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Regional Differences of in vivo Proton MR
Spectroscopy in Developing Human Brain

Kumiko Ando," Reiichi Ishikura,"
Tsutomu Morikawa," Satoru Tominaga,"
Yukio Takayasu," Koui Miura," Norio Nakao,"
Kyoko Minagawa,” Takakuni Tanizawa,”
Yuriko Takemura," and Jyouta Ikeda®

The purpose of this study was to clarify regional differ-
ences in proton MR spectroscopy ('H-MRS)in the develop-
ing human brain. Proton MR spectra were obtained from
24 infants aged 0 to 24 months old. Proton MR spectroscopy
| was performed on & 1.5 Tesla clinical MR unit using a 3D-
chemichal shift imaging sequence (3D-CSI). MR spectra
obtained from voxels in frontal white matter and those in
parietal white matter were compared. The NAA/Cho ratios
of the frontal region were lower than those of the parietal
region at birth but increased rapidly during the first six months
of life. The rate of increase was reduced in the second year
of life. In contrast, NAA/Cho ratios in paracentral areas were
already high at birth but increased slowly through the first
two years of life. Cho/Cr ratios of the frontal region were
stable during the first year of life and started to decrease in |
the second year of life. In the parietal region, Cho/Cr ratios
were decreased throughout infancy. Regional differences in
'H-MRS spectra were apparent during infancy, and these dif-
ferences were suggested to reflect regional differences in the
| maturation of the developing human brain.

Research Code No.: 503.8

Key words: Proton MR spectroscopy, Infant, Central
nervous system
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MRIIZBW T4 LESELAR NS, §ififbzE L §
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Proton MR spectorscopy ('"H-MRS) 1233 T % FLWEH 225
ANEIZBWTRE LRGN, v MBI UMFLIEHEIC
B Tin vitro, in vivoDIREH L STV BHI-10 L
L, & F®OH-MRSDZEALDROEIZ X BNV TH
Al e N AL

EHRIGEFFETTOALMKIZB VT, H-MRSDEMIZ X
BIEWEHSPIZT AT Lk, KRR M2 &0
ERARBIZH-MRS Z 5§ 5 L CTHELEZ b 51918,

AREEE 5w VF R LIV H-MRS & HWVWT, & bORK
DIEEME D 2o, B & BECEHE Lo T
T5.

il

WRB LUV

AEUE19974E 1 405 19994F 2 A I STREER KIS
BWT, MRIB L U 'H-MRS % JifT 2 1L 748 1R 0 & H A
5257 AOFLE245 (BIE 8 #l, IR 1661)TH 5.
Table HIRTHRICAH G DS IEAET R AAE, #idk
WRARAEEE Drisk facterd®d V), MO EGEMHBEE KET B 72
OMRIFET S NIHEF TH - 7245, MRIFTRAIEH T,
OO B £, KrE 58 E A
EHIM SN R AR L L, RS IR OB
& B SRR LD VA A SRR, AEBh S 3N B AR
FHEEIZ & % B REREAM IS D VT e L7z, BB, MR
FTRHMEIEW12 7 AT TH o 2RI T, 20%I%E
b124 B O#EEE I BWTREDR e N - 126 %
L Lz,

HRFLUBAEFNL A F] TR IIMRIRA S L O D »
TOEHEEBR TS,

SHBEABNIIERRST o517 5 BB 26, &L
3B, Ml 24-30i%) TH A,

25



200 LRI 72 - MRSDZEAL

Table 1 Clinical background of the cases

Ac MR ) i e at Birth / .
Case No. Je(::romhgam Gastal(lwéi\is?t . ?f gﬁ‘%ﬁ;ﬂ? lisk Factors
1 0 32 3/6 LBW, IUGR, Asphyxia
2 0 36 910 LBW
3 1 37 8/8 None
4 1 31 8/8 LBW, RDS
5 1 32 7/8 ELBW, Twin
6 1 38 6/7 ELBW, RDS
7 6 32 5/7 IUGR
8 6 37 8/9 None
9 8 38 Unknown None
10 9 32 6/8 LBW, Asphyzxia, Twin
11 9 32 3/6 LBW, Asphyxia, Twin
12 9 40 910 None
13 12 30 5/8 ELBW
14 12 40 6/7 MAS
15 13 34 6/8 LBW
16 13 39 9/9 None
17 14 40 417 Asphyxia
18 15 35 7/8 LBW, Triple
19 15 35 8/9 LBW, Triple
20 22 40 910 None
21 24 29 6/7 LBW, Asphyxia
22 24 40 Unknown None
23 25 37 10/10 None
24 25 40 Unknown None

LBW = low birth weight, TUGR = intrauterine growth retardation, RDS = respiratory distress syndrome
MAS = meconium aspiration syndrome, PPHT = persistent pulmonary hypertension

BILEE LTY) BN 2OV FVF )T AYE Y
7 (Iml/1kg) |2 & ABEER % 4T - 7.

{461 13 SiemenstE#Magnetom Vision (1.5T) T, = A
WALHHERH 7 7 B9 F v 3 4 V& H\v:72. MRIZ spin echo
EET 0 (G TR, SR E, EIRWTZ (540msec/
15msec/2, TR/TE/excitations) 35 & Ufast spin echoi:T25#
{48 07 (% (3,000msec/96msec/7/2, TR/effective TE/echo
factors/excitations) & #&f{% L 7.

'H-MRS D B (IS N _E L~V ORISR T, RiELE
CHATEEZ & A, O RIREME - &R THES O
&% B _REGFERGEMIIZRERE L.

'H-MRS®D 7= # LI~ IS HD RS L h s 57—
& U4 %47 2 % chemical shift imaging#: (CSIiE) % v 72,
7= & IHESF131,500msec/270msec/1 (TR/TE/excitations)
T, KMEFIZEBECGEIR )L A (90°Chess/ SIb A +90°-180"-
180°spin echo> — 27 L A, Chess/ %)V A ZGaussian’ $)L A
ERWI)OEMIC L W IHI L7z, ¥ Iy ZIEEBIT -
7z, WRIWEIIE22em x 22em, AT 4 AJE 2¢m, L a—
FEIZ16 x 16 TR LK 7 LIV £ Xi1d#1.4 x 1.4 x
20emTH 5. 7— & PUIEFHIZ 6 57308 ThH - 7z,

7= ¥ AT IIMRIZEE (248 O'H-MRS 7 — & fif#7 > 7 b
(Luise) Z 27z, (LHHHIE, N—2F 41 Y ORIEIZHEIT
fiofe. BoONITF -0, EAOWHEESE & FHIELE
HEDOKRZEVDARY b VEED (Fig. 1), F&DH-

26

MRS 7 — & ffi#ir ) 7 12 & 1) N-acetylaspartate (NAA),
Choline-containing compounds (Cho), Creatine + Phospho-
creatine (Cr) D ¥ — 7 & 5E L 72, EAZNZNONAA/
Cholt, Cho/CribZF¥L7zb D% b - THITEAIEN Y & FHIH
EHEHOY -2 e LB E21T- 7.

B/ R

FEFI DN Table 11Z7R T, HiEREIEERI329-4158, g
153738, APGAR score(5 737)126-105%, H9ufili 8 S TH -
7E.

'H-MRSFEATHFIAEIE 0 4 B (EH54038) ~ 1 5 H 6 i,
6~9A H 64, 12~157H 7%, 20~254H 5 fITH -
7=,

Fig. 212fAEHFID'H-MRS A7 b V2R3, #HidlRm,
FIEERE TIECho E— 7 DX AT, Cr¥—%, NAAY—
2L bE, LA L, HEEEARTIIChoY — 27 ENAA
¥— 2123 ZFESENKESTHA.

127 Qi CRRERA R, HREAED AR PV OiE
WASHA L, WTFRBNAAY — 7 L ChoE— 7 1213IZFA%
DREZERSTWA,

27 AETIIATHEERE, HHEEAH £ SNAAY — 778
Cho¥—27 XD bHIGLDIZKE L, BAIY — L IEDWT
W5, ChoE— 27 ECrE— 27 OEDL B LT A,

HARERER #6045 Ha%s
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Flg 1 T1 we|ghted image of a one-month-cld boy showing typi-
cal locations of studied volumes of interest in frontal white mat-
ter (arrow)and parietal white matter (arrowhead).

1. NAA/Choltt (Fig. 3A)

NAA/Choltid, RiSHIERE, WHIHIERH L HIZFLEDA
BRI > TH#INL 7 (p < 0.01, Two-Way Factorial
ANOVA).

AR EICB VT 0~17 AlEOH £ IEHINAA/Cho kb
<, FHBOEEEAZ IR TENER Z R L72 (p=
0.11, student t-test) %%, 6~97 Hifili ¥ TIZEWH L LA %37
W, HEEAZEFEL NV E R o7, FOBBIEE % ik
Cdih24% il E TR h 2 B m % e 72,

— TR VB T A B > S NAA/Cho L Id B il %
RLZH, Z0HD A LRIIEEIERCHTH -
7z,

2. Cho/Crlt(Fig. 3B)

Cho/Critid, AIHIEEE, UHEAE L b Aoz
DT LA % 7S 72 (p=0.04, Two-Way Factorial
ANOVA). L2 LATSHEAE Tids: A 5 12~154
WETEIPD R, EOBRBAIELZ0IAFL, FEIE
BEREH T ER 5240 Al ©—8 L T Em
7z,

Z =

NAAZE DA ORI AFEET, TR LAZKTIE
neuron |2 EIZFET 5728, —MlZneuronal marker& LT
HuwbohTnwag, oM 24510l s Twhings,
BEFGBR D ERICEE G-+ 5 Z LM E N TEB Y, Bk
PEoTEMTHZ LPHIS N TV E5-10.19-22)

SR 12E3 A25H

fib10% 201

ARIOBFNZ BT D, NAA/Cholb IZBTHHZEHK, FHIE
EHEE OISR Al I1cft->THL, 4% T
WL —-H LTz, —HELIC X ANAA/Cholb DZEAL %
BT HE, HitENICAFEERROW G o0 D D,
B JEHINAA/CholL I BIHHEE B TRV AT E DR 6 1 AT
BHTLHOITL, EHEAHTHETHIVEVD 20
HOEALIZER N TH HHEHIHR S .

Hashimoto '3 1 71 H 2 5205 % X 82 12 i UHSE & O e
DFIN BB HAIE I Zsingle voxelF:12 X b PO % ke L,
BEAIZPED 'H-MRSOZEL 2 KE L THE Y, NAA/Choltid
FHTHE CATEHEE L D A KEWEMAH 5 & L, FNAA/
CholLIZFHTHIEIZ BWCOid 1 7 A 52~3 O M FH A5k
&L, FOBREBADHMALTADICH L, BIEETIIARE S
EADP4EETHCEL LTWAEY, SRO%EE S OMETIE
Hashimoto & Ot L 722 Lok & W 4 dul ofiss L7
Z &2 BH, NAA/Cholt D&% FAO#E = B HE A3,
AUEECHEREL VO BET A VI HICBWT—H LT
V-

MRIZ BT 2 Hi#E{LIC L 2 EFEEOLHIc L 5 L, &
DR OBHIEEA BIIER 1 7 H L B bR o s
DI LT, MEAREREIIER 1 7 TR LSR5 h
T, 0% 1 FOMICEERLAETT 5 2 LAmeh T
6 1.I—3}_

SROBEHIBVT, Hi¥EHEHEONAA/Cholb A B
LA R &[SI B LA T T A RIS LT B
), NAA/CholtDZELDE IR DERAT I & 2 s Lo
TOWNEFML TS LER S,

Cho® ¥ — 7 IZEMCholine/b & D& h & KBLL, D
¥ — 7 {ZiZcholine, glycerophosphorylcholine,
phosphorylcholine, betaine5E A& M A, T 6 IZHIED
MEWETHY, FIHHEICS CIFET Y.

Hida &3 Z v b ORfEIZ0E S 'H-MRS$ £ UF, ¥'P-MRS
DEALEBREL, 7 v F ORWERTIXCho/Cribid B 124k
WEAEHmERLAZE LTBY, SEOBEE—FH L Tw
% \.05,2”'

Cho/Cr HDb® A #1 = X 2129V THE, cholinehH Rk
P E L TmyelinlZ/EH ENLO0FFEICKMLTWAE LTS
WO, 'H-MRSESEFE TIEFLRIIZBEIZHE S Cho
DEERD T, L LACOREICLES B, +4bbiK
IANF—CGHORME KT L L) HELALND
10.19.20.22) - vy il Cho/Crit AU VE R4 5 8T
=3 LTBY, 2OEMEIIMORRSEZIMTELDL
E Ay (-

4B ORETIZ T Cho/Critid, FHTEEAE TIXFLED A
ATV o TA Lzl L, Bz E cidi12 A
W5 E TEEA A 7% { FDBEAICEE L 7.

RTSEZE 1 H & BITEZE A 12313 A Cho/Crit D2 L&
(&, [FED A F —(GH ORI DE % JOE L T AT
REMEAE 5. BEESL & 13 R% BIRAE & L CHBREZE,

AARFOMES & LTk, MEMAOREMEI I Zrisk factords
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f Fig. 2 In vivo 'H-MRS

spectra in right frontal

white matter (left column)

k‘lﬂ and right parietal white

M - matter (right column) at

MV M\W the ages of one month (A,

B),12 months (C, D), and

40 35 320 28 20 1.8 1,0 of (@) w0 35 20 25 20 15 to ot oo(H) 22 months (E,F)and
adulthood (G,H).

“ HAERSRE #5604 a5



AT

[ADES 203

A. NAA/Cho Ratio
—@— Frontal White matter

2.5 1

2.25 1

|
1.25 ;I--- I

0.75 1

~-ll-- Parietal White matter

0.5
0-1 6-9 12-15 20-25

B. Cho/Cr Ratio

1.6 1

1.0 -

0.8 4

e —@— Frontal White matter --[Jl|-~ Parietal White matter

FOGR Months

0.6
0-1 6-9 12-15 20-25

Fig. 3 Developmental changes in MRS
Adult Months | in frontal white matter and parietal white
matter during infancy: A, NAA/Cho
ratio; B, Cho/Cr ratio.

H Y FEMERFIRNELE ) ENIEINTVWAEZ LD
Tohb. €OBROIEMERNFEEIZHBED % b - 1-5ER %
WERELTWDA, IEHEHERN BT 2 IEREEDNRE
ERET LA Lidwiz v, LA LILIEIC & > TMRIZFRE;
PETLRENLZBETH Y, EFHHECRENS L
BRI A LREEZDRDRVIEF X RITHRF 21T =
LIIHEETH B, —riskHiH B IRIZOVTIEHIEER
TEBEDELEFHES DT B 2 EIE, SRR
BREIZ BT B ' H-MRSOZ LA it LT BT, BELH

SEHC 12463 A 25 H

b,

) —DODMEE L LTI, 'H-MRSHEEMFEMTIE %
{, EUFHMTH 2 HDHIF5NL.

A BN TIZCIDOENEE L TV D728, CrENAA,
ChoDlt% b - TEMAHET 2 Z L IFFEYEEZ HND A,
FURIZBWTIE, NAA, Cred B bETAHZEFANLNT
B, FrChoDZALOFEIZ DV TEIERI I TS

5)-10}, 21). 22)

AR I EESET M E 95 2 0% F L', multi-voxel
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EOEEFMEE, WEL-BICERLTESLT, 4
single voxeliE I B W TH FEAHIIZIZ AR L L EHD 2
FERERED 7 — & AR 2 ey 5971020 — 5 CREERD
BZBWTIE, Bz 20 72IKEO B IR MREGE O 2
FE AN TB COETEE L v,

EMRNZFHITH - TH, FRBA IR T 2 B
DT = FPIEETDOEMERZ TBL ZLid, 4H'H-MRS
FRERENZICH T 5 L TEEEEZ 5.

¥, £HVIBETR, —EIIELOTF—F - KA
b Dz 1% 5 NS multi-voxe X ERARIC I L 727 — %
PRELZEZ OGNS,

s &

HESEOFLIR O H- MRSCrl b, multi-voxel 32T
imﬁbt.ﬂﬁhd&%hﬁof,NAM@mﬁ@iﬁ,
Cho/Crlt DR 6N s, L LEFOELEFHL 3HO
EHALZ L D ESTBY, AisEIEAEOEITHEEE A o
FALIGENTHN A, #ilba ElsictE ) 2k, o
WA L B R T 20D EFEZ LNA,

DO EFIEHES7I HAREZBHMERREITB W THE
Lt.
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