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Proton MR Spectroscopy of Hyperplastic
Hematopoietic Marrow in Aplastic Anemia

Yasuo Amano'’, Tatsuo Kumazaki
and Nobuyuki Arai?

The purpose of this study was to compare the findings of
magnetic resonance (MR ) spectroscopy of hyperplastic he-
matopoietic marrow with those of normal bone marrow.
Twenty-four samples of normal marrow from eight control
subjects and 19 samples of hyperplastic marrow in aplastic
anemia were examined with a 1.5T MR unit. The former
showed low intensity on opposed-phase T1-weighted images,
while the latter showed high intensity on both fast STIR and
opposed-phase T1- weighted images. MR spectroscopy quan-
titatively confirmed that the water: fat ratio was increased
and the transverse relaxation time of water was changed in
hyperplastic bone marrow, compared with normal bone
marrow. In summary, MR imaging is able to detect hemato-
poietic regions among a wide range of bone marrow of aplastic
anemia, while MR spectroscopy allowed us to quantitatively
analyze the cell population of hyperplastic hematopoietic
marrow in aplastic anemia.
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Magnetic resonance imaging (MRI) (Il {25 BB O 1L i
FOER e U, JEIhHEE &l iz BRI 5F M
HIRAETH Z Y. FEiZopposed phase imaging T, 1EH
BRAKEIRN % I ZIZHEREOLOEEST L 25—,
ETREE TILER LKARET CRT OIS, BEARME
BMOEFME L EMMOFEHPLKE 2DALLT, Hill
FBENPOHET LI ENFUETHELYY, Lol, ElFED
k48 L opposed phase imaging D15 5 R X BHE S B AT,
MRITIZK EBERG 2 0HEL, £ % ERmYICFHEid 5 2
EIIHEETH B,

'H magnetic resonance spectroscopy (MRS) (LB FiPI k5
OERAFFMIZA R & S, HINE O S ET < G EE) 4
5E, &OITEHBAEZOMBEEOFMICHV 6N TWS
O, AF T MR B DR IZMRS % i\ /- HiE 134 7
W Al U E AR R E I OEFEEIE L T
MRS # 147 L, #@ZBCHEOD % &8 70 7l B £ UT% DK hE
OME Iz oW TR %I 72,

MHRBLUVHE

MBIIIEEEZ > 747 8 Bl L IRBFMIZHESRKE
I & B S NNBEBITH Y, SIEGI OB« IRki% L
PZIEHART 7 4 TIREFBET, Fikid2d~36ik (F3429
W) Thol. HEARMEMESITE 5 HIL 86, Fimid
9~52i% (P E#28m) TH o 7.

fHFMRIZEE | ZGEHL#Signa Horizon (1.5T) T, #HEH 7
TRTrF v A v ERCTIE#ESK 2 RE L R1E
¥ — 7 L. Aidspin echofET158FH % (T1WI) : 340/11/2(TR/
TE/excitations), fast short inversion-time inversion recovery
1% (fast STIR) : 2000/165/17/2 (TR/T1/effectiveTE/excitations,
echo train 3, echo space 17ms) 3 X Fopposed phase T1-
weighted RF-spoiled gradient echof$ (op-SPGR) : 500/2.3/2/
90 (TR/TE/excitations/flip angle, bandwidth 32kHz) Td - 7=,
HfEHFI328cm, ~ b 7 256 x 192256, AT A A&
gmmB L AT A AR 2mmIZF%E L7,
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MRSIZTHH L7224 WIZMRID b D & [{—T, stimu-
lated echo acquisition mode (STEAM) # i\ 27— & U4 % 4T
272, TDFRMIBERICHE LON919 1 2000/30/13.7 (TR/TE/
mixing time) T, EkEY > 7)) » FIE2500Hz, 7— ¥ 8
A > +2048, FiERE320EE Lz, BEO$EE (volume-of-in-
terest, VOI) DA & S131.5-2.25cm* & L, EHBITIZEE2-4fE
HEREM P LB D 224 1 BTV, BARBEMEINF TIZMRIZ
CETZHRE L FIE SN I9AFTICERT 72, B BB TR
BEHRD & V9, TIWITERSES, fast STIRE X Uop-SPGR
IZTEETERTHEERE L (Fig.1A-C), Zhilst LTIEE
BREITIWITEG 5, fast STIR £ op-SPGRIZ TIHAE S % 7R
L 72(Fig.2A-C). MRS®D 7 — % {12 IZGEH BLSA/GE sys-

temz 272, 1§ 5 L7z free induction decay (22048 1 > b
DETT 1) 7 EIHZABHBEA T 1 Vv F - R L /7%, 1
RDFourier ZEFTVY, 61T 0 ROMAHFHIEEFT - 7.
HB, N—AFA yOWIEIMThRro 7.
BEDZHIZTHESNIMRSEHWT, LTO 3 HEEI
DWTHE L7,
1) &VOIDK & JERF DR 7 1 Gk/BERE) %3 L, EH#
FH L BB OM OER L ME L7z, BBIZRES k&R
{5 %R methylene & xF R & L, 7K & methylene® & 42078
4 ¥ M ilLorentz fitting 247\ % O (Hi1#) K 72 EHF
Bl & BTZBCEE O 7K/ MER D% $43, unpaired Student t test
IZTREL, p<0.05STHELHIFEL.

-’ r e e

Fig.1 A 39-year-old woman with aplastic
anemia. Bone marrow show inhomo-
geneously low intensity on T1-weighted
images (A)and high intensity on fast STIR
images (B). Opposed phase SPGR im-
ages detect hyperplastic hematopoietic
marrow in L2(arrow)and L5 as high in-
M tense regions (C). MR spectroscopy dem-
onstrate that hyperplastic bone marrow
in L5 has anly water signal (D), and wa-
terin L2 increases (E). The waler: fat ratio
of hyperplastic area in L2 is 3.24 on quan-

_—
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titative MRS study.

0 Pppm W: water, M: methylene
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W OKEFOWB LW L2, &
FHEDRONT W20, KD
% A BF B o0 P 3503 0 g,
TE30ms!ZBITAKEFE 1 &£ LT,
CHIHT A ETEICBIT L KESD
EEM LR LS L/

w R

1) IEH B R0 K/MElH130.43-1.9012
G L, EXEIX1.04 (18 s {f =
0.43) Tdh -7 (Fig.2D). BIBLEED
1 WA KEBFTDATH 72720
(Fig.1D), K/BERELCOWEEIZTE %
olzh, THERWAZISHETDE
TERCEADIAKMERGEE130.60-9.78 12 4345
L, FHEiE3.26 (BiEFE2.29) T
» Y (Fig.1E), IEREEMOK/BEI;T
LD HERIIHEERL(p<.001,

unpaired Student t test, Fig.3),

2) BERGE 5 DIRIEE, olefine ATIE
HEMTEZEREL D b B IcR
B LN AMANZH > 720%(p = .059,
Fig.4), fioBElifE5 b &0 THS
PumatFENERERR O b
7z(Table 1).

3) TEAH™45-60ms TlL BRI D K (E
FOETIREREMOKESDKT
L0 HEETH o725, TE120msT
BEOEITHBNNS L Rol

(Fig.5).

%z =

MR RS IO 56 o
FhizRL L, EnosEeZFo

MR RE DRI I A H 2 A TH

Fig.2 A 25-year-old male volunteer. Bone marrow show high intensity on T1 -weighted images
(A)and low intensity on fast STIR (B)and opposed phase SPGR images (C). MR spectroscopy (D)
demonstrate that the water: fat ratio of L3 is 0.79. W: water, M: methylene, E: ester

2) AN DIEN IESchick & D12 X Y'Y, methylene
(CH:-), ester(-CO-CH:-CH =), olefine (-CH = HC-) % 32
7:. MRSIZ& 2% % DIEIES DML HE L, FHE
B BEEHMOM TEREALNLE P EBRE L. K=

DFEFEIFisher testiZ & VIRE L, p<0.05THRIHE|IZEH

HoEHELT
3)MRS Dt # % 2 512, TE%*30ms, 45ms, 60ms,

90ms, 120ms& ZE{L 38, EHEH 6 it & BIERHD 4

FHE o4 4 H25H

BV FE MR B RE 2 B8 L T idop-
posed phase imaging»%4 BT, 1EH#
FREEIAK LGNSR TH B
DOIZZDEG|DRRVIEES L 42 5
DIZX L, BTN L 72k
TODIIBETERT L ENTWAEY, $7-, flarK
T OFRANRFE AN 2012, EIEHH I Zopposed phase T156
AR TRERI L ) bIESERT EZEX N TVRIIY,
ARRFS T, opposed phase T15##F#% & L Tsusceptibi-lity |2
Beli e 720 12 HMRUC L 2 Wz 5 f2op-SPGR % A
W7zAT, FEWTE & [EV Y Y FIBIC THRIZ Ususceptibility D
R NS CL727201s, 1R DDixoni#EDopposed phase T1
MRANEY Y LA O T M T A M EBLZ LA TES.
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ratio of water/fsat in marrow

104 p <.001

CONTROL HEMATO

Fig.3 The quantitative MRS reveal that water: fat ratio of
hyperplastic hematopoietic marrow(3.26 = 2.29, mean + stand-
ard deviation)is significantly higher than that of normal bonie marrow
(1.04 + 0.43)with the unpaired Student t test (p <.001).
CONTROL: normal bone marrow of control subjects, HEMATO:
hyperplastic hematopoietic marrow in aplastic anemia

BRI B (Zopposed phase imaging D& 5
LR 54509, ZOERMEHIER LEL DK OREHIREH O
ERIIR#ETH L. ZOHTMRSIE, BHOKEIE%
L, BB E B H 2 EFHE L KO E DOHEE ICHH &
Zzoni, 9, BREEMEOAKMEIILAIES SREOK/ME
Bl D S FEICEMETHS I LD, MRSICE D RSN
7. ORI, MRSAKENLXOERICERATHLZ L
R LI TR, op-SPGRIZ & 5 &M flD 54 % S F
TAHERTHo72. 7220, AR TIIIER G L AT
BEDK/MER R DEICE R ) 2372, MRIEMRSDOR I
BT Hpartial volume effect S DFEHEE 2 i, K/
SHVOIERETRETH A, BiFeY I v /RSNILE
ROLELDHY, FROIIEKEDOVOIDOKE SIIRLETHL
LEbhiz, RIEHESOMEIZOWTIE, olefine% B
R CROMWEmICH o7, ZOFERE LT, BFHE
TIBEREASRA L T b Z 8 RE R KEFIZ L D olefinedt
fRshTLE)IZENFEZLONRS. LA -T, Zhizk
ROKMENHOZERICEE LR TH Y, EHERHLE

Table 1 Detectability of Fat Signals in hematopoietic Marrow

W

Morpeogurt’ e

C ppm

Fig.4 A 32-year-old male volunteer

The water: fat ratio is 0.48. The water and three fat signals are
observed by MR spectroscopy.

W: water, M: methylene, E: ester, O: clefine

TR RO B BB OMIB RO FH L EBEEDBOLN
Tehpofi®, BROEFIZ L VW OLELN. L
T, @O KET O TIETE 45-60ms TIEIEH 5 &
0 QEETHAH—F, TEI20ms TRHEHEDEIINIS ko
2. L72hS- T, @RI T L Tw A RKOE:ERE
13, TERREBHEVESICERETH Y, EEBHOEM
FEM L VEBEERL TWa Z EARE 27, Opposed
phase imaging % B\ 7-MRID#H Ci2, BILEEEA DK D
FRABER AN Z LATRIE SN TV B HD, RiETlIR
MEBELTED, op-SPGRTHEIZEL T AH#EEM L IZIE
FEIZIZARE LT v, Jensen 5 139mixing time & 28k & &
BT LIZX ) BRPUKGOHREEMEBIE L TV 525, AR

# & FRRIC R~ TREE O 7 — ¥ EFLET

b1, BEBBOERIZOLNE, LoTIhb6o

FETREREO T — 7 UEIZEIET, FRFT

b AR AN ] DAFETFE BB 3T BB U2 7% B X RE e

poietic marrow (n=19)

methylene  ester olefine
Normal bone marrow 24 21 7 —
(n=24) ]
#
Hyperplastic hemato- 18 13 1 —

HEIZIIW b hh o, iz, TESEETAIZL
TePOSNILDETAFRS bz, The ORI
L TiE, Mulkern® Dline scan'*'%>Schick & Dmagne-
tization transfer MRS'¥ 7%, EHEINOKOT2EDHE
PESTFEAUCARAKTOFMICEHEEZLS

There is borderline significance for detectability of olefine between normal bone
marrow and hyperplastic hematopoietic marrow (# p = 0.059 with Fisher's test).
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h, BRHONLMRSORGEOUREHNAL ) LF
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water (TE) /water (TE = 30ms)

Fig.5 The water signal of both
normal bone marrow and hyper-
plastic hermatopoietic marrow
decrease as TE of MRS in-
crease. The differences of wa-
ter signal between normal and

hyperplastic marrows is distinct
when TE is short.

30 45 60 75 90

uninterrupted lines: normal bone

AFTIEMRSIZ LD, HARBRERMIBIFZEHA T
£ 5 Z EAYRENT. MRITldop-SPGRASTEIMEED FEM
LEHMHEICERTH A Z LH, MRSIZTHER SN, E61C
MRS, BREIAERTHHE LI WEMBOKMEELOE
R MO MOHEE I CEHTH L EEZS
/ (D

marrow, dashed line: hypeplastic
hematopoietic marrow
#w =B

FEARMEMIBFIOBEHEMOMRISE L UMRS %, I
HEMOFREEB LA, MRICTHED b/ B8R
&, IEEEML Y D AR/BEIATE <, BN L 7k OB
HHELTWBEZ LA, MRSIZE DR E I,
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