R &

MR EDU F A PEEREREDO MR & B A Bt

NEERANYL R

T T

FHFH

B ERFERE B RE A RE 2R —HE

FL&®IC

MRI (3, Bh7-fkE o> F o ARCED
IA < MREEEDOBRIRE DAL, HRHFHOFT
AV HENTWBY DR, IEFEEHICIE S
LIEFE O — e 0, Tigdm g STIR
BHRIC & BFHIl CIEBERBELE L LD 7%
CFAMEHREORLPARELRL S LD
5. BRI, BB HVEAR—YEFD LD
7B B OB AR & OBEL, T OHBTIC
HETHI DB ALY,

Dual phase chemical shift #:(Z & % in phase
5 £ U out of phase DE{R D5 5 L%
WIS TE B e IR OB HIC B, B
[EH O8I % < OWEDR DB H9120, B
OEBICH L THOWONWMERITEAE &
W) R R R D R I A e i 3 D 3T T
S Atfa & RERGMEE 2 & & IEF B8 BIE T 5 IR
RBFET S0, BRMICBREPEAT AN
DOEE MR O RE CII e fila 2 & & IER
DF R TE R NEE ML E X #b 2RI 7
HE#EZ2BHN5D. ZO K7 in phase Hif§ &
out of phase HBDE 5 LLOFIHIC & % Ighh#
fao®thid, SO RERHGiOREL R 3
DIZH AR A RE T 5. Fxid, 2ol
LICHKE H LB OIEERZ ORI OF A%
DgiRE L7z, LA L, mEEBOEE ko

FHEREIC O\ OREE AR BRG & N 2 7z
HWEIfTHON TV,

LAl 2, MEEBDOFHU AR ED
4 A 3fl 3 % 72512, dual chemical shift 3
% FI\»C in phase & out of phase O & & % %
&L, BHREOHITIN TH 5 MF OB ihid
7T L & dual chemical shift {5 55E O
A G L 7o TG4 5.

HRELVHE

REL, MEEEBE 234 (B 13 4,
Lot 10 %4, 4E 39~78 1%, K1 62.17%) T
HbH. MEHERDOD BOTE, By v E
10 B, S RMEEHNE 7 f, SYEEHE A R
261, EEHERVBEGERE 3 Fl, HHiAEE 1 7
DOREFIEFITH 5. 7B, WIFNOEF L
(5] D ML % 5RO T R\

MRI ##E 133 — A v Af$L Sonata & 5\ i
Quantum 1.5T T, dual chemical shift % (FLASH
2D, TR/TE/FA=4.8/2.3, 4.7, 70) 1Z XV out
of phase 33 X ¢ in phase @ 4 Ik Wy (& % 15
7o, W85 A—xi%, FOV 280 x 280 mm,
matrix 256 X 192, 25 A ZJE (X 4 mm, #®E
R332 BT 7 A5 A4 AR L 72, B5RE
OWPEE MRICHBLTWAY 7 UL T %
FIFA L, in phase #{& & out of phase [H{& D [q]

*—J— K magnetic resonance imaging (MRI), hematological disease, in-phase, out of phase, dual chemical

shift sequence
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— AL % 28 3 EHEHER O MEREIR A & T 13T
EFDAZTA ATHEREXMT S LSICL T,
e BN RELSHOHBAREL, F—EHE
ICE D& 2 3 EOFHEZRD . FFEO
IHH ¥ L TlE, relative signal intensity ration
(SIR) # H\», out of phase signal intensity/in
phase signal intensity &EFEL 7=. BHNh/
SIR DEOREL, FHRAEOMRAMD SN
TWisw 2 B ORBHFEFIE (E. K. &%\ i3
Y.S) owFnric Lo EEIMfThhnc.
BT, MRIffTORi# 1 8B LI
TV, BER LUBEORS 1B 5 W IidAmr o
B S N7z W T, FHEER 25 HE et
BEARIC X0 [EE M & R aia ot ) & Eg

MR O cellularity (REfREE) 2HEL,
(DU FAMOEEROMIBEE % & >V E AM
BHO 7 )V —7 % L OQEEME—BIC A%
FHINCRD H B IEH OMBAEED 2 7 )y —F
CHBL. 2L THAD7 )V —"7 D dual
phase chemical shift #: T 617z SIR OFH
fifids L OEEHE (R & % 3k &, unpaired t-test %
W ERER 196 TR L 7.

& R

MBI O T AN O TR %R L/
X 8% (35%), O EAMOEHRIEIL 15
#l (65%) T#H-7- (Table). UEAMDOE

Table. Comparison of Histological Characteristics and SIR

Patient No. Age (y)/sex Hematological Disease Histological Type SIR
1. 75/male Myelofibrosis Non diffuse 0.45
2. 64 /male MDS Non diffuse 0.52
3. 46/female Non-Hodikin Lymphoma Diffuse 1.03
4. 62 /male Non-Hodikin Lymphoma Non diffuse 0.50
5. 39/male Non-Hodikin Lymphoma Diffuse 1.06
6. 70/female MDS Non diffuse 0.33
7. 77 /male Multiple Myeloma Diffuse 1.09
8. 72 /female MDS Non diffuse 0.62
9. 39/female AML Diffuse 0.72

10. 67 /female Multiple Myeloma Non diffuse 0.39
11. 62/male Multiple Myeloma Non diffuse 0.55
12. 45/male Non-Hodikin Lymphoma Non diffuse 0.34
13. 48/male Non-Hodikin Lymphoma Non diffuse 0.58
14. 39/female Non-Hodikin Lymphoma Diffuse 0.88
15. 72 /male Multiple Myeloma Non diffuse 0.39
16. 78/male Multiple Myeloma Non diffuse 0.95
17. 60/female Non-Hodikin Lymphoma Diffuse 0.88
18. 66/male Non-Hodikin Lymphoma Diffuse 0.82
19. 72 /female Non-Hodikin Lymphoma Non diffuse 0.76
20. 77 /male Non-Hodikin Lymphoma Non diffuse 0.52
21. 63/male Multiple Myeloma Diffuse 1.01
22. 78/female Multiple Myeloma Non diffuse 0.36
23. 57 /female ALL Non diffuse 0.46

200542 H 1 A2 200546 H 27 HAET

PURIGERIE  T350-0495 W EWLAMRIERE B ILATE B AR 38 WEERKFROHMETHE  NERA
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HEMAERL/Z 76, SIREEMERL test ICFBWTEBRE 1% THEELE L RO,
(Figs. 1, 2), RO EAMBHEMEZRL - 12
BT SIR (HEEERL 72. O FAMOBHR
Mo v—TFL, FCEAMOEHBED S
—F D SIR {34 % 0.94+0.12 (mean=+SD), MRI 3EN/EEITY FSARICED CT
0.54+0.17 (mean+SD) T# ¥, unpaired t- TIEARAHETH A MEE RO B HRE OB HIC

% £

a b c d

Fig. 1. A 39-year-old male of NHL : SIRs=1.06 ; Diffuse bone marrow

(a) T1-weighted image (SE 500/15 [TR/TE]) shows low and high signal intensities in the spi-
nal vertebral bodies. (b) Opposed phase image (144/2.3 [TR/TE]) shows low and high signal
intensity. (c) In-phase image (144/4.7 [TR/TE]) shows low and high signal intensity. (d)
Photograph shows the lack of normal bone marrow with collagen tissue and some part shows fat-
ty repalacement (H & E stain, x40, original magnification).

Fig. 2. A 77-year-old male of multiple myeloma : SIR =1.09 ; Diffuse bone marrow

(a) T1-weighted image (SE 500/15 [TR/TE]) shows diffuse low signal intensity in the spinal
vertebral bodies. (b) Opposed phase image (144/2.3 [TR/TE]) shows diffuse low intensity. (c)
In-phase image (144/4.7 [TR/TE]) shows diffuse low intensity. (d) Photomicrograph shows
the lack of normal hematopoietic and fatty elements with myeloma cell replacement (H & E
stain, x40, original magnification).
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FIHSNTEVD0, MKEBICILU0EA
YEB BRI ORI, dynamic study Os&5/8
R = /I KB TTEOFRESEFERE SN T
5. Ld»L, #&gHl %M\ 7 dynamic study
TOMEIIFEEZEL, TOBEE/ -V O
Hricp/e D ORREIDNIE L 72 5.

In phase & out of phase i TS & % Fl
AL 7cmE S, BEREICEENAMENOMK
BEOWRBHOFEICERD L, E58EH%ZF)
L AIEEEOZENICH V5N TW 5912,
F/o, EFEREEOFEN S, TE OfffEA ]
BELle-> 7o LT KD EEBR A EE & 72 D,

DICERFRITIT 25 L5107 »> T\ 5.

FERELS, BROLMTEME & R T DORNIRIC
ISR 7 > CHOARBEEORAED D 5 & DA
BN TVWABW. CDOXS7k, ROMICEE
NAHKRBS &Rl OILEFDL, B & FRRIC
in phase [E{§ & out of phase B D5 5581 H.
OFIAB G & 7x HalRetEPREI NS, B
DI & L Tid, Disler 57255 55 A F A
L, SRIEMRZE & IEE & OEINCER Th- /-
AL TV A, fxd, 108 AOBHOE
FaRR E LI EEE T OB OFHE 2,

EMEBIERE OV EANBEBROBICFD
FHREERD TN 510,

BEIL, RO EEOR» ORI TWS
B, AR BB AL SR B 25 G B B 5 5 9 40
%, KD A0%, 7o AE S BHAK20%, #
BB TR S 255 80%, KBS A3 10%
ThHW. UFAMORBEZRL T ith -
TOHEMRIZE AN ChNIREBEAL Th N,
WIS L AIKRELS & RERE a2 3 % —E D El
HTHENTVLW. 4, FETFTAWMFBRE
T SIR (3 0.54+£0.17 L EEA R L 722, Th
IEIEO & AMEIRZE CIRIEBU & KB DI
ICEVEFRELDERTAEL TS EEZD
N7, &7, UxAMEHRE T SIR 2
0.94+0.12 b EfE%/RL /228, BBiOIER M
faM T IEEAIICE S b % - O f e
MEL, BRETEZRILWDEEZ BN,

EEME L CEE %R L7 Fig. 1 % Fig. 2

T & A CRFREEE SN, EEMm
BIEEAETH 7. Tz, 5500REH THEAM
%7~ L 7= Fig. 3 % Fig. 4 Ti, TR
720 % D BN TN, MR B O EE
T EE K- Mg O#A 6, STIR M

Fig. 3. A 75-year-old male of myelofibrosis : SIRs =0.45 ; Non diffuse bone marrow

(a) T1-weighted image (SE 500/15 [TR/TE]) shows low and high signal intensities in the spi-
nal vertebral bodies. (b) Opposed phase image (144/2. 3 [TR/TE]) shows low and high signal
intensity. (¢) In-phase image (144/4.7 [TR/TE]) shows low and high signal intensity. (d) Pho-
tograph shows the lack of normal bone marrow with collagen tissue and some part shows fatty
repalacement (H & E stain, x40, original magnification).
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Fig. 4. A 62-year-old male of multiple myeloma : SIR =0.55 ; Non diffuse bone marrow

(a) T1-weighted image (SE 500/15 [TR/TE]) shows low with high signal intensities in the spi-
nal vertebral bodies. (b) Opposed phase image (144/2.3 [TR/TE]) shows low with high intensi-
ties. (¢) In-phase image (144/4.7 [TR/TE]) shows low with high intensities. (d) Photomicro-
graph confirms the lack of hematopoietic elements with fatty replacement (H & E stain, x40,
original magnification).

TEESZRIZ LIIMOENTWAEIYR, JE
O F AR CRE Mg L MEE 7R L7z
DIE, ThHOEHMBEOFLE & B MR- 1E
WEHBEDOKBE G DEFITEIVEL ST LIRS
nrc.

Fig. 3 (X g5 M la) Fig. 4 [N O E
DOWIBIZ % 73, SIR {3 0.55 b F il iy
fEZRL Tz, 2O &L, TOESMmEL
IR 7 IR O S B ORI Cld 7 <, KK
o ERRBAB S OFSH efEi A R L T A C &I
—HT 5. FxBLIATEL L 72 IEE E OB
DEFHEENLD 0.21~0.67 & [KHHiPH 7l % 5=
LTEY, RISHBN/EEREOHINT X SR
KRB DOERROEGD, I X AL
EZHLBERD L. 72720, SO THEE
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N3R5 % & 72 B L g i5AINE & BAE L 727z
KEE 720, FEAMOEEMIEREC L0
BB g L 72 D 2 K E R E g O%
Ao b LIRS D AH. SRS HICIER R
WEOM & HEH L TS UNERD 5.
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Diffuse Bone Marrow Infiltration in Neoplastic Hematological Disease :
Comparison between MR Imaging and Histopathological Findings

Eito Kozawa!, Youichi SATo!, Atsuko HESHIKL,
Shuuichi KAyaNo?

1Department of Radiology, 2Department of 1st Pathology, Saitama Medical School
38 Morohongo, Moroyama-cho, Iruma-gun, Saitama 350-0495

Purpose : To compare the signal intensity ratio (SIR) between out-of-phase and in-phase imaging
with pathologic data of patients with bone marrow invasion by tumor-like hematological disease.

Materials and Methods : Twenty-three patients with hematological disease (malignant lymphoma
[10], multiple myeloma [ 7], leukemia [ 2], myelodysplastic syndrome [ MDS ; 3], and myelofibrosis
[1]) were studied. FLASH sequencing was performed to obtain out-of-phase and in-phase images
with breath-holding at 110/2.3 and 4.7. Out-of-phase and in-phase imaging were measured over a
region of interest (ROI) at spinal vertebra L3, and SIR (out of phase/in phase) was calculated.
Results were confirmed by bone marrow aspiration or biopsy. Patients with hematological disease
were divided into those with and without diffuse bone marrow infiltration. The statistical significance
between these ratios in the two groups was assessed by unpaired t-test (p<0.01).

Results : The SIRs were 0.94+0.12 (mean + SD) for the group with diffuse bone marrow infiltra-
tion and 0. 54 +0.17 (mean+SD) for the group without (p<0.01).

Conclusion : In-phase and out-of-phase imaging can be helpful in predicting the diffuse infiltration

of bone marrow by hematological disease.
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