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Fig.l. Early and late spasms of
cerebral arteries of the dog.

A : The angiogram before infusion
of blood into the subarachnoid
space. The arteries of anterior and
posterior circulations are demon-
strated with the vertebral angio-
gram,

B: Angiogram 15 minutes after
infusion of 8 ml autogenous fresh
blood into the subarachnoid space.
Early spasm is seen on the arteries.

C: Resolution of the early spasm 60
minutes after infusion.

Dand E: The late spasm is seen 2
and 24 hours after blood infusion,
respectively.
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Fig.2. The rate of vessel diameter in the early (8)
and late (B) spasms 15 minutes and 6 hours after
subarachnoid infusion of blood. A. C., anterior
cerebral artery ; M. C., middle cerebral artery,;
P. com., posterior communicationg "artery; P.
C., posterior cerebral artery; S. C. A., superior
cerebellar artery ; B. A., basilar artery.
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Fig.3. The correlation between the rate of
arterial spasm and the amount of clot in the
subarachnoid space. The dogs are classified into
three groups according to the types of sub-
arachnoid clot. Bars present the average of
diameter in each group.

Group 1: Accumulation of the clot in the basal
cistern is small in amount. Arteries of circle of
Willis and vertebrobasilar system are clearly
seen.

Group2: Clot accumulates in the basal cistern,
Sylvian fissures, lower surfaces of temporal
lobes and pontine cistern, but the posterior
communicating and basilar arteries can be seen.

Group 3: Clot fills basal cistern, Sylvian fissures,
and pontine cistern, masking the arteries.

A: The rate of vessel diameter in the early
spasm, 15 minutes after subarachnoid infusion of
blood.

B: The rate of vessel diameter in the late spasm
6 hours later after infusion.

G1, Group 1; G2, Group 2 ; G3, Group3.
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Fig. 4. Changes in diameter of basilar arteries
following subarachnoid infusion of blood. Ordi-
nate, the rate of changes in diameter of basilar
arteries. Abscissa, time after infusion of blood.
A, biphasic arterial spasm in12 of 19 dogs (63 %)
examined within 24 hours of subarachnoid blood
infusion. B, monophasic arterial spasm in
remaining 7 dogs (37%).

SAI, subarachnoid infusion of blood.
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Fig.5. Changes in diameter of basilar arteries in
two and six days after subarachnoid blood
infusion. Closed circles, the diameter of basilar
arteries in two days. Open circles, the diameter
of basilar arteries in six days. In all the dogs,
the diameter of basilar artery was measured 15
minutes after blood infusion.
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Fig.6. The average and the standard deviation of
diameter of basilar arteries (ordinate) measured
on angiograms after subarachnoid infusion of
blood (abscissa).
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Fig.7. Fluorescent microphotograms for catecholamine fibers around the basilar artery 24 hours
after subarachnoid blood infusion.

A

B:

Part of spread basilar artery. Basilar artery is surrounded by mesh work of catecholamine fibers.
(X 375)

Transverse section.

Catecholamine fibers with synapses (arrow 1) show greenish - yellow
fluorescence in the arachnoid membrane (a) and adventita (ad).

The fibers don’t invade into the

middle layer (m). Infused red blood cells appear vaguely (arrow 2). Elastic layer (e) and a white

red blood cell (arrow 3) show autofluorescence. (1)
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: lumen of vessel. (X 375)

Mean changes in diameter of basilar
arteries determined by serial angiography and
changes of cellular components in the subarach-
noid space. A, averaged number of poly-
morphonuclear leukocytes. Vertical bars indi-
cate range of observation. The closed circle
with star indicates the dog which showed
marked spasm and inflammatory response in
subarachnoid space. Ordinate, the number of
polymorphonuclear leukocytes (A) and percen-
tage of change in diameter of subarachnoid
arteries represented by basilar artery (B). Abs-
cissa, the time after infusion of blood into the
subarachnoid space.
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Fig.9. Inflammatory response in the subarachnoid space after 24 hours. Polymorphonuclear
leukocytes are maximal in number. Red blood cell phagocytized by marcrophage is seen. (X850)
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Fig. 10. Posterior communicating artery and inflammatory response two days after subarachnoid
infusion of blood.

A: The structure of clot is loose. (X 175)

B: Magnified picture of blocked are in A. Number of polymorphonuclear leukocytes reduced and

lymphocytes appear. Phagocytic activity of macrophages is prominent. Crenated red blood cells

are observed. (X700)
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Fig.11. Histological findings in the vicinity of posterior communicating artery, and absence of
subarachnioid clot, six days after infusion of blood. Red blood cells disappear and many
hemosiderin - laden macrophages are intermingled with fibroblasts. (x175)

SERLEN, THEOEERLULEG bETH
pEmMOZVENEIZS <, —Eko b0k, Emo
SlnE 1 Bz % 0o 7, BRI R R EEED
BECOWTHR T 2 TR Sh 2 FR I, m¥
EEORIINSE & & b1, BEFIC B 1T 5 HIERAL,
B, EhomEORIGHSEOREOHENIEET 2 L
Eion3,

b M2 B o A BRI E R AR S0z S,
h#sHE S 7 HECHBEL, EROBRTZNL L
D1HEM BN S, MMESMEOME T < ETHIMm
CragEmo Ry FELMEAEELH,CT A% v T
MO RO S FIRRMEEEOEE I FE ., D OR KR
LBWTIE < b BT Rt o %\ 12 5 HRG I & 8 13
BWhrofe, UL, BRERIESRE BV, ME
HESEOMS L oMK RHMOESHECAoND
BYRECR <, BBOML, KFEFTROEL LW
BEBRLBESTD s hiz. BM 57| in vitro T
1 A REEINR A ic 24 BSRIRE L 7o AR - SRS %
&2 CROBIEINMEC D, ZRIBLFVAES
TEYHBVREZOMEMECEZ L Lz, (LET
Blzmm e, 2BEUNEAFyAEs oy

YHHEL, 2~3HTHEGBLED, BS54
FEVANESTEYHNA bOATSOE AL HEIE
{63 3B T 2 L3 superoxide*? 3@ {LASHE %
£ 5, R RSV MIEREY E L BREOWEES
CIRHBEOBMCEEOEET S L ERL, A
2 BHETHCERAEE2EAL, MOEEREORE
IHRIERRELE. HEEAFVAETOE VAR
Fo~ES o LT 2B TE L S superoxide
PIME S s BEEOERBLEEL, 2O/
BAEUZBE{LIEERIELEC XD LHERL L.
Heros 530iEH 6m» ULV L E Y EFE LA XD
LTI HRAEMEZEAL B, SE0E
ERBOIEER, IOkt a b raEALT
Wiz Z k2 &% L EERLT2, Simeone 5521 in vitro
T NI 2 A, /MRS EDEECIEEN % & D
Z & &R, BERIMIEEIE T SRR /M E D 50%
Dru b=t an, B0 50%EEER £ T35l
SR EHRH S NB LI FRE S, MM L DI &
hotob =V iERERKNESEDOIRE TS 5E0D
Tz, BEmMESEORRA L bR NES Lk,
Lirl, —HERLMOEEESE S S 2B



600 g

eI B L T mmAMR & D mEEhswob=v
OEE% b - TLTIRHALEL,
|, A 2 RWINESIIRE TR OHRELE
T EERL, PR ESEORIRI ZHRES H
D, EENNESSEEOBRICRIAGARNIELY,
B R MBI B OBEERIGE T H B DL, &
EIzIdTREBVEERLE Echlin?® i34 VI EE BT
B IR SE T & 2 WERE IS TERIT 2 L BRIERGLIC
I, BT SR R 50 T 1EFFERICE
FIgWMEL, —F, REOHmER: L2 TR 24
BRI R e e R o T 2 ik y, RO
S MR X D ERATRIBOERHKE <,
B SR i M R O E A & 2R EE SO,
FBIC M08 ~ D115 I iR I BB OTREE & b Tk
Mol
Kapp 5" 3 2 OEBIREEH T 58, <% [E%
AT ABICHMSE S L ERc R SEEEEL B
B8, BT 3 C ki < bERRE LB TRMD
Sl B Th oo L RE L.
oA R 2 R AN BT B £ M B E L,
IR I T 25957, Lo L SESRARbRaiA YRk
L7 fi Bl oiiag L IR R OB MERI T LT 5 b
O, [KIFEEDRDT 5 LT 540D, OHERT 55
281 2 NT W %, Bdvinsson®™® & I3 _EBEERAE R AEATL]
i 12 BERILIPT 12 4 U B BB B O WS 1 RIE X
BoAs i Hs S VT RV U > BT B0 THY,
X 5 GTIe 24 BN 43 2 MM ORI ME X
MR ED L7 VY SBT3 THY,
YIkete LB MmN EOEC S E5D 13 B
ERmARROTO ./ VT BV F N IEBTHSL T
HELE. ¢ bETROEEAZBEDOA XKES
Wi/ V7 R LU SV IGRETH D, — 7, IR
HHICIERM I A 7a—-17 2 VHSHERTL TVa552),
Peerless®® 5 I3 7 FEHWLT, < b E T e M R
AT B L MMESEREEE L D EENEET S
BEHEL, ZOBFR denervation DFER, B
TGS ERIERO /LT R L) VIR KT
L TR SEss A B EHE L . fEReIZ A X< b
TR R EA LA, REMEOY T 3 —-17
VBN REb o, FRRCEVTE, <
LIS T MBEAL 15 & b, 2R, 6 R, 155
i, 245R, 2AE, 6 AH W H 2R T E A
RREIRO A T 2 — LT § BN R, 5,
WHEEREb o7
LT &I MBEA LD B EEE &7 Uiz XD
BESIRR U O BB OB 2R L, FEER,
FEY - L, FHEA XNESRIC in vitro TIER

53

E¥DE, BTNLBOROEEEOETI0%,,
MEELUAOMA e »OMEORESE 2R L 7,

Wilkins 504 4 PIOBEER B 3 Blizhimes
B TR E S 2 B, {LIRMEMERE 2R Uiy
XIZIREOBEORENREZI N, A X HETH
TEyvAETSubrEEATS L, U~ BREELY
AL EENEIE & EE AR R 2429, Bram.
well® i 1886 &, & HETHMOESIZIB VT, ¢}
BETFEEOMBEAFEL Ty HAICHES » CnERE
KoHrbhd I LERELL.

Finlayson®® i3 U F M £ U EEMREL 0F
FixwzL, ZORREMBRCEL OESHELLT
L ETEWES o727 TH 5 & Uiz, Hammes™
13 53 IO RUENREIR RGN DV THRERL, S b
TR ffE G Btk 2 [E & D S nRoHE
WERE D, VoS, EREROMBEAS L, 0A
PE < S ETHEICMEMERLT 3 & fibrosis DA 513
ZEeRRT,

KEBIZBWT, < bETHE~DQMKEAR 2FH
VB BB 68 o SRIEA B & A IS SR I IR
B U, M A% 15~24 B S o maskBid s,
Ry, 2HE, 6 AR LED L. REOBES, $¥
BBk IR T 2 BEHE L MR E SR D & 5 h Bl
AL I3 & < —B L. HRESZEAMRSESHEREDH LN
72 1T B W TN E R 53% & HEOEERRL
7-.DiRosa™5i3 7 v FORMEZ A 77 =Y BEHL
EMEESVES L, 1L.5REEZ o b=y, EAY
D BB IR R, 1.5~2.5 FETR*=
V28, 2. 5 BRI S u R Y T T T4 v DHONS
Zra®eLz, Willis?@dh 77 = vREERRY,
BRI 7O 275 27 4 v E, SR BIERE 1R
B L DN LAY, 18~24 %I BEEEEZRL,
X5 4 BEELEL ML oo 5 2L 2RLT.
Higgs™ & 13 in vitro W28V T 7 - FEIEL D RILL
LHEMBSEREFIBCTORYTIVTAY
FooSiH 202 2 & #8RE L 72 Pauls™MEEVEY

NSRS X DA L 7 SR A MBRTEE O BRETIR
I, b R LT HL L, 2~4 (B0 H,0, 2 BET 52
EERIEL.

MR B RO TR T T T 4 Y HFET
2, ¢ T HIME, HE, AR, RSME i F
WREQBEOBETICIE T OAY 7T T4 Pl
RN 27T, % fo I & b e st EE T 2RI
OAY TS5 T 4 By Foa DI & BT, Z1G
OFaARY T T VT 4 Vi in vitro @B TRHME?
INME R 280, FORY T T T 4 Fea 13 SEBIR,
BEMEPICEEA T B L NI OUHE % b 72 5T 7u




< BT HIANC 3 1 2 X 8 8 o SEEREIIT AL 601

2575 vT 4 v BREET, H50MmEe £ bic
REBIR G EEIER S5 LU ER DT,
Pennink 5, TRAY 7T ¥ T 4 ¥ Foay, 70
2575 TF4Y Foa EMBEELA X BETRC
BATZETORSY ST YT 4 Foo BBAME ITHEE
pRERRT L, MEHEM T 33% DHE TEERE
cFOERL, e 7aRETI 0T 4 v Fa Bl
WEEALIBICIE 2% ORBETREEREI S 2L
oS L D BiiE s ORI T T T4
vFaic&BbEL.

FEBRICBWLT, < bETHEOMBIEAK & 2B
ESREO R4 I X I ER BRI E O REDH
Burfen o CTHBRTAWE, RCTORI T I 74
v, superoxide 5§35 Z LAVRRE NI,

(1) 43S HBETHCERNEMS ~6 ml 2EA
F5 L MM SENFEE L, EBHID 63% T, =
DHDIRFEAR 15 5T HIRL T 60 HRICEMEL, 120
FEDHBE-T6~24HETREAEL, 6 HEICK
EET 5 EER VBRI EEED 2 DT s,
BY 0 37% Tk FHERG I B SO BRI TR b
27,

(2) FLEARMIME S LT REMOEN S LE
Mbso to, BRI EEGEOFE, RUEEOERIZ,
CHETHORERS, RUSEANROEE:, &
DEEREESRD S, BRERGOMETSH
ok 1RICB W TMESEIFRICEE TH > 72,

(3) MEEREEWR 2 BT, mEEA 2 X
D SGHMERAEML, ARG HEL, GRED
BADR U E 2025 5172, 24 BH%ICIZSEAEN
ROBIBRSBIEL, MM ML, 2BBEME
HHBE MR REZED LT,

4) MEBIRKERBHEOZ T2 -7 3 VEE
i, MEEAREOVISROBICBEWLTHRLN
SEfEBs LMo,

(5) M¥EA & 5 REERISIEBAT 2 Y- IR
ROMBEVICINZ, BN ESHEREORRE 45
LEzon,

WERKZ 2 8o, HEE, HH LD - - BEILARE
HERBCEROBMEARLET, £ LATIEOKITICHL
0y W7, SRR R D o L EBISIR, (PGS
BEROBEHICE BB &7, 2 2SR EHIE 20k
; ViR R T O T R BRI B B

LET. :

X [N

1) Ecker, A. & Riemensheider, P. A.: Arterio-
graphic demonstration of spasm of the intracranial
arteries. With spacial reference to saccular arterial
aneurysms. J. Neurosurg., 8, 660 - 667 (1951).

2) Allcook, J. M. & Drake, C. G.: Ruptured
intracranial aneurysms- The role of arterial
spasm. J.Neurosurg., 22, 21 - 29 (1965).

3) Odom, G. L.: Cerbral vasospasm. Clin.
Neurosurg.,22, 29 - 56 (1975).

4) Millikan, C. H.: Cerebral vasospasm and
ruptured intracranial aneurysm. Arch. Neurol.,32,
433 - 449 (1975).

5) Weir, B., Grace, M., Hansen, J. & Rothberg,
C.: Time course of vasospasm in man. J. Neuro-
surg., 48, 173 - 178 (1978).

6) FHEE: 7 EHETHIMENT B 5 MnESE z
OERRENC DT, IgFhiEE, 29, 369 - 384 (1977).

7) BHEZ-BHHIE: { ETHORCB T 3K
M. ZOBBIC LT, THEEE, 29, 829 - 840
1977).

8) HME= -RMER -BEKFERX: MEERBIIRE
. 5 ENAIRERESHEEE, GiAIR), 27-35
H, F, s RieiieEsEEs. 1972

9) Suwanwela, C. & Suwanwela, N.: In-
tracranial arterial narrowing and spasm in acute
head injury. J. Neurosurg., 36, 314 - 323 (1972).

10) Lyons, E. L. & Leeds, N. E.: The angio-
graphic demonstration of arterial vascular disease
in purulent meningitis.

11) AHERE - BEE-Hi# - SKE - PR ExR-
EIRES . BT ERAEIES S R ICFE4E L 72 Cerebral
angiospasm @ 2 $i, % 5 EIRGHE S BHEEBIHE RS
WS, VKR, 7-17 8, ¥R, Mo R
PREIRIE =, 1972

12) Lende, R. A.: Local spasm in cerebral
arteries. J.Neurosurg., 17, 90 ~ 103 (1960).

13) Echlin, F. A.: Current concepts in the etio-
logy and treatment of vasospasm. Clin. Neurosurg.,
15, 133 - 160 (1968).

14) Kapp, J., Mahaley, M. S. & Odom, G. L.:
Cerebral arterial spasm. part 2: experimental
evaluation of mechanical and humoral factors in
pathogenesis. J. Neurosurg., 29, 339 - 349 (1968).
15) Flam, E. 8., Yasargil, M. G. & Ransohoff, J.:
Alteration of experimentam cerebral vasospasm by



602

anp
o

adrenergic blockade. J. Neurosurg., 37, 294 - 301
(1972).

16) Potter, J. M.: Cerebral arterial spasm. A
short review. wld. Neurol., 2, 576 - 588 (1961).

17) Landau, B. & Ransohoff, J.: Prolonged
cerebral vasospasl in experimentam subarachnoid
hemorrhage. Neurology (Minneap.), 18, 1056 - 1065
(1968).

18) Echlin, F. A.: Vasospasm and focal cerebral
ischemia. An experimental study. Arch. Neurol.
Psychiat., 47, 77 - 96 (1942).

19) Wilkins, R. H. & Levitt, P.: Intracanial
arterial spasm in the dog. A chronic experimental
model. J. Neurosurg., 33, 260 - 267 (1970).

20) Echlin, F. A.: Experimental vasospasm,
acute and chronic, due to blood in the subarachnoid
space. J. Neurosurg., 35, 646 - 656 {1971).

21) Kuwayama, A., Nicholas, T., Zervas, R.,
Belson, R., Shintani, A. & Pickren, K.: A model
for experimental cerebral arterial spasm. Stroke, 3,
49 - 56 (1972).

22) Petruck, K. C., West, G. R., Marriott, M. R.,
Mclntyre, J. W., Overton, T. R. & Weil, B. K.:
Cerebral blood flow following induced subarach-
noid hemorrhage in the monkey. J. Neurosurg., 37,
316 - 324 (1972).

23) Brawley, B. W., Strandness, D. E. & Kelly,
W. A.: The biphasic response of cerebral vas-
ospasm in experimental subarachnoid hemorrhage.
J. Neurosurg., 28, 1 - 8 (1968).

24) Simeone, F. A., Ryan, K. G. & Cotter, J. R.:
Prolonged experimental cerebral vasospasm. J.
Neurosurg., 29, 357 - 366 (1968).

25) Osaka, K.: Prolonged vasospasm produced
by the breakdown products of erythrocytes. J.
Neurosurg., 47, 403 - 411 (1979).

26) BEERE=-EE - (LEBGA « FERI - 4K -
FFFOX - EFIERE : Oxyhemoglobin 1% 8 /E AR FE
DERIIMAZE, Neurol. Med. Chir. (Tokyo)., 20, 137
- 144 (1980).

27) Pennink, M., White, R. P., Crockarell, J.
R. & Robertson, J. T.: Role of prostaglandin F,e
in the genesis of experimental cerebral vasospasm.
Angiographic study in dos. J. Neurosurg., 37, 398 -
406 (1972).

28) Peerless, 8. J. & Yasargil, M. G. : Adrenergic
innervation of the cerebral blood vessels in the

)

rabbit. J. Neurosurg., 35, 148 - 154 (1971).

29) Jackson, I. J.: Aseptic hemogenic meningitjs
An experimental study of aseptic meningea] re.
actions due to blood and its breakdown products,
Arch. Neurol. Psychiat., 62, 572 - 589 (1949),

30) Nakamura, T.: Application of the Fagly
method (Furness et al) for the histochemica
demonstration of catecholamine to the cryostat
section method. Acta Histochem. Cytochem, 12,
182 (1979).

31) Stornelli, S. A. & French, J. D.: Sub
arachnoid hemorrhage. Factors in prognosis and
treatment. J.Neurosurg., 21, 769 - 780 (1964).

32) Wilkins, H. R.: Aneurysm rupture during
angiography. Does acute vasaspasm occur ? Surg,
Neurol,, 5, 299 - 302 (1976).

33) ME-UREZHR: HEEAHLIBEEICS T 2HE
PIEED SR, MINEREB D ME B, BRI RELE
Doz, IR, F1K 29-65H, HFE, 94
B4, 1981

34) Allen, G. S., Lawrence, H. A, Chou, S.N. &
French, A. L.: Cerebral arterial spasm. Part 3. In
vivo intracisternal production of spasm by sero-
tonin and blood and its reversal by phenoxy-
benzamine. J. Neurosurg., 40, 451 - 458 (1974).

35) Arutiunov, A. L., Baron, M. A. & Majorova,
N. A.: The role of mechanical factors in the
pathogenesis of short - term and prolonged spasm
of the cerebral arteries. J. Neurosurg., 40, 459 - 472
(1974).

36) LBk : MMM EE - MEFEMET 2> B
&+, 3, 1001 - 1007 (1975).

Raynor, P. B. & McMurtry, J. G.: Prevention of
serotonin produced cerebral vasospasm. An evalua-
tion of blocking agents. J. Neurosurg., 20, 94 - 96
(1963).

38) Chow, R. W. B.,, Newton, T. H., Smith, M.
C. & Adams, J. E.: Cerebral vasospasm induced by
subarachnoid blood and serotonin. An angiographic
study. Invest. Radiol., 3, 402 -~ 407 (1968).

39) Kapp, P. J., Robertson, J. T. & White, P.R.:
Spasmogenic qualities of prostaglandin Fye in the
cat. J. Neurosurg., 44, 173 - 175 (1976).

40) Rosemblum, W. I.: Constriction of pial
arterioles produced by prostaglandin Fya. Stroke, 6.
293 - 297 (1975).

41) HBBH MOEH AT 5 ZERHE ¥




< & B FHUMIC 3517 2 B4 S ) EERRIBTSE 603

riNEREE OREE, futeig, 23,1143 - 1153 (1971).
1) fREERER: 7 BT I & 2 BRI E SRR
T 5 REHIE. 7 B R AT, 22, 418 - 471 (1974).
43) McQueen, J. D. & Jelsma, L. F. : Intracranial
hypertension : cerebrospinal fluid pressure rises
following intracranial infusions of blood compo-
nents in dogs. Arch. Neurol., 16, 501 - 508 (1967).
M) HRE-LHES - FEB= BElHFE— - HARTSRY -
Hiige - IWR{EZER - BUEESE : MR IS
Bl X AEENE, MMM 3R ORI AL & BRIRAEIR.
Neurol. Med. Chir. (Tokyo)., 19, 1139 - 1148 (1979).
45) Mizukami, K., Takema, T., Tazawa, T.,
Kawase. T. & Matsuzaki, T.: Value of computed
tomography in the prediction of cerebral vas-
ospasm after aneurysm rupture. Neurosurgery, 7,
583 - 586 (1980).

46) Fisher, C. M., Kistler, J. P. & Davis, J. M.:
Relation of cerebral vasospasm to subarachnoid
hemorrhage visualized by computerized tomo-
graphic scanning. Neurosurgery, 6, 1 -9 (1980).

&) TEE - HHHE - EDE - THBRK - BHE
= MBSO REA L R 5 B, WERN
W2, Neurol. Med. Chir. (Tokyo)., 16, 103 -114
(1976).

48) Barrows, L. J., Hunter, F. T. & Banker, B.
Q.: The nature and clinical significance of pig-
ments in the cerebrospinal fluid. Brain, 78, 59 - 80
(1955).

49) Winterbourn, C. C., McGrath, B. M. &
Carrell, R. W. : Reaction involving superoxide and
normal and unstable hemoglobins. Biochem. J., 155,
493 - 502 (1976).

50) EAKRESR - REEE EHET MOETEREL
7Y —3 YA IR, Neurol. Med. Chir. (Tokyo).,
20, 145 - 153 (1980).

51) Heros, R. C., Zervas, N. T. & Negoro, N.:
Cerebral vasospasm. Surg. Neurol., 5, 354 - 362
(1976).

52) Simeone, F. A. & Vinall, P.: Mechanisms of
contractile response of cerebral artery to externally
applied fresh blood. J. Neurosurg., 43, 37 - 47 (1975).
53) Zucker, M. B. & Borrelli, J.: Quantity, assay
and release of serotonin in human platelets. J. Appl.
Physiol,, 7, 425 - 431 (1955).

5) RiE - MEE— - DM HHREECET S
EERITIE. 55138, IMBIIREEE ik O BRI
O HE Iz >\, Neurol. Med. Chir (Tokyo).,

17, 39 - 45 (1977).

55) Frobes, H. 8. & Cobb, S.: Vasomotor control
of cerebral vessels. Res. Publ. Assoc. Res. Nerv.
Ment. Dis., 18, 201 - 217 (1955).

56) James, I. M., Millar, R. A. & Purves, M. J.:
Observations on the extrinsic neural control of
cerebral blood flow in the baboon. Circ. Res,, 25, 77
- 93 (1969).

57) Kobayashi, S., Waltz, A. G. & Rhonton, A.
L. Jr.: Effects of stimulation of cervical sym-
pathetic nerves on cortical blood flow and vascular
reactivity. Neurology, 21, 297 - 302 (1979).

58) Bridges, J. T., Clark, K. & Yahr, D. M.:
Plethysmographic studies of the cerebral circu-
lation: Evidence for cranial nerve vasowotor
activity. J. Clin. Invest., 37, 763 - 772 (1958).

59) Shackelford, T. R. & Hegedus, A. S.:
Bilateral superior cervical sympathectomy. Effect
on cerebral blood flow of normal dogs. Arch. surg.,
82, 308 - 313 (1961).

60) Edvinsson, L., Nielsen, K. C., Owman, C.
H. & West, K. A.: Sympathetic adrenergic
influence on brain vessels as studied by changes in
cerebral blood volume of mice. Eur. Neurol., Part 1,
6, 193 - 202 (1971/72).

61) Lobato, R. D., Marin, J., Salaices, M.,
Rivilla, F., Burgos, J. & Sanchez, C. F.: Changes
in reactivity of pial arteries to noradrenaline and 5
- hydroxytriptamine after experimental sub-
arachnoid haemorrhage and pretreatment with 6 -
hydroxydopamine. Acta Neurochir.,, supple., 28, 541
~ 545 (1979).

62) Peerless, S. J. & Griffith, J. C.: Plasma
catecholamines following subarachnoid hemo-
rrhage, p.148 - 156. In R. R. Smith & J. T. Robertson
(ed.), Subarachnoid hemorrhage and cerebro-
vascular spasm. Charles, C. Thomas, Springfield,
Illinois, 1975.

63) Peerless, S. J. & Kendall, M. J.: The
innervation of the cerebral blood vessels, p.38 - 54.
In R. R, Smith & J. T. Robertson (ed.), Sub-
arachnoid hemorrhage and cerebrovascular spasm.
Charles, C. Thomas, Springfield, Illnois, 1975.

64) RIEREHE - WEILE O ERBRIWTIE. Mok, 6, 555
- 561 (1978).

65) IWEEE - FBE— - S%— MOESHELOSE
fE i B R R i BE oD i i B AR, Neurol. Med.



604

b
[y

Chir. (Tokyo)., 18, 489 - 494 (1978).

66) Wilkins, R. H., Alexander, J. A. & Odom, G.
L. Intracranial arterial spasm: A clinical ana-
lysis. J. Neurosurg., 29, 121 - 134 (1968).

67) EEHMEZ: < bETRESMEWEEAR X ZEEN
EfE. +eEZSE, 86, 482 - 499 (1977).

68) Bramwell (1886).3C#K 70) Hammes & 0 5|F
69) Finlaysonm, A. L. : Acute postoperative aseptic
leptmeningitis. Review of cases and discussion of
pathogenesis. Arch. Neurol. Psychiat., 46, 250 - 276
(1941).

70) Hammes, E. M.: Reaction of meninges to
blood. Arch. Neurol. Psychiat., 52, 505 - 514 (1944).
71) Di Rosa, M., Giroude, J. P. & Willoughby, D.
A.: Studies of the mediators of the acute
inflammatory response induced in rats in different
sites by carrageenan and turpentine. J. Pathol., 104,
15-29 (1971).

72) Willis, A. L.: Release of histamin, kinin and
prostaglandins during carrageenin - induced
inflammation in she rats, p 31-38 In P.
Mantegazza & E. W. Horton (ed.), Prostaglandins,
Peptides and Amines. Academic Press, London and
New York, 1969.

73) Higgs, G. A. & Youlten, L. J. F.: Pro-
staglandin production by rabbit peritoneal poly-
morphonuclear leukocytes in vitro. Br. J. Phalma-
col., 44, 330p (1972).

74) Paul, B. & Sbarra, A. J.: The role of the
phagocyte in host - parasite interactions. XIIl. The
direct quantitative estimation of H.0. in phago-
cytizing cells. Biochim. Biophys. Acta., 156, 168 -
178 (1968).

75) Hopkin, J. M., Horton, E, W. & Whittaker,
V. P.: Prostaglandin content of particulate and
supernatant fractions of rabbit brain homogentes.
Nature, 217, 71 - 72 (1968).

155

76) Horten, E. M. & Main, I. H. M. : Identifica.
tion of prostaglandins in cenrtral nevous tissues of
the cat and chiken. Br. J. Pharmacol., 30, 582 - 602
(1967).

77) Wolfe, 1. 8. & Mamer, O. N.: Measurement
of prostaglandin F.« levels in human cerebrospinal
fluid in normal and pathological conditions, Pro.
staglandins, 9, 183 - 193 (1975).

78) La Torre, E., Patrono, C., Fortuna, A. &
Grossi - Belloni, D.: Role of prostaglandin Fye in
human cerebral vasospasm. J. Neurosurg., 41, 293 -
299 (1974).

79) Silver, M. J., Smith, J. B., Ingerman, C. &
Koesis, J. J.: Human blood prostaglandins:
Formation during clotting. Prostaglandins, 1, 429 -
435 (1972).

80) Smith, J. B., Ingerman, C., Kocsis, J. J. &
Silver, M. J.: Formation of prostaglandins during
the aggregation of human blood platelets. J. Clin,
Invest., 52, 965 - 969 (1073).

81) Allen, G. S., Henderson, L. M. & Chouy, S.
N.: Cerebral arterial spasm. Part 1. In vitro
contractile activity of vasoactive agents on canine
basilar and middle cerebral arteries. J. Neurosurg,
40, 443 - 441 (1974).

82) Yashon. D., Brown, R. J. & Hunt, W. E.:
Vasoactive properties of prostaglandin compound
on the in vitro human basilar artery. surg. Neurol,
8, 111 - 115 (1977).

83) Morgan, H., White, R. P., Pennink, M. &
Robertson, J. T.: Prostaglandins and experi-
mental cerebral vasospasm. Surg. Forum., 23, 447-
448 (1972).

84) Handa, J., Yoneda, S., Matusda, M. &
Handa, H.: Effects of prostaglandins A,, E;, E,,
and Fae on the basilar artery of cats. Surg. Ne-
urol., 2, 251 - 257 (1974).




< B BT HIIIC 35 1 2 IYIE45E O BRI ST 605

Experimental Study of Cerebrovascular Spasm Following Subarachnoid Infusion of Blood:
Angiographic and Histological Examination  Junichi Nozaki, Department of Neurosurgery,
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Abstract

The experiment was designed to study cerebrovascular spasm produced by blood infusion
into the canine subarachnoid space. An amount of 8-6 ml fresh blood taken from the femoral
artery was infused through the cisterna magna in replacement of the same amount of cerebro-
spinal fluid immediately prior to infusion. Vertebral angiograms were made before and 15, 60
minutes 2, 6, 15 and 24 hours after the infusion, respectively. As the chronic experiment, angio-
grams were taken two and six days after infusion of blood, respectively. The diameter of cere-
bral arteries, particularly basilar arteries, was measured on the angiograms. Furthermore, histo-
logical examination of the cells in the subarachnoid space by hematoxylin-eosin stain and histo-~
chemical examination for catecholamine of sympathetic nerve fibers around the basilar arteries
were made simultaneously.

Anterior and middle cerebral arteries were recognized in about 6% of the animals on vertebral
angiograms. The cerebrovascular spasms produced by the infusion were of diffuse type, ie. in
the similar way in the basal arteries. The cerebrovascular spasms showed biphasic appearance,
early and late spasms. Early spasm occurred in 15 minutes and relaxed 60 minutes after the
infusion. Late spasm appeared 120 minutes after the infusion, reaching the maximum value
within 24 hours and began to relax in two days, and disappeared in six days. The correlation
between the rate of spasm and the amount of clot in the subarachnoid space was significant in
early spasm, but not so noticeable in late spasm.

Serial changes in the number of polymorphonuclear leukocytes in the subarachnoid space was
coincidental with the time course of late spasm. Two hours after the infusion, polymorpho-
nuclear leukocytes began increase in number, and macrophages including red blood cells appea-
red. The number of polymorphonuclear leukocytes and phagocytic activity of macrophages were
at peak after 24 hours. Two days later, lymphocytes appeared and the number of polymorpho-
nuclear leukocytes reduced. Six days later, many hemosiderin-laden macrophages were inter-
mingled with fibroblasts. In this stage, few red blood cells were seen in the subarachnoid space.
But, on the other hand, no appreciable changes were found on the fluorescence of the catecho-
lamine fibers, surrounding basilar arteries, at any time after infusion of blood into the subarach-
noid space.

The results suggest that the inflammatory reaction plays important roles in eliciting late spasm
after subarachnoid bleeding.



