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Summary

To make an experimental cerebral infarction in the dog, a proximal clipping of the middle cerebral artery
(MCA) was performed and the collateral blood supply was compromised by subjecting the animal hemorrhagic
hypotension involving reduction of blood pressure to 50 mmHg for 1 hour. Then, the systemic blood pressure was
restored by infusion of the shed blood. The clip was removed at different times—immediately, 0.5 hours, 3 hours,
6 hours, 12 hours and 24 hours after restoration. The no-reflow area was investigated by fluorescein angiography
(FAG) and carbon perfusion method (CP). There were other groups in which the clip had been taken off at 0.5 or
4 hours after restoration and circulation was maintained 24 hours. Then the no-reflow area was also investigated.

There was no evidence of the no-reflow phenomenon on the surface vessels after cerebral ischemia in any of the

_experimental conditions. Arteriovenous shunt or perivascular infiltration of fluorescein dye were only observed in
the reflow area in animals which received temporary occlusion of the MCA for 6 hrs or more.

On the other hand, the no-reflow phenomenon was observed by CP in intraparenchymal vessels which had
been exposed to focal cerebral ischemia. The longer the duration of ischemia, the more extensive were the areas of
non-filling. In animals with recirculation of 24 hrs duration after 4 hrs of temporary occlusion, large perfusion defects
were also observed.

In continuous occlusion of the MCA for 24 hrs without removing the clip, extravasation of carbon particles were
localized only in the boundary zone between the deep cortical layer and the subcortical white matter. To the
contrary, animals with temporary occlusion for 24 hrs or animals with 4 hrs occlusion followed by recirculation for
24 hrs frequently caused wide exudation of carbon particles which extended into the gray matter of the MCA
territory. These animals showed more severe hemorrhagic infarction than those with the permanent occlusion.
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Fig. 1

Fluorescein angiographs (FAG) before (upper) and after (lower) removal of the clipping of the middle

cerebral artery (MCA) in the dog. The clip was removed 3 hrs (A), 6 hrs (B), 12 hrs (C) and 24 hrs (D) after

restoration of BP.
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Fig. 2 FAG after 24 hrs of recirculation following

0.5 hrs (upper) and 4 hrs (lower) of temporary
occlusion of MCA.
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Table I Extent of carbon non-filling in brain parenchyma of dogs following permanent or temporary occlusion
of R-MCA
Permanent Temporary
Time after — ~
BP restoration No. of do Maximum area* No. of do Maximum area*
0. ot dogs of ischemia (%) : gs of ischemia (%)
0.5 hrs 5 3+1 5 0
3  hrs 5 8-+1 5 44-3
6 hrs 5 404-8 5 1349
12 hrs 5 1846 5 154-7
24 hrs 10 33411 10 23+11

*Percent of the surface of the most affected coronal section which did not fill with carbon
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Fig.3 C

Fig. 3 D
Fig. 3 Carbon perfusion (CP) after temporary occlusion of MCA for 3 hrs (A), 6 hrs (B), 12 hrs (C) and 24 hrs
(D) after restoration of BP.
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Fig. 5 CP after 24 hrs of recirculation following 4 hrs of temporary occlusion of MCA.

Table 2 Extent of carbon non-filling in brain parenchyma of dogs after 24 hrs of recirculation following 0.5 hrs

and 4 hrs of temporary occlusion of R-MCA

o Duration of
temporary 0.5 hrs 4 hrs
occl. e o
N Maximum area Maximum area
Duration of ™ No. of dogs of ischemia No. of dogs of ischemia
recirculation \
24 hrs 5 0% 8 37£3%
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EBROEBHSLHEOEENEND. b o L LEVDN,
systemic circulatory arrest {Z & % global ischemiaiz J: 5
J53:¢, Hossman & (1970)¥, Olsson & (1971)¥ %%
a8, $HBT, W, MIRIE, HEBBIARE W5
L, FPEBR2045%%1z, Cuypers & (1974)132045H, M
H, B5B TEIIRA fE 5k L, IESRIE %, Hares, (1978)10
X0 ISR & 1TV, MRS RICEh ThBigE
TV, Ginsberg & (1972)®, Miller & (1972)'7 & ¥
NTl053R, RAMBROBFIRE 3~ TR% L, BIAER
E4%ic, Harrison & (1975) % gerbil ©304yf, Ml
WIEEIRE S L, FERI045%IC, Wade 5 (1975)%0
X7 v h TS, EATREIMRE AL, B A B E &
i, FNENRBEEITV NRP 22 L iz, Cardiac ar-
rest |2 & % global ischemia Ti%, Hekmatpanah (1973)
0 Lin 6 (1977)¥% 2584 X ClO43EATV, BiEER 4 ~ 6
sf4% 1z NRP # 2 b @ 7-. Regional ischemia {2 & B
3407 <, Crowell & (1972)P34 4T 2Wfll~ 7 H
Fl, RIMEINRA FEEL U EBBERIC NRP & 24 L ©
77. LA EDZ Lk <, total circulatory & % \ | cardiac
arrest ¢ X 95 72 EJE 7 global ischemia T3 E R D E L

T NRP 23U 2% X 5 Th DA%, regional ischemia
La 3 — R EoR s nE L Bbh 5.

gD (1976) 1% gerbil T—IKRASHBIIRZ 6 IR LL
MFEEL L, FERESR TIX NRP 24 ko ips, 154344
IR LZE L, B RG (1978)1% 134 X T EITRE)
ARB L O R TREIRE ISR L, BERE# T
NRP # & & 720510 S idifk Lz & #nFhik &
LTW5A, BiE ik Harrison & 03 B3 [T 5D
L TH Ml o »TdH Y, % F i Hekmatpanah &
¢ cardiac arrest J2%) U C ETRERESL CTH Y, W
NLEMOBESBEWE & A B EE-TW5S, £,
Marshall & (1975)'®, &85 (1976)2 3 v ¥, oA X
@ cisterna magna infusion < 200 mmHg, 154EDEH
e X 5 elEim ik NRP 3ot cho7c G L
TWBR, ZhbOFERES MERE L L L CRi
NBRETHDLEEZOND.

EHE OO A X OPRIMEIRKE 5 T,
LA B NS i NRP % 7. &, no-reflow areald
Efn R e U TR L, KABIER S i2ERILKRE
XM E & 7. %7 restoration 4 Wy f% i< BHZEMERR
BATO2405M % TRGR ST h, KAMERLEE

restoration 3

—1154—

NI | -El ectronic Library Service



The Japan Neurosurgical Society

R LK% & D no-reflow area 4 L iz, KEFIIL Tk
Biific & 2KMEZ M 5 2 Lick Y complete |2 i
regional ischemia Z{EMI1 5 3 L = A5 5, Crowell &
DYV L DERBME L BB L ERREOhRD
DeEZ LIS, FEREIME Tk mE - E/EReE
MloREIz BfRA2<, NRP @i Lobhihrot. =
MBI ENE OSBRI I RImATIR A 2 2%, BRI
RICFBETH S L0 OBHZRRR OB 6F, 3
1z & A FEX° metabolic regulation D EBEEH /L 7D L
WO ZLEPLLHATELLEZ LN B,

{0

V AR

JRFR AR ZER % VRS U M. 5 B BB AR BR 18 1< 4 -+ A NRP
COWT, EMEIE FAG ©, MNME: CP o&%
1T -7z,

NRP (I EE TiEA LD bRARD - 7205 RBANT
RMEEEICHFI L TH LD b, Ei, 24EEH% T
XM R BB 0 472 5 no-reflow area Mz ) H
iR R g Wil

AmXOERREIIE A AMEELKS (197845 B
30, RER) BIUOE4EEAMERSZS (19794 2
HA3H, HEE v THRELE.

X Bk

1) Awmes, A, IIl., WrigHT, R. L., Kowanpa, M.,
TaursTON, J.M. & Maj~o, G.: Cerebral ischemia
I1. The no-reflow phenomenon. Am J Pathol 52:
437-453, 1968

2) ®EEM, BN R, KRBLC, & O
& R ERETR  SEEENETEO RN
BRICRFTEE >\, #RAE 16 (1) -
387-395, 1976

3) Cuiang, J., Kowapa, M., Awmss, A., III,,
WricHT, R. L. & MacnNo, G.: Cerebral ischemia
III. Vascular changes. Am J Pathol 52: 455-476,
1968

4) CrowerLr, R. M. & OuwssoN, Y.: Impaired
microvascular filling after focal cerebral ischemia
in monkeys. J Neurosurg 36: 303-309, 1972

5) Cuvpers, J. & MaTakas, F.: The effect of
postischemic hyperemia on intracranial pressure
and the no-reflow phenomenon. Acta Neuropa-
thol 29: 73-84, 1974

6) Fiscuer, E. G. & Awmss, A.: Studies on mech-
anisms of impairment of cerebral circulation
following ischemia. Effect of hemodilution and
perfusion pressure. Stroke 3: 538-542, 1972

7) Fwiscuer, E. G., Ames, A., III., HeprLev-

Wayte, E. T. & O’ GormaN, S.: Reassessment
of cerebral capillary changes in acute global
ischemia and their relationship to the no-reflow
phenomenon. Stroke 8: 36-39, 1977
8) GinsBERG, M. D. & MyErs, R. E.: The topog-
raphy of impaired microvascular perfusion in
the primate brain following total circulatory
arrest. Neurology 22: 998-1011, 1972
9) Hareer, A. M., Desumuks, V. D., Rowan,

J. O. & JennerT, W. B.: The influence of sym-
pathetic nervous activity on cerebral blood flow.
Arch Neurol 27: 1-6, 1972

10) Harrison, M. J. G., SEpaL, L., ArNoLD, J. &
Ross RusserL, R. W.: No-reflow phenomenon
in the cerebral circulation of the gerbil. J Neurol
Neurosurg Psychiatry 38: 1190-1193, 1975

11)  Hart, M. N,, SokorL, M. D., Davies, L. R. &
HenriQuEZ, E.: Vascular spasm in cat cerebral
cortex following ischemia. Stroke 9: 52-57, 1978

12)  Hexmatpanan, J.: Cerebral blood flow dy-
namics in hypotension and cardiac arrest. Neuro-
logy 23: 174-180, 1973

13) Hossman, K. A. & Ouwsson, Y.: Suppression
and recovery of neuronal function in transient
cerebral ischemia. Brain Res 22: 313-325, 1970

14)  {*jERES : Mongolian Gerbil |z 3313 2
&R o MEECEYT 205, AMESR
21 : 47-68, 1976

15) L, S. & Kormano, M.: Cerebral circulation
after cardiac arrest, microangiographic and pro-
tein tracer studies. Stroke 8: 182-188, 1977

16) Marsuary, L. F., Wersu, F., Duriry, F.,
LounsBury, R., Granam, D. I. & LancrITT,
T. W.: Experimental cerebral oligemia and isch-
emia produced by intracranial hypertension,
Part 1: Pathophysiology, electroencephalogra-
phy, cerebral blood flow, blood-brain barrier,
and neurological function. J Neurosurg 43: 308—
317, 1975

17)  Mirer, J. R. & Myers, R. E.: Neuropa-
thology of systemic circulatory arrest in adult
monkeys. Neurology 22: 888-904, 1972

18) EIREER, NHEZ, FERE KfEE,
KEE= ERESHEIC X % no-reflow phe-
nomenon OFRGET. H2ERMIFGRAMIES,
1978, pp 74-75

19) Ouwsson, Y. & Hossman, K. A.: The effect of
intravascular saline perfusion on the sequelae of
transient cerebral ischemia, light and electron
microscopial observation. Acta Neuropathol 17:
6879, 1971

20)  SeEMR, ZOKBEA, Ok MEZECET
D RERIRTTE (58 1 #) — M fu A S8 0 S AR iy
2T —. #EHAE18(1m) : 377-383, 1978

21) Wabg, J. G., Amrtorp, O. & SORENSEN S. C.:

—1155—

NI | -El ectronic Library Service



The Japan Neurosurgical Society

No-flow state following cerebral ischemia, role of interstitial fluid. Arch Neurol 32: 381-384, 1975
increase in potassium concentration in brain

—1156—

NI | -El ectronic Library Service



