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Summary

(1) Fluorescein angiography (FAG), carbon perfusion (CP) and histological findings: At the end of the initial 3
hrs after restoration of blood pressure to normal, patchy non-filling area by carbon black was observed within the
cortex which surface showed a complete or incomplete ischemia by FAG. By 6 hrs, a statistically significant increase
in the ischemic area of the cerebral cortex was demonstrated in the territory of the clipped artery. Edema could then
be demonstrated in the affected cerebral tissue. After 12 hrs, diapedesis and extravasation of carbon particles which
had resulted from permeability changes in dilated long perforating vessels (i.e. subcortical veins) were observed.
Neuronal shrinkage, characterized by angularity, cytoplasmic eosinophilia and nuclear pyknosis was also seen in
the area of ischemia. Within 24 hrs, the involved cerebral tissue showed marked hemorrhagic infarction in which
massive amounts of extravasated carbon particles were localized in the boundary zone between the deep cortical
layer and the subcortical white matter. Prominent so-called incrustations were present.

(2) Water and electrolyte content: 30 minutes after the blood pressure was restored to normal level, a
statistically significant decrease in the dry weight of the cerebral cortex was demonstrated in the territory of the
clipped artery, and there was a further decrease with time. The accompanying changes in sodium and potassium
were also extensive, Within 24 hrs the sodium and potassium were also extensive. Within 24 hrs the sodium content
of the cortical tissue approached that of the plasma. The fall in potassium in cerebral cortex represented from the
normal level of 108 mEq/kg of fresh weight to 45 mEq and 25 mEq after 5 and 24 hrs of restoration of blood pressure,
respectively. These findings were clearly correlated with gross and histological evidence of massive necrosis and
were interpreted as indicating cell death rather than tissue swelling.

In contrast, in the underlying white matter, there was no immediate effect on sodium and potassium, although
there was a slight decrease in dry weight. With time, moderate delayed changes occurred compatible with the
development of vasogenic edema: an increase in water and sodium content and a mostly dilutional decrease in
potassium content.
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Fig. | FAG(A), CP(B) and HE(C) of 3 hrs after restoration of BP. A: The complete and incomplete ischemic

area. B: Patchy non-filling of carbon. C: The neurons developed an angular contour and increased nuclear
basophilia.
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Fig. 2 FAG(A), CP(B) and HE(C) of 6 hrs after restoration of BP. A: The large complete ischemic area.
B: The large non-filling area in distribution of right MCA. C: Edema is demonstrated in the affected cerebral

tissue.
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2. BEREK

(1) Fluorescein angiography (FAG) : ZH X4 T2
WE LR X AT L. Bk T —T %
MEBIR I £ THA L, RESRKCm»-T1 %7

NWAEVAF L LOmMIEEAL, BALFERFCY v v & —
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4 %. Kodak high speed ektachrome film, EH 135-36%
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(2) Carbon perfusion (CP) : BEfagh 75 —F V&1
DER L ERFHIKICHE AL, TITREINK % clamping
%, 7277 61c10% &< Y 2500 ml & REEH720 mio
{EA¥% 120 mmHg T perfusion U7z#MM& D L,
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Fig. 3 FAG(A), CP(B) and HE(C) of 12 hrs after restoration of BP. A: Perivascular infiltration of fluorescein
dye. B: Carbon extravasation of dilated long perforating vessels. C: Shrunken angular neurons with pyknotic

nuclei and adjacent clear spaces are seen.
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(3) FEBRFHUMREE ¢ JFREEA X ATk @ 7 {H D coronal
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B L, B/KEX100°C24 65/ 0B BEEREIC LY dry
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1. FAG, CP &iE#¥mpe (Fig. 1, 2, 3, 4)

Restoration 3 RfE]4% Tid, FAG Cincomplete ischemic
area (Fig. 1A @ RS0 L EERE CEENRE,
BB, SR Z B U TER S0, THEESD
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Fig. 4 FAG(A), CP(B) and HE(C) of 24 hrs after restoration of BP. A: Arteriovenous shunt. B: Massive carbon
extravasation in the gray and white junction. C: Incrustations have developed.

TELSKBEHARE TRERE SN B b O) i ALEERD15%,
complete ischemic area (FEIPRE, KBREIRE 2 B W
T3HHZBLUCER IRV LD) 124 %TH%. Fig
1 By CP ¢ macroscopic [Z1ZBR &AL 3 & A &
H R A3, microscopic 12 X FAG ¢ complete 8 & (8
incomplete ischemic area® f2/BE NIz carbon black ¢ pat-
chy non-filling area REFEL TR O, —EITHEWICEE
BLTREL 2B ERAICH 5. Fig. 1C X HELA T,
B3fEL66METH B, HME PRI AIE - 2R &
Vg, BOBMEIEECRLND.

Restoration 6 Ff4% <%, FAG (Fig. 2A) G incom-

plete ischemic area 13 14% T 3R LS 72 W 23,

complete ischemic areaix38% L B kiciEL, AHAMME
ARSI ERic 5. CP (Fig. 2B) % non-filling area
1340% & 5 R MBIIREIRIC—B L7k X A M %
R %. Microscopic [ 3B MR BRNICIEE Y, ¥
BTHEOMATIR AR TWa, BmEsE 3k
RIEIT U 7e @A 03 S IR L T v 5. HE Yefs (Fig. 2
C) CREFEEEEUAEHTLS. FEMMITZH I H
WIUTAHET o HE LTRY, & 134/ L eosino-
philia & 729, #% iX pyknotic & %\ 1 hyperchromatic
i TW5B, F 7k U s o Bilic Dol
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LU 7 MM R 7 & 0, MIBEE X pale ©, BHcZe
LERL, bR L nvFrORERD B R 5 h
5.

1285/ ©1%, FAG (Fig. 3A) ~Cincomplete ischemic
area OEFEIX21%I1CIEFRT % A3, complete ischemic area
B 1% e BB/ L, RIS ED I AR S22 et
iR R &5h 3, CP (Fig. 3B) <, non-filling area |
6 R H Ok LT Y, BENT S B ED
DmMPEFSEL, BILE O REEERIC cartbon DyEILA
RN 5. Microscopic [ i3 HEIREAT L 72 Z55@4% 0 sk
> carbon extravasation 23, FEMEEHER TR L
, ZhboBIRETERIROKERE & 2 61
%. HE guta (Fig. 3C) T, H#EMfE o 2{Li 6 R
BOFRARI VEE LS.

24554 Ci%, FAG (Fig. 4A) Tincomplete ischemic
area 13.30% & X &z ¥ k3 %23, complete ischemic area
%7 % TR L, EifEBEZ o microcollateral
circulation 3 & ML TR Y, HRMcE7L AV
A F D extravasation 3B b %, CP (Fig. 4B) ik
non-filling area| XN 2BE H o 2 fElc ik L, 6 B
BOESICETRS. RO KRR ic K& Dcarbon
extravasation 234 U, HEHFEEHE» SN EINS &
HIIFE BN > T0D. Z ORI S 2ds, BB OMAT
BRIz Tw b, HE Buf (Fig. 4C) TR0
RS IR TRY, MEMTERICENL, B
ZICHIE L TWBHBRR 5, Whw 5 incrustation @
BrEL, BEHEREESCERLL TS, il
L7 R oh 3, S TiiELcbo L Ebh
5,

2. fuphmEOEWEIEE (Fig. 5)

Restoration24iR¢fH] % o i MR BESE SR <1, MiEhfiRD
PUB IS U C P MEL TR b, —H#BRIEL
EREEZ K-> T0AHEZAHbAEDBNSER, Ll
F I ERERE R N OTEER G 72 <, SR L 2R
B TV BRERICED A> TR LY, BELA LD

Fig. 5 The boundary zone between the deep corti- bhigw. M FAMEO astrocyte o foot IRALL, FRF
cal layer on the subcortical white matter of 24 FEDORFEE L I & B, K& 7 extravascular space %7
hrs af‘ter restoration of BP. A: The lumen of the BRLTWS2S, 5 1 B carbon BRI & b b AL
arteriole is narrowed by the marked endothelial (Fig. 5A)
swelling but appears almost intact. B: The lumen = ‘
of the capillary is severely reduced in size by the B O NI EAL L, FRILBRAS pack X h T
marked endothelial swelling and filled with tightly BY, WAL R NIRICIEIE & A L carbon Bk
packed erythrocytes. C: The lumen of the venule AL wiv. BB OMERIL, pericyte, astrocyte 05E
contains numerous carbon granules and erythro- .y . . . .
cytes and massive carbon exiavasation occuz’from DRFRER B EICBIRS I L L BRE CHAET B7%,
disruption of periendothelial and endothelial cell T DR E 7z extravascular space (2% carbon JEALCHRIL
membrane. iz L bz (Fig. 5B).
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AR O PURRIC I3 AR L BR =P carbon kL% 2R W, A
AR Lz b 25 b D, FERic carbon AL O
EAZRD D, EERL—HCREAR & 2-TH D,
periendothelial cell 3 Z2fA{b L, RELE L, FHHE
1272 = TV B4, carbon FHRPFRIMBRASFE i L T\
BLEARKRLEDLI, ZOMIVHLLEZEEZELDR
% (Fig. 5C). BEHIC W TRBIBIC TRRZTETH
5.

3. fufEskok - BRRE (Fig. 6, Table 1)

Restoration H% X 1, RERE E & B WSO RE

%. Sodium {x=ay b m—) 584+ 5mEq/kg 25, 2485
%Iz 1 1364+12.5 mEq/kg & ML L~V % T 8 h1 +
%. Potassium {3 == k w—)1108+4.5 mEq/kg 225,

5 Befi#% 45427 mEq/kg, 24B5[E#% ©25+12 mEq/kg
LEHEBESLTWS. ZhH2UBEMB O RITEREL
DLERORENEZ BN D,

B, RETHRICBTAEHRBEE Tb Y,
sodium = v k w—/151+ 4 mEq/kgh» & 244 ©72
+15 mEq/kg iz ¥4 L, potassium i 894+ 5 mEq/kg #»
558+ 7mEa/kg WL, 24BERIBICIV T LERRIC

= sodium jX#EHIL, dry weight & potassium (I 9 #IT Lo % 5 vasogenic edema D FFH AR L TIN5 &

EXBND.
I P S Vo om
32.0
a0 L RNEREC ST
0], AR SR D RAMIT L LT, ZE 51 | sk
e UABOERRBRESDROT LB TVE, £
Sg o Bl E I, NEMERXOMEEROREIC X %
15.0 BoME R D, stasis & FER - THRILEKSC ML/ D pack
150 PETB. —F, BIXEERE XY NEICE ) EEC

140
mEq/kg 120
100
80
60
4o b=
110 =~
mEq/kg  g()

70

AELBZ L L, BERE® microcollateral circulation
DFE LT L VAL RS OMFED, Bl o RE
TEMRICHA L, REEER CEIFRIREMR L 8 0 BRI
FerviATe, HIERAR O M BE v 35 oD 58 110 M YA > YT
Elbiz, AAFRAILLEEBEEIRTEY, ZOHES
B &V PR 1200 B cimibitE i g, 24WRER8R 1 13RE
FEME LA O &3 2. 73, restoration 4B
2 AR L7 OEB DR L, recanalization ¢ B8 ¥ 4
. B7c, restoration 4 RS ICHRIR & 1TV 2406 M % T
Tlm:iiTER 52' i{ssmnsul (IRS) ’ “ FER S Wi c, BN L OEL OB /N f %
BEOWTERE L RROBFEITY, 3 TR E
BTHBEDT, KRICWET 2 FETH DP9,
i EEE oMz BIT S CT scan T, contrast

[SODTIUM CONTENT

POTASSIUM CONTENT

Fig. 6 Dry weight and electrolyte content of cere-
bral tissues of dogs with clipped right MCA
subjected to hemorrhagic hypotension for 60 min.

Table 1 Water and electrolyte content of cerebral tissues of dogs with clipped right middle cerebral artery sub-
jected to hemorrhagic hypotension for 60 min.

Time after

Cerebral Cortex White Matter
BP o R
Restored No. of Dry Wt. Sodium Potassium Dry Wt. Sodium Potassium
(hrs) Dogs (%) (mEq/kg) (mEq/kg) (%) (mEq/kg) (mEq/kg)
Control 13 20.84+1.20 58+ 5 108+ 4.5 33.34-1.75 514+ 4 894 5
0.5 4 17.540.2%* 784 9 82 5%* 30.1-£2.7% 56411 87+ 2
1 3 17.04+0.4%* 90 - 12%% 734 9.5%* 30.64-2.7 464 5 904 3
5 3 [5.04£1.6%% 109 4-22%:* 454 27%%* 29.2+3.5* 594 9% 82415
24 3 13.441.45%* 1364 12.5%% 254 12%* 26.0-4-4.8%* 72 4 15%*

58 T**

**¥P<0.01; *P<0.05; Statistically and significantly different from control
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Table 2 Summary

After resto- Histological Cerebral cortex White matter
ration of BP FAG & CP findings Water Na K Water Na K
Immediately  Patchy non-filling in complete Capillary 1 1 ! 1 1 l
ischemic cortex collapse 16%* 35% 24% 10% 10% 29
3 hrs Patchy non-filling in complete Edematous change 1 1 } 1 — l
and incomplete ischemic 18 55 32 8 0 1
cortex
6 hrs Large non-filling area in dis- Development of 1 1 ! 1 1 !
tribution of right MCA edema 28 88 58 12 16 8
Dilated vasculature around
non-filling area
12 hrs Carbon extravasation from  Shrunken angular
dilated vasculature neurons with
(Diapedesis) pyknotic nuclei
(Anemic
infarction)
24 hrs Massive carbon extravasation Incrustations 1 1 ! 1 1 l
in gray and white junction (Hemorrhagic 36 135 77 22 41 35
(Hemorrhage) infarction)

* o change

enhancement (CE) 3 XUV, M ©ZEERES
EHRLELTRLR, SHIREPETTZbOIRZIZ
EROLELTRERNICH? > TETLTRY, BHRoE
B s K —8t 5. 27, BMEHIRHEED CT scan
<, Wi CE oprE %, [cortical ribbon|, [FE%
BwdLo7%k) TKEE] 2P LRRTHHREV LN
B0, TROETRT, FHEHEI L A0 [CE SH
MZEmEO LSRN L LTR BN Z] LR
Rz, BRaRFTHELTCWIRTERY. $H54
RIEE A R B EIAR S BB AARBINR 0 PRZE I X B/ MEZE
TREROZ & L 3BR7%E <, BZEHADI ring CE
BB ENH B,

2. MEMMEEICONT

R M358 O FRE A AS 00 K2 51X angularity, cytoplasmic
eosinophilia, nuclear pyknosis % 4 2 + 24/ % L
L, BISELOVEREE LdT. hbnRER
5Lt restoration 6 B4 CHAE L 72 b, 248 IC TN
D% incrustation D% Lo L, FEMIIZEEICE
FALL T3, Restoration 6 B4 ic i, FHEMALIZT
TRAFFEEOBEBELTWB LEL LN, ZDZ &
X, BidoZ & <, restoration 4 Rt ic L MR L
TRWG 24HRE THBRSEHTY, S
ERBRICTERICERICHE B A>TV 5B Z L b L BEM T
Shd. L UERSHER D reversivility 2395 = L1k
ERHEIIEOT T HRAOEHTH Y, 4%0—/F

DIFLEDS & - 41, 2 DIOIDINIOINI128)

3. RMERZECDNT

Mo A & REE CRBE O AICH b 2 iafiER
HZohs., BETEREZRE L bz dry weightidis)
L, Fhicfk- T sodium HEfN, potassium o P 43
EHTH 5.

Restoration24pE[ii#4 12 1% sodium 3 Mi{E v ~_ L % cHE
L, potassium{Z77% & DI EREZ L L, BELY D
BROBENLEZOND. MNEBWI, BWEICBITBK-
EREOERIRETH D, 2484 T sodium 341
% DHHNER, potassium 13 33% OWAEE LHL, Bk
T LoD g B vasogenic edema DA 5K L T
51)3)14)21)26)27).

Evans blue iz X % @i 0 #& 13 restorationjifg, 1
R TR R O, SRR BRI L BLE L
TEERR LN, 24HBICIERATH . %z CP
IZ3 1) % extravasation }, 6 B4 CREIM TR SRR c iR
BB L, 12RH#% CEEICRD L 2555, cytoto-
xic edema 3 vasogenic edema |z $5fF LTWB LD 2L
Zbhb. &bic, restoration 3 B4 I A % %R
% & evans blue OIFHB A LN E L 51T R BT L b,
—ERER L% OAE 7 MEEEREE 1T vasogenic edema
@%ﬂz:(%_%&) 6 CE %2_ Bﬂ%2)7)11)13)29)'

i %83 C follow up CT %475 &, HEFITII,
CEF 03 38EH 2 ~ 3O MIc s L THIET 3 type
&, precontrast scan T EDOH Il & 7& 3 high-density
area 235 Y, BEYH~ 3 HEICT TlcEl 24 CE Bk
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BHEHBRB type 2005, MiFETIE, ERH
PTEEERMTH 50Tk L b OBFA RS B,
LTHRELEMDEENEL V-9, cytotoxic edemar
BHAR L VEIEL, 238E XV vasogenic edema HSZEEH
&7y CEBific2 s B2 DD, ZOZ LIIBED
T e, HiftE#Ex Hh b high-density area® % b,
¢l vasogenic edema [ZHEIT LT AEE1T, RKiEY
H~3HETLEHR CEBERALDBNBZ L5
LR S 1 B2,

vV B

Table 2 1ZEH L 77 & <, restoration 24 B [ #% ©
X, B RB REREEE RTS, BEIRRT
4T3 % vasogenic edema RE BN 5. —HEMEBITE
BRNikiEE Y, FESERTCHLARON SN, BED
MATRE{RehTn s,

Thbb, RIMEFOMFE L MR, SUNLEREE
OREEEHEILIZR L —F LTz

AL OBEE XHE0E B AMREARS (197945 A
118, RER) BIUEIEEREMERRSSE (1979
£5 298, RER) @B THEELE.

X Rk

1) Bartro, D., Reuien, H. J., Kocu, H. &
ScutirManN, K. : Effect of dexamethasone on the
early edema following occlusion of the middle
cerebral artery in cats. pp 127-137, In Reulen,
H. J. & Schiirmann, K. (eds): Steroid and Brain
Edema. Springer-Verlag, Berlin, Heidelberg,
New York, 1972

2) Bremer, A. M., WesT, C. R. & Yamapa, K.:
Alterations in the distribution of water, sodium,
potassium and chloride in brain during the
evolution of ischemic cerebral edema. Neuro-
surgery 3: 187-195, 1978

3) Bremer, A. M., Yamapa, K. & West, C. R.:
Experimental regional cerebral ischemia in the
middle cerebral artery territory in primates.
Part 3: Effects on brain water and electrolytes
in the late phase of acute MCA stroke. Stroke 9:
387-391, 1978

4) Dobson, R. F. & KawamURra, Y.: Perivascular
hemorrhagic lesions in temporal cortex following
cerebral infarction (A morphological study). Exp
Mol Pathol 20: 24-32, 1974 ‘

5) Dobson, R. F., Cuau, L. W-F., WeLcH, K. M.
A. & AcuAR, V. S.: Acute tissue response to
cerebral ischemia in the gerbil. An ultrastructural

—1013—

study. J Neurol Sci 33: 161-170, 1977
6) Dobson, R. F., Mivakawa, Y., Cuau, L. W-F.,
Ismrara, N., Narrrom:, H., Hsu, M-C. &
Drsumuks, V. D.: An ultrastructural assessment
of an embolic method of producing cerebral
ischemia. Stroke 8: 337-341, 1977
7) Fujmmoro, T., WaLker, J. T., Seatz, M. &
Krarzo, I.: 1. Pathophysiologic aspects of
ischemic edema. pp 171-180, In Pappius, H.M.
& Feindel, W. (eds): Dynamics of Brain Edema.
Springer-Verlag, Berlin, Heidelberg, New York,
1976
8) Garcia, J. H,, Cox, J. V. & Hupcins, W. R..:
Ultrastructure of the microvasculature in ex-
perimental cerebral infarction. Acta Neuropathol
18: 273-285, 1971
9) Garaia, J. H. & Kawmrjo, Y.: Cerebral infarc-
tion, evolution of histopathological changes after
occlusion of a middle cerebral artery in primates.
J Neuropathol Exp Neurol 33: 408-421, 1974
10) Garcaa, J. H.,, Kaumo, H., Kamjo, Y. &
Trump, B. F.: Cellular events during partial
cerebral ischemia. 1. Electron microscopy of
feline cerebral cortex after middle cerebral artery
occlusion. Virchows Archiv [Cell Pathol] 25: 191-
206, 1977
11) GmBog, D. D., DrREwEs, L. R. & KiNTNER, D.:
8. Edema formation in the isolated canine brain
edema. Anoxia vs. ischemia. pp 228-235, In
Pappius, H.M. & Feindel, W. (eds): Dynamics
of Brain Edema. Springer-Verlag, Berlin,
Heidelberg, New York, 1976
12) Hossmann, K-A. & KLEIHUES, P.: Reversibility
of ischemic brain damage. Arch Neurol 29: 375-
384, 1973
13) S, KREEAR, BEHES, fHE &
Mongolian Gerbil 12331} 2 — AN ML 1% DM
FEEICBE T B BI9E. FgsR6 (1) - 313-322,
1976
14) Karzman, R., Crasen, R., KrLaTzo, 1., MYER,
J. S., Papprus, H. M. & WaLTtz, A. G.: Report of
joint committee for stroke resources. IV. Brain
edema in stroke. Stroke 8: 510-540, 1977
15) Lirree, J. R, Sunpt, T. M. & KERR, F. W,
L: Neuronal alterations in developing cortical
infarction. An experimental study in monkeys.
J Neurosurg 39: 186-198, 1974
16) LrirTie,J. R., KERR, F. W. L. & SunpT, T. M.:
Significance of neuronal alterations in developing
cortical infarction. Mayo Clinic Proc 49: 827-837,
1974
17y Lrrrie, J. R., KErRr, F. W. L. & SunpT, T. M.:
Microcirculatory abstruction in focal cerebral
ischemia. Relationship to neuronal alterations.
Mayo Clinic Proc 50: 264-270, 1975

NI | -El ectronic Library Service



The Japan Neurosurgical Society

18) LrrrLE, J. R, KERR, F. W. L. & SunpT, T. M.:
Microcirculatory obstruction in focal cerebral
ischemia: An electron microscopic investigation
in monkeys. Stroke 7: 25-30, 1976

19) Lrrreg, J. R.: 9. Microvascular alteration and
edema in focal cerebral ischemia. pp 236-243,
In Pappius, HM. & Feindel, W. (eds): Dynam-
ics of Brain Edema. Springer-Verlag, Berlin,
Heidelberg, New York, 1976

20) Petio, C. K.: Platelet thrombi in experimental
cerebral infarction. Stroke 10: 192-196, 1979

21) SuiBaTa, S., Hopce, C. P. & Papprus, H. M.:
Effect of experimental ischemia on cerebral
water and electrolytes. J Neurosurg 41: 146-159,
1974

22) SeHHMEL, £ Fadk : Fluorescein angiography
i & B BEM NMEREIRE O Bl B4 679-
684, 1976

23) LEEMIE, ZokBEA F UK REEZE < B
35 EERHIBTZE (35 1 3%) —HimtEEgE o B4E
Bz oW T —. AR 18 (1) - 377-383,1978

24) SEHMR, ZOKBEE, & Ok SRR

—1014—

gen CT R, CT Mfge 1 : 171-182, 1978

25) SeEMR, ZOKBEAE, F Ok HMPEREE
g2 follow up CT. CT #4922 (3), BHFE

26) Svymon, L., Branston, N. M. & CHIKOVANI,
O.: Ischemic brain edema following middle
cerebral artery occlusion in baboons: Relation-
ship between regional cerebral water content
and blood flow at 1 to 2 hours. Stroke 10: 184—
191, 1979

27) Waranasg, O., West, C. R. & BreEMER, A.:
Experimental regional cerebral ischemia in the
middle cerebral artery territory in primates.
Part 2: Effects on brain water and electrolytes
in the early phase of MCA stroke. Stroke 8: 71-76,
1977

28) WnER, HAGS, HY OB EUELE
WA, RTER : M O TR — R
By, BEEROPTE— F—W RO ZEL.
RS9« 279-285, 1979

29) HHEM— : B EREE. e - 415-423,
1978

NI | -El ectronic Library Service



