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Before calcium channel blockers were considered in 
randomized prospective clinical trials, investigators 
discovered in experimental studies that calcium 
antagonists, such as nimodipine, had a moderate 
vasodilatory effect [1, 2]. Nimodipine therefore became 
an interesting study drug for its potential to reduce 
cerebral infarction after subarachnoid hemorrhage 
(SAH) caused by cerebral vasospasm. When primates 
were studied, nimodipine reduced neither the severity 
of the vasospasm nor the incidence, but when given to 
rats before occlusion of a cerebral artery, it markedly 
attenuated the size of the infarcts. Therefore, it was 
postulated that the mechanisms leading to micro 
vasospasm formation, and subsequent reduction of 
cortical perfusion may involve L-type Ca2 + channels.

Most experimental work on calcium antagonists can 
be credited to George Allen and his colleagues from 
the Department of Neurosurgery at the University of 
Minnesota Medical School [3, 4]. His initial experiment 
showed that canine basilar and middle cerebral artery 
segments gave dose-dependent contractions to a 
variety of agents, including serotonin, prostaglandin, 
epinephrine and norepinephrine, histamine, and 
potassium cerebrospinal fluid taken from patients several 
days after an SAH, would cause significant contraction 
of large cerebral arteries. Most contractile activity was 
due to serotonin in the cerebrospinal fluid, but serotonin 
antagonists at low concentrations were not as effective 
in inhibiting the serotonin-induced contraction of large 
cerebral arteries. Additional experiments demonstrated 
that the removal of calcium from the bath buffer also 
prevented most of the contraction, which led to use of 
calcium antagonists. The ability of nifedipine to block 

the calcium-induced contractions of the basilar artery 
was consistent with its being an inhibitor of the influx of 
extracellular calcium in the basilar artery. On a molecular 
basis, nifedipine is an extremely sensitive inhibitor of 
serotonin-induced contractions of the basilar artery. 
The concentration of nifedipine necessary to reverse 
a maximal serotonin contraction is less by a factor of 
ten than the serotonin concentration required for the 
contraction (Fig.  1). In dogs, subarachnoid injection 
of blood produced cerebral vasospasm. Sublingual 
nifedipine reversed both acute and chronic vasospasm 
and even prevented it when administered preemptively. 
In cats, intravenous administration of nimodipine 
produced 25% dilatation of the pial arteries more 
prominently in small arteries. Unfortunately, high doses 
of intravenous nimodipine caused marked decreased in 
blood pressure [5].

Furthermore, they found that [3H]-nimodipine 
did bind frontal cortex and that the binding site was 
regulated by calcium [6]. Topically applied nimodipine 
during clipping of an aneurysm also caused visible 
vasodilation, but mostly in smaller arteriolar vessels [7]. 
Subsequently, in vivo experiments in dogs demonstrated 
angiographically that the subarachnoid injection of blood 
produced cerebral arterial spasm both immediately after 
the injection of blood and 2  days later. The sublingual 
administration of nifedipine reversed both the acute 
and the delayed cerebral arterial spasm. In addition, 
sublingual administration of nifedipine 20  min before 
the subarachnoid injection of blood prevented the 
acute spasm [3]. Skeptics noted that comparable results 
were reported with other drugs that relax cerebral 
arteries in  vitro (all of which seem to interfere with 
calcium movement across the cell membrane). These 
include sodium nitroprusside, cocaine, theophylline, 
isoproterenol, and verapamil. “Except for the convenience 
of sublingual administration, there is no conclusive 
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evidence that nifedipine has much more to offer than 
these others (all of which looked promising in animal 
experiments). Further human trials will determine if 
hypotension can be avoided at effective doses” [3].

With these data, Allen and his collaborators thought 
there was sufficient underpinning for a large-scale 
clinical trial, and they published the very first clinical 
trial. The first study, performed by Allen et al. [8] in 1983, 
suggested that nimodipine could affect outcome, but the 
trial was small and largely a selection of patients with 
cerebral ischemia from cerebral vasospasm. The trial 
investigators were also interested in examining whether 
nimodipine could have an effect on cerebral infarction 
due to causes other than vasospasm. Allen et  al. [8] 
enrolled 125 patients with cerebral aneurysm during the 
first 96 h of their SAH. The study found that at 21 days 
of treatment, 8 of 60 patients given placebo and 1 of 56 
patients given nimodipine had a deficit from cerebral 
arterial spasm. Side effects were not noted. The study also 
remarkably found that a large amount of subarachnoid 
blood on computed tomography (CT) scan did not work 
against the effect of nimodipine, but this negative effect 
was present in placebo-treated patients.

Six years later, British neurosurgeons Pickard and 
colleagues [9] studied a much larger group of 554 patients 

recruited in 3  years from multiple British centers. This 
study confirmed Allen’s study that oral nimodipine, 
60 mg every 4 h, was well tolerated and reduced cerebral 
infarction. In addition, outcome was better in treated 
patients. The benefit of nimodipine, however, was 
relatively small, reducing cerebral infarction on CT scan 
from 33 to 22%. However, poor outcome was reduced 
by 40% (poor outcome in 20% of nimodipine-treated 
patients and 33% in patients given a placebo). The Pickard 
study noted reduction in blood pressure with the use of 
nimodipine but reported no adverse effects [9].

Allen remained convinced that serotonin was the 
main vasoactive agent responsible for the contraction 
of cerebral arteries following a ruptured aneurysm. He 
reasoned as follows. First, there is normally almost no 
free serotonin in the blood because platelets actively 
take up any free circulating serotonin and store it in their 
dense granules. When the aneurysm ruptures, platelets 
enter the subarachnoid space. There will be a release of 
serotonin from the platelets and other chemicals into 
the cerebrospinal fluid–blood mixture. The released free 
serotonin remaining in basal cisterns is again actively 
taken up by the platelets. Thus, within a brief time after 
the hemorrhage, there is no significant free serotonin 
in contact with the 5-HT serotonin receptors of the 
arterial smooth muscle cells. This accounts for the lack 
of spasm on the initial angiogram taken within 3 days of 
the hemorrhage. Circulating platelets have a half-life of 4 
to 5 days. If this half-life is not changed by their escape 
into the basal cistern, then half of the platelets will have 
disintegrated 4 to 5 days after the hemorrhage.

Oral nimodipine has become a standard treatment 
in aneurysmal SAH. Nimodipine may block calcium 
influx and act on smaller perforating cerebral arteries 
rather than larger calibers. Transcranial Doppler and 
angiography have never found a significant difference 
between nimodipine-treated patients and placebo-
treated patients. Nimodipine may also reduce the severity 
of infarct by reducing size and by increasing fibrinolytic 
activity decreasing microthrombi. Briefly, there was 
interest in using nimodipine intraarterially because 
of its potent vasodilatory effect [10]. But intraarterial 
nimodipine did show improvement on CT perfusion 
scan.

Wolf et  al. [10] recently demonstrated the ability of 
nimodipine to block calcium in a small mice study. 
Male C57Bl/6 N mice were subjected to SAH using the 
middle cerebral artery perforation model. Six hours 
after SAH induction, a cranial window was prepared, 
and the diameter of cortical microvessels was assessed 
in  vivo by 2-photon-microscopy before, during, and 
after nimodipine application. Nimodipine reduced the 
formation of micro vasospasm. L-type Ca2 + channels 

Fig. 1 Canine basilar artery caliber change with use of nifedipine, 
used with permission from Journal of Neurosurgery Publishing Group



may be involved in the pathophysiology of micro 
vasospasm formation [11].

A Cochrane review supports the oral administration of 
nimodipine 60 mg every 4 h for 21 days after aneurysmal 
SAH [12]. Current use of nimodipine in aneurysmal 
SAH is difficult to implement in clinical settings given 
the hemodynamic instability of these patients, and these 
problems are still with us today [13]. Less than half of 
patients with aneurysmal SAH with nimodipine received 
the full daily dose of nimodipine because it caused 
hypotension [14]. The historical question is no longer 
whether or not to reappraise nimodipine but rather how to 
use it consistently.
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