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Characteristics of diffusion-weighed imaging in patients with acute multiple brain infarction

Doo Kyo Jung, M.D.

Department of Neurology, Kyungpook University School of Medicine, Daegu, Korea

Abstract : While we often observe acute multiple brain infarction (AMBI), their clinical
significance has not been fully investigated. We sought to determine the relationship between the
characteristics of AMBI in diffusion—weighted imaging (DWI) and internal carotid artery (ICA)
disease and middle cerebral artery (MCA) disease of unilateral AMBI in the anterior circulation.
We studied 107 consecutive ischemic stoke patients who underwent DWI and MRI/MR
angiography within 3 days of stroke onset. Patients were assigned to 1 of 5 observed lesion
characteristics in DWI: (1) multiple small lesions (<1 c¢m), (2) multiple small and medium lesions
(1 to 3cm), (3) multiple small and large lesions (>3 cm), (4) multiple lesions in hemodynamic risk
zone, and (5) others. The involvement of insula, periventricular white matter (PVWM), basal
ganglia, and cortex was also investigated. Comparisons of all these characteristics were made
between ICA disease patients (ICA group, n=43) and MCA disease patients (MCA group, n=64)
on MR angiography. There was no significant relationship between cerebral artery involvement
and the characteristics of lesions in DWI. Between 2 groups of arterial disease, maximum
diameter of lesion which is more than 3 cm and PVWM involvement were significantly related with
MCA group (p=0.02 and p=0.007). The pathogenic mechanisms of unilateral AMBI can be
predicted by the characteristic of its size and location using DWI.
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Fig. 1. The relationship between [ICA] and [MCA]
group and five types of AMBI in DWI [ICA]
group: ICA disease group, [MCA] group:
MCA disease group. Type 1: multiple small
lesions, Type 2: multiple small and medium
lesions, Type 3: multiple small and large
lesions, Type 4: multiple lesions in
hemodynamic risk zone, Type 5: others
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group and location of AMBI in
DWIPVWM*: periventricular white matter
(44.2% vs. 70.3%, p=0.007)

SAEHA 7ol A,

DWIeIA Hol= gw el 9129 MCA A&}
ICA A9 A2 (Fig. 3.l Qokstairt.
o o5 AR A4, HAFATNA, VA
9 9 5O 459 FollA T BFelA diFE
9 AFollA vl ojghEn. A 479 T
o] HAFHFNAds FPS 44 [ICAIL
I EEE [MCAJE#Y] o g dadol gl
o} (44% vs. 70%, p=0.007)



118

_T'_ ]
DWIel| 4 #zs = A5 AMBIY 992 &
°] MCAY ICAQ] g2 A gto|L} Ao A 71
H A (emboli) o] 95t Ao 2 AZHT[16].
Z Aol AA = (cardiogenic embolism) <
H

rE 4>4

AW<43 (anterior circulation) ¥ 34

(posterior circulation) < ?E“ﬂ] AW sl A4S

718 AR S 7HA 2 tH[2]. Bogousslavsky
S [1]2 8t & djuRko A double infarctions
7 3Ake] 75% 4 ICA A3 7FA 3 Stk
B3

2 AT |E AMBIY F 10748

[MCA] ] 6464](60%)211 [ICA]o] 434
(40%) %tt. o] A= AMBIS] =2 €<l Ao
ICAS] F&A Agtolgh= A9 o]l A+[12-
1419} £& 22 o]tk AMBIY 9102
ICA ®% ol MCA A% Fasthe 2 AT
o Az Hd #AE o2 F Rho (219
B g, o= FdelA FAYES A
o WET} & Ao 7@ Aoz Yzt
DWIellA Bol= el 9129} A7) u&
P Ll s 22 A Ry Ay
o] EAske wdol [MCAlT¥
FolM 7bg £ o= HAMY =

Lo

MCA 85} ICARa319] ¢ 3

A= Sl ICA 43S 7}‘_ )
(86%) A el Ho #7e] 3 cmolst3lon,
3 cm o]/ & WS MCA A3s 714 3hatof
A HS EstA #2EH Y (p=0.017) o] A3+
A A7A0] 1.5 cmu|ukel Tk o] 2o 38K
WL AA Fol U ICASL BHAZE Qlths Y9
119 oA+ A9} frAlsttt,
Szabo 5 [14]S F50 ICAQ 43 o] Q=
AMBIZ 9= DWI thibd o] 2h2 W Eo] 7
HaEE = vk, ICA #Hl 4] A 5-ol= DWIOIA
TheFst FdS Holn of 994 WH (large

N, o
.=
=
of,

Takahashi &[2

BB KBRS $26% 258 2007

territorial lesion)©] 7F% éé}ﬁ‘m_ K st}
2 AFo) A [MCA]FRT [ICA]FA A 77}
g 22 g WRlo] o &3 ?ﬂré}%
A, ICA 71A1 el A A7 & Ao S’JL
d ol B AT el 2EE A oSk
th B4, ICAdA 7193 Hde MCA-J
ot o] o2& At &1 A7) we] 22
g Ao shflE 7|8 o Bol »F
o & Y7tETh(22,23].

DWIE o] &3l [MCA]#3 [ICA]FolAM A

54” A 7R 9 gl 5o HAY o

H

) r‘”
Jo R o2

N O 1R

o flo

LR EER R VL ESERE
(lenticulostriatal artery) & 2FE &
OVH24-28] B AFAE HAFHRRAY o]
Fto] F3o) MCA A8} f28 Aol 3
t}. o] MCAS ICAS HOoRHE A=
A EHe A7k el AR ZRel ok MCAS M
AN A wEko g Xsﬂo}lf A =N AL T
54 EANof 7]018t A o7 AzZtETH MCA
ZIA el M BT A =S AGA s <
:[L% OEIA]ZJ oz U]—O]—};],7]_ E]—/\] _.7]_; Qoi MCAE’J
AHF2 olgohs Al A=A dA e
ot f1Aete HAFHFNA s WS
doz 5 3lrh. ICACA 71%‘& AMAE MCAE
A Azt oz 7hat A Fdshs A2 W=y
A sHe w2k 2017t dé“ HskE 9o 7]3]
THAH A o vhE Jlo g AzE
2 OH DWI& olﬁo}oﬂ 5 M
A AM 314 Ex ﬁLtﬂ O].Oﬂr/]. tta]—
°]& AMBI®] tﬂ‘w =719} o &=
*4'8}01 &5 MCAY ICAY] A3hs
A2 grohglekt] 1 997t girkal

>

pul [e)

MCA A} o3 Afgd S By HAFH
=

L

=]

3 A

—
1o {0 2 ox %2

xﬂ'



i
kJ
Ao
r2t

1. Bogousslavsky J. Double infarction in one cerebral
hemisphere. Ann Neurol 1991;30:12-8.

2.Roh JK, Kang DW, lee SH, Yoon BW, Chang KH.
Significance of acute multiple brain infarction of
diffusion-weighted imaging. Stroke 2000;31: 688-94.

3. Everdingen KJ, Grond J, Kappelle LJ. Diffusion-
weighted magnetic resonance imaging in acute stroke.
Stroke 1998;9:1783-90.

4. Schanitz WR, Fisher M. Diffusion weighted imaging
for acute cerebral infarction. Neurol Res 1995;17:270-
4,

5. Altieri M, Metz RJ, Muller C, Maeder P, Meuli R,
Bogousslavsky J. Multiple brain infarcts: clinical and
neuroimaging patterns using diffusion-weighted
magnetic resonance. Eur Neurol 1999:42:76- §2.

6. Albers GW, Lansverg MG, Norbash AM, Tong DC,
O' Brien MW, Woolfenden AR, Marks MP, Moseley
ME. Yield of diffusion-weighted MRI for detection of
potentially relevant findings in stroke patients.
Neurology 2000;54:1562-7.

7.Gass A, Gaa J, Sommer A, Hirsch J, Georgi M,
Hennerici MG, Schwartz A. Echo-planar diffusion-
weighted MRI in the diagnosis of acute ischemic
stroke: Characterisation of tissue abnormalities and
limitations in the interpretation of imaging findings.
Radiologe 1999;39:695-702.

8. Kang DW, Lee YS, Song IC, Bae HJ, Koo JS, Yoon
BW, Chang KH, Roh JK. Clinical utility of diffusion-
weighted magnetic resonance imagimg in ischemic
stroke. Korean J stoke 1999;1:65-71.

9.Lamy C, Mas JL. Multiple, multilevel
(vertebrobasilar), and bihemispheric infarcts, In:
Bogousslavsky J, Caplan L, eds. Stroke syndromes.
Cambridge, UK, Cambridge University Press,
1995:306-17.

10. Bogousslavsky J. Topographic patterns of cerebral

infarcts: correlation with etiology. Cerebrovasc Dis
1991;11:61-8.

119

11. Geffroy M, Beldon JR, Pessin MS, Caplan LR.
Recurrent infarcts in different vascular territories in a
brief period: a hypercoagulable state? Neurology
1996;46:141.

12. Bogousslavsky J. Bernasconi A, Kumral E. Acute
multiple infarction involving the anterior circulation.
Arch Neurol 1996;53:50-7.

13. Bernasconi A, Bogousslavsky J, Bassetti C, Regli F:
Multiple acute infarcts in the posterior circulation. J
Neurol Neurosurg Psychiatry 1996;60:289-96.

14. Szabo K, Kern R, Gass A, Hirsch J, Mennerici M.
Acute stroke patterns in patients with internal carotid
artery disease: a diffusion-weighted magnetic
resonance imaging study. Stroke 2001;32:1323-9.

15. Caplan LR, Gorelick PB, Hier DB, Race, sex and
occlusive cerebrovascular disease: a review. Stroke
1986;17:648-55.

16. Baird AE, Lovblad KO, Schlaug G, Edelman RR,
Warach S.Multiple acute stroke syndrome : marker
of embolic disease? Neurology 2000;54:674-8.

17. Caplan LR, Hennerici M. Impaired clearance of
emboli (washout) is and important link between
hypoperfusion, embolism, and ischemic stroke. Arch
Neurol 1998;55:1475-82.

18. Sette MD, Eliasziw M, Streifler JY, Hachinski VC,
Fox AJ. Internal borderzone infarction: a marker for
severe stenosis in patients with symptomatic internal
carotid artery disease. Stroke 2000;31:631-6.

19. Chaves CH, Silver B, Schlaug Gm Dashe J, Caplan
LR, Warach S. Diffusion- and perfusion-weighted
MRI patterns in borderzone infarcts. Stroke
2000;31:1090-6.

20. Siebler M, Kleinschmidt A, Sitzer M, et al. Cerebral
microembolism in symptomatic and asymptomatic
high-grade internal carotid artery stenosis.
Neurology 1994;44:615-8.

21. Takahashi K, Kobayashi S, Matui R, Yamaguchi S,
Yamashita L. The differences of clinical parameters
between small multiple ischemic lesions and single
lesion detected by diffusion-weighted MRI. Acta



120

22.

23.

24.

25.

26.

27.

28.

Neurol Scand 2002;106:24-9.

Hendrikse J, Hartkamp MJ, Hillen B, Mali WPTM.
Collateral ability of the circle of willis on patients
with unilateral internal carotid artery occlusion:
borderzone infarcts and clinical symptoms. Stroke
2001;32:2768-73.

Alpers BJ, Berry RG. Circle of willis in cerebral
vascular disorders. Arch Neurol 1963;8:398-402.
Tatu L, Moulin T, Bogousslavsky J, Duvernoy H.
Arterial territories of the human brain: cerebral
hemisphere. Neurology 1998;50:1699-708.

Tatu L, Moulin T, Bogousslavsky J, Duvernoy H.
Arterial territories of the human brain:brainstem and
cerebellum. Neurology 1996;47:1125-35.

Anatomy of stroke, part 1: and MRI-based
topographic and volumetric system of analysis.
Stroke 2002;33:2549-56.

Caviness VS, Makris N, Montinaro E, Sahin NT,
Bates JF, Schwamm L, Caplan D, and Kennedy DN.
Anatomy of stroke, part 2: volumetric characteristics
with implications for the local architecture of the
cerebral perfusion system. Stroke 2002;33:2557-64.
Ghika J, Bogousslavsky J, Regli F. Infarcts in the
territory of the deep perforators from the carotid
system. Neurology 1989;39:507-12.

BB KBRS $26% 258 2007



