R=&E

BB AN 63 2 NG 4 2 O

magnetization transfer imaging O#%3f

KE R REERX AFRERF, $E M,

K HiC ¥

1

HARRARFBHRE S HE

FL®IC

Magnetic resonance (MR) imaging {35 iFH
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ICHEAT L, BEERO MT HIZ oW TETFD
HREZE-OTHRET 5.
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PEEE (LRI IRIE 2 61, BiRRE 2 61, LARER
1B, BEhE 16D, BREOBAETREE
m4F, By vSERERE LA, S%E
BRI 161, B ROAREE—7O—
Hy=r7ua7 ) AELGTH - 7. EBRER
HEBIRERORBMEFY VT TITIT7 4R
MR 7z & OE&ZE, B L OERER A sk L
Tl L. MEERBTEHERICLDBEL
7o, YRR A BEE MG O 313 Bhk
DT EKY, TiREG CEE 5 % STIR ¥
TEfETERTHEEE L.

fEH L 7-%¢ &L, GE # % Signa Horizon
(1.56T) ThH, FHAaA VAW THRET
To72. £, spinecho: T1585#& (TR
340 ms, TE 11 ms) ¥ kU fast STIR #% (TR
2000 ms, effective TE 17 ms, TI 165 ms, echo
space 17 ms, echo train 3) ###&E L, EHE
B O mRAERMEBEE L. MTREZEHT5
TeODOE|BIEE LT, RFIHIELOHE L.

F—TJ— K MRI, bone marrow, magnetization transfer contrast, hematologic disorder

370



BHIEADO MTC

3 %t RF-spoiled gradient echo (SPGR) k%
B\Wwi-. FO&EE, TR 70 ms, TE 4.6 ms,
flip angle 20 EECTH VD, #HEHHIL 30x22 cm
(rectangular FOV), < FU 7 Aid 256 x 128,
A5 7E80mm, 16 25 4 AHEITH - 7=.
BERFENEIEE 12 13 chemical shift selective i & {#
A LY, SPGR D RF /)L AD# 8 ms R
L7z, MT 7OV A SPGR D RF /31
D 36 ms FICIEE L, ZTOREIL/ VIV ARG
62 Hz @ single-cycle sinc pulse T, KEH &
» 1200 Hz % U CHL B BEH 2 3 E L 16 ms
RIMBE L7-. Z#IC L Y spin echo D 90 &
PV ADR 10 fE0 OV AWK % H Lo RF N
WAERBBEBICBE L2 LinD, Tk
MT R =B L ERTEL EEZ LN
7rd, SEOEEEED specific absorption rate
(SAR) IFHEE[BLIT TH - 7z,

MT HiZDFOFFERIC L D EH L0,

MT = MT Vv ARHTTORF B —MT X
WARHBEDOEFE) /MT /)L A&
HETOES

L7285 T, MT A EWEBIE & MT 231
ACEBEBOETHAREVEKRTH 5 & ¥
L7z,

B LB IER B RS & O % A MIEE A
THE 24 BHEEAOFLBICRE L, BB
HEE b AN EEE MOES T T R G
I CERFEER LCHEBICERE L7z, 1 pixel
A 1.17mmx2.34mm TH - 72720, BLE
113 33-50 pixels & A Tz,

BERFMEIE 2R Lc&ETICRB\W T, ki
OFFEREAVWTEFE#O MT ezt L
7o, FRREBICOVTHRBIC MT A H
FL, EBEHOMT & BB L.

& R

EFEEFL 15 B Th o 7o/cd, 45 HEfRF
BiO MT Heastill L7-. EEEHO MT ik
0.069 7 5 0.362 IC 545 L, # OF¥HEX
0.210 (EE¥E(RZ£ 0.072) THh-7- (Fig. 1).

R EHEL 6 61 ik TEAE/RIC L
12K B A2 RO . £ OMT H i3 0.0584
0.309 ic 4/ L, FHEIL0.210 (FE¥ER =
0.069) ThH -7 (Fig. 2). WGEHEOBFERRE
HEMAFTIE, TWBABRTERESZRL
fast STIR s Tl B & ¢, MM 10 2
I CH-i=. #OMT Hid 0.173-0.292 TH
D, FHEIE0.233 (BE#EFZ%0.037) Th-
7= (Fig. 3). %7z, @MY v BREHMK 1
Bl 3 B g <l MT o FHf#ErT 0.133 (0.109-
0.148) (Fig.4), &M FHEDIME 1A 3F
B MT HOF#H{#EIT 0.357 (0.304-0.389),
K —ro—v Ay <7a7 U VELH
3EBECIX, MT o F#HfEiL 0.163 (0.107-
0.199) TH - 7-. Fig. 5 ICIEH B8 & &EE

OEEED MT o5 Hizr L.
% %

MT contrast {3 7K O 88 B 48 & 0 #100
Hz 705 1kHz T S EEN BB HF Lz, M
T RE 2NV ARRH T 5 LTk > THLN
% MR imaging FOBE& 1/ F S5 A FTH
B0 CONVAEERT A LT, @A
FRLG R T NICEIE Lok BEflsh, oh
b ERHMLBE AHE L QW AKESBIHEI I n
LD~ ZORFEOMFEOBRE LMD MR im-
aging TRREOLNEWERTH D, BEHN T
B 5PEBROBST FECKOREZMS Z L
ATE B 2 L CHBEORP LA
EBAOKDRREOZEL BEET 57 6,
MT imaging IZ X » TZOEL A FIIC £ /213
FEMICIETE, BEOKBBEYTH L
LAREIC 72 5 L B I N 5191012,

199747 5 15 HZE 199749 A 2 HHGET

BIRIEERE T8 WRE SRR TEHA 1-1-5 AABERKERSRESHE KERE
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a b [

Fig. 1. A 27-year-old male volunteer. T1-weighted images (a) show normal bone marrow to be high signal inten-
sity. (b) Fat-suppressed gradient echo images without an MT pulse. (c) Fat-suppressed gradient echo images
with an MT pulse. MT ratios of the second, 3rd, and 4th lumbar vertebral bodies are 0.204, 0.253, and 0.172,
respectively. Spinal cord signal has been decreased by the MT irradiation.

a b c

Fig. 2. A 63-year-old man with bone marrow metastasis from renal cell carcinoma. Ti-weighted images (@)
show the metastasis in the 9th thoracic vertebra to be hypointensity. Fat-suppressed gradient echo images both
without an M T pulse (b) and with an MT pulse (c)depict this lesion as high intensity, and its MT ratio is 0.158.
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a b c
Fig. 3. A 49-year-old woman with treated aplastic anemia . T1-weighted images (a) show reactive hematopoietic
marrows in the 11th and 12th thoracic vertebrae, and the first lumbar vertebra to be low intensity. Fat-sup-
pressed gradient echo images without an MT irradiation (b)and with an MT irradiation (c) exhibit these mar-
rows as hypointense regions. MT ratios of the 11th and 12th thoracic vertebrae, and the first lumbar vertebra are
0.271, 0.231, and 0.183, respectively.

a b c

Fig. 4. A 68-year-old man with chronic lymphocytic leukemia. T1-weighted images (a) show bone marrow to be
homogeneously low intensity. Fat-suppressed gradient echo images without an MT pulse (b) and with an MT
pulse (c) show bone marrow as low intensity. MT ratios of the second, 3rd, and 4th lumbar vertebral bodies are
0.109, 0.148, and 0.142, respectively.
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Fig. 5. MT ratios of normal bone marrow and bone mar-
row diseases. The average MT ratio of control bone mar-
row (CON) is 0.210, while that of bone marrow metasta-
sis (META) is 0.210 and that of reactive hematopoietic
areas in aplastic anemia (HEM) is 0.233. Acute myeloid
leukemia (AML) has higher MT values, and chronic
hematologic diseases as essential monoclonal gam-
mopathy (EMG) and chronic lymphocytic leukemia
(CLL) have lower MT ratios, compared with the MT ra-
tios of normal bone marrow.

B8O MT i3 0-0.1 & EBICE L%
XN, ZOFEERTIE MT imaging DEEKMA
I OWTIIEE SN T a5 72910, %
7z gradient echo ¥ % W /= 8B&4101%, BHH
KEBBOMELZEL/-DIC, TEICE - T
MT He238 KFHT X 7z 0 @/NFHE S iz D
FTEIERRINTHA®. Lh L Schick 5
12, K& %48 C & %5 MR spectroscopy
EMT VR e AEabE, MT/OV A%
AW TBRBAKSOFOESTEFHETE 5 &
EELTWAEYD. 22 THRAIBHADI
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WEEO MT 2 F i+ 5BICEEIC L5 &
Zz, BUHARELZHE L CE#O MT i
BE L7z,

SEOKF T, EEEHO MT LOFH
0.210 TH Y, S TOHREI DD 2 FDOHK
ETH -7z, FxldSE E REEOBREEH
WO, BIFHHIEZOE LB 6 & Linvwgs
L CIEFE#MO MT lx e L, IBRRHE
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%, GEOEH THE -« DEFHMERD MT it
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R, EFARIIELN TSR, Bl VB
HHMRSARER—7 0— < 7a 7Y
VEE &V o T BERICERE T A MR AL IER
BHE LD RV MT ow, AEdkE R
OMT IR EL R TEAICH S EHRRS
N7z FTCHBERRERM TRD b /&
i3, EEBHERAEOMT HERL, ZOM
WP EEEREBELL ThD T E PR
Nz, —7%, BEBEEBIEEEH & FED
MT &R Liz7z, BEBFESIESHHE MT im-
aging |3, HWBWHEHEE & KIGEOEImME &
OEMITERA TRV EBATRBI N, L
L, BT 5 EBEEHEEORFERIT
BaTHD, SHICEAZSPLEEZ LD
MT Hic oW THERTRE L Bbhi. 7z,
Al URFEE T & BB AMROMB Mk X i
KXo TMTHARZAZ LAH|EINTEH
DO FEEEO MT 4% 62 UDElE
LTESZLABERNICERTHESS.

FEETHWBBREE, B X ik
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Bolcl ENEZLNS. DI spin echo
EEFERLTHEIND BB, TOREELT
FeREHIH OV 2 i 2 T B 7 MT
JIVABME Y 720 SAR I3 RS r i E &
IMBENLTTLAH. AEFTIHSAR B LU
MR #E L 34 )V & OBED b HFEES
3L SPGREBICIRE I NP, BEiEZE
=2 MR spectroscopy Z{#H L Tk & THKEK
NI TETh % B2 b, &5
T2 DIEGIORBAERRLEZS, FREHHI B0
A MT imaging 3B 8O MT H % IEREIC KB
L, FUGHES BB g OFRAIRRE A 5FE L
LB|EBETHH T EHRTRBEIN.
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Fat-Suppressed Magnetization Transfer
Imaging in Bone Marrow Disorders

Yasuo AMANO, Tatsuo KuMAZAKI, Makiko ISHIHARA,
Madoka NAKAHARA, Maki AMANO, Jun WATARI

Department of Radiology, Nippon Medical School
1-1-5 Sendagi, Bunkyo-ku, Tokyo 113

Fat-suppressed magnetization transfer (MT) imaging using a 3-dimensional gradient echo tech-
nique with an in-phase echo time was performed and MT ratios were assessed by this technique in
normal subjects and in patients with various bone marrow disorders. The MT ratio of normal bone
marrow was found to be 0.210, which was twice that determined in a previous study in which MT im-
aging without a fat-suppression pulse was used. The average MT ratio of bone marrow from patients
with chronic lymphocytic leukemia (0.133) was lower than that in marrow taken from the sites of
bone marrow metastases (0.210) in patients with metastatic malignancies, as well as that in marrow
taken from reactive hematopoietic sites (0.233). The average value of bone marrow in patients with
acute leukemia (0.357) was higher than that of control bone marrow. Fat-suppressed MT imaging
provided accurate information on the MT ratio of the water component in bone marrow and may be
a promising method for the assessment of various bone marrow disorders.
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