CH 3| X| 1996 ; 35(2) : 167~172

12] Yol 5t

olZE - UMY - Anl -

7}z A7) 2 Ake] 88

R PR EE=:

FIETE R

[— I o=}

HYE AuE

o
02

0z
10

I

ir

o %

0

0z O
=

ofl

J
J

o
nue

O 10X} SHRAC

|z sixte

(MR

~

0z
Iz
-
o
082

2y oo

rr

2
b 02

=N |
% 2u=

Ol
2 1o

=d

oo
=
12

=t

-4 09 0z
M w

ol
=
ol
N
32

LN
N

F

02

njo

Al

Sl
9 =

<

scan time)
IMSZLE

0

_El
2
,E
e oox
i

M g

[OSIT
> M
2

2ich HSx T

\J
B
02 o9
x
I
02
]

—
~N
‘*

3
o g
mjo
o o
i
|0
Hu
X
2
ol
e

A 229
T2
HZ= 18HOIM O
£0|, = 1040{|A1
EXtol| M B E

0>
Il
12
N

et

o
hi
tel

7d

N
HA

s

0.
0z
<
o
ok
1]
P
02
>
ol 12
o
12

ﬁ
M
o
rlo 42
Ul
=
N
g
tu
e
ﬂ
32
n

Pl

W
2l
Q

10
Ju oy

om =
rfo

=)
i}
ek
n
>
s

:
-
=
i
T
>

— A
~N
I*

oY
F
20
02
0z 02

<

2T oo

0%

HL 4o O o
v ofp 0¥
o
(@]

30 T
[0 =
noE
[T
\J

0=
J

J

A4 zicte] CT, MRI % 33t

I g (1-8) o] HHES HBR H
ZA] o] AFS- A F3= Aol X A Mol FHE
Wbl et 715Hel ALE AFs]E of=ich
71 AFel SPECTS} PETY} o213 st wiste)] ot
SRR HIEE BT EREINE S RA R
Al 3L kA of] 2E = w o] 3lth(9, 10). < MRI9]
%A wHeg 14 QAL v & %A =
AF7F TR dAke] SAste] o] Welsty YuE
271 $13te] AREEZ] A|AFEEA (D). o] FATIHES
&0 7 s = E3) gadolinium¥} Z2& F3A S A
Fo)abel o] ZAZL HPHE Ag Ak

S2 ARl 2GS 741 M2 Aola] AR A
HlFAA o] A A E ] o] 2 Qlate] ¥ PR F9) 24 o]
Nz7Es} aste A o4tz ek, 13). o2
‘ATt Rl YhALM B}
CHAiSt IR AT

| =22 19961 48 122 E510{ 1996A 58 2720l ZHEHE| QS

SEDE-ECCIEEER-RLES

2 o 4o
x
i
0N
=
2

THATL 1L AV |BY

B

ol &4S%

=

2zBY 3

MR &2

x M
rir et
i
ol
o 12
B I

[

é
2
1o 4o
> Ir

m 28

fo
Ral
ifn
X
o
o

Ho

3l Z}3}-8-(magnetic susceptibility)el] &3+ As7HAE
H 22 o] HFgke] vleEs HBR o] F o] &3l ¥
&2 Wt g A EE AL T UoH14).

& Aol A= 347 HA3A At A
274 T2*-73z A7 S Al8sle] w9 do3s]
| A3} st o] & F3led o] 71 e
T S 4=

o] 454

0% & PN
ox M o2

B4

Al |

al
(=]

=

=13
=

cH
22 13709 B2k F4 ¥4 02 A5 MRIE A
3k 20 o] A= lAro 2 sheir) olE BE 1744
A 84A7A) it STA|el T FA7E 9, A7) 11 ]
Ak Z449) alsh MRI Al 3he] 742 19036 627}
A B 3020015l HA e AL 7o) o]
13%-& 141 Q) o] ik,

MR &ty

1.5-tesla 63SP(Siemens Medical System, Erlangen,
Germany) MR#A=] 2} &ubA Q] head coilS o]&3fo] &~
Aol = T1-7+x3 A (TR/TE :550/14) 3} T2-7¢3°34F
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(TR/TE :3500/90)= 5mm A#HF7, 200 X 256 ma-
trix, 200 mm field-of-view(FOV) 2 ¢t MR 3=
3% (TR/TE/flip angle :43/8/20°)2 3%} time-of-
flight 7]¥] > 2 64mm slab thickness, 256 X 512 matrix,
200mm FOVZ A|3§3}gich. o]ofx 52 2457 T2

7y F oI ALS- r,},_o._,z]. Z¥o] X]3) z‘;].oﬂ r,]. Hx] T2-7FF3 Abel|

A HAM e R P7E= A5 F77 7 WA HolE ’
oS st 3 2219 FLASH71¥ (TR /TE /flip angle

:40/26/10°, 64 X 128 matrix, 5 sec scan time) 22 17
MY A& FGAAS 2ok ol 17702 J34F A 3
Me] dAFE 92L& A Fo| 15mle] gadopentetate dime-
glumine(Magnevist, Schering, Berlin) & Arst 1S =
3le] 5% o]ujel FsistA L ¥ webA] 30mle] A4
TE 353 43k

MR S&to| &4

177he] A% el 45A 2 F7 T2 F2G4L Si-

enet workstation(Siemens Medical System, Germany)

Table 1. Summary of Cases

/‘J’(subtraction image)S <
o 30 AF T
Abgre 24 et o2t

d #F FHe AEFIE B

= o= AzAER i"]ﬂ] il
Aol A #FAE —Hr—ﬂ-’] A=} 2715
H

n

o} o] 74t = T2
Fzedake]l NF7FE Z7} B9 2 MR 3z %«] ]
7 A4 E=E 3 z} 9] 2} HE vl @stglet. A BE
o3 =
=3 -

*-7}Z 3 AHS workstation® 2 H-E
F3F A4 ALF 2ZEY S E o] &
alo] 1770 4] °dé?‘731‘ﬂ HF3 29357 T2 73234 A
53 region-of-interest(ROI) 2] A3} =S =434
t} oluf ROIS] AA-L HAA FHodxe 2AS R Ho)
= dYe] EF EFFHEE IR FA HAY F-99
AFS3E v S AAFE9) & e z7]2] ROIR Al
=S FAsAC A3 9l AL B SAHE
2 W3S gz 2 Jehd F olef 9

FAlS o] L3l AMHA ¥ F2F(relative cerebral blo-

Case Sex Age Interval Findings of Ischemia
No. (yr) between onset Stenosis or High signal Perfusion defect rCBV
and MR occlusion on intensity on on dynamic ratio™
examination(d) MR angiogram T2-weighted contrast-enhanced
image T2*-weighted image

1 M 38 2 L dist M1 LTP Positive 0.24

2 M 45 2 R dist M1 R TP Positive 0.07

3 M 74 1 L dist M1 LTP Positive 0

4 M 17 3 L prox M1 L BG Negative 0.36

5 M 61 5 R PCA R O Positive 0.18

6 F 62 4 L dist M1 L TP, BG Positive 0.31

T F 50 2 R prox M1 R TP, BG Positive 0.15

8 F 58 2 NA L TP Positive 0

°] F 63 4 R prox M1 R BG Positive 0.49
10 F 59 1 R MCA genu* R FTP Negative 1.17
11 M 80 2 R PCA R O Positive 0.35
12 F 67 6 NA R FP, BG Positive 0
13 F 55 1 L M2 LP Positive 0.21
14 F 65 2 L prox M1 L P, BG Positive 0.25
15 M 61 2 L prox M1 L BG Positive 0
16 F 23 3 R ICA/MCA R FP,BG Positive 0.11
17 M 48 1 L dist M1 L TP Positive 0
18 F 75 6 R prox M1 R P, BG Positive 0.64
19 M 65 2 R ICA/prox M1 R FTP,BG Positive 0.38
20 F 84 5 L dist M1 L FP Positive 0.26

Note. —BG =basal ganglia, dist=distal, F =frontal lobe, ICA=internal carotid artery, L =left,

MCA = middle cerebral artery, M1

O =occipital lobe, P =parietal lobe,

=M1 portion of the middle cerebral artery,
PCA =posterior cerebral artery,

NA =not of acceptable quality,
prox =proximal, R=right, T=temporal lobe.

* Mild focal stenosis of the right MCA genu suggested that early recanalization of the occluded MCA occurred after development

of infarction.

** relative CBV ratio =CBYV of infarcted area/CBV of contralateral normal area
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Fig. 1. Case 1. Two-day-old infarction in
the left middle cerebral artery distribution.
a. T2-weighted image shows large infarc-
tion in the left frontal, temporal and insu-
lar areas.

b. MR angiogram shows occlusion of the
distal segment of the left middle cerebral
artery.

c. Sequential series of dynamic contr-
ast-enhanced T2*weighted images, obta-
ined during transit of gadopentetate di-
meglumine at 15, 20, 25, 30, 35, 40 se-
conds after the initiation of contrast injec-
tion, show a decrease in signal intensity
in the brain. However, less reduction of
signal intensity is noted in the area of in-
farction.

d. Sequential series of subtraction ima-
ges, created by subtracting each dynamic
contrast-enhanced T2*weighted image
from the average of the three unenhanced
baseline images, show the area of non-
perfusion more clearly than do original
dynamic contrast-enhanced T2*-weighted
images.

e. This unenhanced dynamic contrast-
enhanced T2*weighted image shows the
placement of ROIs for sequential measu-
rement of signal intensities in the area of
infarction(solid line) and normally per-
fused contralateral area(dotted line).

f. Graphs of signal intensities measured
on the ROIs as shown in(e) on dynamic
contrast-enhanced T2*weighted images.
Note the different patterns of signal at-
tenuation in the area of infarction and
contralateral normal area.

g. Graphs of AR2" derived from signal intensity data. The calculated fAR2*dt are 29.3 in the area of infarction and 121.6 in the
contralateral normal area.

—169—



CH S g AF M 2| 8t 5] X| 1996 : 35(2) : 167~172

o

od volumes, rCBVs)-2 A 4Fs}sit).

KRZ* = —TnlSt SO0 S T weobsssvssin setssmabssnivnitel] 1
rCBV = [AR2*dt - FA) 2
ol 7|4 ARZ2*= A(1/T2%) 24 relax1v1ty«] ‘3491}-01 In

2 214 log, So= 23A FA AlE7E, StE 294 F
AF tA17HA 2] A37txe|t) F4] 12 AR2*3kS 7314
FA] 22 o] =9
24 rCBVsE +
Ao e =

A7 o] BAE T =2 FA|E AL

2] (area under the curve)S AAMHTS
sk ch(13). A9l rCBVs 3
}o] rCBVs2| H](ratio) & T3}3ith

o
)‘\--Ed zo

z o

2 2099 Y734 BAF 189 FHF JeolA, 2
o= wwo] =] gich(Table 1).
08 25 H73Me] 71 A==

bution.

lar areas.

12)ol 44 HBe] PG FAASY WS Qsto]

G2 WAEY L AAFU] 9UF FABH GRS

TR ot UL Yoo} A $AE 1YL+
©

APO“M]/H = 2“4(Case 4, 10) =) X] ?"{} 18"3‘01]/‘1 ﬂ%
Eo] FAF o o] T R
MR 3@ xd<5At9) tﬂtﬂ»} G i _r]z] = i7]7]— =3}
t}(Fig. 1). Case 4= &= 7] 3 of| 2+ =7](2cm) 2] A
Aol o]c)d w ZFAked Alol| A S9bH o2 AFALES R
& 5 gl Case 102 %3 S 59 3¢ Ackat
7 A o) 9\104 O} FxEw Bx)o) An|gF F4F g Zute
H@= g o kAt A BFAEL QAAE] oHY
A= o] ANEH A2 Bk (Fig. 2).

734 F-919} Ak 791 Ale] ] rCBVse] vl= A/ 5=
Z x5 Z A (Case 10)S A 2]3F 195l A] 0ol A 0.644}
o (4 021, EFH} 018)2 A 2919 rCBVo| 74
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Fig. 2. Case 10. One-day-old infarction in the right middle cerebral artery distri-
a. T2-weighted image shows large infarction in the right frontal, temporal and insu-

b. MR angiogram shows mild focal stenosis of the genu portion of the right middle
cerebral artery, suggesting early recanalization of the occluded artery after devel-
opment of infarction.

c. Sequential series of dynamic contrast-enhanced T2*weighted images, obtained at
25, 30, 35, 40, 45, 50 seconds after the initiation of contrast injection, show a de-
crease in signal intensity in the infarcted area as well as the contralateral normal

area. Persistent low signal intensity seen in the medial portion of infarction (arrow)

suggests hemorrhagic transformation of the infarcted tissue.

d. Sequential series of subtraction images created as in Fig. 1 show a symmetrical
perfusion in the whole brain. Note normal perfusion in the area corresponding to infarction shown in a.
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Dynamic Contrast-Enhanced T2*-Weighted Imaging in
Acute Cerebral Infarction: Usefulness in Assessment
of Cerebral Hemodynamics'’

Gyeong Hoon Lee, M.D., Jae Hyoung Kim, M.D., Young Mi Kim, M.D.,
Hyung-Jin Kim, M.D., Sung Hoon Chung, M.D., Byeong Hoon Lim, M.D.?

7Department of Radiology, Gyeongsang National University Hospital
2Department of Neurology, Gyeongsang National University Hospital

Purpose: To evaluate the usefulness of dynamic contrast-enhanced T2*weighted MR imaging for assessing
cerebral hemodynamics in acute cerebral infarction.

Materials and Methods: We performed dynamic T2*weighted imaging(TR/TE/flip angle : 40/26/10°, 64 X 128
matrix, 5 sec scan time) in conjunction with conventional T1- and T2-weighted imaging and MR angiography in
20 patients with acute cerebral infarction. The regions of ischemia seen on T2-weighted image(high signal in-
tensity), MR angiogram(vascular stenosis or occlusion) and dynamic contrast-enhanced T2*-weighted image
(perfusion defect) were topographically compared with each other. Relative cerebral blood volumes(rCBVs) of
the ischemic regions and of contralateral normal regions were calculated from signal intensity data measured
on dynamic contrast-enhanced T2*-weighted images, and were compared.

Results: Regions of ischemia were topographically well correlated on T2-weighted image, MR angiogram
and dynamic contrast-enhanced T2*weighted image in all but two patients, of whom one had recanalization of
the occluded artery and the other had a small infarction. rCBVs were asymmetrically reduced in the ischemic
regions in all but one patient who had recanalization of the occluded artery.

Conclusion: Dynamic contrast-enhanced T2*weighted imaging is a useful method in the qualitative and
.quantitative assessment of cerebral hemodynamics in acute cerebral infarction. The use of this imaging tech-
nique along with conventional MR imaging and MR angiography provides better hemodynamic information in
acute cerebral infarction.

Index Words : Brain, blood flow
Brain, infarction
Brain, MR
Magnetic resonance(MR), contrast enhancement
Magnetic resonance(MR), vascular studies
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