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ABSTRACT. Objective. To demonstrate the clinical
characteristics, radiologic findings, and neuropathological features of tetrahydrocannabinol-related posterior
fossa ischemic stroke in adolescent patients.
Design. A retrospective case and chart review of 3
cases encountered at a tertiary care institution over a span
of 5 years.
Setting. Inpatient and intensive care hospitalization
units managing children and adolescents.
Subjects. Male adolescent patients with ischemic cerebellar stroke after use of marijuana.
Diagnostic Investigations. Computed tomography
brain scans (3 subjects), magnetic resonance imaging
brain study (1 subject), cerebral arteriography (1 subject),
cerebellar biopsy (1 subject), and necropsy (2 subjects).
Results. Three adolescent males had similar presentations of headache, fluctuating level of consciousness or
lethargy, visual disturbance, and variable ataxia after
self-administration of marijuana. They developed primary cerebellar infarctions within days after the exposure that could not be attributed to supratentorial herniation syndromes and only minimally involved brainstem
structures.
Conclusions. Episodic marijuana use may represent a
risk factor for stroke in childhood, particularly in the posterior circulation. Early recognition of the cerebellar stroke
syndrome may allow prompt neurosurgical intervention,
reducing morbidity. Pediatrics 2004;113:e365–e370. URL:
http://www.pediatrics.org/cgi/content/full/113/4/e365; ischemic stroke, cerebral blood flow, marijuana, adolescent drug
use.
ABBREVIATIONS. THC, tetrahydrocannabinol; CT, computed tomography; CSF, cerebrospinal fluid.

T

he incidence of stroke in childhood and adolescence is very low, at ⬃6 cases per 100 000
children per year, with ischemic events slightly
more common than hemorrhagic causes. Mortality
with ischemic stroke is less common in pediatric than
in adult patients and is more likely to occur with a
massive embolus from the heart to the brain rather
than from atherothrombotic occlusion.1 The cause of
death is typically herniation from brain edema.
Among ischemic strokes, 20% are related to cardiac
causes, 70% are related to cerebral vascular disor-
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ders, and the remainder are related to hematologic
disorders, coagulopathies, metabolic disorders affecting cerebral perfusion, neurocutaneous disorders, and occasionally drug- or toxin-induced vasospasm or vascular inflammation.2
We encountered 3 adolescent cases of ischemic
stroke involving the posterior fossa circulation exclusively after the illicit use of marijuana by adolescent
males. One of the cases has been reported in the
neurosurgical literature, but we present 2 additional
cases with similar presentations, which were ultimately fatal, and include autopsy results of the cerebri. This retrospective case study was approved by
the Institutional Review Board of St Louis University
as exempt under 45 Code of Federal Regulations
46.101(b) Category 4.
CASE REPORTS
Case 1
A 16-year-old black male presented to the emergency department for sudden onset of severe headache, photophobia, rightsided weakness and numbness, and inability to use his lower
extremities to walk. He had slurred speech and appeared drunk
according to the family’s report. His medical history was significant for mild asthma, for which he was on no medications. He
reported no antecedent trauma and admitted smoking marijuana
the day before admission. Family medical history was noncontributory.
His initial vital signs were normal with the exception of mild
systolic hypertension (140/80 mm Hg). His physical examination
was unremarkable. His neurologic examination demonstrated that
he was oriented to person, place, and time, but he was drowsy. He
had slurred speech but otherwise intact cranial nerves II–XII. He
was able to move all extremities well and had normal muscle tone.
His gait and coordination were not tested because of his drowsiness. His laboratory studies consisting of serum chemistries, liver
enzyme function tests, coagulation studies, and complete blood
count all were normal. A urine drug screen was positive for
tetrahydrocannabinol (THC) metabolites (triage panel for drugs of
abuse plus tricyclic antidepressants, Biosite, San Diego, CA). This
screen is an immunoassay used for the qualitative determination
of the presence of the major metabolites of drugs of abuse (phencyclidine, benzodiazepines, cocaine metabolite, amphetamines,
THC, opiates, and barbiturates) and tricyclic antidepressants in
urine. His serum was negative for ethanol, salicylates, and acetaminophen.
At reexamination in the emergency department, he was very
hard to arouse and given a Glasgow coma score of 6 (E1, V1, M4).
A computed tomography (CT) brain scan demonstrated small
third and lateral ventricles and no masses, midline shifts, or hemorrhages (Fig 1 A). A lumbar puncture demonstrated the cerebrospinal fluid (CSF) to have normal chemistries and no red or white
blood cells. Culture of the CSF was reported later as sterile.
He was admitted for observation as a complicated migraine
and placed on intravenous fluids and given ketorolac for pain.
Over the course of the first hospital day, the patient’s mental
status and physical examination continued to fluctuate between
alert and communicative on the telephone with friends, to con-
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Fig 1. A, CT brain scan of patient 1, initially interpreted as normal but suggestive of an increased attenuation over the right lateral
superior cerebellum. B, Superior view of cerebellum and brainstem of patient 1 showing left superior cerebellar acute infarct characterized
by marked softening and friability with tissue disruption and minimal associated acute hemorrhage. A smaller infarct is visible as a focus
of discoloration in the right cerebellum (4 o’clock, at edge).

fused, dysarthric, and somnolent. A magnetic resonance imaging
scan was planned for the following day. Approximately 22 hours
after admission, he was found to be completely unresponsive and
proceeded to cardiopulmonary arrest. He was shortly thereafter
pronounced dead.

Pathology
At autopsy, the 1220-g brain (age-matched reference range:
1293–1507 g) showed mild diffuse cerebral edema with gyral
flattening and sulcal narrowing. The cerebellum showed bilateral
acute infarcts, involving the distribution of both superior cerebellar arteries, more prominent on the left (Fig 1 B). The left superior
cerebellar infarct showed focal early cavitation/liquefaction. Histologically, the cerebellar infarcts demonstrated petechial perivascular hemorrhage, early infiltration by neutrophils, and no infiltration by macrophages (histologic features of an infarct at least 24
hours old and ⬍3 days old)3; noninfarcted cerebellar parenchyma
showed acute ischemic changes predominantly involving Purkinje
cells. No anomalies were present in the cerebral vessels, no hematoma or neoplasm was present, and no viral inclusions or granulomata were present. The general autopsy revealed no intracardiac
thrombosis as a potential source of emboli, and the remainder of
the autopsy was unremarkable.

e366

Case 2
A 17-year-old white male with a 3-day history of progressively
worsening headache associated with nausea and vomiting but
without fever was found unresponsive at home. The evening
before his initial symptoms, he had been at a party with friends, at
which he had smoked marijuana. After returning from the party (4
days before admission), he had not left the home. One day before
admission, he had complained of difficulty seeing and walking,
and on the morning of admission, he was disoriented. His medical
history was significant for mild asthma, but he was on no medications. He had no recent history of trauma and had just passed a
military entrance physical examination. By report, he occasionally
smoked marijuana and occasionally drank alcohol.
At emergency medical services arrival, he was found to be
pulseless and apneic. He was intubated, and cardiopulmonary
resuscitation was begun. At arrival to a community hospital, he
remained pulseless and apneic, with cardiopulmonary resuscitation continuing for several minutes until return of spontaneous
circulation. Initial laboratory values were only remarkable for a
severe metabolic and mild respiratory acidosis, an elevated leukocyte count of 23.3 ⫻ 104/L, with 83% neutrophils. Urine toxicology screen was negative for drugs of abuse (triage panel for
drugs of abuse plus tricyclic antidepressants), and serum was
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negative for ethanol, salicylates, and acetaminophen. He was begun on a continuous infusion of dopamine for hypotension, given
ceftriaxone, and then transferred to our facility.
At admission to our facility, a CT of his head (Fig 2 A) showed
an ill-defined, hypodense, nonenhancing lesion in the left cerebellar vermis with a slight midline shift, cerebellar edema, and early
obstructive hydrocephalus. Poor cerebral gray-white differentiation suggested mild cerebral edema. An abdominal CT was normal.
In the intensive care unit, the patient remained hypotensive and
unresponsive to pain, with a Glasgow coma score of 3. His pupils
were nonreactive and dilated, and doll’s eye responses and corneal reflexes were absent. Physical examination showed a welldeveloped white male with no signs of external trauma. Cardiovascular examination revealed sinus rhythm, no murmurs, and

palpable pulses. His abdomen was slightly distended with hypoactive bowel sounds; no hepatosplenomegaly was appreciated.
The physical examination was otherwise unremarkable. Additional laboratory studies at the time of admission included normal
values for prothrombin time, international normalized ratio, activated partial thromboplastin time, alanine aminotransferase, total
bilirubin, and erythrocyte sedimentation rate; an antinuclear antibody assay was negative.
A ventriculostomy was placed and demonstrated intracranial
pressures ⬎60 cm H2O (reference range: 0 –20 cm H2O) despite
near-constant draining and modest hyperventilation. Examination
of the CSF showed no white or red blood cells and normal glucose
and protein values. Within a few hours, the patient developed
diabetes insipidus. Despite increasing inotropic support, the pa-

Fig 2. A, CT of the head of patient 2 demonstrating hypodensity in left cerebellar posterior
vermis and ventricular enlargement of temporal horns. B, Section of cerebellum and brainstem of patient 2 showing acute infarct in left
hemisphere (right side of image). The infarct is
softened and friable, with focal acute hemorrhage, and measures ⬃3.5 cm in greatest dimension.
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Fig 3. Magnetic resonance image of the head of
patient 3 showing T2 prolongation of signal from
both the anterior and posterior right cerebellar
cortex as well as localized edema displacing the
upper fourth ventricle.

tient’s hemodynamic status continued to worsen, and he died 12
hours after admission.

Pathology
At autopsy, the 1660-g brain (age-matched reference range:
1416 –1516 g) showed moderate diffuse cerebral edema with gyral
flattening, sulcal narrowing, and compression of the lateral ventricles. The left cerebellum showed asymmetric tonsillar herniation and an acute infarct (Fig 2 B). The infarct contained foci of
acute hemorrhage, although no hematoma was present. Histologically, the cerebellar infarct showed focal hemorrhage and infiltration by neutrophils and macrophages (histologic features of an
infarct ⬃3–7 days old)3; noninfarcted cerebellar and cerebral parenchyma showed acute ischemic changes with eosinophilic neurons and cytotoxic edema. No anomalies were present in the
cerebral or cerebellar vessels, no neoplasm was present, and no
viral inclusions or granulomata were present. The general autopsy
revealed no intracardiac thrombosis as a potential source of emboli, and the remainder of the autopsy was unremarkable.

Case 3
We previously presented a case of biopsy-proven cerebellar
infarction involving multiple branch cerebellar arterial territories
with a benign cerebral arteriogram in a 15-year-old male that was
temporally related to heavy marijuana use, confirmed by toxicologic study.5 This patient presented with a 3-day history of headache, nausea, and unsteadiness of gait after a binge of marijuana
smoking. At presentation, he was slightly lethargic and nauseated
and had truncal and appendicular ataxia, more prominent on the
right side. Although he had some posterior fossa localized mass
effect from a right cerebellar multivessel infarct (see Fig 3), he did
not develop any cardiopulmonary compromise. He survived and
was left with only mild, right-sided dysdiadochokinesia. Extensive evaluations for infectious and noninfectious vasculitides, for
coagulopathies, and for cardiac source of emboli were negative.
TABLE 1.

DISCUSSION

These 3 adolescent males all developed an acute
syndrome of gait instability, headache, cerebellar
dysfunction, altered mental status, and variable dysphagia/dysarthria, with evidence of brainstem dysfunction in the 2 subjects who died (Table 1). The
clinical and pathologic findings in all 3 cases were
related to ischemic infarction in the distribution of
multiple distinct cerebellar arterial vessels, which
were primary and specifically unrelated to cerebellar
herniation from any supratentorial process. The neuropathology did not identify primary tonsillar herniation, which would have been present in a supratentorial process such as diffuse hypoxic-ischemic
encephalopathy.
Each of the 3 cannabis-associated cases of cerebellar infarction was confirmed by biopsy (1 case) or
necropsy (2 cases) and showed inflammatory cellular
reactions characteristic of a 1- to 3-day-old infarct
(case 1) or a 3- to 7-day-old infarct (cases 2 and 3).3 In
all 3 cases, the central nervous system infarction was
acute and localized to cerebellum. Multiple cerebellar arterial distributions were involved in the 3 cases.
Brainstem compromise caused by cerebellar and cerebral edema led to death in the 2 fatal cases. For a

Cerebellar Infarction Patients

Age, y
Gender
Symptoms
Marijuana use
Urine screen for THC
metabolites
Neurologic exam
Diagnostic method
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The patient underwent a diagnostic cerebellar needle biopsy. Histologically, this biopsy revealed infiltration by neutrophils and
macrophages (histologic features of an infarct ⬃3–7 days old),3
which was temporally consistent with his exposure to cannabis.

1

2

3

16
Male
Headache, weakness,
dysarthria, and
visual impairment
⫹
⫹

17
Male
Headache, nausea, disorientation,
and visual impairment

15
Male
Headache, nausea, dizziness,
and ataxia

⫹
⫺

⫹
⫹

Lethargic, dysarthric
Autopsy

Comatose
Autopsy

Conscious, ataxic
Biopsy
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reference of arterial territories of the cerebellum, see
ref 6.
None of the patients had pathologic evidence of an
embolic source, coagulopathy, or infectious or noninfectious vasculitis, nor was there arteriographic evidence of a systemic predisposition to stroke in the
sole surviving patient. However, each subject had a
history of acute exposure to marijuana and/or laboratory confirmation of such exposure. The failure to
identify marijuana in the second case presented may
reflect the 4-day delay between use (based on the
history) and testing. The assay used (triage drugs of
abuse panel plus tricyclic antidepressants) is an immunoassay for the qualitative determination of the
presence of major metabolites of drugs of abuse including 11-nor-␦-9-THC-9-carboxylic acid (11-carboxy-THC), a marijuana metabolite. Although the
urinary elimination half-life of 11-nor-␦-9-THC-9carboxylic acid averages 3.0 days, with a range of 0.8
to 9.8 days in heavy smokers of marijuana,7 the urine
drug screen immunoassay for this metabolite can be
negative as early as 3 days after marijuana smoking,
particularly in nonheavy and nonchronic users (C.
Long, PhD, verbal communication, 2003). Because
the patient had recently undergone a military physical examination and laboratory evaluation, and no
drugs of abuse were detected at that time, we believe
the patient to be an episodic marijuana user. More
sensitive assays for marijuana metabolites were not
performed in this case, although hair analysis was
attempted (unfortunately, the specimen was lost or
destroyed in shipping).
The major psychoactive ingredient of marijuana is
␦-9-THC. It is lipid soluble with a high volume of
distribution (8.9 ⫾ 4.2 L/kg) and a half-life of 32 ⫾ 12
hours.8 Smoking 1 marijuana cigarette delivers a
dose of 2.5 to 5 mg of ␦-9-THC.7 Many other ingredients (psychoactive and nonpsychoactive) are
present in cannabis smoke at lesser concentrations
and/or lesser potencies than ␦-9-THC. Many of these
other ingredients have other pharmacologic activities, typically involving the central nervous system
and including sedative, analgesic, and anticonvulsant effects.9
Marijuana usage has many acute effects including
dizziness, impaired balance, postural hypotension,
and, at high doses, bradycardia and general hypotension.9 Marijuana-associated stroke has been reported in the literature,4,5,10 –15 with some reports
being more convincing than others. Patients reported
have ranged from 15 to 34 years old and have been
exclusively male (including the cases described
herein). Several of the reported cases involved infarcts in the distributions of multiple vessels, similar
to our cases. Of note, the 3 pediatric cases we have
seen were cerebellar rather than cerebral strokes, in
contrast to the adult cases reported. Our cases involved large infarcts in regions of ⬎1 cerebellar vessel, in contrast to the vast majority of cerebellar
strokes, which are typically in the distribution of a
single vessel.16,17
The neuropharmacologic literature regarding THC
generally describes neuroprotective effects from oxidant injury at least in tissue culture18,19 as well as

therapeutic effects including analgesia, ocular hypotension, and antiemesis.18 In a rat model of focal
cerebral ischemia, synthetic cannabinoid agonists
have been reported to reduce infarct volume.20
Nonetheless, the previous reports of stroke and
these cases may suggest a more complex effect of
cannabinoids. In previously reported stroke cases
theorizing pathogenesis, vasospasm and hypotension have been invoked. However, such theories do
not explain the apparent proclivity for partial posterior circulation strokes in young patients. Mathew
and Wilson21,22 have studied regional cerebral blood
flow patterns in the setting of numerous drugs of
abuse, including marijuana. They used a 133Xe inhalation technique in which clearance of the isotope
was measured for 10 minutes by detectors mounted
in a helmet worn by the subjects. They found no
difference between regional cerebral blood flow of
chronic marijuana users and nonusers; unfortunately, their measurements did not include the posterior fossa. Mathew et al23 later used the 133Xe inhalation technique to analyze the acute changes of
cerebral blood flow in association with marijuana
smoking. In that study, experienced smokers showed
an acute increase in cerebral blood flow after marijuana smoking, a change similar to that seen in experienced smokers smoking a placebo cigarette.
However, in inexperienced smokers, there was an
acute decrease in cerebral blood flow significantly
greater than that associated with placebo in inexperienced smokers. Additionally, regardless of the
changes in cerebral blood flow observed, the experienced smokers in that study had a significantly lower
baseline cerebral blood flow than inexperienced
smokers.
We were able to obtain a history of intermittent or
“binge” use of marijuana in 2 of our patients (cases 1
and 3) and could not get an adequate history of
pattern of use in the other case. Nonetheless, we
recognize that such a history from the patient and
family may be unreliable and cannot be verified. If
the subjects were truly episodic users, it is conceivable that cerebellar blood flow could have been compromised. Thus, although the specifics of the effects
of marijuana on cerebral perfusion have not been
elucidated fully, it is clear that marijuana use does
have effects on cerebral blood flow.
CONCLUSIONS

From the literature, it is clear that marijuana use
can cause systemic hypotension, impair peripheral
vasomotor reflexes, and may alter central nervous
system blood flow and cerebral vascular autoregulation. Marijuana use has been associated with stroke
in adults, but acute central nervous system infarction
related to marijuana use is not well described in
children. Although the mechanism of neurologic injury and its localization to the posterior circulation in
these cases remains uncertain, our observation of
acute cerebellar infarction in 3 adolescents shortly
after marijuana use suggests that this drug may contribute to cerebellar vascular injury, possibly by
causing vasospasm, especially in the inexperienced
or episodic user, resulting in cerebellar ischemia. The
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cerebellum may be more susceptible to ischemia,
because it is a region without rich collateral circulation.
Alternative explanations for ischemic stroke include contamination of marijuana with other substances (unlikely in that the 3 cases we have seen
occurred over a 5-year period) and random cerebellar strokes coincident with but unrelated to marijuana use (unlikely given the similarities of our 3
cases in presentation, history, age, gender, and
pathologic findings).
Early recognition of cerebellar stroke is essential
for prompt neurosurgical intervention to prevent lethal brainstem functional compromise by relieving
cerebellar edema. The literature indicates that the
mortality rate in cerebellar stroke dramatically increases with the interval from presentation to diagnosis.17 If a cerebellar infarction produces a mass
effect with signs of brainstem compression or herniation, a surgical decompressive procedure may be
necessary in such patients.24,25 Although reported
strokes associated with marijuana use are few, marijuana use may represent a genuine risk factor for
stroke, especially in the adolescent and particularly
in the cerebellar circulation.
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