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Cocaine- and Methamphetamine
Induced Acute Cerebral 
Vasospasm: An Angiographic Study in 
Rabbits 

Stroke is a frequently reported, though uncommon, complication of drug abuse, 
primarily cocaine. The pathogenesis is uncertain, although such cerebrovascular events 
may result from sympathetically mediated vasoconstriction of cerebral vessels. Am
phetamine, another sympathomimetic amine that is commonly abused, may also cause 
strokes by producing cerebral vasospasm andfor vasculitis. Amphetamine and its 
derivatives are frequent adulterants of illegally obtained cocaine and may also be used 
concurrently; the effect(s) of this combination of drugs upon the cerebral vasculature is 
not known. Our aim was to develop an animal model that would enable us to study the 
ability of these drugs to produce acute cerebral vasospasm and to observe the response 
to IV administration of amphetamine and cocaine, either alone or together. 

Magnified basilar artery arteriograms were obtained in 12 New Zealand white rabbits 
before and after IV administration of cocaine, methamphetamine, or both, at various 
dosages. Low doses produced mild vasodilatation. At higher doses, the animals who 
received cocaine and methamphetamine alone showed little or no basilar artery spasm, 
but coadministration produced definite basilar artery vasospasm, reflecting a synergistic 
vasoconstrictive effect. If a similar response exists in the human cerebral vasculature, 
then this could help explain the cause of strokes associated with drug abuse. 

AJNR 11: 1141-1146, November/December 1990 

By 1985, lifetime prevalence of cocaine use was over 22 million, and current 
prevalence is nearly 6 million [1, 2]. Additionally, the average dose has tripled to 
1-3 gfweek, with more frequent administration by the IV route and by smoking of 
the freebase alkaloid form , crack, which produces plasma levels three to four times 
higher than levels obtained via intranasal administration [1-6]. Along with these 
changes have come increased reports of medical complications [1 , 2, 6, 7). From 
1981 to 1985, nonfatal emergencies and fatalities associated with cocaine abuse 
increased threefold [1]. Among those medical problems temporally related to 
cocaine abuse are cerebral vascular accidents (CVAs), including strokes and 
intracerebral and subarachnoid hemorrhages [2, 4, 8-15). The rate of occurrence 
of cocaine-related CVAs is unknown, but clearly they represent a frequently 
reported though uncommon medical complication . 

The cause of these CVAs is also unknown. In some patients, hemorrhage from 
a cerebral vascular anomaly (e.g., arteriovenous malformation or aneurysm) seems 
to be precipitated by cocaine-induced systemic hypertension [2, 9, 1 0]. In patients 
with no underlying anomaly, the arteriogram may be normal or may show diffuse 
vasospasm [8 , 9, 12). This vasospasm might be sympathetically mediated, induced 
by cocaine's blockade of norepinephrine reuptake at appropriate perivascular 
adrenergic nerve terminals, which does occur in the peripheral circulation [2 , 4, 8, 
9, 16]. Amphetamine, which is both a common adulterant of cocaine [2-4, 17] and 
a concurrent drug of abuse [2, 17-21), can also produce both acute CVAs and 
vasoconstriction [18, 22-28] . Although this may also be sympathetically mediated, 
amphetamine acts by inducing release of norepinephrine from the presynaptic 
adrenergic nerves and by some direct effects postsynaptically [19, 30]. Thus, 
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because of their different pharmacologic mechanisms, coad
ministration of these two drugs might produce a synergistic 
effect at the adrenergic synapses, which help regulate cere
bral blood vessel tone, and result in vasospasm. 

We sought to develop an animal model to determine 
whether either drug alone or a combination of the two drugs 
could produce acute cerebral vasospasm. Since vasospasm 
is commonly assessed angiographically, this seemed the most 
appropriate means of initial evaluation . Further, since the 
rabbit cerebral vessels have rich , sympathetic perivascular 
innervation similar to that in humans, it seemed a reasonable 
species to use in developing this model [31, 32]. To see 
whether a dose-response relationship existed, incremental 
doses were used up to cumulative doses near the lethal dose 
for this vertebrate species [16]. 

Materials and Methods 

Thirty-one New Zealand white rabbits of either sex weighing 3.8-
4.3 kg were anesthetized wi th pentobarbital IV and a tracheostomy 
was performed. A 4-French catheter was then placed in a femoral 
artery for blood pressure monitoring and blood gas sample collection, 
and another into a femoral vein for drug administration. The other 
femoral artery was cannulated by a 4-French sheath through which 
a 3-French catheter was selectively placed in the left vertebral artery. 
lothalamate meglumine (Conray 60, Mallinckrodt Medical , St. Louis) 
was injected at 2 mljsec for a total volume of 3 mi. Arteriograms 
were performed as a baseline and then 5 min after administration of 
each drug; arteriograms of the basilar artery were obtained at x 1 0 
magnification. At the conclusion , animals were destroyed by IV ad
ministration of pentobarbital and potassium chloride. All animals were 
treated in compliance with NIH and Harvard University guidelines. 

Cocaine hydrochloride at various dilutions was administered intra
venously in log-dose increments of 0.1, 0.3, 0.7, 1.0, 3.0, and 7.0 
mgjkg; for a cumulative dose of 12. 1 mgj kg. Methamphetamine, a 
commonly abused amphetamine, was administered in a similar man
ner. Because of the time required for processing the angiographic 
runs and their initial evaluation , the time between doses averaged 15 
min. The lethal dose for IV cocaine in rabbits is 15 mgj kg [16], so 
the cumulative dose was kept below this level. No data exist for 
methamphetamine, but the animals showed much less physiologic 
instability (i.e. , arrythmias, change in systemic blood pressure, change 
in respiratory rate) when given similar doses. When both drugs were 
administered simultaneously, cocaine was usually given first , followed 
by methamphetamine to cumulative doses of 7 mgj kg each, giving 
total doses of sympathomimetic drugs of 14 mgj kg , similar to levels 
achieved wi th either drug alone. Higher doses were then adminis
tered. especially when spasm was observed , to determine (1) if a 
dose-response relationship existed and (2) tolerance to these higher 
dose levels. A single bolus injection of 12.1 mgjkg was given to one 
animal , respectively, of each drug alone or the combination. 

Blood gas levels were obtained for four animals prior to drug 
injection and at intervals during the experiment. These showed no 
significant variation in pC0 2, pH, p02, or hematocrit during the 
procedure. Three animals were monitored continuously throughout 
the experiment by an end expiratory pC02 monitor (Ohmeda; Engle
wood, CO); no significant variation (>5 mm pC02) was observed 
during the monitored period. Body temperature was monitored rec
tally and maintained at 38°C ± 1 °C by heat lamp. Blood pressure 
was monitored continuously, and EKGs were monitored in 16 animals. 

All these physiologic parameters , especially pC02, have significant 
effects on cerebral blood flow and vessel diameter because of auto
regulatory responses [33). Their stability during experiments was 
therefore essential for attributing observed blood vessel diameter 
changes to drug administration. 

Angiograms were evaluated for spasm by two separate observers . 
Control arteriograms were reviewed simultaneously with arteriograms 
obtained after drug administration, with the observer blinded as to 
the drug and its dosage. The basilar artery was evaluated for the 
presence of dilatation or constriction and a level of certainty was 
assigned, ranging from high certainty that no change had occurred 
through increasing degrees of confidence that spasm or dilatation 
was present . Disagreements between observers of greater than 1 
point occurred in eight cases , which were then submitted to a third 
observer and resolved by consensus . Statistical significance was 
assessed by the Fisher exact test. 

Nineteen animals were not included in the results. Of these, eight 
animals received chlorpromazine as a preanesthetic agent and their 
arteriograms showed no variation . Since this drug is a potent alpha 
antagonist, use of this agent was discontinued. Four animals died 
during induction of anesthesia; three animals developed cardiac ar
rythmias and sustained systemic hypotension (25 mm Hg fall in mean 
arterial pressure) after cocaine administration; two animals suffered 
respiratory arrest after receiving supplemental doses of pentobarbital; 
one animal had a seizure after cocaine administration; and one animal 
had vasospasm on the initial , control angiogram. Of the 12 animals 
reported, four had intermittent blood gas monitoring during the ex
periment and one had continuous expiratory pC02 monitoring. 

Administration of the drugs paradoxically caused mild systemic 
hypotension (1 0-20 mm Hg), which returned to normal within 2 min. 
Blood pressure at the time of contrast injection was the same as 
before drug administration, so the obseryed spasm was not thought 
to be the result of autoregulatory responses. 

Results 

Figures 1 through 3 show representative angiographic im
ages. The results are summarized in Table 1. As all monitored 
physiologic parameters were stable during the experiment, 
the observed changes are secondary drug effects rather than 
purely autoregulatory responses. Low doses of both cocaine 
and methamphetamine, employed alone or in combination, 
seemed to induce modest ·dilatation of the basilar artery in 
every rabbit (Table 1 and Fig. 2). The dilatation was lost with 
increasingly higher doses. 

When high doses of cocaine or amphetamine were em
ployed alone, basal artery spasm occurred in only three of 
eight rabbits , and was always at the lowest level of certainty, 
whether the high dose was achieved through incremental 
doses or a single high dose. When a combination of cocaine 
and methamphetamine was employed, every animal re
sponded with evident basilar artery spasm (p = .04). Indeed, 
the only responses rated as 2+ or 3+ in the blinded evaluation 
occurred with the high dose combination (p = .015). Interest
ingly, the spasm appeared at combined totals of the two 
drugs of 1 0 mgjkg or less in two animals receiving the 
combined drugs incrementally, suggesting a nonadditive or 
synergistic effect. 
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Fig. 1.-A and B, Frontal views of basilar 
artery (arrows) in a rabbit before (A) and after 
(8) IV administration of 12 mgjkg of cocaine. No 
vascular changes were observed. 

Fig. 2.-Frontal views of basilar arteriogram 
in a rabbit after incremental dosages of cocaine 
and methamphetamine. 

A, Control study. 
B, Mild dilatation (arrow) after 1 mg/kg of 

each drug. 

Discussion 

A 

A 

Both cocaine and amphetamine can produce cerebral vas
cular spasm clinically . Cocaine is well known for its intense 
local vasoconstrictive effects when applied topically [2 , 3, 
16]. In vitro, cocaine potentiates the contraction of cat and 
rat cerebral arteries exposed to physiologic concentrations of 

B 

B 

norepinephrine [34, 35). Studies of four patients with acute 
CV A after cocaine use reported angiographic findings of 
vasospasm [8, 12, 15). Position emission tomography (PET) 
scans have shown diminished prefrontal cortical blood flow in 
human chronic cocaine abusers [36]. Amphetamine adminis
tration produced vasospasm [23] and diminished cerebral 
blood flow at high doses [37] in baboons. In this respect, our 
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A 8 c 
Fig. 3.- Frontal views of basilar arteriogram in a rabbit after incremental dosages of cocaine and methamphetamine. 
A, Control study. 
B, Moderate basilar artery spasm (arrow) after incremental dosages of 3 mg/kg of each drug. 
C, Severe basilar artery spasm (arrow) after incremental dosages of 7 mgfkg of each drug. 

TABLE 1: Record of Angiographic Observations 

Drug Treatment 

Cocaine alone 
Single high dose (n = 1) 
Incremental doses (n = 3) 

Basilar Artery 
Dilatation 

Low dose + (3) 
High dose - (3) 

Methamphetamine alone 
Single high dose (n = 1) 
Incremental doses (n = 3) 

Low dose + (3) 
High dose - (3) 

Combination 
Single high dose (n = 1) 
Incremental doses (n = 3) 

Low dose + (3) 
High dose - (3) 

{ 

Basi lary 
Artery 
Spasm 

(3) 
+ (2) 

(1) 

(3) 
+ (1) 

(2) 

+ 

(3) 

{ +++ (1) 
++ (1) 
+ (1) 

Note.- Number of + 's represents degree of confidence relative to control 
arteriogram that dilatation or spasm was present; numbers in parentheses 
represent the number of animals; - = no change from control arteriogram. 

results seem puzzling because high doses of either drug 
alone showed little tendency to produce spasm. 

Perhaps our results are not unexpected. Since the rabbit 
basilar artery appears fairly resistant to norepinephrine-in
duced contraction , and its adrenergic response is not affected 
by the presence of cocaine (32], circulating cocaine may have 
little effect upon this vessel. Lee et al. (38] suggest that the 
endogenous norepinephrine releasable from sympathetic 
nerves in the rabbit basilar artery is insufficient to produce 
vasoconstriction . Amphetamine administration causes in
creased cerebral blood flow in many species (39-42], and 
this could account for our observation of vasodilatation at low 
doses. Increased blood flow might tend to inhibit the devel
opment of vasospasm because of some autoregulatory re
sponse. Additionally , many people use cocaine, yet few have 
acute, symptomatic cerebrovascular events. Many of those 
who do have an underlying cerebral vascular anomaly (2, 9, 
10, 15]. Some authors [25, 26] have suggested an immune
mediated vasculitis as the cause of acute cerebrovascular 
events, akin to that seen with amphetamine abuse [18, 22, 
23 , 27-29]. The short exposure our animals had to the drugs 
would not allow them to develop an immune-mediated re
sponse. Further, the diagnosis of cocaine-associated cerebral 
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vasculitis is quite specious in that there was no pathologic 
proof in either case cited above, and, despite enormous 
numbers of users, no other cases have come to light. 

Coadministration of the drugs apparently produces a syn
ergistic response. Amphetamine is generally regarded as an 
indirectly acting sympathomimetic [19) ; that is, it exerts its 
effects by entering the presynaptic nerve terminal, causing 
the release of norepinephrine at presynaptic nerve terminals. 
With coadministration , this increased release would be ac
companied by a cocaine-induced decrease in the reuptake at 
presynaptic nerve terminals. lntrasynaptic norepinephrine 
concentrations might then become sufficiently high to produce 
neuronal transmissions that result in vascular smooth muscle 
contraction (i.e ., spasm). Alternatively, tyramine, an indirect
acting sympathomimetic closely related to amphetamine, has 
a direct effect upon rabbit basilar artery perivascular postsyn
aptic adrenergic nerve endings [38] . If methamphetamine had 
a similar effect, then the vasoconstrictive effects of elevated 
endqgenous norepinephrine produced by cocaine blockage 
of reuptake could be augmented by methamphetamine's di
rect adrenergic actions. A combination of mechanisms could 
also be operative. 

Is this model valuable clinically? Our results suggest that 
some CV As temporally related to cocaine abuse may result 
from cerebral vasospasm induced by intentional or inadvert
ent coadministration of an amphetamine derivative. This may 
be a common event on the street [2-4, 17-21). Although 
Olsen and Rowley [26] found no amphetamine in 12 of 16 
patients with cocaine-related CVAs, the usual screening test 
for amphetamine involves urine samples and is often limited 
owing to cross reactivity [ 43] . Because it is less sensitive 
than serum measurements and can become negative before 
similar cocaine measurements, the urinary test may also be 
falsely negative [43-45). In vitro experiments suggest that 
numerous other drugs, including alcohol , may produce cere
bral vasospasm [46, 47]. Given that cocaine is a potent 
vasoconstrictor elsewhere, it is probably capable of producing 
similar effects within the cerebral vessels. However, since 
cocaine produces an increase in cerebral blood flow, autoreg
ulatory demands may preclude vasoconstriction unless other 
factors are present; for example, other drugs, such as meth
amphetamine. Obviously, further work must be done to vali
date this model , determine its clinical utility, and study both 
the long- and short-term effects on the cerebral vasculature 
of cocaine, methamphetamine, and other drugs of abuse. 
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