FLR 'H-MRS (ZF3 5k HZ2 /e

3V V5T HEDHIE & ek
WA R, WA KL B AL RE Y
SHE T, HARHET?

<) 7 VFBERREREE G 2 — 2T 4 Uy TALV 7 P RZ T AD /N

T L &I

FLIR FHIK © MRI $# Ci¥, dynamic MRI
X% REMHOER, kXU &S HEE MRI I
KX DIREDIED D HEHNIC X » THRE DK A
FLTx7. %72, MRS & ZLRHEE~ DG H
DR ED~D X, choline (LLF tCho) & L&
DHBZW O L ST 5b. /272, MRS
IC & D IEF LS (AW EERL) »HFIC
BEINLSREWEIT L L, ABTONTDH
tCho NME—DRFWE ThH 5. L7=n- T,
PR RCRIIIR O & 512, MRS L, ##e
LI BB BN T\ T R REEIR A B O A
RZ P WLFBIC W b, tCho ERORE
A BINCEHE§ 5 C L AREETH 5. BHI
7% )51 & LC, tCho B'—27 @ SNR % i\ TR
i L 7-fEf b HE SN T BY. L L SNR
&, BAOEER (VOD) ¥4 X0, ZfEafLE
B O SIS BRI BT LD,
SNR % i\ 73R &2 — Mk 9° 5 & &I HE i »
HY, E—rOEENEFHEAEENDL LT AH
Thb.

2T, 4% 3 FEE MRS T tCho & &
Rl AI1ICHD, Y—T c Aa 4 L EFH
L7 E I B D REOH A, HENKES
THOWTHIEZ §% C & ERIICKRFT L 72D

THET 5. MBKEES T RW/CHEWEDOE
Eid, MRS #H0IZ% S OFREDIDND 5
B8, Pl ded THIRFEBICIE A L7z, BRRH
ICOWTHRE 2B L Skl & FRBORGT L
7=.

MR EFE

i 25 13 Philips ##. Achieva Nova-Dual
15725, ALY —7 A3 )i, W
F1llem, NEE8cm, BLUMNE8cm/2 F %
VIIVTOENLZEEMTHS. MRS 55
I F PRESS 2 X DT\, ZEBETX A v
(receiver gain) |1 I KICZEE L 7=. Philips
HOMRS DY —7 VATRY I VT b F 2 —
V7 AEBMC TN, KIMEOR#E{L A
1T- 7288, I KSLMEN Al 3105 5 U
MNiTHN (reference data, HnE# 16), 5|
EheE, KECICEBESMH L TE5
(actual data) 2NHE SN % (Fig. 1). Actual
data IERFICIE, KiI$l2HICHRT5HM
TBASING O ZPFHL TW5. Zxds, K
T, BERHE & b &« REBCGERT) VA (K
&R O IR R B BUT I\ TR 60 Hz) 1T &
VIR ETITHNS. KNI OV TEEZTD
Yrr o2k BT T # kit L, BED

*—"J— K MR spectroscopy, choline, breast cancer, quantification, internal reference
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shimming I

tuning

reference data
without suppression

ctual data

water suppression

Fig. 1. Signal acquisition

Following shimming and tuning,
reference data is collected without
water- and fat-suppression and
water intensity was measured in the
reference data. Actual data was ob-
tained with water- and fat-suppres-
sion, and choline intensity was ob-
tained in the actual data.

16 average fat suppression
choline [
water water
; Jr "
= 4.7ppm | pp—

PWHEHNIZ >V TIF TI=180ms L FEEL T\ 5.
(38 : KFRRER Y 7+ 2 TOEHMTH
n, KHlommEbs B N.)

AW EER

O VKR A RE L KR T 2. AW
oV, oy vREE CROERSESR, FE
1%, k=3[ (CH3)sNCH:OH:0H]Cl, 7+
139.62) THh 5.

HpEE 1

9, a4 E VOl DMERERICLAES
MEOIb AR, oV VKRR T E
Ba%hiT -7z, 26mM/kg O3 VKR & i
LR EIOm ORT7 v v F A HEL
Jo. aANWET 7/ AOFEBIEEL, 34
)V -VOI RO~ 2S¢ T, £aA4I)LiCE
FAREES [ TOKRKETY VOEZHREZHIE
L7z, WIZ, KFPHMTOREEE TN,

CDEFHBEZIC OV TR T AR LK
S BETRE L e D, HRIET 7/ b ADOELES
5 CRIEEAT > 7. BRICHIZAEHS5EaA v
H HIE T A 50 mm I HYB L, ERICE
NZEN 40 mm OFHATHE L /2. mllEkic
BHEE# 96, VOI ¥ A A3 3.38mL (—%&)
L.

Reference data J O /KDEFHRE A HIE L,
actualdata XV aV VOB EFMEZHE L
7o N—=ZF A IHIE##R O 2 TR B & 7%
EL, KPEEZ TCHH TR TVWRE &%
ZONDLREa R IRXN—2A5 A VHEFIEL 7.
SNR B D 7-%, 8.5~12.5ppm (550 Hz~
800 Hz) DI (R OB S e\ HHi)
T/AAX N) ZlEL/. /A XEPEL T
COFBE YV AT LOMEETH D, KE 0
Hz & L 7= &1 % 250~500 Hz 1 424
L, BEMEAHE 7. 3.0~3.5ppm OFFEEKT
DOY—r@mza) /D= (S) &L, S/NIC

200843 A 7 HZM 2008411 A 17 HXKGT

BURGE RS T216-8511 MZJIIRIING BRI E A 2-16-1 BE< U 7 Vv FERAFREE G LY 2 — @it

fsl
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PFEREEIC L% 0 ) Ve

EDSNR L7z, HETAWEICOWT
(3, 2OV —7 ON-fElE (FWHM) TOfE5
DOFED % =55 & L7

SR B 2

KIZ, SRREOT ) VIKEBERICOWT
MRS (Z & D kD7 & Hg L 72, U/%
Enrnxnlbs, 3.0, 6.0, 12.5, 25.0, 50.0
mM/kg D7 > v FAEAEL . Gd EEH
DI &0, KO TEMITE RO
KD THEWIC/R S XD IWCHHE L/, VOI
T )VHLIZ W TER T - /2. VOI
A Aid 3.38 mL, TR=2800 ms, TE =288 ms,
FEHE AL 96 [m, [F5: & k] Tali~N7zK,
B RONREISIE AL 72, fbT I SEREE R
1 AU FEE E T

O VT reference data L V) K%, ac-
tual data LV 3V VOB EMELXHEL, F
RLOTEIC KL DAL A2,

NH,0 Scho  f1,(1,0) y fr,m,0)

Cho] =
[Cho] nchoMWm,0 SHo 1 (Cho

1, (Cho

ZZC, nmo, no (KB LTIV VD 1 H5FN
KZERFE (3 VOHET AFIVEDKER
FE) THYH, MWuold KOG FETH%.
%72, Sno, Sco (FTHIETHE LN/ Y vV EKD
BEHMETHS. fr,admo0), Ir,ch B X T fr,mo),
fr,colEZNZNK E T vV OREFNTK T A
ETH5;fr,=1—exp (—TR/T1), fr,=ex
(—TE/T2).

&7 7V ACBT LK Tif, TaAfid%
NZN 729~749 ms, 510~560 ms T, FHILIC
3EME D 738 ms, 550 ms & /. T )
O Tif#, XU T2fEL 50.0mM/kg D7 >
v ATHIE L 72fE (883 ms, 35 X0F 760 ms)
A FWAIE & 1T - 7=,

BEERBID MRS

2006 4FE- 8 A6 2007 4F 12 A £ CICAE L

BCHiAT S N0 50 FEF] 59 KA Th 5
B, ZOHT WG &7 TilNicwd iy
DA INVEFERL, »OREHAKLHIE O
7o 24 FEPI 28 A D D b, WRAEMATRIC(LS
Wikin EOBBPTHON TV 14 fEH 16
WAL b 5 & LT 247 - 72,

Ee IR F1IZ 35\ Clid, reference data & ¥ #H#%
MK %, actual data & ¥ tCho DfF 5 HREE % R
&, R()ICk->TtCho EEZEH L 7.
tCho & #H %KD Ti1, T2 Baik 512 k-
THOLN/Z 15 7 AT TOEFKIC T HHllE
fl % 72 Timo) = 746 ms, Ti(cho) = 1513
ms, B X Temo =97 ms, Tacho =269 ms (4
FEFIONY)) . BHEEEIL 160 & L7-. VOIiZ
AR/ PR D IRZEPNCEEE L, MRSIZ 161 (G
Bl B4) %ErE Gd&Eptk (ERAls5 83 0.2
mL/kg) 1247\, MRS F— % IN4EBAA I3 &
HIBG# 15 705 20 53 Tao - /2. VOI 4 A4 X
i 1.73mL~8.00 mL (°F¥ 2.42mL) Tdh -
72. tCho @ SNR 75 2 L) L% ['tCho B5i4: |V3).9
LML, BE5HEDS tCho BEZHH L 7-.

e %

FemEIER 1

VOI #ZE 1 (14 )L & OFE#E 10 mm~
70mm) KA LSR5 E, BEEEOMME &
BT, KEAJVOBEETREFETFTL Ty
7o, aA )b 60 mm BE E TlE, K
a1 /IRIT, 8eme T A I)VAH 11 eme T AL &
DEVWDPRIBEORFESME R L. B2
70mm OBE#EE )V /KOEBESHEEKIT
IIE—E Tdh - 7= (Fig. 2).

WA IKFETF A~ D VOI DBEHC & 51555
BEELIC OWTTH S, maf ke a
UV ORESHRIEOETIEE S HIC NS
<, WAIRBRATH 18% TH - 7= (Fig. 3).
eI ER 2

2RO A IV THIE L 7ok R a2 R4 (Fig.
4). MRS 5 5ENPOHB L0y VIREY
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HBBRRE

B EARRDORE OHHBIRENT 0.998 ThH -
72w WA IVIRIT AR DOREE & 75 K
fEAaRL, J/2EZ 8cme I A LV THEH 10.1
%, mK192%, 11cm¢ a1 )LV CT¥FH 8.1
9%, mK14.6%Th-7-.
R FIC 351F B tCho 1

BonNERA Table I0Rd. Y IV
L BRSO —I3F 10.3+3.9Hz (kD
HAHIE) T3H o 7=. tCho @ SNR 2 2 L %
[tCho Btk | & L 72039, (L2 kRl
MRS 2 fT S N7 FU8 9 FER 9 kD > b,
8 fif ] 8 fH K (Table IZ 5\~ T Cl »» 5 C8,
VOI ¥ 4 X 1.73~3.38 mL) Ti SNR 78 2.2
25 13.8 OHEIFAICH D [tCho PPk | &Kl &
N7. Tho 8FEMIC 2T tCho EEE LR
(1) £ v 1.8~26.7mM/kg LB XN/, iE
# (C2) % Fig. 5 1Zm”L7. R(1) XV tCho
i3 19.7mM/kg L EH S 7. SNR 25 2.0
i (1.7) < tCho [tk & L-fERF (C9) Tit
VOI 44 X7 1mL TH - 7=.

R¥EFE S IEM 7 S >\ Tk, VOI +
4 X1t 2.16~8.00mL T - 7=, tCho d
SNR (39 XT2.0 KT [tCho gtk &
Hwr L7z,

$29% 25 (2009)

% £

HHEER TlE, 8cme B LU 11 cme DY —
T ATAANVERHNTIY VIKEKPO VOI
OB ZALS /T, KBXU U VDOEESE
AL /2. S5 50% &z AERHEE, 8
cmé, 1lcm¢ I IVFN TN TEEIZSE &
% 50mm, 60 mm T&H D, DT E THER
IR ECHANGREFRIREE 272, KEay v
DFEFHREOHIY, ERMR I A VO RRE I
WCIREGIT 5 Z & Hdhed THER TE /2.

WIT, MRSIC kA ViEBEORE & KIF
L 72 AR OREE & OMBIFREIT 1.00~0.998
TIRERIF EF 2720, BEPEVWEIATHE
BROEREE L VKD DR &R I HAICH - 7.
COBEEDIF - & LFEEIEE 212 v
25 mM/kg AT Tid 10% LA TH - 72, LAk
DT 7/ P LFERPS, oV VREEOTERL,
T A IVOREFR RIS L B ER N
W RSN, MMPK AR L LT tCho
BE>EETLRBLAE/LEE 2. Fi,
A INVDAFIZ X BREOEAIC LRI TE S
LDTHA.

WICEGEIRBITH 52, FLETIRKICRT S

coil [ditancelmm]] 10 20 30 m 50 650 70 Fig. 2. Signal intensity ratio of cho-
choline | 0254 | 0221 0186 | 0149 | 0117 | 00890 | 00650 line to water measured at various
8cm | water 89.9 799 66.9 536 422 322 262 dist . tical directi
choine/water| 000283 | 000277 | 000278 | 000278 | 000277 | 000276 | 000248 1stances 1n vertical direction
choline | 0.187 0.171 015 0.132 0112 | 00898 | 00889 Up to distance of 50 mm, the 8-cm
11emd| water 615 556 514 460 38.1 318 264 - . e
choline/water] 000304 | 000287 | 000292 | 000287 | 0.00204 | 000282 | 0.00337 coil showed hlgher SenSIthty than
choline / water the 11-cm coil as shown in the
0.005 Table.
0.004
°m3*—%=EEEa==¢==g==<::
o—e 8cmd
0.002 A—A 11cmd
0.001
. . L L . N )
0 10 20 30 40 50 60 70 distance
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Goil [ positionlmm|__40R 3R 20R 1R ) 1oL 200 30 40 Fig. 3. Signal intensity ratio of cho-
choline 0.0980 0.104 0.109 0.107 0.117 0.115 0.113 0.108 0.0981 : :
8cm@ water 345 362 382 384 422 39.9 39.6 38.7 35.5 hne to Water measured at various
i 000284 | 000287 | 000285 | 000279 | 000277 | 000288 | 000285 | 000279 | 000276 distances in horizontal direction.
choline 0.0900 0111 0.111 0.104 0.106 0.106 0.113 0.110 0.103 . . . o .
11cm | _water 322 380 38.1 379 366 384 396 318 368 Changes in signal intensities with
i 000280 | 000292 | 000291 ( 000274 | 000290 | 000276 | 000285| 000291 | 000280 distance were small as shown in the
choline / water table. L and R indicate left and
0.005 right, respectively.
0.004
0.003 S a 2 - =
o—e 8cmd
0.002 A4 11cm®
0.001
0 40R 30R 20R 10R O 10L 20L 30L 40L position[mm]
; choline mM/ke Fig. 4. Choline concentration vs.
° 15 30 60 125 250 50.0 concentration measured by MRS
8cm @ 1.35 3.00 5.53 10.1 232 418 | r=1.000 The correlation coefficient was
11cme 1.28 2.94 579 1.3 226 453 | r=0.998 1.000 for 8-cm coil measurement
measured by MRS 60 and 0.998 for 11-cm coil.
[mM/kg]
50 -
s
40 °
30 -
3 ® 8cmd
20 - A 11em®
10 %
s
P
0 10 20 30 40 50 60
choline concentration [mM/kg]

tCho Of5 556 Hiid 1/1000~1/100 TH 1,
KB LUREHIHIILETH 5. Btskickswy
T, [RG &5 Tz X2 i Ak,
HEBGIMEl & & IR IEIC K D175 TW BB,
BASING #EO% G5 2 LIk D, K

CEBWTL RIFZKIHZEBHTETWS
(Figs. 5, 6). BASING #{%, CHESS %= IR
EERRL DM T E2WEET 72— A
¥, MEWEOETRECHEYE 25 LT

TN EXNTWAY, 7o, EiMMkAE T
L7200 HEER T % L D I LFIR AR E L T\ 5
25, NERFIENCBIL CTd, BRSICBWTIR
ETIHERIFMEIRE R AR L T 5.

FEEIZOWT Baik 5103, 1.5 57 A5 D%
BrHHL M4 IO tCho BE L LT
0.76~21.2 mM/kg (°F¥ 8.9 mM/kg) D%
BTWwb. KFFETHE, {LFRERMOAME 8
KEWI 8 FEIS > 5 tCho X 1.8~26.7 mM /kg
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Table. Results of Clinical MR Spectroscopic Studies ; 9 Cases of Cancer and 5 Cases of Benign Tumors
water choline
Case ©Xam diagnosis age VoI tCho
No [mL] IE‘S;EE\]/I integral SNR integral [mmol/kg]
C1 invasive ductal ca 43 2.74 0.17 0.486 2.20  0.0025 12.0
Cc2 invasive ductal ca 44 2.74 0.11 1.47 13.8 0.0124 19.7
C3 invasive ductal ca 30 1.73 0.12 0.55 3.73  0.00626 26.7
C4 invasive ductal ca 42 3.38 0.16 4.63 6.49  0.0485 24.6
cancer C5 invasive ductal ca 58 3.38 0.10 22.7 9.25 0.0177 1.80
C6 invasive ductal ca 44  2.16 0.26 4.11 4.51 0.0263 15.0
C7 invasive ductal ca 52 1.73 0.18 0.94 3.50 0.00334 8.50
C8 invasive ductal ca 70 1.73 0.31 0.445 2.20  0.002 10.5
C9 invasive ductal ca 74 1.00 0.11 8.41 2<
B1 desmoid 30 2.16 0.17 0.031 2<
B2 granuloma 37 8.00 0.14 5.86 2<
) B3 it 30 2.74 0.10 2<
benign rastitis 274 0.17 2<
umor
B4 hamartoma 42 2.35 0.14 0.696 2<
2.70 0.13 13.8 2<
B5 hyllod 36
phyfodes 288 016 123 2<
(CF# 14.0 mM/kg) tEH I, BEHHIT MBEOEKEOEALET BN L. FFITOW

Baik 5 OfE R LIFIE—FH L T 5. KRG
TOBRHRE 7 —INCETORE S Tide vy
N, STk 4 BNEH L7 tCho O/ MNEE X
1.8 mM/kg Th - /z.
Baik S5 ILFEFIC OWT VOI U 4 X% 8
mL (ZEE L THIEL T A2, AFFgE CIiE
BT LICTEE R TEALRTE TRV &
S VOI #HEL TEY, 8mL #FRETE/:
DI 1H (B2) OAT, fllidzn i/ hx<
1.00~3.38 mL (5¢#)2.4mL) ToH - 7= (Ta-
ble). TDXk5iz, VOI YA A%EEL L\
&13, tCho @ SNR 78 tCho A f(Me4 5% 4
DEEFFEZITSL, BEEMMITAIRTHS. 1k
FREEEL O tCho WEFHIIC W T, EEY
A ZDBALFTHICEZBNAT ETHY, &
BALIZ X 0 A XEE ISR L 725 25 1] 6E &
5.

FARRA A P ALHE & L 7o Bk s A Rl
BELTGdBERAREORES, RPICk2
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Tid, tCho 55 IC Gd &AL G- 2 5B
RS L ENTEHRVDT, FH5HKIC MRS
TATONE TRV E WD RED &, 8T/
SWVEWSHRER B NS L. REREDICS
D, KLU tCho D Tifik XU TefEi & LT
— O D T LT MREER & 7 %58,
Gd BEH G HR OB 2 fEF Z L I12Hm 5
Zhi3, AR ER#$ETHSH. Joe HWIT L
% & Gd &SN & 5 10% RO tCho ¥ — 2
DIEIE X FEEDIERTAEHMIN TR, ZOH
i Gd IC L ABEARFRIOZE L E SN TV D
L2L, Mf&NKOEFICOVWTIEERINT
W<, WIEREE#EIC & 5 tCho IBEEH A DY
BIITHTHA. UEDXS LRMMEEIH 5N
P2, VOI Fae eI g oo i PR 4 1E 7 1240
BEITHTEMMRSICE > TREIRTH S &%
Z, Wk EDdlc—HEO MRI &I kit
TMRS %17 > T\ 5.
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Fig. 5. A 44-year-old woman with breast cancer (case C2 in the Table)

MRS was performed for a voxel size of 2.74 mL. a) Gd-enhanced T1-weighted axial image, b)
Gd-enhanced T1-weighted coronal image, ¢) the water signal in the reference data, and d) actual
data showing choline peak (SNR13.8). Choline concentration was calculated to 19.7 mM/kg.

SOWTIE R 2T E tCho DEEL LU X2
FHREMEI D 5 5, SEIOERE T+ 5
CITFEBR ER#ETH - 7.

& S

Y—7 ¢ AT )& HAWFLIR MRS I
T, 24k VOI [ & O ¥E B D R
T l2BEITBWTLS 3 V/KOESHE
E—EThAHI &b, MMKAEPTIEELE L L
TSI L AR LA RIEL, R
WEOREAHEECTEL I LR LTz, IR

ISR L, LB EFMOFNE IREFDO S B
tCho &1 CT& - 7= 8 FEHIIC DT tCho &
i% 1.80~26.7mM/kg (°F# 14.0 mM/kg) &
AH I NEERHAITI SR & L —8ERL, —
77, BYEREEE (5HEGN 7 $Hk) T+~ T
tCho (Z&METH - /2. KEIC KL % tCho DEE:
FIREY A ZOEICHIGTEAFETHY,
YA AD R B IRA LA DR % 5 4
LEHEICBVWTERATHL EEZS.
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water

1
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Fig. 6. The effect of the BASING pulse

r
o

T T
o5 e

T T T T T T T T T
S5 60 45 40 35 3 25 20 18

BASING pulse works effectively to suppress residual water signal; a) phantom experiment, and

b) a patient examination.
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MR Spectroscopy of the Breast: Quantitation of Choline using
Tissue Water as a Reference

Hirofumi FUKUCHI!, Nagaharu TAKAKURA!, Seiji UMANO!,
Hiroshi NARIMATSU!, Keiko IMAMURA!, Yuriko SUZUKI?

Medical Imaging Center, St. Marianna University Hospital
2-16-1 Sugao, Miyamae-ku, Kawasaki, Kanagawa 216-8511
2MR Clinical Science, Philips Electronics Japan, Litd., Medical Systems

Previous magnetic resonance spectroscopy (MRS) studies of the breast have shown elevated cho-
line to be a possible diagnostic marker of malignancy and index of therapeutic effect. Issues related to
evaluating choline signal intensity in breast MRS include lack of other metabolite signal in most of
the breast MRS and possible variation in detection sensitivity among measurements.

Phantom studies using choline solutions showed that choline signal could be corrected by water sig-
nal at various voxel localizations, which indicated that water signal could thus serve as an internal
standard for quantifying choline. Consistency of choline concentration calculated from MRS signal
and actual concentration was good, ranging 1.5 to 50.0 mM/kg.

In clinical breast MRS, Baik’s group reported using tissue water signal obtained in the same voxel
as an internal standard to determine choline, correcting relaxation using T1 and T2 relaxation times
for both metabolites. In this study, choline signal was positive (signal-to-noise ratio>2) in 8 of 9
malignancies before chemotherapy and negative in 5 of 5 benign cases. Choline concentrations in the
8 malignancies ranged from 1.80 to 26.7 mM /kg (average 14.0 mM/kg). These values, obtained in
voxels from 1.73 to 3.38 mL, were in the same range of concentration as those previously reported in
voxels of a fixed size, 8 mL. It would be more practical to adjust voxel size according to lesion size in
clinical settings. This study showed that iz vivo MR spectroscopic quantification of choline in breast
tissue can successfully be performed for voxels of reduced size down to 2 mL.
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