETT S K
i1 25 4 ABEOBEARD HRS., 1EE ORBETHICEEEE TN
WET & WIETF 9 5. basilar migraine TRE(LOBE I ich - k.
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MEEMEIC % EEh, OET SRR EORE
EEN5M. ff-T KSS BEIEFMCEVTHEEOH
BHMEENE LTS AR NS, ¥4 CHO/
CRE (i3, MRI @ T, BFEGHTAMAECARRES
WA RS L FITREET LT 'H-MRS TED
bhb CHO ¥ — 7 oKL Es ) v IREME O
WIEKfATH % phosphatidylcholine &\ bhh TV 52,
KSS OBE T AMBAE O HRE N HES ShT
k0, COBERBMLTV240LEFL L5,

EETIE, RHRCBVTURERESO L 2L F—i}
ZEAEDITFRERESR bR, BEHOH90% M
SHEETHY, ABELRHEEh20305%8THD &
Eh3. Zhizx L PET #HViciicir, FEE
BB e & oRBic & 3 R & EEREKRO |
ARG EBIF ©#29% %), BEFTH0%Y TH
BrAMb6T, BMENBO LARIHS K TEE
E¥h, TORR, B - B - BEEROFEN
FARND ZEMNEBERTV A, ThbYh, HEER
BRI B AR e BEERRRB IR D £ B2 b h B,

'H-MRS CHG2@BERATO PS OB L5
BIhLOBRELENTALOTH L. AR REIBIC
o T LS HEENFE S ERIZ>VT, Fox 5
I by N 7TEEDOTFHENMEV O L LBEESTT
WA, Thb bR ROBRFRPEHIFC LR
FGEWZE X0, flEE T hEyBrTLE >
CHERIL TV A,

¥ 2 Prichard HO8ED 72 6 S EORE T,
PS %Rt 5 L FUERILME FEA 2R L. Sappey-Mari-
nier 529 {3, BULANTCHESEEMN BT L, Poo
EERENABOW P L - TREL TS 2 &%
WE L, Ao/ IS REMROBR BRI & 5 RS
BOETIC L5460 80 L1

SEE L1 MT BE T, X8RI VABOLA
TARDL. 5K PS THED LENE LA LRV,
HHCIRIGHEEL, LadSEMSEE L. R
TOHBO LRI, 3 b2y K TEERE LS EBR
MO TEA BRI NS, PS © L BRIGERIE, MT
BETIT TSR SRR > TE D,
BHACENTHBO LROBEA VRV EEZRLT
WAHAEEMEAE Z LR A.

KFEBEEToORCI, RERECIMEBERA LI
FLEEN LA LT p, FOREIR MT B L 4E
Mot EHE PS LA EARIELS T, RIGEE
EL, »oBETAEA%ERL, MT BELEHLULT

(VAN

FEROARREY, MEFHRCHREHLENRES
TWAH, REAR SRS, OIS BA%Z, Montagna
I RERIX IO, AOHER MO HERSY, fika it
o RIS, BIURRRERED VRS FERT, P
MRS ##Et L. 6 GEBANFOBEG & Rk
O T A F—-RBICERELRD L. SHIEHAED
kv KU 7 DNA ORKEDBDIIEF® 2L,
FEEOBEE LT,  bay P 7EERET L DM
TOBRLBEREEDOR 5 4 5 - 1o,

Naritomi 539 i3 3P, 2Na-MRS # M\, M
ToBECHECIELD, HfoMElLs MERT,
Phosphocreatine (PCr) OETF, &z A ¥F— ) v
{LEWOET, LT Na RV 7OBEELE UL &
R L. XHEBRMEOMECEVIEL, B
EH, PCr ofETF, Bxrr¥—1U vEBILEHORKT
LRI EOHE®D L Hy, LBEZELNC L IBED
HSEEOSEIEE L 0BS. -7, IEBOLR
R BEROFRBICHE Y BmA K LTV AL 5 5.
Ueki &%) (3—@HoOBEM* R LT v FEL
T, BREEE S L COEMREFABMIIEET S
s, B TOMPE - B - FLEE - pH Ao KB L <
HAEZEEBELTVWA. ThOBFRTHTSH SN,
HEREEZC ST, PS &5 FMRS THBORIE
LZ LB, EBROBFCLs L0 ELLRS.

kDX oiz, FERCTGEDLRLABO LR E PS
R A RIGREE, BB RT3 RS o
EARTLDEEDbh 3 A, ChhidElassER
ETHAD0n, BMICHE> TR L O, FiokE
FETHEBbRA.

FMRS Tit, MEEBRCST 2BEREBENE
OEAFIR LT, BEREEEY ML Lo, FMRI
M L BEHBOEXFIALTV5. BRL~E S
ot v (oxy-Hb) (S THELHRHETLLEETL~E
7oy (deoxy-Hb) &itsdh, Z ok Hb OBSE
AN (diamagnetic) 7 5 EREM: (paramagnetic)
~EFT A, T hid oxy-Hb 381 + v O 6 B
NEESFOREEIRTHEDKEI L, deoxy-Hb T
BETWALDABORNEFIE LD THD.
HHEAE, TOGHATE—Th5 L, BIEE (susce
ptibility) WELEE L, To* #HMEI 5. BMERE
BRE SR D&, fid Ll s kM BEEEO
ERARAY LEA D oxy-Hb OBINE deoxy-Hb @
HMIE TG b & h, BROC T* GERL, T*
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HRER AR L & EER OFER A E A, EE S ER &

LCHH&Eh3., Zhi FMRI OEETHY, blood
oxygenation level dependent (BOLD) contrast #&
BEER TV 5.

FMRI (%, ¥k~ OBEESEE2FLE LEAR
HHEAHRE L, Fhicd 3 —RBEOREBNNIERO
BEETLIE L, WEBRO perfusion OE{L% B
fELTWid), L LZOFETIE, SEHo s ) 7
v AORELH Y, ERMCEELETT A&
HEETH -7 oK LPEEEIEWE Y HV 5 BO-
LD contrast 3 FETLEVE LETHFIRETHD.
¥io FMRI &, % OZEMRURHES BESERL TV 5
TENKERFETHE. 1IN TEOEBRELEY
BHYZENFETHY, HEEEH IS CHEEO MRI
LBBAETHALZ L0 D, REORELHES N SIERE
TH5H. FRAFOERERBHEOHKEZC LY, Echo Pla-
ner (EP) &% BV AIEEE msec T T—HROBEE L
AL o h, EFWRKHSBECHEFIELRTL S
¥/ PET TR, BEREOFHALELI L
p& v, FMRI T 1 ERISE © 0 FHi A 5 5T HE T
Hh.

ELED X 5 BOLD contrast #5538 O RS BE B
Bk L NE L OFEEF-TE D, 1990 Ogawa
LRk, BYEBRCTRESATURERS A, &
D1~2FTHAECESELTVS, & MKW TE 4T
s K OBBEBRBETOREY winz, 1.5T O@BBEK
BToOHEID L AhTETL S,

AEOFERTE, BERACEVTIE PS Bks &
Lo, BREERAEHCCESHRERER L), RER
BREABLIE T e BEE (1 BES) OBEYE L
fo. Ff PS RILEOBEEEECETIC L ABOEE
R, MEHEOMBE(LHBERBOE LR EBN
LZERERLTVA. EP BBV THRESHRELED
PHES TR, FOBERFHIABTHY, Zhnik
BEEMFC L LE® LGisE%ETH L.

SEOEERETLIN 2 KBETH 1. BREOH
ETRBEOEEY RO L LI LD 1.5T T4 7~8
YDESHEL(LLADTLE9T, L, 2SR
EXEDIBREOBE 0L hEEOESERELL
B LA, BIRTH D LnmEany, »oRt
B 1.5T TIHAMEERCRTAESHMETIL 1~
2URRBECEZEPBEIRTHS. - T, SEDR
LRI RR B BB A R Lo b D& LTEH Y
DEEbh.

¥fo, PS BTHROES®EY, AMNOESHE X
DELIAETFT LTV AEEE, SEOERD L5 I
L LIB7cLw. Stern HidY, MHEEEIC L AT
OTBLRFOEAORESR, BFE—Hb BB EN
REHE U, deoxy-Hb OBMEIMT 2 b ic T &
BHRESME T4 A S HEM LTV B,

FMRI (kL biifi~te PS @b, FHEERE,
BEDRIBY, MR ok 2 —5GEE S 5 IRE
BomsEntcaht, SHCHEBPEC & 5 EBEFRTE
LEEEBEY, KRB FEETO 1 2 — IR
CEB—REBH L ITEREY, SENMICLLEE
B 70 b ONCRTEHEE'S, b &0 CGEBRIR X
LETBHET &, L BREBE~DISHITREE £ -
TETA, o ARBEEDAC /MM g ©
ORELHMAINE, EHImidgEAs 4 2t kh, —
B S S THEEn S0, [KRETOBE { i
ST T B0,

L LEE~OILBR B -ErYThs 4
[@l, basilar migraine BEE BV TESTILOKT %
Bl ZhIIMERICHEDETERM LFTR & #E 2
Lhbdh, TORKREITATHS. FEFEEEOREC
EAHLOh, HAEGEER L Ueki HHAHE L&
51838 FEPRICHE S — BRI & 5 EE~ DEE
R LR E L bR A, L L FMRI OfH
heowTikBs0O@BRHIHDEATH S, PET
TOMETTI, FBucEF LT L x0FH, FIBuC
ST ARMPORICHTTET 5 & OHE® L EnTE
D, BEMETLOMIOFMECIEELYETS. K4
DB EILBMELHFT, MECLHINTH ), 8K
LT L T L ARRORER ThH -1 hd, BELFTREE
Zbhhtch, SERERMGFMILELEbR L.

PlED ko, MR # B\ 7 BRI IR ES
B2 ZETTED, CALEZELIEDEAZ L
D, LOEFEHLOMBMNATRICILSEEDLRS.
L BERIC L B 7 o b v O COIBOE LY
RAOUBCRARER L H 0, SHIN HRHRRITED
di sl L CHRRICEAELEEZ R 5.

Wiz sebicn, IRMAB2E Lt &
KB, HEOBEEZ TWLEVWLEER Eii#
#, BEELEEY ¢ L ERER SRR mEAE
FEHPTEREEPEEC UM DEHOBERLET.
¥, EEMMEECLLEE LARERKRBFCE
SHILE L L E 3. & O BUEREYEEBE
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FHEE, BAEPAEE 2 AREREILE a4t
LOFBEECHEEY, HEEABOE LI ERE
o LET. B, REOERS® U CRAR
A Z 0, FRRYEREIN MR HR
B E B R AREBBFOWM I { L TIEARRE
LBl &% L, LEVRHEBL BT
F9.
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