=5 1570 Aol d GAAS kel 24 S Tt BAFZAT| TR §-84

& HrhsaAelgct.

The} % WY 57 o2 ARkle 63e] $45 o $Ho 2 Rulgich. BAFY

wE & HF 5.4%90] At Fofl 1.5 T 2AEA 2713494 71715 ol

gotod 2A71EE A

S dgich A=A 7| FH AR ‘7/5134.?] b3E(1000s/mm?) & &t multi-shot echo

planar imaging 714 o]-8sto] 44k

%19} T13 T2 =4, 283 G2
RHorw Wi B eIol AAH o)A 4% |

dArollA] 6ofl BF TABAE
£ 2ok 4l Aee

g B3ct, w3t

& 453
AT odo] FARASH BERA] BYRAAT
ZAN TGN ehte 742k ABHES o}
ABAAG b vl ekl

2k T122A oI 64 F 4ol SABREE, 214 AUS AEE w2, Todx
FABZAANFIRYNA 6o BF TATAE
6ell Relloll ) BFH o2 g 5 Ukeh, BYRIAS A%

o 7S AT SAAH AR
S A9k A7l FEed Aol wine)

PN

MBS Hejow, 6ol B W ele] dAle

B9le] WABAAGS ghadk o dgkor] SAHCE FART (pf

ks ARAAS Zhel E3ol A

slict. whebA] gtz EE o4 Mg el 271 TS (localization)ol] &

oI 6l 25 4 FA Aol & ol e
A% e AR
0.05).
AE: M54 Aol He] BALEATI R
stele} BolA.

M2

247134 94 (magnetic resonance imaging, MRI)< 0%
g =43 ek oh 2} A A g i 7| 24 Atk
gAz2 I F8430 gl ¥HAN o7 #3g4ve] A
FH AZEY 0] & s=dojo] T2 v Eo] Y 7kA] HA1Y
ARGl s 1 gled 1 F &R THE e (d-
iffusion-weighted MR imaging, DWD) & ¥ 7345 ol 2
go] Ao v ¢ F43 Ao 2 dAAY (1-3). =& HA &
ol A @4 4 A S (apparent diffusion coefficient, ADC) %

o) 27 0] 7h5aA o AAEM 9 23S 238 DWI
o]t B ZUkeln gt} (4, 5). H 2 oY FELY
of gt AA YA & H5A g DWIE o] &at2lE I
APl 3 e} (6-13). YBH o HFAM 1dofx] A5
o] WrAIE & 3043t ¢td] DWIE 2ol ADC AEE 4]
g

=

-

7
Al

]

or>4 od I FME

o ol 3Tt (6). HEBAL AN HlwA =2 2
MRIZ} 1ol &304 % MR 9444 & J9459
Agte] 7ol ol @ ¥ SolHolth (14-18).

ol AFolNE A5AABAAN ADC e} 24 & T
DWIel #84°€ Brhekast sisic

=t

R o=

chgtxpr | S8 2| 2t5ls)x| 6:166-172(2002)
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2001 6EHE] 20023 8E71A] FA4 HeAM o7
<639 $AE FFH o2 FMHT. e vlE 3
o P A% 59.34(50-68A) Att. &4 A5 A9 2
o4 2AL 2AZ &Qt. AAH &40 A BA

= =

29 2ol n M AR} Bt AAL SN ThE Aol

olld 7% wiAlskdo
T 5 93t 549 (1647-139) 2 434 g & MRI 292

At A7lzEdde 1.5T 2A %A MRI 7171 (Signa
Horizon, GE Medical Systems, Milwaukee, WI, U.S.A) ¢}
HF 432G E o] 43l AUt nA A A|FHITL} AW T1-
7372%973% TR/TE (msec)-& 500/8, A7dW 2 &9 T2-7%
Z294 L TR/TE(msec) 3,000/1002.2, 4mm AAFA,
1mm p. 256 192 matrix2 3t} AFF A& AEHL 24
m, FIHE 22cm, FFU 2FFHE AAHL 28 em, F7
W& 20cme #GAokg Ak, DWIE multi-shot echo
planar imaging(EPI) 7|¥ < o] &3l 3 AARNE x| v,
7 k" H]-fﬂ:oi 7}.’5‘]- < E‘H]—}\q Oofl _Q %—1]4. DWIg ] j,]g]_
43 ¥4 25 TR/TE(msec)= 10000/100, 128 x 128 ma-
trix, b #& 1000 sec/mm’, AR FA < 4 mmZ sttt 3+
AR 1"l A b g2 100, 300, 500, 1,000 sec/mm?S.2
gto] ADC A EE 247 A9l

DWIE MU & AFEHE SAA Addgtudd AddAd
F S A T Ao XA Al 2te 2217 & o] §-3te] ADC
A=E A1 ADC #2 339, ADC AL
ARAAE B3l WS st

ol AP DWIS] 448 5 ol 718 & #3H« A
< AEsto] 9 pixel (32-49mm?) 2719 A TS A (re-
gion of interest, ROD 2.2 ADC &= Ztzt 243514t

6% At A et AdF3 3 SitE A gk §38 do}
Hokeh MRICIA Hwel 929 T13} T2 244, 2811 D-
WIdA Yetde 24249 AR E Fob ks, SR 9
AAEAdA 23¢ ADC @& Hlusdd. B4 Hde
Wilcoxon signed rank test o] $3t9.2™ p %ko] 0.05¢]3}

o

Table 1. Summary of 6 Patients with Spinal Cord Infarction

2 1
PFTAL BF FRAHA TAgA D, Jebd Q5 8L
E3F-9 o ahet Aol 7h YRA T ARR]| A vhH] (quadripare-

sis)7F &4 F-9lol kel tlF-A k] (paraparesis) 1] & %
do] 34, AR} AH] (quadriplegia) 7t 3e7F e | wlw 2
WA o] o7t 2t2} 1o A ATt 4ol M 3 ad & A
1, 249 A Frztad o] gtk Butd dgo g 10w o)A A
&9 18] 2d, FrtEolE BE Y] 14, R FALSE A&
F ™A TG Ld7t AN, 29 & FE e T
Hlo] glirt (Table 1).

sl 92 A% He

A4o] 34, §& B2 o] 3
A% ﬁm%ﬁ%B

[e,

it 35 3 . 4-5, 233 5-61 §-9 7t
A4t FF A5 A8LE §FF 79, 10-11, 232 11-
1239 5917} 22} 18 o] 3k,
MRI= A l°ﬂ/‘1 A &3kl ‘”11 T172%93eA 64 F 44
AM SA7 2ol M AX S A=E HAT, T2H29%
0.0030 - :'::::::::;a

0,0025 1 } %

0.0020

=R

0.0010

ADC value

0.0005

0.0000 T T T ¥ T L am—
O patient1  patient2 patientd  patient4 patient5  patient&

Fig. 1. Measurement of ADC value ([mm?sec} in lesion
and normal spinal cord of 6 patients with spinal cord in-
farction.

Pt. Age/Sex Duration Site Symptom Associated Disease T1IWI T2WI DWI
1 60/F  16hours C3-4 quadriplegia sensory loss hypertension(10 years) iso high bright
2 68/M  7days C4-5 tetraplegia, urinary difficulty hypertension{12 years) slightly low  slightly high bright
3 63/M 2 days C5-6 quadriparesis defecation difficulty none iso high bright
4 61/F 8days T11-12 paraparesis rheumatoid arthritis
(4 years) low high bright
54/M  13days T7-9 quadriplegia traffic accident low high bright
6 S50/F  2days  T10-11 paraparesis sensory loss none iso high bright

Pt.=patient, C = cervical, T = thoracic, TIWI = T1 weighted image, T2WI = T2 weighted image,

DWI = diffusion weighted image.
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ded 2

X 6o RF ZAZIALE G =3 DWIAA 69 2%
2237 E BFon ADCAZE 6o AdoA JFHoz
AL F QAT 64 RFIADC AT A A3 F T 2)o]
E Holz A Ao By, Ay
ADC #2& B4 A5l vgte] 3 & £ & Ueith(Table
2)(Fig. 1 & 2). ¥aR9e H ADC %2 11.79x10-5+
4.83%x10-5 cm¥/sec® A4 H9¢ Hit ADC #9 18.92x%
10-5+4.75 10-5 cm¥/sectth o Rorom EAR 02 403

Atk (p=0.028) (Table 2).

b &< 100, 300, 500, 1,000 sec/mm2 2. & Z}7] €& 3}
of AL 1doA 7] b2 b #f A BHL BF 23R ER
#ZE e, b valued Z7]9 Fagle] B ADC gtol &
ol Hlete & 25 EHH(Fig. 3 & 4).

Table 2. Comparison of ADC Value between Normal and Lesion Site in Patients

with Spinal Cord Infarction (b value = 1000sec/mm?)

ADC value {x10*mm?/sec) ADC difference
Pt. Site p-value
Mean Minimun Maximum SD (x10°mm?sec)
1 Lesion 0.598 0.548 0.703 4.852E-5 0.664
Normal 1.262 1.051 1.546 0.000154
2 Lesion 1.774 1.291 2.439 0.00042738 0.495
Normal 2.269 1.973 2.643 0.00027353
3 Lesion 1.447 1.198 1.826 0.00024194 0.508
Normal 1.955 1.722 2.229 0.0001812
4 Lesion 1.317 0.975 1.641 0.00019744 1.055
Normal 2.365 1.908 2.674 0.00024633
5 Lesion 0.583 0.545 0.663 4.231E-5 0.766
" Normat 1.349 0.958 1.992 0.00041894
6 Lesion 1.323 1.016 1.924 0.00032026 0.797
Normal 2.15 1.794 2.762 0.00037233
Mean Lesion 1.179£0.0000483 *0.028
Normal 1.89240.000475
Pt. = patient

SD = standard deviation
ADC = apparent diffusion coefficient
*Significant in p value {p< 0.05) using Wilcoxon signed rank test.

Fig. 2. MRI and DWI were ob-
tained 16 hours after onset of neu-
rologic symptoms.

a. Sagittal T1 weighted image
shows iso-signal intensity of spinal
cord at the level of C3-4 (arrow).
b. Sagittal T2 weighted image
shows high-signal intensity (ar-
row). ¢. DWI demonstrates a
bright signal intensity (red colored
box). d. ADC map shows de-
creased ADC value as a blue color
(arrow).
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FEue 443 gHoR Y 250 449 854 (anteri-
3l FH

o o= or median fissure) ol YAst & }7—}3} IL]@ZH:_E% A 9 g

RE A A& FHsta ot FAFEAL ez ¢

AN e 23 d e A3 F FE£02 Q3 A AE o AEo] o B &HHF 59 (peripheral perforating
Fo) dojued ¥4 dRe4 T2 A& LA (14~ artery) Sl & o] Tl L] (plexus)E et
17). A Feua) THFF5HL H45o S8 REo|n AF Atk AHFFARe THEFH v ZFE o] Ho] HPo

Z ¢ 33ttt Adamkiewicz Y2 7P £ A4S
(radicular artery) 22 £2 9, 10, 11, 129 S7tE" oA

o et ision 7\A Bt o}t Z FFo 9 FR-919] Hpo YFFE ¢t i}
000309 ® norma spinal cord A TR FFAFE A& oA F FFA 5 AAY

0.0025 4 o7 HgAMo] B dojd}, AN 37 Adamkiewicz
T AR S EU0 o RAlo] 22 dojdria F B5AA

g o] AR TAAIHAS, ENue), A7e AYFE B
S omns ] A3} Barel AR Ha ABEo] A5AM] L F1 )
] o} (18.19). Silver 5-2(20) 3474 40ef 218 Alx| 3 A nhu] 7}
‘ AR 1190 B AAL NG o] % AR @ Ul
00008 B o] gIAE (WS A9 stn BT BF o 7Had o)
S ‘ , , Ado] $EEAY T WG 44 F AU BAY 44
o "’° ° 1000 AN Badln, ABAF 2409 A 9% 990 g 4 9o

b value(S/mm?)

Fig. 3. Measurement of ADC value(mm?/sec} in lesion
and normal spinal cord of a patient with spinal cord in-
fraction according to different b values.

a b

d e f

Fig. 4. MRI and DWI were obtained 2 days after onset of neurologic symptoms.

0. Sagittal T1 weighted image shows iso-signal intensity of spinal cord at the level of T10-11 (arrow). b. Sagittal T2
weighted image shows high-signal intensity (arrow). ¢. DWI demonstrates a bright signal intensity at different b
value (500 sec/mm?) (red colored box). d. ADC map shows decreased ADC value as a blue color (arrow}. e. DWI
demonstrates a bright signal intensity at different b value (1,000 sec/mm2) {red colored box) f. ADC map shows de-
creased ADC value as a green color (arrow).
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Aol A iz gdaret EZ—HME A3y
g Fe 21%11& AR GA £ 8ol o AX 7] wiEe) A9
AT QA g glod 2 MRIZE F88 Aoz oA
ATt (15, 16)

DWIE #5444 & A¥she vhakgt é%u AT ALEH
I ok 53] HAM(2, 3), vthEA A53(22), 4N HEA
(23), Z%4(24), ¥ 5 %(25), iﬂ]”‘a‘éﬁ‘é(% e B3 B g - s B2
WA ZFF (reversible posterior leukoencephalopathy
syndrome) (27), 28HA HZF (28), HAAF AA=EAZ
TolA 2 R840l # delH . Jfﬂ‘f}&l’" B oA DWIE
A ez AF Aol A A GdH oIt (10-13). ol 5 ¥
T S5 94X g 2o YA W DWIE D& Aol 7|&4 oz

o] 7] W Folth. a1 = BE9 Hsof DWIS o] & ;}u 2
o] Fuwshi AP, olv FEHE MRIZIZIg &

Y& coil9 o] &o] 7hsatA HA7] Witeltt, aeA 7&? &
B9 A4 (9,10) 282 A4 2 (11), 35353
(12)& fd e B85 29 5904 DWISH ADC#Y £40] Hu
=3 Ut E£3 Hajnal 5(5)°] o2 Azke] AR FH 4o
A DWIS #8428 Basisict. 28y, &534< adsta,
gk @ 220l (off line) FAHEE 3l7] W&ol Alto] o] A
e @Ao] dojA, 4ol A A AME2 A gHA ol ). <]
te) Ao X DWIE Q& F 744 Fa8 12T Abglo] gl
.24 HAE Ao A7t An T Ae A 5de=
Hogol A71E Reolth, Aol AEE multi-shot EPI 7]
b] 4ol A sub-mm in-plane resolution &4+ 94

& 7bgsHAl kATt (13). o] 7IH & Al aHlE
]_7 27178 27421}, chemical shift 522 & off
resonance & 7ol & WNzHeHA 817] W&o, A4 AA g
J-EH StH Tl (13). o] AFAA = 69 ZF multi~shot EPI 7]
WE o] &t S ATt

N AFE Z4H MRY G2 #9
S} Bl ADC # £ 0] FRA s, A F
FE ZAUCE FPdute AL U F B2 A o] anjd
b W2 e ellA WS 898 ¢ de AHEAAM D
£ 238tga, ADC A2tz Al el AlEHe
DWIAAM ADCE-2 AN &3¢ A A E
(13). 23 AR L 0] &3 DWIdA &, 259 3
ZARe] 7ol Brbssitte ©alo] “’i‘:}

Noguchis(29)2 HZ 4 vy = 5E 144714 D-
Wil 2237457 Yehutes Ao HJ.O}"E":} 2] g A]
7R o) W2 He7 A0 DWIo| #3 Rue AT, AAE
L HEAM DWI AT AL Wste {38 399 fA1E
Rog FE3r} o] Ao ddsAE 1344 FAtg 1o oA

A7 7 Tt 2 ADC#ES] Wiste &% 8hA] FatlAlt T2 %
Gl DWIAM = 2 82 =7 A &5, kA 245

AR E =3 M) 73§24 H T2 shine-through E#7} 1%

Kool

=

=

X

to ¥ & & ¢

°->5 ne rlo FQL
= rlr r_

o,

o

& Ao Aztdr

£, Abghe] Ao Mo A2 XN ADC g oA
HAE T HF WA ADC %kEE} =0 (13). ol g A}
AL AN E AR E ez 24 E 3ol B
= A4Z FAYY SFARE BN V19T, 3%
Tl dojxl F44& ADCFAE ‘5%%‘—‘31 g Az 49
ADCFAE ZHE A2 AR = Fo

oAl T2 = Fike] o]HkA o] 3L
oplasmic flow”} F-Z3}c}, g+ 4]
A3 & o] M) FaF fa)of 3 2
o B AEE Ao o8 ¥gE A4 Hu, o
Hste $HTRE TR, o)8d BE 84F0] o] 2H0
2 QA vE AEE HFoA ADCHE & F 3
Holder 5 (13)0] 34 & A4 ADCHE 58 34 ADCH#
oo g4 33990, 2 A7 S50 324 ADC #E
o= Vet

o oA Ao R A A, d} A YR A3, F
A, S48 2 A &2 A Wl MRE Al atA] %3t
04 :L)d7 _,] 35).;],51:}- Aoz izﬂ—g]x] 0].01311:}“ 2 o]l:q’
A WA, SA4E °“‘%% dof Ao} FUA} HARE Ho
8 P&t ADCHS S84 Zakivte &, 28l %A,
YA R EHJ § ekl xakgithe A Eolth.

# 24 Bossarts (30)2 ZA71%4 (14T)3 2 b#k (b=
10,000s/mm*) & ©]- &3t A% @ FHFroA W G4 =

H

gag ol BAS Ao, ofd BEE e YA
WA o vg) 3] Aol T Eito] 9 AT, wE Y
A= o] 9 vt E = d o] & ,}!{U} Zolt}, o] g3 BHE
Izt A 4ol gAY o= A3} 22 o] o] EAl gt A
< oM@t Holder 5(13)2 373A2te) 452 +8 944
7 | A 2 FEete ZpZe] A a7t e ADCY Hit & 735
W b g3} B2 4% A (diffusion gradient) WS 2
sto] o] £9] Aol & H gt o] A RE WA 344
g o] ADCE Aol7} FAITA L2 o8 2fo] & L
WA o] ghabol wf- =2 o] WA & BT o= H

gl A& DWIZF 2 83| YAt O]%Q F e A7 €
QAT o] AFAA b #E Bl F 1AM ZE DWI
A 4 AUAAT b 51’01 1,000 sec/mm2% o 7}
o]z, dutA o & ol ALE-37] WjFo b &2 1,000
o/mm’eE AMGElE FEstel et A4 E T, weh, gom &
E& AT B RAALE o] &3 AT Aol A
Ao ofe] AgoA F&31A AMS-E g AR,

AEH o2 g4y 27] olgA H5A A Aol A H 5
o] DWIt ADC #9] 574 ] 7hestslen ek DWIE 4
7o} 271493 # 4 3H(localization) o #4832l 2o
A=

.r\"i_!

s °§Z e
p
m[o r

_%rzg o,&ozlﬂmﬁ_‘a_\e.?L[oJ;morlo_rlrrlo
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Diffusion-Weighted MR Imaging of Spinal Cord Infarction

Youn-Jeong Kim, Jeong-Jin Seo, Nam-Yeol Yim, Woong-Tae Chung, Yun-Hyeon Kim,
Jin-Gyoon Park, Gwang-Woo Jeong, Heoung-Keun Kang

Department of Diagnostic Radiology, Chonnam National University Hospital
Chonnam National University Medical School

Purpose : To evaluate the usefulness of diffusion-weighted imaging(DWI) and quantitative apparent diffu-
sion coefficient {ADC) maps in the patients with spinal cord infarction.

Materials and methods : We studied 6 patients presented symptoms with spinal cord infarction, retrospec-
tively (3 men and 3 women). We obtained multi-shot echo planar-based, DWI using 1.5T MR scanner at
5.4 mean days after the onset of ischemic symptoms. In six patients, signal intensity was acquired at con-
ventional b value {1000s/mm?). The ADC value for the normal spinal cord and for infarcted lesions was
measured from the trace ADC maps by using regions of interest positioned over the spinal cord. We ana-
lyzed signal intensity of lesion on MRI and DWI, and compared with ADC values in infarcted lesions and
normal site.

Results : T1-weighted MR image showed iso-signal intensity in four of six patients and low signal intensi-
ty in two of six. T2-weighted MR image demonstrated high signal intensity in all of six. All DWI were
considered to be diagnostic. All of six depicted a bright signal intensity on DWI. ADC values of infarcted
lesion were measured lower than that of normal spinal cord on ADC map. The differences in ADC values
between infarcted and normal spinal cord were significantly different (p <0.05).

Conclusion: It is possible to obtain DWI and ADC map of the spinal cord and DWI may be useful in the
early diagnosis and localization of lesion site in patients with spinal cord infarction.
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MR, diffusion
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