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Experimental Cerebral Infarction in the Dog

1. Pathogenesis of Hemorrhagic Infarction

SuoBU SuiBaTA, AKIO YAsuNaca and Kazuo Mori

Department of Neurosurgery, Nagasaki University

Summray

1. The middle cerebral artery of dogs was occluded by a clip and the collateral blood supply was compromised
by subjecting to hemorrhagic hypotension for 1 hour. Following restoration of the systemic blood pressure by
infusion of the shed blood, changes in an area of ischemia was investigated chiefly by fluorescein angiography
(FAG) through the lingual artery and the femoral vein and by carbon perfusion (CP) through the heart. The
involved cerebral tissue showed to marked hemorrhagic infarction 24 hours after restoration of the blood pressure.

2. Figure 1 demonstrated the capillary network in the normal canine brain by FAG and CP. During period of
the early three hours after restoration of blood pressure to normal, patchy non-filling area by carbon black was
observed within the cortex which surface showed complete or incomplete ischemia by FAG (Fig. 2). By six hours,
a statistically significant increase in the ischemic area of the cerebral cortex was demonstrated in the territory of
the clipped artery and edema could then be demonstrated in the affected cerebral tissue (Fig. 3). After twelve
hours, diapedesis and extravasation of carbon particles had resulted from permeability changes in dilated long
perforating vessels (Fig. 4) and within 24 hours the involved cerebral tissue showed marked hemorrhagic in-
farction which massive amount of extravasated carbon particles localized in the boundary zone between the deep
cortical Jayer and the subcortical white matter (Fig. 6).
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RERH LT, £ 2 CR—® F VIR TR E PAZE
HRRTE £ 1 £ ¥ 5 no-reflow phenomenon (- >WT, £
BR 3 CHIYE R AR L T 24B544 0 recanalization 0 RAE
ZHWT, FRENKABER L L TR Z1T-> T
W5, SEEE—HE LTER oW THET 5.
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1. BEEROIER

10kgHiifg DM A 2 % v 7 & — L FRE (25mg/kg) 12
BEL, h7—TVEHIREET =4 —B X OO 7D
KRR, s X O FAG o7 A AR
#Hikic, FAGO - AREBIRICAF ¢ AFHA LK. K
RIS AR E 2B i e LA R & P8R,
FEIC/NIBRZ Iz CRREL 2 L L, NEEIR, BRE
iR, AT« PRMEIRE TBHI L <, RN AETIC
NATZVENRE Y V) v 7659—100% HF, EIRGIBHES
KARVENVEYSTRBREEEBEE L, BB, cEbic
Bifnic & v % 50 mmHg & ¢TI C 1 Rf#ER L,
DOWTERILOBFEAC I YV MEEZ TR L, Mk
FrEMmE- Sy 7 ACD, A (100 ml 7 =~ T b
Yy 5x2.20g, 7o 0.8g, FRUKE2.20g) ITHR
£, BinEi80 ml/kgTh -7z, PLLEOEBRBEEDIX
mEEE=%—L, RiiPE —— FEWERH LV A
Ev—& —TATHERZTY, 128FU EEFESE 55
CRHERDOEE 2T -7

Restoration % (5 3H), 3w & (SFH), 61 [H &
(55H), 12k Rt (5 ER), 24w5fi4% (108H) T, th%
h FAG ZHifT L7 C P 24TV, eiZbicMz iy i
LI0% A=Y VicBE L, £ EoBfEodh
KBRS V v € 7 DB EERS U sham operation
47 - T restoration 24p5f4% 1z Ak Ic FAG, CP, fE#h=
BB LTV (58H) & L.

2. Fluorescein angiography (FAG)

FAG [ZEE V4 CleieE Liciikic X Y HifT L 7c.
FENRY 7 — 7 V& REEIR SRR £ CHRA L, RIEE)
Ric@ro>Tl1 %7t vaFrl.éml 2@ AL, EA
LRBFIC Y Y v #2891V, BRI REEEER TR
BIKIED. KEEFEIRE D EATIHEAII0% T VAV
AF v AmlEFERTS. TR LTCUTOHEBEZ F = v
7 L7z

(1) Normal fillng : FEIREE, KEEFFIRECENT,
BhRAE, BRIMEE, FIEEBECCERE SRS 0.

Incomplete ischemia : FEIIRE I3 MEEZ B L CERE
EnVn, KEEEIRE CRER END L.

Complete ischemia : FHFEIPRE, KEEFAREIZRBWNT

SHEBUTEE SRV LO.

(2) BIMEFEL © 7 4 v A% 600X E O R IR
Fert U COR MR & EREEOEMO L ZFHT 5.

(3) JRATIEERIR : 200 u HIROBEIRE BOE SR
ERBNTI NV VAF COBIIRTEAL DHIRRA £ T
DFFERE.

BIRERER © 71 F v A F U OBIRTEA S T
% F T OPTERE.

4 A-Viy b i REQMEICRSNZ L0

B T vAFroOMENFL - FENREICE] &
WTHEAT L7e KRB IRED 7 4 VA TR BN S b .

(6) Focal hyperemia : /N DHLIRIC X % RHE TN

(7) Microcollateral »IREE : MR ET HERL 74
A v AF v OBIRHERERS T 5 NRHFERER RIS
FEFETHDH L0,

3. Carbon perfusion (CP)

B 7 — 7 VB ELEB LU ERBIRICEAL,
TA1TRKEHR%E clamping £, 7272Hic 10% A<V v
S00m/ L ARGEMN (W —Fy [(EELO) 6%, =h U
3%, LIV Y T L6%, FHT ) - E) 720
ml! OEEW % 120 mmHg ¢ perfusion U7z M4 B v H
L, 10%&n~Y 27 BEEE L. BEERE 7/
coronal section & L, T 7 4 /@150 v OYF %
AL, v m— N THAT 74 v BLOEMEITVE
FroK (6.66%, 13.26%) ek LBHETE LK - .

4. EHEFORE

Bk o> 7 {8 coronal section @, ZhFNE X115
GRELAT bRV ) v oh P U RE R T ORES,
BT EL R0

m g

1. X (5 56)

FHNRE R L OKRBE#IREIC X 5 IE% » FAG % Fig.
I AR L, RAFTMEREME 3.2 b5, CP Tk
Fig. 1Bt % X 5 c BN TEZEBMILEREE KT
SREBEIRE, 2 X VROPKRLT, FEA~DOSEIZ
Pigd, RERRE CETIRETHRE, ELAEKR
KEBTAZI LR LICHBIES L, iibicb-2%
EVWRIBEREC MY, AR ET 2HEHRS R
bh3. —FRIRERICOVWCRS L, HEMERTET
O b DXEPR & AT UTRRICAR Y, BE T
BV EREMFFIRICRET 5.
2. Restoration Bk (558) BXU I RKHEEK (58

B FAG T incomplete ischemia Ffg i3 428K D
15%2, complete ischemia @ TWiE 134 % T H % (Fig.
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2A). CPTImRAICIZAE L AR BIEE 2 42 v
25, BEMEERYIZIX FAG © complete ischemia% 7R4E 4y
D EWNIC carbon ¢ non-filling area 23/ X 7p patchff
CHEL TR OIS (Fig. 2 B). {#%k=2241c 12 non-fll-
ing area D EMME 1% collapse # 4 LTV 3.

SR D FAG TIXEM & DEIZRD bhing,
C P ¢ patchy non-filling i FAG < incomplete ische-
mia ZRFHMAOEBENCHHRA L TEOR LY. &
Jes/N & 7¢ patchy non-filling BEWIZEIE L TAKE A
BIERIC 5 5. MUBREICIE 2 ORED & BB 108
WMES.

3. Restoration 6 FRI%% (5 58)

FAG ¢ incomplete ischemia DEfEIZ14% CERZ L
fbiZ 72228, complete ischemia o EFEIX38Y & HAic
EL, PRESRERSE KL (Fig. 3A). CPwY,
non-filling DEFEIF40% & HwHREK L 2D, PRMENR
ISIC—B L e R E BB A HRT 5. B RE
WIZIEE Y, REATHRAOMITER{ RN T 5.,
JE MR T IEBRAEAT L 7e BB N S L T v 5
(Fig. 3 B). HHMRSH0IC B M REELE Lo e
Roh, EMmED collapse I F+ F 4L TW5B.
4. Restoration 12572 (5 §8)

FAG <, 6®HMHITH T incomplete ischemia o
TEIX21% LHEK T 575, complete ischemiajdifijz119% &
EFRICHEDT 2. Tieb b RIOEERC HERER Lo
JRETTEEREFEI A% % © % % 72 microcollateral circulationps

Fig. 1 Fluorescein angiograms (FAG) of lingual HER L CREER A MMM R 5h 5 72 », complete
(A above) and femoral injection (A below) and ischemi N o Fig. 4 A). CP = -
carbon perfusion (CP, B) before clipping of the ischemia OSSN+ 5 (Fig. ). T non
middle cerebral artery in dog, showing the normal ing DEARL 6 B H O/ L TR Y, EifmEE
angio-architecture. WO MFFYE L, BEED FEESER Iz carbon oy

MR B, BEMEERIC I IRIEST U 7 SHER O KA B

Fig. 2 FAG (A) and CP (B) immediately after restoration of BP. A. Showing the complete and incomplete
ischemic area. B. Showing patchy non-filling of carbon.
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Fig. 3 FAG (A) and CP (B) of 6 hours after restoration of BP. A. Showing the large complete ischemic area.
B. Showing the large non-filling area in distribution of right middle cerebral artery.

i

Fig.4 TAG (A) and CP (B) of 12 hours after restoration of BP. A. Showing perivascular infiltration of fluo-
rescein dye. B. Showing carbon extravasation of dilated long perforating vessels.

Carbon @ extravasation D¥5y %, BICIEMEE CHET
% L MENIRICHEEE FET 2 MRS E LHED B D4
<ThY, W e Ex 5h 5 (Fig. 5 A). HEREN
V2 U BT R 0 R AL R L RS R S R i
BELEZOND.

5. Restoration 24EfE% (1058)

FAG ¢ incomplete ischemia OEFEIX30% & & &k
K+ %5, complete ischemiad HFEIX 7 % & HEATIEICHE
T B. FThb b EIMEE O microcollateral circula-
tion 1T X HIZHEIT L, MBRFIRT 7 v F LA F oD ex-

Fig. 5 Fluorescence microscope of 12 hours (A)

and 24 hours (B) after restoration of BP. A, Intr- travasation 33 L. U stasis 23HZF 2 (Fig. 6 A). CP T
and perivascular fluorescence of erythrocytes. X non-filling OWEREITI2EEME O 2 fFicdE kL, 66
B. Extravascular fluorescence of erythrocytes. BEOESECIERT S, T4 b FAG € incomplete

carbon ¢ extravasation REMENEILD 5 &, REEEER  ischemia %5R3¥40 BN TiX non-filling L 7y 88
THROLNEENTIRR OV, Z D extravasation &R Fihfa - T 5, BIE O REER I KED carbon @
FTHE S RE THFIRO R & Bbhn s (Fig. 4B). extravasationp3E U, EHXRBERIHEPSHIR SN D K
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Fig. 6 FAG and CP of 24 hours after restoration of BP. A. Showing arteriovenous shunt.
carbon extravasation in the gray and white junction.

IR E ES o TWA. FEMSERYIZ X carbon) extrava-
sation 13 ¥ FREBEMCEBRICEL, DWW THREAN~NE
HEITL TV, ZORFENC b 2 BHE O MATIER < Ric
w3 (Fig. 6 B). Carbon ¢ extravasation D4y %
M THET D &, 12KHE L xRk Y, extrava-
sation DEAFICEE O MIRBSBR LR B. Liedi»>T
Z ORI M MT B ALE 2 & ORFEEHIMLE B X bh
% (Fig. 5 B). EARZAYIC 3R M B2 O pHRE AN 13 58
AL L, EEEERICESBOMMAR bh, HilMEEE
LEZDLND.

6. IME

Table 1 TER LT &<, KAHEHOKERRTIC
Zrestoration E£ ¥ L O3 BpfE#iz incomplete I3 L OV
complete ischemia % E8%®, FKEMNIZ patchy non-filling
B0 S, 6FRFMRICIIEEARER L ORI
BRLY, OB EMRBFEOHEMRS R b
5. 1205tk 72 B & B RE R X OWE O B iLEk AL
AR OFEMAR b, ZOEEML Y HHEEH
MAEE S, 248 <3 RERE TSR R MBTE
BT B2%, T OWO AN TS LER L
PAELTRY, KRR cRpEEHL AR o 5.

— R & NHOBUMEROEEE R 5 /e iz, FAG
IZ331F % incomplete 38 X (% complete ischemia DEFE &
CP [z 31F % non-filling DEFEDOBRRFAIEILEE L DD
L Fig. 702y < /5, T2 restoration 6 B
CREREB I ONTORMTERRL 2D, ZORH
AR NEEOERE AN D, 128D L EE
RE R X CNEO B L ER I A e e MLt i &
v, ZORDEE Y REERA A E S, 24RR&RIC 2
% L RERE T RSS2 MEMASREIT S 505, 2D
o REN TIRMEETRE L, SRS ECTEY, K

£

B. Showing massive

Table I Summary

After restora- Flugrescein Histological

tion of B  2Pgiography & findings
carbon perfusion 8

Immediately Patchy non-filling Capillary
in complete collapse
ischemic cortex

3 hours Patchy non-filling ~ Edematous
in complete and change
incomplete ischemic
cortex
6 hours Large non-filling Development
area in distribution of edema
of right middle
cerebral artery
Dilated vascularture
around non-filling
area
12 hours Carbon extravasa-  Anemic
tion from dilated infarction
vasculature
(Diapedesis)
24 hours Massive carbon Hemorrhagic

extravasation in infarction

gray and white
Junction
(Hemorrhage)

BEES R IR0 E 5. TR D BERE & NI
& DUIMEBR O FEE 32415 1 $4 12 B fn#8 o> Bz BEEE 5 Ok
et (HinEEzE) 23138 T &2 BN 5.

v % =

FekEZED EER BN & L Ci% Mongolian girbil% i U %
kL—Ca '7"9-#:‘: Z\\j: 45‘%f)§ﬁ)ﬂéﬂf\/‘57§% .[ﬁl
EWRZEOHE DGR T 258X KEWMIO S P ES TH
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Fig. 7 Changes of ischemic area after restoration
of BP.
BlHAXE[MA L. L LgdbA X TRAHEIR

DERBENEBIRD 54550, Zhn b0 collateral
circulation 2BFEIEL W57, —Hld X BB Ak ©
clipping ¢ 7 1% 244 I KN ERZ 3 X ORI/
BELEBDDIDHLT, 0 collateral circulation 7> & 7
M3 % W+ % 7o i clipping 46 50 mmHg, 1 B0
hypotensionZ #ifT L, & & ICEMOBEAK X 5 IIE
@ restoration % 4T o7z, ARRIC & D A4EEEZIC, PR
BRSO REB L URBTHEIC KNS ESEDRE
Ex 100%ERST 5 Z L ICilFh L,

MO FEE NI Ml A BT AHF L LTiE, H
KIEIREAZE I XV £ RIMEO EHMAE D collapse 23
AT, ZTRRYSHMOBEOETL & bICET ETIHERES
o, Licho TREDMRIEHRFE 2 KRER0E,
bbb EATER~TNIAL, —FHRE THIRTEZEC
XBEED W stasis BNELD. ZOHRETE), &
MROFTE LA TH 3 HEEEREICIB W T venule (2 & &
RHEMEHMEL, SV CRgEERL~81T1 5 L Bb
naEW, RBINLEHRT S DICERIC X 2R
BEZ I TfTWiRET ©H 5P,

S X, REERRCHnS AT 5MFE LT, B
PEEBRE L VNEIC XY BEICET S0, REOR
SOMBOANBORMEFED eI &R LEL
bILB, T kIR E E S BESIRD & ik L 728

BEARENRCEEICHNICEAT S 2D, 2 bR
B AR I X 2 BRSO B REIME X Y
ZTRTWEW IR VA CTE D LB
BP0 LxLgds b 2 ORMEEERE T )V 1 open
cavity Td 57w, BERLHERO ELEmsy DR E L R
ALTRBYEEN LIV R, Ledio TR YRS
BB 7 gEE 7 v & LTl closed cavity 12X % b
DEERT HLER DY, 0k ic—USEENEENR
XY vy avHEREALTHRRMEIIRIAE % AR
1010 - open cavity »[@$%IZ hemorrhagic hypotensions
X W restoration® x5 Lick Y, BREBET Iz L2 L
I E T VR L, B LRROBIELT O <K
Bl THD.

Stk AETNVEMERL THRRERI ROV L
LT, mAEPAEIC L 2BEL & bICELS ¥ 5BEHREER
BRBB. ORI | I E FAERRE R A
% noreflon phenomenon {22\ TP, restoration &
%, 3 WpfFitR, 6 RpflfR, 12068, 24t Ic 22 n A
EEMRL TRROBIELITV, AABER LS LT
BREEITO5 Z EBXNETH Y, 5B 2 I recanalizationD £
BRIZ D\ pestoration BNTRIED b - & L HERR
THDIE6REMBTHDHDT, T critical point b
%, restoration [E%I X U6 RfBICENTNEEL @
Br L C24pp R IC R OB 21TV, AABIZER L Xt
LTREZITILER b 5. %312k, KeFN K
MAERAFERICAE T 28 bEE L U CHUMBEREE O E
LEELTERE, WA &L To reversibility?®12
EEY DI, MRS O B iR LOBERLETH
Y, EDTDITITE T RAFZER TR E LB > Tl
RO B MM & B8 L, DWW T no-reflow phe-
nomenon < recanalization ) EEIZ W T LEIET B0
Bip5. LLE3 ORI > Wik CiciERe %
TRY, BEERSOT THRETHITETH 5.

A B

L o AR REBIIREE A% % clippingé it ifiic
X Zhypotension Z#ERFL, DWW TEREUMLOBEAC L S
MLFE®D restoration® il 2. THEBRAIMBEE O EF L L L,
fluorescein angiography, carbon perfusion |z X % /s
TRERBIEEBIE S X CHERR R 21T o e, AERE 5
N T 2RI 100% i I RESE & VB + 5 = & 8
T&ET

2. Restoration H# B X O3 Ef%©, HEREC
incomplete 33 X TN complete ischemia # 3, FEBNIC
X patchy non-filling % 5. 6B ICRERE
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