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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)
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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.



