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Object Analysis of Bone Marrow
MR Imaging using Double Echo STIR Sequence in
Hematological Diseases

Hitomi Mizuno

The bone marrow of 84 patients with hematological
disorders was investigated using short inversion time
inversion recovery sequence (STIR) on an 1.5 Tesla super-
conducting MRI system.

Double echo times of 20 and 100msec were applied to
research the signal characteristics of the lesion and carry out
quantitative analysis of the receiver operating characteristic
curve (ROC). The hematological diseases included 19 cases
of myelodysplastic syndrome (MDS), 18 of multiple my-
eloma (MM), 18 of chronic myelocytic leukemia (CML), 9
of aplastic anemia (AA), 8 of acute myelocytic leukemia

(AML), 3 of chronic lymphocytic leukemia (CLL), 3 of
myelofibrosis, and 3 others.

Using STIR with double echo times, bone marrow showed
high signal intensity (SI) on short TE and low SI on long TE
in MDS and CML ; high SI on short and long TE in
myelofibrosis and CLL ; high SI on short TE and high to
moderately high SI on long TE in MM ; and low SI on short
and long TE in AA.

Quantitative analysis of 33 patients showed high sensi-
tivity and specificity in AA (81% and 94%, respectively)
and moderate sensitivity and high specificity in MM (61%,
88%).

CML and MDS were similar with low sensitivities (40%,
419% ) and high specificities (80%, 78%).

Differential diagnosis between CML and MDS was
difficult using STIR with the double echo time method.
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L &I

T4 JLIE {4 (Magnetic Resonance Imaging, MRD &, &
FBHRE DO EI AL & T & IR WAICTE 2T E LT
&N TETWDY, B2, PORBEHEED RERMTI Z in
|2 4G4 | 7zshort TI Inversion Recoveryi® (LLF, STIRE &
W329) I3 EHMAOIRIHES 22, b hkksE bR
T A, BROWEELICIEISERICER L Sh, BRICH
ENTWE, FE S IESTIRE & 2 EHEHORETHERES
i, D) EEMENTILICOE, WELTW»EY: Y,
HIDIILTR 2000msec, TI 160mseclZfEE L, 2 —Hf
[4l (TE)20msec@short TE STIR#E: £ TE 100msecPlong TE
STIR#: & Ddouble echoik: % Fl v T AR IR EEH |5
MRIZHRIE L, HEBIZBI) 2 EER ORIV TIRE,
AR 24T o 7.

MR LT TiE

3 41319894E10 A 251991412 A £ TOMIZ, HFEER
KEFETMRIZ REAT L 7o MR BB ES4B10SRETH D, F
BI1750 & 82 THHIEMSORE, P44, K364 T
HD. WEEREENE D LIRS I IRABHT S 7284
ZOBERSE OMERIZTable 1IZRT. B8R BUEERE
(Myelodysplastic syndrome, MDS &B&3) 251944 (22.1%),
S5 BINE (Multiple myeloma, MM L #53), 3B X UMEME
& B8P 9 L5 (Chronic myelocytic leukemia, CML & B§3)
BOBD184%(209%), BAFRHEIM 9 4 (10.5%,
aplastic anemia, AALBET), SMEERVERDIMIE 8 4 (9.3
%), 181 7% B (Chronic lymphocytic leukemia,
CLLERBET), BiidMeiE, HEMZmEFNEN3 %3S
%), #0137/ TH5.

NBHEDHD S DT3%, HFFEEFI2#R Y R LMRIREE
HAHETH o772 DDIEMM T %, AA4 BDEIIATH 5.

{8 (XMagnetom H15 SP, FREH55HEE1.ST D {EEMRI
BEFHV, WERECREEERETA VRV TRIZL
72, WIBIEIX10mm, HlE~ M) v 7 A13256 X256 TH
D, DnEE 1 Rl 2 BEISTHEMB L. 2OV 2 RFidshort

25
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Table 1 Hematological Disorders

B ERINTIERIA63% TdH = 72 (Table 3). F 7-CML

number of patients

(Fig.2) TI3, short TEE{§ TR I-HEARSHKIZ RSBV E

Myelodysplastic syndrome (MDS) 19
Multiple myeloma 18
Chronic myelocytic leukemia 18
Aplastic anemia 9

Acute myelocytic leukemia
Chronic lymphocytic leukemia
Myelofibrosis

Polycythemia vera

Others

W wwwo

AEREEETHilong TEWEE TI350% DEEF TS
T % 7R L7z (Table 4).

MM TiA5HETR (Fig.3) & U F A M (Fig.4) ® 2 I |24
FEN, STIREE TR -4 EETERY 2
L, U ARIGHAESEIIE—h SR Y — L EES %
i~ 7z (Table 5).

AATIE, short TES & Wong TEMZ & & 12H— 725

Total 84

BHEERT bOH% L (Fig5, 67%), FIZHEFEDAA
(Fig.6) TIEHLLEBICBE SUR D BB 5 HHI % D 7248,

TE STIR (2000/160/20/1,TR/TI/TE/excitations), long TE
STIR (2000/160/100/1) ®double echoi#: & T15E5HEI{% (SE 500/
15/2, TR/TE/excitations) % H v 7>,

AFfiIE, PH.C7EIE (Region of interest, ROI) % BREI M52
DHEBEIIEIHOIIC, RY—-0F AMRETIE, HEEE
5 1 HEREHEEEREIZREL, BEEHOE S
L DHESEIZIZOWT, F—EMicEEkilE. #E
RS /) S 2 FEEE PRBAEIII /N 8 pixel 2 V72, &%
WV 2B TROIZ MRS L 7-fEB i Zartifacts 234> 2 \ 123651 %
V72 (Table 2). 4 BDOBRED 5 METHRBUIELY + L —%
—E LTHI L, RS BHEETI, L2ALUTO&
EEOFHHHIMRBIZDESRHREBR L1, #F21T-
7z ; MM Tldshort TE/long TE : high/high, CML Tldhigh/
low, AATIdlow/low, MDSIZDWTIdiE4 DER4RTH
AN I3high/low. XRITFTHTHEZ33HEH) % EVES 2
L7,

ZBIEFM(CIEIMDS, CML, MM, AA® 4 B % v,
HEERZZICEESDY, FFELY, BELXL, O3B
fEE L7z,

& R

18 5 98B DFFE21IMDS (Fig.1) Tldshort TEE (& THi(k
WA —L@fE5 % 2L, long TEEE TIXFEMEMAIEE

long TE CHERLIIMESHRIEILETF L TV27- (Table 6).

CLL (Fig.7), B¥a#HEE (Fig.8) IV ¥ dshort TEZ &
U'lllong TE STIRERIC TEH L EESRELE L7,

FEBINZ & = THRIFHS ORESETRE o TWiz7=0,
BV ZRFN B 2 FRESED & EAVIRRS & D12 S-SR
RS L7 (Table 2). BHEL BENIRN OF 550+ % 59
N L, TIHERABEE TIZAAIL0. 74 - MDSD# 2 ol %
A L7z, %72, short TE STIRMEE TIXRT#130.89, %&id
1.60 & sifdEAE ] & 7 L7z,

MDS & CML T3 ME 5B A T 1 il (g 1o TR X 223513
RSNT, short TE STIRE[ETIZBOED, 1.60, 2.75T,
long TE STIRE{£T130.82, 1.18%2LTH Y, long TE
STIR/short TE STIR I T3 ZIZFEAEDEA R L, THEEE L
b, long TE STIREHRIZ B A EBRENE FATRE X h
7e.

MM Tidlong TE STIR/short TE STIRH;130.66 & &5 <,
MDS, CMLIZH.# L Tlong TE STIRE{§\Z 5} {55k
D LA TH o 72,

—7, AADBEIZIXEPREE & WSRO >~ 7
VI, TSR TI20.741 £ FBHIZE {, short TEB X
Ullong TE STIRE{% T3 {& 7T B R 558 120.89,
0.94 & BEPBRIHZEME I 0E ) EH R TAE 5 W7,

SR % — BYVESS IR (Receiver Operating characteristics
fi#, LUFROCHIAR'®) %#Fig. 912779, ROCHI# TIZAARS
ROELFIZHY, MEEORDIE D TH - 7275,

Table 2 Signal Intensity Ratio of Pathological Bone Marrow/Epidural Fat

Disorder No. of patients T1 W1 STIR long TEJ@,’hGn e
short TE long TE ratio

MDS 5 0.39+0.07 1.60+0.22 0.82+0.11 0.51+0.12
CML 4 0.25+0.03 2.75+0.36 1.18+0.31 0.43+0.08
Myeloma 5 0.31+£0.13 2.80+1.08 1.86+0.59 0.66+0.18
Aplastic A 4 0.74+0.09 0.89+0.14 0.94+0.25 1.06+0.22
CLL 2 0.34 2.40 2.43 1.00

Myelofibrosis 3 0.48+0.03 2.85+0.05 2.35+£0.50 0.82+0.21

MDS : myelodysplastic syndrome
CML : chronic myelocytic leukemia
CLL : chronic lymphocytic leukemia
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CML, MDSIHE <, MMIZZDHEIZHFLE L 7.

short TE STIRIEIZ & D BHANICU E AMSFETZRL
FEFTIX, CMLEMDSOERIHHEETH L5EH% 0>
7. EHBERO R VMM OREARRZ TIIMDS & 21T L 725
Blx T, EREPEEDAATIY, short TE STIRE:THE
EPNCBE SRS E B 2300, MDS & DERIAHEEL 7o 7z,

JAN

Fig. 1 Myelodysplastic syndrome (71-year-old, male)

(A)STIR 2000/160/20. Heterogeneously high intensity of the ver-
tebrae

(B)STIR 2000/160/100. Entire vertebrae show low intensity.

Fig.2 Chronic myelocytic leukemia (32-year-old, male)
(A)STIR 2000/160/20. Diffusely high intensity of the vertebrae
(B)STIR 2000/160/100. Decay of entire signals of the vertebrae

ERTHETA2H

DBODAIHIEZH (sensitivity) & BEFIEZE (specificity)
%‘Tab]e: IR
AATldsensitivity 81%, specificity 94% &\ 37 & Bl
THY, DOTMMIZBOBD, 61%, 88%, CML 40%,
80%, MDS 41%, 78% TdH =7z,

HR
HAGHETO!

Fig.3 Multiple myeloma (71-year-old, male, ncdular type, stagell)
(A)STIR 2000/160/20, (B)STIR 2000/160/100. Both show nodu-
lar high intensity lesion in 4th lumbar vertebra.

Fig.4 Multiple myeloma (63-year-old, male, diffuse type, stagelV)
(A)STIR 2000/160/20. Pre-treatment

Heterogeneously high intensity of the vertebrae

(B)STIR 2000/160/20. Post-treatment with irradiation of 40 Gy.
Signal intensity has decreased diffusely.

27



572 Double echo STIR #|Z & 2 & il MRI O % 8155

Table 3 Signal Intensity of Pathological Bone Marrow
—Myelodysplastic Syndrome, 19 patients—

ASIESTIRENZ L B IEHE e

FIREESAT, DRGSR S BB ED L

short TE long TE No. of patients (%) 1b7%: & T¥iZdouble echoik % F v 7245
DFHilli % 49FEBNC D EMET L T2 52

heterogeneous HSI homogeneous LSI 12 (63) N, bbb, EEHEAEHIE, STIR

heterogeneous HSI heterogeneous HSI 5 (26) BT, 1)EMIBOSESE, 2)588

heterogeneous LSI homogeneous LS| 1 (5) POEDEAE 5 & LA — L 1E55h

homogeneous HSI homogeneous LS| 1 (5) FEZRL, ROHOBESRIIRERT

T THDICEWEREL DY, »

LSI : low signal intensity
IS1 : iso signal intensity
HSI : high signal intensity

Table 4 Signal Intensity of Pathological Bone Marrow
—Chronic Myelocytic Leukemia, 18 patients—

2, PR LB RO BS54
AN A, EE & B ITHLERDIEEE
WIZEHTH L, L@ELTVWS, 4
FaRE DFERR T $20~60iE L 12 BV TH
MOBREEHB TS,

short TE long TE No. of patients (%) Jones 51X, STIREZIMHEHESES LU
BRREDORI IR I CHERTH A L

homogeneous HSI homogeneous LSI 9 (50 BRTEY, EHROEHE RS
homogeneous HSI homogeneous IS! 6 (33) & DIBIIIT1HAES B L Ugradient
homogeneous HSI heterogeneous HSI 3 317 echoliff & Y STIRB{EAMENL TV 5 =

LR R SIT TV A,

Table 5 Signal Intensity of Pathological Bone Marrow

—Multiple Myeloma, 18 patients—

STIREFEIZ BV TIXIER B8 DRRL
OESFIHShA—FT, T1, T2%
ER X ALHSCHIETIIEESYE

short TE long TE

No. of patients (%)

TH7,

STIR @double echoi: T3, ARAHNH]
DFFFE IR R 2 2 30 7278,

heterogeneous HSI heterogeneous HSI 7 (39) i R
nodular HSI nodular HS| 4 (22 short TE STIR IR TR & AL,
homogeneous HSI homogeneous IS 4 (229 long TE S‘;HF"E@-@](@TZ & Ef%fi‘i’ %
heterogeneous LSI homogeneous LSI 3 (17 &L, short TE STIR CiifE 5 %

2954 DIIMDS, CML, MM, Bl

*# ; including compression fracture cases

Table 6 Signal Intensity of Pathological Bone Marrow

—Aplastic Anemia, 9 patients—

WERE, CLLT& 1), long TE STIR[H
BTHLEBEETA*RE20VH DI
MM, BHIHEE, CLLTH 5.

—F, WEDFFMERD 6, short

short TE long TE No. of patients (%) TE STIREE IS TEERITTRE IR E LT

BAARBEAMDSH TSN, EESE

homogeneous LSI homogeneous LS| 6 (67) PRl LTI UT 28T 2MEmM%ERL
heterogeneous LS| homogeneous LS| 2 (22) 7

heterogenaous HSI homogeneous LSI (11) $72, long TE STIRE{Z TIX, 5

S EE S HOBRU B R L L TMM,

% =

EH ARSI G, TR, nERCMERRL &
TEUMEDPOBY, K EIEBRSTEETH S,

FRGBUIEAL, FilTRT 5. FEbir S HEliN
DR 2 HEIRIC X 5 B LATTER B HIMRIIC RBE & 52,
9), 11)-13)

Bydder 5 IZSTIR#: % i\ 7z ERERIE A % rpAR AR R 722 & OF
D FEIB W TIE LD THE L7229,

28

FHMEME, CLL» ), Thoo
short TEflong TEfS 538 E & % &, CLLTIt#100%,
FRESHERE TlX80% IR, FAMMIZB L Z60%%RL, 3
BOENZW I RE LW SNz, £5EILORREIL,
short TETIIMH, Mla%x &teka % i@l LEES12?,
long TETIEMBE DK% KBL T, BEHFICHHINTY
BEEZOND, ThbLEHMAOKSEOHIMLESIIR
DIE, HIRFEAOHTRD X CHEOFESELE X2k 5
ZEPTREEINS.

ZHUTx LMDS & CML Ti BN O R EMEED +F

AAEERERE #5546 8%
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Fig.5 Aplastic anemia(19-year-old, male) Fig.6 Aplastic anemia (61 —yeér-old, female)
(A)SE 500/15. High intensity beyond his age scatters through the (A)STIR 2000/160/20. Patchy high intensity is in the vertebrae.
vertebrae (B)STIR 2000/160/100. Diffusely low intensity of the vertebrae

(B)STIR 2000/160/20. Diffusely low intensity of the vertebrae

Fig.7 Chronic lymphocytic leukemia (73-year-old, female)
(A)SE 500/15. First and 3rd vertebrae show low intensity with compression fracture.
(B)STIR 2000/160/20, (C)STIR 2000/160/100. Both STIR images show increasing intensity in the vertebrae.

FHTH7H25H 29
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Fig.8 Myelofibrosis (70-year-old, male)

|

Double echo STIR #2:12 & 2 F & MRI @ % #5E (i

(A)SE 500/15. Diffusely low intensity in vertebrae
(B)STIR 2000/160/20, (C)STIR 2000/160/100. Both STIR images demonstrate high signal intensity throughout lumbar vertebrae.

1.0

TPR

® MDS
OMM
A AA
OCML

AP I

Table 7 Sensitivity and Specificity

1.0

Fig.9 Receiver Operating Characteristics Curve

30

Diagnasis sensitivity specificity
MDS 41% 78%
MM 61% 88%
AA 81% 94%
CML 40% 80%

HAFEREE $£554% H85
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LT D728, long TEW{IZ THHOETHREET
FFRHEN., ToHICED, MENITIZEEL
sensitivity, specificity, & & IZIZROCHI#E Ly —>
PRL, EUNEEEE 2oRREEZONS.

AA L MDSE, FmERkBAEDER %K Y EER LREE 2
L2 EH%L, £/, MDSTRERSIED - & VLT,
AALEHT L LIANEVEDHRENTWASSH, in
vivo CEREBIREOM/NR L F ERILTE 5 Z LITHALE
265, AATIHREFNITRER, FROIEHZE, &
PENTWABIEEZRLTENY, ZOFBICE T, 2T
FiFEDSsensitivity 81%, specificity 94% £ F{ETH 1, ROC
AR B b E EHIMETAEREEZOND. AAICHT
LAWES DHED TIZ, short TEPS X Wlong TE STIRME{EIZ
TEPHEES R L TWAD, bivbhOER P, FImER
WA OB T W HEEFEAA Tldshort TECAY— L BES %,
long TECIEEF 22 LTz, $4bb, FifidDcellular-
ityDBAEFNIZ LML RV EERLTED, ThHD
FEFITIZMDS & DEFNIIMREIE ETHIEEICHEELER S
ns,

—7%, MMOERREO DREE /S5 — » & L TREETEIATF
L, FhrABmERTd O, BLOTERIHE) EE
Bk Z723b0, 72, UTAMOESHEOHMEH,S
FEAEHZE &7 b OFFELL.

BEhfe L BRI & ORE T, EERIREHORE R
RLTWD,

BB 2k e W ZE 1L, short TE STIRE{£1ZT
BEHR~ A — 0 EETEH T 557:012MDS & OFEHIA

WHbL <, specificity (88%) 25\ IZ b Db 5T, sen-
sitivity 61% L BEKT AR THRREA L Bbh s,

T & B

1. double echo STIRIEIZT, 848G DMLk BEE T
MRIZHE L, #O ) BIFEFI DOV THBREM L 7=,

a)AAldshort TE-, long TE STIRM|{% & & (ZEH R EFK
T %7K L7z (long TE/short TEM = 1.06).

b)MDS, CML Tlidshort TE STIRHI{£Z TEfE i % /R
L7z%%, long TE STIRMI{§IZ TESIET %/~ L7z (long TE/
short TEH, =0.51, 0.43).

c)MM 3short TE STIR & Cld@mE 5HE L 2 L 1225,
long TE STIR Hi{% T &~ EFEE 2 F 5% % /R L 72 (long
TE/short TELL = 0.66).

d)CLL7%: & US| 2B Bli#RHERE Idshort TE STIR 3 X Ullong TE
STIRME {212 THEESHZE % & L 72 (long TE/short TEI
=1.00, 0.82).

2. ROCHI#D HAA L MMIZZITHEEILE {, MDSE&
CML & DERNIZHEETH o 72,

3. double echo STIR#: (X FHEMIE A BN BT 5 B FIHE
DENCHBATH L EARES I,

5
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B UIZHER & RN A PR WA — R SR DR T B R
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