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Abstract Cerebrovascular disorders contribute to the mor-
bidity and disability associated with illicit drug use. Drug
abusers have an increased risk of both hemorrhagic and
ischemic stroke. In geographic areas with a high prevalence
of illicit drug use, drug abuse is a frequent cause of stroke in
the young adult. The illicit drugs more commonly associated
with stroke are psychomotor stimulants, such as amphet-
amine and cocaine. Less commonly implicated are opioids
and psychotomimetic drugs, including cannabis. Toxicology
screening for illicit drugs should be done in young patients
with stroke with no obvious cause, or if suggested by history
or examination. Although in some patients the mechanism
of stroke is identified using neuroimaging and other modern
diagnostic tools, in a sizeable fraction of cases the mecha-
nism of stroke remains unclear. Further studies are needed to
elucidate the role of hemodynamic and immunologic mech-
anisms in these cases.
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Introduction

Illicit or illegal drugs are drugs which are under internation-
al control but which are produced, trafficked, and /or con-
sumed illicitly. The United Nations estimates that some 200

million people (4.8 % of the world’s population aged 15–
64 years) use illegal drugs annually, with 25 million being
classed as problem users. The major causes of death in drug
users are overdose, suicide, AIDS, and violence. Cerebrovas-
cular disorders, although less frequent, also contribute to the
morbidity and disability associated with illicit drug use [1•]. A
few studies investigating the causes of stroke in the young
adult found that drug abusers had an increased risk (6.5 times)
[2] of both hemorrhagic and ischemic stroke. In geographic
areas with a high prevalence of illicit drug use, drug abuse is a
frequent cause of stroke in the young adult. In the Baltimore-
Washington Young Stroke Study, 12.1 % of young stroke
victims had recent drug use and in 4.7 % it was considered
the sole cause of stroke [3]. In a cross-sectional study of
hospital discharges, amphetamine increased the risk of hem-
orrhagic stroke (4.95 times), whereas cocaine increased the
risk of both hemorrhagic stroke (2.33 times) and ischemic
stroke (2.03 times) [4]. The etiological attributable fraction
of illicit drug use for stroke in the youngmay be even higher in
some developing countries, particularly in those which are
drug producers. For instance, in a series of stroke patients
from Iran, 45.7 % were addicted to opium [5].

The illicit drugs more commonly associated with stroke
are psychomotor stimulants, in particular amphetamine and
cocaine. Less commonly implicated are opioids and psy-
chotomimetic drugs, including cannabis.

Association of Stroke with Specific Drugs

Psychomotor Stimulants

Cocaine

Cocaine is originally extracted from an Erythroxylon coca
plant from South America and is consumed in two chemical
forms: cocaine hydrochloride and cocaine alkaloid. Cocaine
hydrochloride is a water-soluble crystal powder that is
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absorbed by mucous membranes. Its main administration is
through intravenous injection or snorting. Cocaine alkaloid is
produced by dissolving cocaine hydrochloride in water, am-
monia, and ether to obtain “free base” or in water and baking
soda to produce “crack.” Both forms can be smoked [6].

The effects of cocaine in the central nervous system result
from blocking of the reuptake of catecholamines such as
dopamine, serotonin, norepinephrine, and epinephrine at
nerve endings. These neuroanatomical actions result in a
potentiation of sympathetic activity.

Stroke can occur with both cocaine hydrochloride and
alkaloid crack and following any method of administration.
Crack cocaine seems to be associated with both ischemic
strokes and hemorrhage strokes, whereas cocaine hydro-
chloride results more often in hemorrhagic events [7].

The main peak in the description of cocaine-associated
stroke happened in 1983 when “crack” was introduced and
its use became almost epidemic.

Ischemic Stroke

Of all cocaine-associated strokes, 25–60 % are ischemic
[8–10]. The majority (50–80 %) of infarcts involve the
middle cerebral artery [11]. Reported ischemic strokes in-
clude hemispheric, subcortical, cerebellar, brain stem, reti-
nal, and spinal infarcts [12].

Classic risk factors for ischemic stroke are usually absent
in patients with cocaine-associated stroke, suggesting that
these factors are not implicated in cocaine-related infarct
[13]. Patients with cocaine-related stroke tend to be young,
in the fourth decade of life [13, 14].

The causes of ischemic infarcts are diverse and include
large-artery, small-artery, and cardioembolic strokes. These
causes appear to be of relatively equal incidence [15•].

Multiple overlapping mechanisms may be responsible for
ischemic stroke related to cocaine. Acutely, cocaine can
induce vasospasm, sudden onset of hypertension, and myo-
cardial infarction [7] with cardiac arrhythmias. In the longer
term, cocaine may induce cardiomyopathy [16], endothelial
dysfunction towards a prothrombotic condition and acceler-
ated atherosclerosis [17], increased platelet activation [18],
and vasculitis [12]. It has also been shown that cocaine
doses within the range administered by drug abusers induce
cerebral microischemia and that these effects are exacerbat-
ed with repeated use [19].

Cocainemay induce vasospasm by preventing the uptake of
sympathomimetic neurotransmitters by nerve terminals, lead-
ing to sensitization to epinephrine and norepinephrine and
accumulation of serotonin, which is one of the main cerebral
vasoconstrictors. Vasospasmmay remain for days after the last
consumption of cocaine. Although cocaine has a half-life of
approximately 1 h, it is metabolized into substances that have a
vasoconstrictive effect that can last for days.

Cocaine in vitro enhances the response of platelets to
arachidonic acid, leading to increased production of throm-
boxane and platelet aggregation, promoting thrombus for-
mation [18].

Vasculitis is a controversial pathophysiological mecha-
nism in cocaine-associated stroke (Fig. 1). Although vascu-
litis has been histologically demonstrated in isolated cases
[20] and Moyamoya-like vasculopathy has been reported in
cocaine addicts [21], some authors state that cocaine rarely
causes evident vasculitis [10] and that vasculitis may be
caused by another drug or inactive ingredients that may
have been consumed at the same time as cocaine, namely,
amphetamines. Others propose that vasculitis can be missed
by angiography and can only be documented in a brain
biopsy [22]. Most autopsies failed to show vasculitis, and
when present it was mild without vessel wall necrosis.
Recently, high-resolution contrast-enhanced vessel wall
MRI demonstrated circumferential arterial wall thickening
and enhancement compatible with inflammation in a case of
cocaine vasculopathy [23]; however, there was no histologic
confirmation. The blood-oxygen-level-dependent MRI va-
somotor reactivity findings can be nonspecific and could be
a manifestation of the hemodynamic effects of large-vessel
involvement [24].

Although most ischemic strokes related to cocaine are
documented in the first few hours after cocaine consump-
tion, there may be a delay of up to several hours between
cocaine intake and onset of stroke, owing to the vasocon-
strictor effect of cocaine metabolites and to an extended
endothelial dysfunction [17, 25].

Regarding the clinical evaluation of these patients, if the
patient is reluctant or unable to report a history of cocaine
intake, proof of cocaine intake can be achieved by docu-
menting positive urine toxicology findings for cocaine or its
metabolite benzoylecgonine. In one study, 21.6 % of
patients had a positive toxicology screen despite an initial
patient reported negative history [3].

A higher frequency of markedly elevated serum creatine
kinase levels in ischemic strokes related to cocaine has been
described, probably due to rhabdomyolysis associated with
hyperthermia, adrenergic stimulation, or direct toxic action
in muscular metabolism [13].

Bhattacharya et al. [26] reported that the disability result-
ing from cocaine-related stroke was not significantly differ-
ent from that resulting from non-cocaine-related stroke. In a
recent retrospective and prospective study of ischemic
stroke in the young, cocaine addicts had a higher rate of
complications (33.3 % vs 15.2 %) and mortality (11.1 % vs
3.8 %) (p>0.05) [13].

Cocaine abuse may contribute to cognitive sequelae fol-
lowing a stroke. Long-term cocaine use causes dopamine
depletion, leading to depression and deficits in attention and
initiation [27].
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Regarding treatment, thrombolysis seems to be safe in
cocaine-associated stroke. A retrospective studied found no
complications in patients with cocaine-associated stroke
treated with tissue plasminogen activator. Cocaine-positive
and cocaine-negative treated patients had similar stroke
severity and safety outcomes [15•].

Intracranial Hemorrhage

Cocaine users have a higher frequency of intracranial hemor-
rhages (ICHs) than non-cocaine users [14]. ICH is commoner
in those actively consuming cocaine, perhaps owing to acute
spikes in blood pressure. However, because of the short half-
life of cocaine (less than 1 h), high arterial blood pressure may
no longer be found in the initial evaluation of the patient [8].

Cocaine use has been associated with several types of
ICH, including intraparenchymal hemorrhage, intraventric-
ular hemorrhage, and subarachnoid hemorrhage (SAH) [10].
Headache following consumption of cocaine should alert
the physician to the possibility of ICH.

There are four proposed mechanisms by which cocaine
can induce a hemorrhagic stroke:

1. A sudden increase in arterial pressure may enhance the
rupture of a vessel, often in association with an under-
lying aneurysm or arteriovenous malformation [14, 28],
which provides weak sites for vascular rupture. Intra-
aneurismal pressure can equal mean systemic arterial
pressure [29] and become many times greater than that
registered in the cerebral arteries. Up to 41 % of patients

presenting with a cocaine-associated cerebral hemorrhage
were reported to have evidence of vascular abnormalities
such as aneurysms or arteriovenous malformations. Arte-
riography should therefore be part of the investigation of
young patients who are suspected of being drug abusers.

2. Hemorrhagic transformation of ischemic infarcts related
to multifocal vasoconstriction [22].

3. Vasculitis.
4. Changes in cerebrovascular autoregulation. Cocaine

causes vasodilatation and increases cerebral blood flow
at blood pressures substantially higher than those result-
ing in vascular rupture in normotensive patients [30].

A retrospective study of a series of ICH found that
cocaine-associated ICH patients had higher admission blood
pressures, significantly more subcortical locations, and
higher risk of intraventricular hemorrhage compared with
patients with cocaine-negative ICH [31•]. Patients with
cocaine-associated ICH also had a poorer prognosis (worse
functional outcome, fewer discharged home or to inpatient
rehabilitation, three times more likely to die during short-
term hospitalization) [31•].

A retrospective analysis of patients with aneurysmal
SAH related to cocaine reported that cocaine users were
younger than controls (45.1 years vs 54.1 years; P≤
0.0003), and were more likely to smoke tobacco, drink
alcohol, and have renal dysfunction [32•].

Aneurysms have been reported to be significantly smaller
and rupture at a younger age among cocaine users compared
with nonusers [33].

Fig. 1 Brain MRI T2 fluid-attenuated inversion recovery image showing a left posterior cerebral artery ischemic stroke in a cocaine user (right).
Cerebral angiography showed irregularities and narrowing of the left P1 and P2 segments (left)
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There are contradictory data regarding the occurrence
of vasospasm and outcome in patients with SAH associ-
ated with cocaine abuse. Alaraj et al. [32•] found no
significant difference in SAH severity, unfavorable short-
term outcome, incidence of symptomatic or radiologic
vasospasm, stroke, or death between cocaine users and
nonusers. Simpson et al. [34] documented that patients
who consumed cocaine intravenously and had an SAH
had a poorer outcome than other patients with SAH. This
was hypothesized to be due to an increased intensity and
duration of vasospasm related to the use of cocaine.
Howington et al. [35] in a retrospective study reported
that cocaine use was associated with a 2.8-fold greater
risk of developing vasospasm in SAH (95 % confidence
interval 1.86–4.22).

Amphetamines and Related Agents

Amphetamines are psychomotor stimulants and their effect
on the central nervous system includes blocking the reup-
take of dopamine and stimulating the release of dopamine
and norepinephrine as well as possible involvement in the
serotonergic and endogenous opiate systems. The systemic
effects of amphetamines include sympathomimetic actions
as elevation of systolic and diastolic blood pressure and
tachycardia, cardiac dysrhythmias, and hyperpyrexia. 3,4-
Methylenedioxyamphetamine and 3,4-methylenedioxyme-
thamphetamine (Ecstasy) are amphetamine derivatives.

Methamphetamine is the most potent of amphetamines
and is the most commonly abused. Cardiovascular
responses caused by binge administration of methamphet-
amine include hypertension, vasoconstriction [36], and focal
myocytes necrosis [37].

All forms of amphetamine administration have been re-
lated to stroke (oral, intravenous, nasal, and inhalation).
Amphetamine use increases the odds of stroke by almost
four times that of nonusers [38]. Most case series report a
disproportionate rate of hemorrhagic stroke with amphet-
amine use, up to twice the risk with cocaine use (odds ratio
4.95 vs. 2.33) [4].

The use of amphetamines has been associated with is-
chemic strokes and hemorrhagic strokes, including intrapar-
enchymal hematomas and SAHs [39].

Experimental and clinical evidence suggests metham-
phetamine has a direct toxic or immunological effect in the
cerebral vessels [40]. Cerebral vasculitis is a commonly
described histologic and radiological finding in abusers of
methamphetamine with either hemorrhagic or ischemic
stroke [41]. Histology of cerebral vessels of patients with
strokes associated with methamphetamine intake has shown
necrotic lesions in small and large cerebral arteries, with
moderate to extensive medical necrosis with minimal in-
flammatory cells [40, 42]. Some authors proposed the use

of immunosuppressants in vasculitis associated with meth-
amphetamine [37].

Amphetamine-associated ICH has been attributed to
acute hypertension and to cerebral vasculitis. Both subcor-
tical and lobar hematomas have been described [39, 41].
Intracerebral hemorrhage has been described after a single
dose. Patients with intracerebral hemorrhage related to the
short-term use of amphetamine-like psychostimulants may
present with fever and acute hypertension. ICH after a long
period of amphetamine use can result from vessel damage
that occurred during exposure. Amphetamine-related SAHs
mostly frequently report underlying aneurysms [2, 39].

Amphetamine abuse was associated with increased risk
of death after a hemorrhagic stroke [4].

Ecstasy

Ecstasy has been linked to the occurrence of cerebrovascular
accidents. Ecstasy alters brain serotonin concentrations, and
brain postsynaptic 5-HT2 receptors play a role in the regula-
tion of brain microvasculature. There are reports in the litera-
ture of ischemic and hemorrhagic strokes including SAH
occurring within hours of ingestion of Ecstasy [43–45].
Infarcts caused by Ecstasy are frequently seen in the occipital
cortex and globus pallidus. These correspond to brain areas
with a high expression of serotonin receptors [46].

An acute sympathetic stimulation has been proposed as
the cause of aneurysm rupture after intake of Ecstasy. Nev-
ertheless, Ecstasy is a synthetic amphetamine derivative,
and it has been hypothesized that it can probably cause
cerebral vasculitis [47].

There is a case report of stroke 48 h after intake of a
variant of Ectasy, the designer drug 4-bromo-2,5-dime-
thoxyphenethylamine. In this case, magnetic resonance
angiography and cerebral angiogram imaging demon-
strated profound vascular abnormalities of large-caliber,
medium-caliber, and small-caliber vessels with water-
shed infarction [48].

Ephedrine

Ephedrine is a sympathomimetic drug derived from ephedra
and may cause vasculitis, like methamphetamine. Wooten et
al. [49] reported late vasculitis related to ephedrine abuse.
Recently, there have been more reports that show ephedrine
increases the risk of strokes [50]. Legal dietary supplements
contain ephedra.

Opioids

Opioids or narcotics are natural or synthetic drugs that have
pharmacologic proprieties similar to those of morphine.
Morphine is one of the alkaloids derived from the exudate
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of seed from the poppy plant. Heroin is made by acetylation
of morphine.

Heroin binds to endogenous opiate receptors, namely, the
mu receptor, which is responsible for the actions of central
nervous system and cardiovascular system. Heroin causes
hypotension, bradycardia, and respiratory depression and
several ECG changes [51]. When injected, its psychic effect
peaks at 10 min and is followed by profound sedation
lasting for 1 h.

There are few reports of stroke associated with the use of
heroin. Most strokes occurred after intravenous use, but
there are reports of stroke after inhalation [52–54]. Almost
all strokes are ischemic.

The most frequent mechanism of stroke in heroin addicts
is multiple cardioembolism due to infective endocarditis
[55, 56•]. Other sources of embolism are cardiac arrhyth-
mias and foreign substances added to “cut the product,”
such as aspirin, caffeine, the cleaning power Ajax, lidocaine,
mannitol, quinine starch, sugar, strychnine, and talcum pow-
der. Adulterants can embolize directly to the brain or be
caught in the lungs, where they cause a granulomatous
reaction, leading to pulmonary hypertension, and right-to-
left shunting, by opening pulmonary fistulae or through a
permeable patent foramen ovale.

Another potential stroke mechanism is global brain hypo-
perfusion and hypoxia, in the setting of profound hypoten-
sion, bradycardia, and respiratory depression or seizures
[57, 58]. In these circumstances an additional factor is the
compression of the carotid artery caused by the prolonged
lateral neck flexion in a comatose intoxicated addict [59].
Infarcts are typically located at the border zone between
major cerebral arterial territories or at the globus pallidus
[46, 60].

The role of vasculitis in heroin-associated stroke is con-
troversial. In some cases there were angiographic abnormal-
ities such as vessel occlusion, segmental narrowing [57] or
scattered narrowing [61] or “beading,” which were inter-
preted as vasculitis, but which can be due to embolism or
vasoconstriction in subjects using multiple types of drugs. In
favor of an immune mechanism is the fact that most cases
occurred after the first intake of heroin or the resumption of
the habit after abstinence. However, there is no pathological
proof of vasculitis in these cases.

Pentazocine

In the 1970s, drug users combined pentazocine (brand name
Talwin, slang name “Ts”) with tripelennamine (an antihista-
mine typically sold as blue tablets) to produce a euphoric
sensation. This combination received the slang name “Ts
and Blues.” Several cases of stroke, both ischemic and
hemorrhagic, were reported in association with the intrave-
nous use of Ts and Blues. In some patients stroke was

related to bacterial endocarditis or to embolization of foreign
material [55, 62].

Misuse of these substances declined after naloxone was
mandatorily added to pentazocine preparations.

Psychotomimetic Agents

Cannabis

Cannabis, also known as marijuana, in addition to its psy-
chotropic effects may induce systemic cardiovascular effects
such as postural hypotension, decubitus hypertension,
tachycardia, and an increase in the concentration of carbox-
yhemoglobin [63]. Although cannabis use is widespread
worldwide, it has only exceptionally been associated with
cerebrovascular disease. There are some case reports of
ischemic, hemorrhagic stroke and transient ischemic attacks
in cannabinoid users that are inconclusive as to causality
[64, 65]. Although most patients were long-term cannabis
users, there are also reports related to random consumption
[63]. A case–control study reported an odds ratio for ische-
mic stroke with marijuana use of 1.76 (95 % confidence
interval 1.15–2.71), controlling for other risk factors [2]. In
a prospective cohort of 48 consecutive young patients with
ischemic stroke, 13 patients consumed cannabis. Ten of
these patients showed a specific pattern of multifocal intra-
cranial stenosis that seemed to be associated with cannabis
use [66•].The main radiological characteristics of the angi-
opathy were involvement of multiple intracranial arteries
and reversibility of vasoconstriction after cannabis with-
drawal. In this study, ischemic strokes were more frequent
in the vertebrobasilar territory [66•]. A case series of 17
patients with ischemic stroke who were cannabis consumers
also reported a preponderance of infarcts in the posterior
circulation, suggesting a susceptibility of posterior circula-
tion [67]. In this case series no evidence of structural vas-
culopathy was found.

Mechanisms that have been hypothesized but not proven
for marijuana-associated stroke include altered cerebral autor-
egulation, hypotension, vasospasm, cerebral vasoconstriction
syndrome, vasculitis, and cardioembolism (resulting from
arrhythmia, namely, atrial fibrillation or myocardial infarc-
tion) [68, 69]. It is also possible that cannabis, being an illegal
drug not subject to sanitary control, may be mixed with other
substances that may increase the risk of stroke [70].

Phencyclidine

Phencyclidine, also known as “angel dust,” can be smoked,
eaten, or injected. Phencyclidine has sympathomimetic
effects. It is a vasoconstrictor and has been associated with
acute hypertension and delayed hypertensive crisis days
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after its use [71]. There have been reports of hemorrhagic
strokes including SAH after phencyclidine abuse [72].
There is no reference to vasculitis in this context.

Lysergic Acid Diethylamide

Lysergic acid diethylamide (LSD) is an ergot derivative and
is a vasoconstrictor. There are only a few reports in the
literature of ischemic stroke following the ingestion of
LSD tablets. Carotid vasoconstriction was the proposed

cause of these strokes [73, 74]. The last case of ischemic
stroke resulting from ingestion of LSD was reported in 1974
[73], which reflects the decline in the use of this illicit drug.

Doping in Sports

A number of substances are illegally used in sports to
enhance performance. Doping substances include hor-
mones, such as anabolic–androgenic steroids, corticoste-
roids, ACTH, HCG, growth hormone, erythropoietin, and

Table 1 Type and mechanisms
of stroke related to illicit drug
use

SAH subarachnoid hemorrhage,
IVH intraventricular hemor-
rhage, LSD lysergic acid diethy-
lamide, HDL high-density
lipoprotein, LDL low-density
lipoprotein

Drug Type of stroke Mechanism

Cocaine Ischemic Vasospasm

Cardioembolism—myocardial infarction, arrhythmia,
cardiomyopathy

Prothrombotic state—endothelial dysfunction,
platelet activation

Vasculitis

Hemorrhagic (SAH,
IVH, parenchymal)

Hypertensive spikes

Underlying aneurysm or arteriovenous malformation
rupture

Vasculitis

Changes in cerebrovascular autoregulation

Amphetamines Ischemic Vasculitis—toxic or immunological effect

Hemorrhagic (parenchymal
hematomas, SAH)

Vasculitis

Hypertensive spikes

Underlying aneurysm or arteriovenous malformation
rupture

Opioids Ischemic Cardioembolism—infective endocarditis, arrhythmias

Embolization of foreign substances

Global hypoperfusion and hypoxia—hypotension,
bradycardia, respiratory depression

Compression of carotid artery

Vasculitis

Pentazocine Ischemic Bacterial endocarditis

Hemorrhagic Embolization of foreign substances

Cannabis Ischemic Changes in cerebral autoregulation

Hemorrhagic Hypotension

Vasospasm

Cerebral vasoconstriction syndrome

Vasculitis

Cardioembolism—arrhythmia, myocardial infarction

Phencyclidine Hemorrhagic (SAH,
parenchymal)

Sympathomimetic effect—acute hypertension

LSD Ischemic Carotid vasoconstriction

Anabolic
steroids

Ischemic Enhanced atherogenesis —decreased HDL levels,
increased LDL levels, hypertension

Prothrombotic effect—platelet and procoagulant
enhancement

Hemorheologic effect—impaired endothelial function,
increased viscosity

Cardioembolism—arrhythmia
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precursors, β blockers, narcotics, diuretics, and probenecid.
Anabolic–androgenic steroids increase the risk of a vascular
event through several mechanisms. They are atherogenic, as
they decrease the levels of HDL cholesterol and increase the
levels of LDL cholesterol and promote hypertension. They
have a prothrombotic effect, by increasing platelet count and
function and the activity of procoagulants, while decreasing
fibrinolysis. They also have a hemorheologic effect, impair-
ing endothelial function and increasing viscosity. Further-
more, anabolic–androgenic steroids cause myocardial
injury, namely, ventricular hypertrophy and decreased myo-
cardial relaxation, and are proarrhythmic. Erythropoietin
and derivatives are prothrombotic and have a hemorheo-
logic effect through an increase in viscosity.

There are three reports of ischemic stroke associated with
the use of anabolic–androgenic steroids in bodybuilders.
The stroke mechanism was thought to be cardioembolic in
one patient [75] and was unknown in the remaining patients
[76, 77]. Ephedrine and extract of ma huang (a Chinese
ephedra) were associated with stroke in two sportsmen
[78, 79].

Conclusion

Illicit drugs can cause both ischemic and hemorrhagic stroke
and therefore contribute to the burden of stroke in the young
adult, particularly in cities and regions with high prevalence
of drug consumption. Toxicology screening for illicit drugs
should be done in young patients with stroke with no obvi-
ous cause, or if suggested by history or examination [80].
Although in some patients the mechanism of stroke is iden-
tified using neuroimaging and other modern diagnostic tools
(Table 1), in a sizeable fraction of cases the mechanism of
stroke remains unclear. Further studies are needed to eluci-
date the role of hemodynamic and immunologic mecha-
nisms in these cases.
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