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Experimental Study of Hyperacute Rabbit Infarction Correlation with
Changes of Time with Diffusion-Weighted MR Imaging
Byung Rae Park, Min Seok Oh, Kyu Tae Park, Kye Rok Jun#, Seok Hong Lee.
Dept. of Diagnostic Radiology, Pusan National University Hospital
#Dept. of Biomedical Engineering, Pusan National University Hospital

Purpose : To seek usefulness and apparent diffusion coefficient(ADC) ratios which initial diffusion -weighted
images(DWI), after based upon the progress of time induce the ischemic cerebral infarction in rabbits. We try
make observe that the tissue histologic evidence follow hyperacute cerebral blood vessel infarction after extract to
cerebral tissue.

Materials and Methods : After induce cerebral infarction an object of 20 rabbits, we make observe that
acquired of DWI using single shot echo planar image(EPD) and T2-weighted image between concurrence
region and opposite normal region for SI difference. So seek for ADC ratio based upon the progress of time.
We acquired 30minute, each 2, 4, 6hours images from after induce cerebral infarction. After rabbits die, we
observed which extract from the cerebral tissue and cut 1lmm3 size through the tissue histologic and
electromicroscopy.

Results : After induce cerebral infarction, we observed which high signal intensity 18 rabbits out of 20
rabbits(95%). As time progress high signal and concurrence region size is increased. Case of 30 minute
T2-weighted magnetic resonance images is no observed high signal intensity(0%) 1 rabbit appeared at 2
hour image. ADC ratio is demonstrated the lowest at 4 hour and 6 hour also it’s appeared accumulation of
water molecule inside abnormal region. There was no significant change the tissue histologic evidence and
optical microscope but from the electromicroscopy demonstrated swelling and vacuolization of neuropil, edema
of axon, vesicular changes of glial cell, increased mitochondria and intact basement membrane and
endothelium of vessels.

Conclusion : According to animal model DWI using EPI method is demonstrated more accurately than
T2-weighted image at inside 6 hours. ADC ratio decrease is considerate reason of cell virulence swelling
that's possible for detection of acute cerebral infarction period and analogical inference.

Index words : Brain, infarction Magnetic resonan— ce(MR), diffusion study
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Fig. 1. MR images of DW and T2-weighted images after development of infarction.
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A. DWI studies demonstrated early detection of
increased signal intensity at 30minutes in the
territory of the occluded right middle cerebral
artery(MCA). At 2hours, 4hours and 6hours the
isolateral DWI signal intensity increased further and
the area of abnormalities was increased.

B. T2WI studies appeared normal at 3ominutes and
Zhours. But, at 6hours imaging, increased signal
intensity appeared in the deep gray matter and
right MCA territory.
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Table 1. Comparison of Signal intensity on DW and T2 Weighted Images between Normal
and Abnormal Ischemic Brain Regions(n=20) (P < 0.05).

%3

Cortical gray matter

DWI T2WI
Time(hours) Normal Abnormal Normal Abnormal
05 697.3171.21 1200.05+10.52 6851317211 796.021+13.20
2 788.21£1.03 1360.10+21.33 692.21 324 0932.13x21.06
823111212 220031 £11.13 701.13+2.41 10972110411
6 1012211021 28422171524 79821+1.21 15241311321

* Values are means * standard deviations

A Ftdos nAZHEE AT 5 dSdTh a9
30, 4AI3E, 6 kel Al 3

[“ !
| 3000 - Lo
‘[ 2500 g e ;
- 8 2000 | |
j EI 1500 J e ‘»
T s % * N |
O i ! i;
| 30nin 2 ah on
| Time(hours) ‘ ‘
| | ~—T2Wi(nomel =~ T2Wi{abnomal),
| - DWnome) - DWi(abromre) |

Fig. 2. Signal intensity changes measured in normal

and abnormal ischemic brain regions.
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Fig. 4. Apparent diffusion coefficient(ADC) changes
of DWI measured in normal and abnormal ischemic

brain regions.

FAFEGANA A zke] Hte] W WHn A
9o AYRUASADOE FX2 RAZT 9d
(Fig4). ADC ratio® A17te] ¥iste] wa} BojZy)
4MZ¥3 6A1 7 G4l ADC ratio’} M4 e AL
&+ U ADC ratio7} T2 AZ A EH]d vla) =
AHoE 4 Fasn, ol FAFzGAA 4]
SAEE Hold $3 3wARs} HAgMo] dojy
F99e & F U, o] B B9 o] Pay

& ug,

o
o

4E 7 AR E 2-5ul e B
23S AT Ao 2AHS
7 A 71de] MRE Al 2

o7t vehde d@xe mr) fgolUrt. Fig 1 9
A A AR P BFAFzAAN SZug
o AAel HBMe) & B nAsAEI} Hol:

A 6AI7)] AL zZ ol A
Fol #EAHJoY F3@n A
HAE + g

a8y 53 AAA A AR (Fig. 5= A0
(neuropiD® &% F¥3} (vacuolization), =4}

& o
[e]

0,

)

lo

e

L

)

lo

ol

T3, AZAATN LTS oy eI
Z]oHmitochondria) & & 4 AUtk HIBA =
HuA 274% Felo 71A% 9 YgHazEe 2
T AeH, ot HE AEAPEEY 27AL U
W T2 2234 2 43z 0335 2y
S Xt

Fig. 5. Electromicroscopic findings in the right
MCA territory area of 6 hours postmortem rabbit
brain tissue. There was swelling and vacuolization
of neuropil, edema of axon, vesicular changes of
glial cell, increased mitochondria, and intact
basement membranes and endothelium of vessels.

Iv. a1 &

MRYZ71H & ol &8 6AolUle] =7] 8=
VRG] A A1t s AYEa glon, o
szt SRz GATIH oz o= AEY - 9
el 29 Fitddo] wsst: AL Aoz
wA&st7] A% woln)

ool ofN



R S

FARZIe o AgsE 2udln
aoqdel @ae BHT AAAAE Adstel 24
o HAE 3o 4 HA LFBrownd ), F FAAt
Ja WAy usE Avle AF Fag o

sl gAsE & dx, AA WA F$ A4S B
e & A BHez AAAAE MRYGel FUd
2 oy ARSGN YA Aol Zrkste FAH
HAMe z7)d BAHE NAESHFELS AETL A
Ao we ATYRFT7e] Fojubal AESFET

o pagtond BEAY Fael o el
7] W2l MR 347424 o g3 H74E =
Aol A 4 ek |

daRugy 7He b Ba gy As o

A @ HzAAAY FHY T signal cont-

=

aminationd] A1 WE FAISo] s oA A

o F(value)® A&sHA HopA Alte] 7hsd A
o] 9lo} FARZARL IS5 o &= vk ZEY
&1 W (infratentorial lesion), 5-¥1% <A 3
ATY 2 25 HAe Askg dTE(susce-
ptibility artifact) 502 8kl 4ol F(quality)d
o dolA "ojAE @Al
24 =74 wun go ANFWAF i
Bolx= DWIdA =
A8g ADC mapdllAe )
ADC map ZAAHAS71(b value)7t AE thE 4@
DWIZ @old 3xd ADCE F3Hoz Atst
A etk Moseley $V0] n%golo @& T
zde AN T APFE AFAA 1AL ol
234 A gewss Zed jlold TZWIX
o DWIZt 84 9g3sitE Ade AE Bud ofF
2 AA AN MR T27zGAe CTdA 1
A e 2FA H44 Pdug DWIE JI9d o
otz Bash R, B AFeME fast 23
@ T2l A BolA e We] DWIA K
9 A7 194 AT
3089 279 FARzGANA HelE IABA
g ouste Aol ol HExRF
o Ao

e
=
=
@}

3

2.
S
=
olrl
flo
N
i
=

S’.f"t"r}.Cg’*otQI AI'IW_Pj tﬂﬁfo‘ll etz Z‘.S‘;I ET L—.I‘g*_ll‘lgl ’“l?j‘l’ﬁ A3

2 @ Apold 2719 FAREIR oY RAE ©
3

oz zAH oz Fstua AP
zAs o FHNAAE £8 Fol A&aT

8 % 9] mitochondrial oxidative phosphorylation®] %
ol 744e 3 3 o= at(high energy phospho-
ates)®] <23 %7]8 < Hinorganic phosphate)¥} %
A(lactate)d) Z7HE ob71AZITh ol# @ WAL Fel7k
glial membrane® neuronal membrane Na+/K+
transport failure® F 2 8til AT A AFTUYR
Na+# 9 olF< VA% EAs Lt S I AR
o=} ol o3 MEBA elFte] F7| x| 3] & o
A ADC ratio7h ZrageP”.

B Ao A 427k 6A17 Gl A ADC ratio7t
4 pastdEel ol Pierpaoli ¢ @HSAA
A7F 3N Holgbn & A fAE Ao,
Skt 7y 2 sk | e FAHA

T2

i
dn
= ﬁ
o’ g
rk
O
=
g
=

T

to o -

o
A
by
IS

o A o
X

I

to rir
N
oo

N
£
32
K

ey o
o
it
i

=

ol of,
o
- 22
N
¥ b 2
ox R ¥o mj

ox Kl
z
N%L jz
ox =
o lo i
)
o o
ot
o
oo
S
(r o2 d
S o
in} 9,

e A BNy

=2

do = Hr
[\
x o o) g0

ru

o e
Y
T

32
ke
PN
2
_L?lJ
24
o
o Hu
o
_[9(_[
2
A
> o
B o
ot
N

+

o

N

e

A 4y
(¢}

ol rfr
ur o
2 &

e o
=)
ofN

i o T
4 &

tH
o

i
i
o

ok
=
ro
rN
o
of
1o
SR
)
i)

ol
ek
e
=
h=)
=
Hd
it

=
zalo] o) gk #F(perfusion) MR

wat7 Wz BAsd 749 (reversible) 3F
3 87} 2 <l (irreversible) FEF TH T =33
5 gaee BHsed Ego) 2 Aew Hel

ofl
Ox
o
e
2
i)
k=
N 12

207



CHOPIAMMARIRIR MI253 =12

V.8 B

E7E ez ¥Me HUA 5 029 F
HFEGRAN S ZReRT AR dA
%%7t RATZ BFTUT, Aol ARLHE wA
5% garad 2l bt ARy

229 $4¢ ey B9 49E7E 544
e EEEE @.%z‘s}&l 2444 2 59 3
Adn| Rl FFAE MREGT AAEV AR =
ey 27 ?—_J_XIE}%U:}

AZFR7IEE o] &3 6AzoIUe 2FA YAy
AR FelA Az Gge] T2RzAARY
g5 B

WE 5+ QB4 HAA $dA)
F 7hsam, 27 gue Jysiee
S 2AE A7 2o 4ol

1. Bryan RN, Levy LM, Whitiow, et al. Diagnosis
of acute cerebral infarction : comparison CT
and MR imaging. AJNR 1991 ; 12 : 611-620

2. Osborn AG ; Diagnostic neuroradiology. St.

Louis : Mosby, 1994 ; 344-349

3. Moseley ME, Kucharczyk J, Mintorovitch ],
Cohen Y, Kurhanewicz J, et al. Diffusion-
weighted MR imaging of acute stroke : corr-
elation with T2-weight ed and magnetic sus-
ceptibility enhanced MR imaging in cats.
AJNR 1992 ; 11 : 423-429

4. Bihan DL, Turner R, Douek P, Patronas N.
Diffusion MR imaging : Clinical applications.
AJR 1992 ; 159 : 591-599

5 A, A2, WA, A4E 5
HAN - Rz g A GNAS
. AR 9] 83 2] 1998 ; 39 : 21-27

7] 584

g Are] u

>I~N

208

6. Hatashita S, Hoff ] ; Biomechanics of brain
edema in acute cerebral ischemia in cats.
Stroke 1988 ; Vol 19(1) : 91-97

7. Mintorovitch J, Moseley ME, Weinstein PR et
al ; Comparison of diffusion and T2-weighted
MRI for the early detection of cerebral
ischemia and reper fusion in rats. Magnetic
Resonance in Medicine 1991 ; 18 : 39-50

8. Marks MP, de Crespigny A, Lentz D, Enzmann
DR, Albers GW et al :
stroke : navigated spin-echo diffusion-weighted
MR imaging. Radiology 1996 ; 199 : 403-408

9. Warach S, Gaa ], Siewert B, Wielopoiski P et
al : Acute human stroke studied by whole
brain echo planar diffusion-weighted magnetic

Acute and chronic

reso— nance imaging. Ann Neurol 1995 ; 37 :
231-241
10. Minesmatsu K, Li L,‘ Fisher M, Sotak CH,
Davis MA, Fiandaca ‘MS. Diffusion-weigted
magnetic résonance imaging. Neurology 1992
; 42 1 235240
11. Sorensen AG, Buonanno FS, Gonzalez RG, et
al . Hyperacute stroke : evaluation with comb
ined multisection diffusion-weighted and hem-
odynamically weighted echo-planar MR imag-
ing. Radiology 1996 ; 199 : 391-401
12. Luft JH
embedding method. J Biophys Biophys Bioc-
hem Cytol 1961 ; 9 : 409-417
13. Yuh WTC, Crain MR, Loes DJ, Greene GM,
Ryals TJ, Sato Y ; MR imaging of cerebral
ischemia ! findings in the 24 hours. AJNR
1991 ; 12 : 621-629
14. Pierpaoli C, Righini A, Linfante I, Tae-Cheng
JH, Alger JR, Diehiro G ; Histopathologic
correlates of abnormal water diffusion in
cerebral ischemia diffusion-weighted MR
imaging and light and electron microscopic
study. Radiology 1993 ; 189 : 439-448

Improvement in epoxy resin



o g4 ¢ Y

15. Helpern JA, Dereski MO, Knight RA, Ordidgu

16.

R], Qing ZX ; Histopathologic correlations of
nuclear magnetic resonance imaging parame-
ters in experimental cerebral ischemia. Magn
Reson Imaging 1993 ; 11 : 241-246
Benveniste H, Hedlund LW, Johnson GA ;
Mechanism of detection of acute cerebral
ischemia in rats by diffusion-weighted mag-
netic resonance microscopy. Stroke 1992 ; 23
D T46-74

YAFIEOIAIO] AT Egioll w2 A3 ETH kARl AN %M1

17. Sevick R}, Kanda F, Mintorovit_ch J, et al ;
Cytotoxic brain edema :@ assessment with
diffusion-weighted MR imaging.

‘Radiology 1992 ; 185 : 687-690

209



