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The Development of a New Treatment for Delayed Cerebral Ischemia After Aneurysmal Subarachnoid Hemorrhage
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Purpose and Background of the Research
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*Purpose and Background of Research

Subarachnoid hemorrhage (SAH) is a disease caused by a cerebral
aneurysmal rupture. It is the most important disease faced by
neurosurgeons today, as its mortality rate is the highest among
stroke victims, and only neurosurgical management holds the key
to its treatment. The most serious complication affecting its
prognosis is delayed cerebral ischemia (DCI), which is due to
decreased cerebral blood flow that can occur several days to two
weeks after the ictus. Previously, cerebral vasospasm, which
involves the luminal narrowing of the major cerebral arteries due
to persistent contraction of arterial smooth muscle cells, had been
considered the principal pathophysiology that induces DCI.
However, other pathophysiologies have recently been indicated
to be involved in DCI, and we have proved that cerebral

microcirculatory disturbance, consisting of cerebral
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microthrombosis and the contraction of cerebral arteriole, is an
important factor. The initial causes of these pathophysiologies
have been shown to be oxidative stress and inflammatory caused
by the existence of subarachnoid clots. Therefore, DCI consists
of many reactions, substances and pathophysiologies. In
developing a treatment for DCI, scientists have tried to focus on
one of the many pathways explored in previous studies, which
has resulted in a remarkable lack of efficacy. We believe that the
development of treatment for DCI should be established by
examining the optimal agent for each main pathway of DCI,
such as oxidative stress, inflammatory response, cerebral
vasospasm, and microcirculatory disturbance, and combining
them. Also, we have performed experimental and clinical

investigations.
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Research Findings
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The antioxidative stress agents edaravone and apple polyphenol
were administered to rats and rabbits in experimental SAH
studies, and a remarkable improvement in cerebral vasospasm
and microthrombosis were observed. Edaravone was also tested
in a single-center randomized controlled trial (RCT), and
evidence of a significant reduction of cerebral infarction due to
DCI was obtained. The anti-inflammatory agent cyclooxygenase
2 inhibitor was proved to induce significant improvement of
cerebral vasospasm when administered to rabbits in an
experimental SAH study. Because statin and fasudil
hydrochloride may prohibit the sustained contraction of vascular
smooth muscle cells by suppressing the Rho A/Rho kinase
system, a combination treatment was administered to rabbits in
an experimental SAH study and a clinical study of multicenter

RCT, and the amelioration of cerebral vasospasm by their



administration was confirmed. Cilostazol was tested in a
multi-center RCT in order to improve microcirculatory
disturbance, and significant reductions of both DCI and poor
outcome were achieved by the administration of cilostazol. We
are currently administering those drugs as an appropriate
combination for each case, and the rate of DCI has decreased
from 20% to 6%.
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Future Prospects
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A combination treatment using four drugs (edaravone,
cyclooxygenase 2 inhibitor, strong statin, and cilostazol) will be

tested in a multi-center RCT in the near future. It is expected to

result in even further reduction of DCI.
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Amelioration of Cerebral Vasospasm by Apple Polyphenol Administration
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Rabbit subarachnoid hemorrhage (SAH) model showed marked cerebral vasospasm at the basilar artery (left). Cerebral vasospasm
was significantly improved by the administration of apple polyphenol (right).
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Amelioration of Microcirculatory Disturbanceby Edaravone Administration
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Left : Rat subarachnoid hemorrhage (SAH) showed apoptosis of many
microvascular endothelial cells and pericytes (arrows and arrowheads), which
were indicated by double staining of collagen IV (red) and TUNEL (green).
Apoptosis of those cells were significantly reduced by edaravone administration.
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Right : Double staining of collagen IV (green) and fibrin (red) revealed many
microthrombuses (arrowheads) in the SAH group. Microthrombuses were
markedly reduced by edarevone administration.



