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Change in the Ionic Environment of Cerebral Arteries after Subarachnoid

Hemorrhage

Especially of Potassium Ion Concentration in Subarachnoid Hematoma and Its Role in

Cerebral Vasospasm
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Department of Neurosurgery, Osaka Medical College, Takatsuki

Abstract

The possible role of electrolytes in the induction of vasospasm has not been well evaluated. These
electrolytes are known to have vasomotor effects, and this study especially investigated potasium ion,
which is liberated in the process of blood clot hemolysis. Under pentobarbital anesthesia, the basilar
arteries of adult rats were exposed by the transclival approach under the operating microscope.
Subarachnoid hemorrhage was induced by puncture on a small branch artery. At 10 minutes, two hours,
and 24 hours after subarachnoid bleeding, fresh arterial strips were removed and immediately frozen in
liquid nitrogen, cryosectioned, and freeze-dried. Electron probe X-ray microanalysis of the dry
cryosections was performed to determine the elemental compositions of the vascular smooth muscle,
extravasated erythrocyte, and periarterial space. Cytoplasmic concentrations in normal vascular smooth
muscle were—K: 133 +5; Cl: 12 + 3; Na: 22 +4 (mmol/kg wet weight + SEM). The potassium
concentration increased in the extracellular space to up to 8 times above the baseline 24 hours after
subarachnoid bleeding, and the cytoplasmic concentrations of Ca, Na, and Cl also increased. The
potassium concentration of the extravasated erythrocyte decreased over 24 hours. The time course of
potassium ion liberation from extravasated erythrocytes was also studied. Fresh rat and human arterial
bloods were withdrawn in sterile test-tubes and stored at 37°C. Hypertensive intracerebral hematomas
were also collected during surgery. With a flamephotometer, the potassium concentrations of the stored
blood serum and of the hematoma supernatants were measured chronologically. The potassium ion level
almost reached its peak valve within two days, although a gradual increase persisted in rat and human
incubated blood. On the other hand, the potassium ion level peak of the intracerebral hematoma was
reached around day 3 or 4 post hemorrhage, and the level gradually decreased back to normal in
approximately three weeks. Potassium has been known to have potent vasomotor effects.

This study shows that the potassium environment is of critical importance in cerebral vasospasm caused
by subarachnoid hemorrhage.

Key words: cerebral vasospasm, subarachnoid hemorrhage, X-ray microanalysis, potassium
ion, hemolysis
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Fig. I A: Electron micrograph of unstained dry cryosection of rat basilar artery. The ccll outlines, nucleus, mitochondria, and adven-

titial collagen fibers are clearly discernible. Bar=1 um B: Electron micrograph of unstained dry cryosection of rat basilar artery in
subarachnoid hemorrhage. The nucleus, cytoplasm, extravasated erythrocyte, and extracellular space are well discernible. Bar=5 wm

N; nucleus, Cj cytoplasm, M; mitochondria, A; adventitial collagen fibers, ecs; extracellular space (periarterial space), ER;

extravasated crythrocyte
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Fig. 2 Representative X-ray spectra of the cytoplasm and
extracellular space of rat basilar artery in normal and
spastic states 10 minutes after subarachnoid hemorrhage.
Note that the potassium peak is high in the cytoplasm, and
that the Cl and Ca peaks arc higher after subarachnoid
hemorrhage than in the normal state. The polassium peak
in the extraccllular space after subarachnoid hemorrhage is
much higher than that of the control.
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Fig. 3 X-ray spectra of extracellular spacc of rat basilar

artery. Rise of potassium peak is seen within 10 minutes
after hemorrhage. The potassium peak is slightly decreased
in lwo hours, but it again increased 24 hours after subara-
chnoid hemorrhage. Note that the Na and Cl peaks are
high in the extracellular space.

mEasL [(A)

50

Io-d--A--d

pd

<
g 40
T
T
3
5 20
o
4 ®  huoman (N~ 10)
pa
o -at IN=5
20
} 15.D.
10
0 . . . +
) 1 2 3 4 5 [ .

Fhick X, 7 eETRCHER SRl A 5~ iR L
T BREThESh 2B« 0WBEORE BN D
M IR & Pz /MR A Gl S B REE & LT
i, 2w b=V, a7 05 {PCGE, R V),
VTR T Y REBLTOATVA. LALIhOWE
ORI AEEIE X, invitro TOFN X D E B0 CFF LY
BOLALEEEL D OWKEEREN LTRELY,
AR R~ o B 5 SRR I T 5.

—77, MO KEST % Lo 5 RMER S 9 A = 2 00
BB LTHE, A3 v~ o B0 o
XRTHWE. A2 v~ES v Er O inv TONKE B
Chokyu & (1972)® ww X niE s h Tk, £ { O
vive, in vitro (OEER23.27.3830 EME R TS, Zh D
OERERM D, BPSHECH T 24F I ~E v ro

Table 1 Chronological changes of clemental distributions in
the various spaces in cases of experimental subarachnoid
hemorrhage of rats

Normal 10 min 2 hours 24 hours

Cytoplasm Na 2244 5142 39+10 55412
of the Cl 1213 2246 3148 1945
smooth K 13345 11642 1107 14548
muscle cell Ca 642 42 6-+2

Erythrocyte Na 483 4843 4948 70 113
Cl 3648 31+8 3346 56 +7

K 30+8 78410 72412 5946

13948 129412 130411 11847
space Cl 122415 123410 11347 76+16
K 5402 3244 15+2 4242

Periarterial Na

mmol/kg wet weight -SEM (N=35)

mEg/L , (B) .
50

40

K* conceniraton

5 10 15 20 days

Fig. 4 Chronological change of potassium ion concentration in incubated rat and human whole bloods (A) and in hypertensive intra-
cerebral hematoma (B). These were measured by flame photometry.
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Fig. 5 Schematic working hypothesis of how the periarterial potassium concentration increases after subarachnoid hemorrhage.
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