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Cocaine-related vascular headaches

Anil Dhuna, Alvaro Pascual-Leone, Miles Belgrade

Abstract
The records of 21 patients admitted to
hospital from January 1985 to December
1988 for acute headache associated with
cocaine intoxication were reviewed.
Fifteen patients were identified who
experienced headaches with migrainous
features in the absence of neurological or
systemic complications. None of them
had a history of cocaine-unrelated
headaches or a family history of
migraine, and all had a favourable out-
come. Three possible mechanisms of
cocaine-related vascular headaches are
discussed which depend on the interval
between cocaine ingestion and develop-
ment of the headache. We postulate that
acute headaches following cocaine use
may relate to the sympathomimetic or
vasoconstrictive effects of cocaine, while
headaches following cocaine withdrawal
or exacerbated during a cocaine "binge"
may relate to cocaine-induced alteration
of the serotoninergic system.
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Among cocaine abusers up to 60-75% report
severe headaches which they relate to use of
the drug,'2 and there may be a relationship
between the cocaine dose ingested and the
prevalence of headaches.2 In some cases, those
experiencing chronic headache may begin
using cocaine as self-medication for pain.3
The acute onset of new headaches in cocaine
addicts can signal intracranial haemorrhage,4
ischaemic stroke,56 endocarditis,7 brain
abscess,8 9or other psychiatric or medical
illnesses9 and should be taken seriously. The
majority of such patients seem to have a more

benign cause of the headache with a favour-
able outcome.' 2"9 The headache in these
patients frequently has migrainous features
and can be attributed to either acute cocaine
intoxication or withdrawal.9 1112 This retro-
spective study investigated cocaine-related
vascular headaches in relation to time and
pattern of cocaine use and to define their
possible mechanisms.

Methods
Between January 1985 and December 1988 all
patients admitted to Hennepin County
Medical Center (HCMC) with a primary
diagnosis of acute headache in the setting of
cocaine intoxication were identified using the
computerised register of the hospital. A
positive urine toxicology screen for cocaine
was required in all patients.
The patients' age and sex were recorded,

and the character of the headache, associated
symptoms, and pattern of cocaine abuse were

analysed. The headache was described accord-
ing to the following variables: description of
the pain, temporal profile of pain onset and
duration, history of headaches, family history
of migraine, associated symptoms (nausea,
vomiting, visual disturbances, photo- and
phono-phobia, focal neurological symptoms,
nuchal rigidity, fever), and findings on the
physical examination. The following variables
of cocaine addiction were analysed: duration
of abuse, relationship of pain onset to cocaine
ingestion, acute dose, route, and pattern of
cocaine use. All patients were evaluated with
cranial CT and most had CSF analysis.

Results
Of the 1188 admissions to HCMC with
medical, psychiatric and neurological compli-
cations associated with acute cocaine intoxica-
tion, we identified 21 patients hospitalised for
acute headache evaluation. Six patients were
excluded since their headache could be
attributed to subarachnoid haemorrhage (2),
acute sinusitis (2), endocarditis (1), or
pneumonia (1).
The remaining 15 patients, nine women and

six men, presented with headaches with
migrainous features (table). Their mean age
was 28 3 years (range 20-37 years). Five had
snorted the cocaine, five injected it intra-
venously, and five smoked it as "crack". All
patients were habitual cocaine users. None of
them had a personal or family history of
migraine, but two of them described similar
cocaine-associated headaches in the past. The
neurological examination on admission was
normal in all patients. All patients had normal
CT scans; the CSF was normal in the seven
patients in whom it was analysed; none of them
had cerebral angiogram performed. All
patients had a normal outcome.
The interval between the cocaine ingestion

and the onset of the headache was known in 12
of these 15 patients. This allowed the definition
of three different patterns of cocaine-related
headaches with migrainous features (table):
acute onset of the headache within minutes of
cocaine use (pattern 1), increasing headache
during a cocaine "binge" (pattern 2), and onset
of increasing headache with cocaine abstinence
(pattern 3).

Pattern 1 (table) was found in five patients;
two women had smoked crack and one woman
and two men had injected the cocaine intra-
venously. All five were chronic, habitual
cocaine abusers (five to eight years of cocaine
use, three to seven times per week) who denied
previous headaches after snorting cocaine.
In all of them the headache developed
immediately (maximum within five minutes)
after a "usual" cocaine dose, and lasted for two
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Table Summary of cocaine use and headache characteristics for 15 patients with cocaine-related vascular headaches. The patients are classified into
four groups according to the timing of the onset of the headache in relationship to the cocaine ingestion: acute onset of the headache within minutes of
cocaine use (pattern 1), increasing headache during a cocaine "binge" (pattern 2), and onset of increasing headache with cocaine abstinence (pattern
3), insufficient data available (uncertain).

Cocaine use Headache characteristics

Age Dose Durationfrom Photo- Nauseal Visual Other
(yrs) Sex Route Pattern (gin) Onset last cocaine dose Location Quality phobia vomiting disturbances symptoms

Pattern 1
27 F crack single dose ? minutes after dose 2 hrs occipital throbbing yes yes blurring numbness &

weakness of legs

30 F crack single dose 1 immediately after dose ? bi-temporal throbbing yes yes no It. leg weakness
28 F iv 3 doses in 4 hrs 1-5 seconds after 3rd dose 4 hrs occipital throbbing yes yes spots & trails neck stiffness
23 M iv single dose 05 immediately after dose 18 hrs generalised stabbing yes yes no unsteadiness
35 M iv single dose 1 5 min after dose 2 days lt occipital buming yes yes wavy lines rt arm numbness

& weakness

Pattern 2
24 F crack "binge" 4 days 3/day increasing during "binge" ? rt sided throbbing yes no no no

20 F nasal "binge" 2 wks ? 2nd wk of "binge" 3 days "top of head" throbbing yes yes blurring episodic vertigo
& diplopia

36 F nasal "binge" 8 days ? 4th day of "binge" 6 hrs frontal throbbing yes yes no no

20 M crack "binge" 2 wks 2/day 2nd wk of "binge" 1 wk frontal throbbing yes yes blurring no

31 M nasal "binge" 2 wks 1-2/day 6th day of "binge" ? frontal pounding yes yes flashing spots no

Pattern 3
30 F crack daily use > 1/day I day after stopping 6 days increasing pain frontal throbbing yes yes blurring no

30 M iv daily use 2-3/day 4 days after stopping 6 days increasing pain frontal throbbing yes yes no neck stiffness

Uncertain
24 F nasal daily use 2/day ? ? generalised throbbing yes yes no no

37 F nasal daily use ? ? ? ? throbbing yes yes no no

30 M iv ? ? ? ? generalised throbbing yes yes no dizziness

to 48 hours. The headache was occipital or

bilateral, throbbing, associated with photo-
phobia, nausea and vomiting in all of them.
Three subjects had extremity paraesthesia or

weakness, one complained ofunsteady gait, one
of neck stiffness and two of scintillating
scotomata. All these symptoms were transient,
and all symptoms resolved within 12-24 hours.

Pattern 2 (table) was found in five patients;
three intranasal cocaine abusers and two crack
users. All had been on a "binge" for four to 14
days with unusually large amounts of cocaine
(1-3 gm/day). They all described onset of the
headache after a few days and experienced
increasing severity of the pain during the
course of the "binge". Most headaches in this
group were frontal, throbbing, and associated
with nausea. Only one patient reported vomit-
ing associated with transient vertigo and
diplopia. No information about the immediate
effect of each cocaine dose on the headache was

available for any of the patients.
Pattern 3 (table) was seen in one male

intravenous cocaine user and one female crack
smoker. Both had been using cocaine for years

and before presentation had been using cocaine
daily for several months. Both abruptly stop-

ped using cocaine and developed headaches one

to four days following the last cocaine dose.
The headache progressively worsened over six
days with. continued drug abstinence. Both
described the pain as frontal, throbbing, and
associated with photophobia, nausea, and
vomiting. One subject subsequently developed
neck stiffness. The CT and CSF analysis were

normal in both, and neither had clinical
evidence of depression.
The following three cases illustrate the three

patterns of cocaine-related headaches with
migrainous features.

Case 1 (pattern 1)
A 23 year old man developed a severe, stabbing,
generalised headache associated with -photo-
phobia, nausea, vomiting, and unsteadiness of

gait "within seconds" of injecting 0 5 gm of
cocaine intravenously. His neurological
examination, CT, and CSF analysis were
normal. The headache resolved spontaneously
after 18 hours. He was a habitual cocaine user
who denied headaches after snorting the drug,
but reported similar headaches on the three
previous occasions in which he had used
intravenous cocaine. Chronic intravenous
heroin use had never triggered a headache. He
had never had cocaine-unrelated headaches
and his family history was negative.

Case 2 (pattern 2)
A 31 year old man had been snorting 1-2 gm of
cocaine daily for two weeks. Six days into the
"binge" he developed a pounding, frontal
headache with nausea, photophobia, and
"flashing spots in front of the eyes". He stated
that he kept using cocaine "to relieve the
headache5', but that the pain "keeps getting
worse the- more I use". The severity of the
pain finally brought him to the hospital. His
neurological examination, CT, and CSF ana-
lysis were normal. He denied a previous history
of similar cocaine "binges". He had no history
of headaches and his family history was
negative for migraine.

Case 3 (pattern 3)
A 30 year old man presented to the hospital
with a three day history of increasing headache
which was maximal around the eyes, associated
with nausea, vomiting, photophobia, and mild
neck stiffness. He was a habitual intravenous
cocaine abuser who had been using 2-3 gm of
cocaine daily for several months. He denied
habitual or recent use of any other drugs. He
stopped using cocaine suddenly and four days
later developed a headache that kept worsening
in the absence of additional cocaine use. His
neurological examination, CT, and CSF
analysis were normal. He had no history of
headaches and his family history was negative
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for migraine. The headache kept increasing in
severity for three days (total of six days after
onset) and eventually resolved spontaneously.

Discussion
Studies based on cocaine telephone helplines
report that up to 60-75% of callers complain of
cocaine-related headaches.'2 El-Mallakh'3 in a
questionnaire survey administered to 120
consecutive admissions to an alcohol and drug
treatment programme found that all 30 cocaine
abusers that completed the questionnaire
reported headaches. The relative frequency of
headaches as primary admitting diagnosis in
our study was 18%. Other hospital based
studies report highly variable prevalences of
headache among cocaine users ranging from
0.8%10 to 13 1%.9 Due to our methodology we
cannot make a statement about the prevalence
of headaches among cocaine abusers admitted
to hospital. In addition, it is likely that a much
larger number of cocaine users experience less
severe headaches and either do not seek medical
attention or are seen in the casualty department
and not admitted to hospital.
Acute onset of severe vascular headaches

without neurological complications immedi-
ately after cocaine ingestion (pattern 1) has
been previously reported by Lipton et al.9 In
accordance with their description,9 we found
this type of headache only in patients who had
used cocaine intravenously or as crack. The
headache began immediately after the ingestion
of cocaine, in the expected time for the drug to
reach peak levels in the brain."4 The sudden
cocaine surge produced by crack or intravenous
routes leads to a rapid block of presynaptic
norepinephrine reuptake with potent sym-
pathomimetic effects,'5 16 and to a calcium
dependent acute constriction of vascular
smooth muscle.'7 Derangements of norepine-
phrine and vasomotor control have been
advocated as important factors in the patho-
genesis of migraine."'20 An important role of
cocaine-induced vasospasm with transient
ischaemia in the pathogenesis of this pattern 1
headache is suggested by the finding of focal
neurological symptoms in all our patients.
Similar findings are reported by Lipton et al
in three patients.9 Most reported cases of
cocaine-associated strokes are preceded by
headaches5 6 10 suggesting a common under-
lying mechanism for some cocaine-associated
ischaemic strokes and pattern 1 headaches.

Five of our patients presented with head-
aches of increasing severity during "binges"
with cocaine (pattern 2). Satel and Gawin"
describe three patients who developed head-
aches 45-90 minutes after cocaine ingestion,
when the brain cocaine levels are expected to be
declining.'4 Two of them, during a cocaine
"binge", experienced acute, temporary pain
relief immediately following each additional
dose of cocaine, but the headaches reoccurred
with increasing severity. Nasal application of
cocaine solution is advocated as treatment for
cluster headaches;2 the presumed mechanism
of action is a local anaesthetic effect on the
sphenopalatine ganglion.22 This mechanism

may play an important role in the nasal cocaine
abusers with this pattern 2 headache. Alter-
natively, since serotonin has been implicated in
migraine,'820 the transient relief of the head-
ache by cocaine ingestion may be related either
to the blockade of presynaptic serotonin-reup-
take by cocaine" 23 or by a specific competitive
antagonism at 5-HT3 receptors.24 The role of
the latter mechanism of cocaine is questionable
since firstly 5-HT,D and/or 5-HTlA receptors
have been implicted in migraine,25 secondly
specific 5-HTID receptor agonist (Sumatriptan)
has been found to be a highly effective acute
antimigraine agent26 whereas 5-HT3 antago-
nists have been disappointing in clinical trials
for the treatment of migraine headaches.27
Prolonged cocaine use may eventually lead to a
secondary presynaptic serotonin depletion28
and account for increased severity of the head-
ache.29 In this context it is interesting that the
patient described by Brower3 whose cocaine
habit was reportedly initiated for self-medica-
tion of his headaches.
The third pattern of cocaine-related head-

aches described appears to be associated with
drug withdrawal in longterm habitual users.
Lipton et al9 describe five patients with head-
aches following cocaine withdrawal all ofwhom
were depressed and had suicidal ideations. Our
two patients were not clinically depressed.
Baker and Dillavou'2 describe six patients with
onset of self-limited headaches four weeks to
nine months following cessation of cocaine. In
our patients the headache developed one to four
days after the last dose and kept increasing in
severity for the following six days. Chronic
cocaine use leads to presynaptic depletion of
serotonin, dopamine, and norepinephrine. 15
The time required for these different
neurotransmitter systems to recover following
cocaine withdrawal may be responsible for this
type of cocaine-related headache. Baker and
Dillavou'2 report that the headache in their
patients can be prevented by doxepin. Doxepin
prevents the presynaptic reuptake of norepine-
phrine and serotonin30 and may prevent the
transient hypoactivity of these neurotransmit-
ters during cocaine withdrawal. Alternatively,
doxepin's action may be less specific and related
to the prevention of depression.
To develop consistency in the future study of

cocaine-related headaches with migrainous
features it is important to classify them in
accordance with the New International Head-
ache Classification.3' Pattern 1 headaches bestfit
"Headache induced by acute substance use or
exposure" (group 8.1). Pattern 3 headaches
should be classified as "Headache from sub-
stance withdrawal (chronic use)" (group 8.4).
Headaches corresponding to pattern 2 are more
difficult to classify. They are generally
associated with "binge" use superimposed on
chronic exposure and therefore may represent a
variant in group 8.1. They could also be
classified under "Headache induced by chronic
substance use or exposure" (group 8.2) since
they share many of the features of ergotamine-
induced headache (group 8.2. 1).'

Further investigation into the characteristics
and basic mechanisms of cocaine-related
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headaches may lead to a better understanding
of other headache disorders.

We thank Dr David C Anderson for his encouragement and the
critical review of this work.

1 Washton AM, Gold MS. Chronic cocaine abuse: evidence
for adverse effects on health and functioning. Psychiatric
Ann 1984;14:733-43.

2 Chitwood D, Patterns and consequences of cocaine use. In:
Kozel NJ, Adams EH, eds. Cocaine use in America:
epidemiologic and clinical perspectives. NIDA Res
Monogr Series 1985;61:111-29.

3 Brower KJ. Self-medication of migraine headaches with
freebase cocaine. J Substance Abuse Treat 1988;3:23-6.

4 Wojak JC, Flamm ES. Intracranial hemorrhage and cocaine
use. Stroke 1987;18:712-15.

5 Levine SR, Washington JM, Jefferson MF, et al. "Crack"
cocaine-associated stroke. Neurology 1987;37:1849-53.

6 Klonoff DC, Andrews BT, Obana WG. Stroke associated
with cocaine use. Arch Neurol 1989;46:989-93.

7 Chambers HF, Morris DL, Tauber MG, Modin G. Cocaine
use and the risk for endocarditis in intravenous drug users.
Ann Intern Med 1987;106:833-6.

8 Rao AN. Brain abscess: a complication ofcocaine inhalation.
NY State J Med 1988;88:548-50.

9 Lipton RB, Choy-Kwong M, Solomon S. Headache in
hospitalized cocaine users. Headache 1989;29:225-8.

10 Lowenstein DH, Massa SM, Rowbotham MC, Collins ST,
McKinney HE, Simon RP. Acute neurological and
psychiatric complication associated with cocaine abuse.
Am JMed 1987;83:841-6.

11 Satel SL, Gawin FH. Migrainelike headache and cocaine
use. JAMA 1989;261:2995-6.

12 Baker C, Dillavou E. A headache peculiar to cocaine
withdrawal: preliminary observations (Abstr). Headache
1989;29:313.

13 El-Mallakh RS. Migraine headaches and drug abuse

(Letter). South Med J 1988;82:805.
14 Jatlow P. Cocaine: analysis, pharmacokinetics, and

metabolic disposition. Yale J Biol Med 1988;61:105-13.
15 Nunes EV, Rosecan GS. Human neurobiology of cocaine.

In: Spitz HI, Rosecan GS, eds. Cocaine abuse: new

directions in treatment and research. New York: Brunner/
Mazel, 1987:48-94.

16 Ritchie JM, Greene NM. Local anesthetics. In: Gilman AG,
Goodman LS, Rall TW, Murad F, eds. The pharmaco-
logical basis of therapeutics, 7th ed. New York: MacMillan,
1985:309-10.

17 Rongione AJ, Steg PG, Gal D, Isner JM. Cocaine causes
endothelium-independent vasoconstriction of vascular
amooth muscle (Abstr). Circulation 1988;78(suppl
1I):436.

18 Raskin NH. Headache, 2nd ed. New York: Churchill Living-
stone, 1988:99-134.

19 Moskowitz MA. The neurobiology of vascular head pain.
Ann Neurol 1984;16:157-68.

20 Lance JW. Fifty years ofmigraine research. Aust NZ J Med
1988;18:31 1-17.

21 Diamond S, Freitag FG, Prager J, Gandhi S. Treatment of
intractable cluster. Headache 19ES;26:42-6.

22 Kittrelle JP, Grouse DS, Seybold ME. Cluster headache:
local anesthetic abortive agents. Arch Neurol 1985;42:
496-8.

23 Lakoski JM, Cunningham KA. The interaction of cocaine
with central serotoninergic neuronal systems: Cellular
electrophysiologic approaches. NIDA Res Monogr Series
1988;88:78-91.

24 Richardson BP, Engel G. The pharmacology and function of
5-HT3 receptors. Trends Neurosci 1986;9:424-8.

25 Peroutka SJ. The pharmacology of current anti-migraine
drugs. Cephalgia 1990;30:(suppl 1):5-1 1.

26 Doenicke A, Brand J, Perrin VL. Possible benefits of
GR43175, a novel 5-HT1-like receptor agonist, for the
acute treatment of severe migraine. Lancet 1988;ii:
1309-11.

27 Lataste X, Ferrari MD, Hirt D, Netter M, Wilkinson M.
Efficacy and tolerability ofICS 205-930, a 5-HT3 receptor
antagonist, in migraine prophylaxis. Cephalgia 1989;
9(suppl 10):346-7.

28 Taylor D, Ho BT. Neurochemical effects of cocaine follow-
ing acute and repeated injection. J Neurosci Res 1977;3:
95-101.

29 Eadie MJ, Tyrer JH. Biochemical changes which appear part
of the migraine mechanism. In: Eadie MJ, Tyrer JH, eds.
The biochemistry of migraine. Lancaster, UK: MTP Press,
1985:52-7.

30 Gilman AG, Goodman LS, Rall TW, Murad F, eds. The
pharmacological basis of therapeutics, 7th ed. New York:
MacMillan, 1985.

31 Headache Classification Committee of the International
Headache Society: classification and diagnostic criteria of
headache disorders, cranial neuralgias, and facial pain.
Cephalagia 1988;8(suppl 7).

806

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.54.9.803 on 1 S

eptem
ber 1991. D

ow
nloaded from

 

http://jnnp.bmj.com/

