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Summary

The relationship of migraine and stroke is complex.
Stroke may be coincidental with migraine but migraine
may confer an increased risk of stroke in women un-
der 45 years of age and possibly in men who have mi-
graine with aura. Stroke may mimic migraine but mi-
graine syndromes may be symptomatic of underlying
cerebrovascular disorders. True migraine-induced
stroke is rare. The mechanisms of stroke induced dur-
ing a migraine attack remain to be determined but
probably involve an interaction between the dynamic
shifts in cerebral blood flow and stroke risk factors.
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Introduction

Migraine is associated with an increased stroke risk
(1,2). In this paper we will review contemporary epi-
demiological studies, suggest a clinical approach to the
differential diagnosis, discuss potential mechanisms of
migraine-induced stroke and co-morbid ischemic
stroke, and pose new research questions. Studying the
epidemiology of migraine-related stroke has always
been difficult because of complex classification issues,
and the rarity of true migraine-induced stroke. Much of
the differential diagnostic difficulty relates to the clinical
features of migraine occasionally mimicking stroke (see
below). Because of the rarity of migraine-induced
stroke, its mechanisms are in part adduced from experi-
mental observations that require substantiation in clini-
cal patients. The mechanisms of co-morbid stroke
wherein increased stroke risk applies to ischemic stroke
occurring between attacks also remain to be estab-
lished.
Various forms of migraine are recognized, generally
classified according to the transient, though sometimes
persistent, neurological deficits that precede, accom-
pany, or outlast the headache phase. A number of

these clinical syndromes may mimic cerebrovascular
disease, including migraine with aura of different types,
especially prolonged aura, retinal or ocular migraine,
ophthalmoplegic migraine, hemiplegic migraine, and
basilar artery migraine (1-4). Visual disturbances ac-
count for well over half the transient neurological mani-
festations. Most frequently, these consist of positive
phenomena such as stars, spark photopsia, complex
geometric patterns, and fortification spectra. These
positive phenomena may leave in their wake negative
phenomena, such as scotoma or hemianopia. The vi-
sual symptoms are characteristically slow in onset and
slow in progression, although occasionally the onset is
more abrupt and may be confused with amaurosis fu-
gax. The patterns of symptoms usually indicate the
spread of neurological dysfunction from the occipital
cortex into the contiguous regions of the temporal or
parietal lobes. The next most common symptoms are
somato-sensory and characteristically cheior-oral in
distribution (i.e., involving the hand and lower face).
Less frequently, the symptoms include aphasia, hemi-
paresis, or clumsiness of limb. 
When the deficit of a migraine aura or attack remains,
migraine-induced stroke should be suspected. It is criti-
cal, in making the differential diagnosis from stroke, to
establish that the neurological deficit crosses arterial
territories. The slow, march-like progression is another
important distinguishing feature from stroke, which has
an abrupt onset of symptoms and signs. Finally, stroke
is not preceded by the positive symptoms that charac-
terize the onset of the migraine aura. 

Epidemiology

A review of mostly uncontrolled hospital-based studies,
conducted before 1989, of patients under 50 years of
age with a diagnosis of stroke revealed that the stroke
was attributed to migraine in 1-17% of cases (in 1-8%
of cases in two-thirds of these studies and in 11-17% of
cases in the other third) (5). A compilation of studies up
to the same time revealed, in a total of 448 stroke cas-
es (31% of unknown etiology), a prevalence of 4% at-
tributed to migraine. In clinical studies, stroke was re-
ported as more common in patients with migraine with
aura and who have posterior cerebral artery strokes (6-
8). No other stroke risk factor differences were found
between migraine sufferers and controls without stroke.
Migraine sufferers were more likely to have recurrent
stroke, supporting migraine as an independent stroke
risk factor (7). Another study of migraine with aura re-
ported that 91% of patients who had stroke during an
attack had no arterial lesions, as opposed to 9% of mi-
graine with aura patients who suffered stroke remote
from a migraine attack and 18% of stroke patients with-
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out a migraine history (9). Established stroke risk fac-
tors compound stroke risk in migraine with aura. This
group revisited the subject over a decade later with the
benefit of a large database prospectively collected in
Lausanne, Switzerland. Of 3,502 ischemic strokes,
3.7% were judged to be migraine-related and the pa-
tients found to present active migraine as defined by at
least two attacks in the previous two months. These
cases included patients who had stroke during migraine
with aura as defined by previous IHS criteria, but also
during typical migraine with aura. Dividing patient
groups into young and older, with 45 years of age as
the cut-off, migraine-related stroke was found to be
more prevalent (15.8%, control population 2.1%) in the
young group. The young group also presented other
distinctive features: posterior circulation involvement
and patent foramen ovale were characteristic. Of 66
cases under 45, 24 had stroke during a migraine attack,
15 were judged to suffer from migraine without aura,
and 9 migraine with aura. The presenting clinical fea-
tures of stroke were also very different in the young pa-
tients, for example abrupt onset and motor deficits were
less frequent, but visual disturbances more frequent.
The diagnosis of migraine-induced stroke in migraine
without aura patients should be viewed with caution for
reasons that will be outlined below. Nevertheless, this
large series of prospectively studied patients was a
valuable addition to the literature, confirming the rela-
tionship of migraine with both induced and apparently
co-morbid ischemic stroke (10). 
The overall incidence of "migrainous infarction" has
been estimated at 3.36 per 100,000 population per year
(95% CI: 0.87 to 4.8), but in the absence of other stroke
risk factors it falls to 1.44 per 100,000 population per
year (95% CI: 0.00 to 3.07) (11). This rate is similar to
that subsequently reported in subjects under 50 (8), in
whom migrainous infarction accounted for 25% of cere-
bral infarcts. To place these data in context, the overall
incidence of ischemic stroke under age 50 ranges from
6.5 per 100,000 (12) to 22.8 per 100,000 (13,14).
As opposed to hospital database investigations, rigor-
ously designed true epidemiological studies systemati-
cally addressing an association between migraine and
stroke have been few. In a retrospective study of par-
ents of migraine sufferers conducted early on without
the benefit of the IHS classification first published in
1988, no increased risk of stroke was found, but hyper-
tension was 1.7 times more frequent in persons with
migraine than in those without (15). In an inconclusive
study conducted in 1975, the Collaborative Group for
the Study of Stroke in Young Women found that the rel -
ative risk of thrombotic stroke was increased twofold in
women with migraine compared with neighborhood
controls, but not with hospital controls (16). A hospital-
based controlled study of 89 cases found that ischemic
stroke was increased more than twofold in patients with
migraine with aura (17), but when stroke risk factors
were excluded in this group, there was no longer a sta-
tistically significant association.
A systematic examination in a large-scale prospective
epidemiological study of men and women showed that,
after controlling for established risk factors for stroke,
both migraine and severe nonspecific headache were
associated with a significantly increased risk of stroke
(2). The risk of migraine-related stroke decreased as

the age at stroke increased. Also in a large population-
based study involving only men and migraine identified
only by associated neurological deficit, in other words
largely migraine with aura, the overall risk of stroke was
2.2% (18).
Probably the most convincing evidence regarding
stroke risk and the co-morbidity of stroke and migraine
is provided by three important case-controlled studies.
In the first of these, no overall association between mi-
graine and ischemic stroke was found, but among
women under 45, migraine and stroke were significantly
associated (19) (Table I). The risk of stroke was in-
creased, versus controls, threefold in migraine without
aura and sixfold in migraine with aura. Further, young
women with migraine who smoked increased their
stroke risk to approximately 10 times that found in con-
trols, a level more than 3 times greater than that found
in migraine-free young women smokers. The risk of
stroke in young women with migraine on oral contra-
ceptives was 14 times that of the controls; the odds ra-
tio was 4.8 for pills containing 50 µg of estrogen, 2.7 for
30 to 40 µg, 1.7 for 20 µg, and 1 for pills containing
progesterone. In none of these cases was the stroke in-
duced by the migraine attack.
In a separate case-controlled study of 308 patients with
either transient ischemic attacks or stroke, a history of
migraine was more frequently found in the patients than
in the controls (14.9% vs 9.1%) (20) (Table II). Migraine
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Table I - Migraine and stroke risk in women under 45
years: case control study n=72.

Condition Odds ratio Confidence

Migraine 13.5 1.8-6.4

Migraine without aura 13.0 1.5-5.8

Migraine with aura 16.2 2.1-18

Migraine + Smoker 10.2 5.5-35.1

Migraine + 
Oral contraceptive 13.9 3.5-29.9

Data from Tzourio C et al. BMJ 1995;310:830-833

Table II - Migraine stroke risk in women under 44: case
control study n=308.

Condition Odds ratio Confidence

Migraine <44 1.9 1.9-3.3

Migraine <35 3.7 1.5-9.0

Migraine without aura 1.5 0.9-2.5

Migraine with aura 5.2 1.4-20.0

Data after Carolei A et al. Lancet 1996;347:1503-1506



was the only significant risk factor (odds ratio 3.7) in
women under 35 years of age. Although these risk fig-
ures appear startlingly high in both studies, it must be
remembered that the absolute risk of stroke for this pa-
tient population translates to around 17-19 per 100,000
women years, which is very low. 
More recently a hospital-based case-control study in-
volving five European centers studied 291 women aged
20-44 years with ischemic, hemorrhagic, or unclassified
arterial stroke compared with 736 age- and hospital-
matched controls (1). Adjusted odds ratios associated
with a personal history of migraine were 1.78 (95% CI,
1.14 to 2.77), 3.54 (1.30 to 9.61), and 1.10 (0.63 to
1.94) for all stroke, for ischemic stroke, and for hemor-
rhagic stroke, respectively. Odds ratios for ischemic
stroke were similar for migraine with aura (3.81, 1.26 to
11.5) and migraine without aura (2.97, 0.66 to 13.5). A
family history of migraine, irrespective of personal histo-
ry, was also associated with increased odds ratios, not
only for ischemic but also for hemorrhagic stroke. Use
of oral contraceptives or a history of high blood pres-
sure or smoking compounded the odds ratios for is-
chemic stroke associated with migraine alone, although
only smoking was statistically significant. When oral
contraceptive use changed, the frequency or type of mi-
graine stroke prediction was unaltered, although clinical
experience often points otherwise. Between 20% and
40% of strokes were possibly induced during a mi-
graine attack. 
In summation, based in particular on case-controlled
studies, an association between migraine and stroke
appears confirmed, but only in women below the age of
45, and only in men with migraine plus aura. In women,
common risk factors for stroke in general increase this
risk of migraine-related stroke. 

Classifying migraine-related stroke

One drawback in understanding the dilemma that faces
the diagnostician has been a lack of consistency in the
definition of migraine-related stroke. In clearly catego-
rizing this entity, four major issues must be considered.
First, stroke can occur in the course of the migraine at-
tack, causing true migraine-induced cerebral infarction.
Second, migraine might cause stroke only because oth-
er risk factors for stroke are present to interact with the
migraine-induced pathogenesis. Third, stroke and mi-
graine might share a common state of abnormal brain
function that increases the risk of both disorders. In
these instances, the concept of migraine as a symptom
must be emphasized. Fourth, stroke due to cerebrovas-
cular disease may mimic migraine. After all, stroke is a
constellation of symptoms and signs that is associated
with headache in up to a third of cases. Table III shows
a classification designed to aid understanding of the re-
lationships between migraine and stroke. Below, the
reasoning is described and imperfections in the classifi-
cation are critically appraised.

Coexisting stroke and migraine

Stroke in the young is rare and migraine is common.
Clearly, the two conditions can coexist without migraine
being a contributive factor to stroke. When the two con-

ditions coexist in the young, the true cause of stroke
may be difficult to elucidate. Co-morbidity of stroke risk
in migraine sufferers seems apparent from the case-
controlled series reviewed above, wherein women mi-
graineurs under 45 years of age present an increased
risk of stroke, particularly between attacks. The cause
of such strokes remains to be defined but it is likely to
be multifactorial. This increases the clinical significance
of coincidental stroke and should alert the clinical com-
munity to the need to promote stroke risk factor aware-
ness in all migraine sufferers. Although co-morbid fac-
tors may be present (such as increased platelet aggre-
gation or mitral valve prolapse) many are uncertain risk
factors for stroke. Recent reports of an association be-
tween migraine and patent foramen ovale (PFO) war-
rant discussion, however. A higher frequency of PFO
was reported in migraine with aura patients (21), and
an association of migraine and PFO in patients with is-
chemic stroke (11). In a prospective study of 587crypto-
genic stroke patients, 46% had a PFO (22). Migraine
was present in 27.3% of patients with PFO, whereas
migraine was present in 14% without PFO (OR 1.75; CI
1.08-2.82). Migraine was present in 36% of patients
with PFO and stroke, whereas only 16% of non-PFO
patients with stroke had migraine. In small uncontrolled
series of cases, migraine was reduced after PFO clo-
sure (23,24). With the caution that an association with
PFO does not necessarily imply PFO as a cause of the
migraine, speculation about mechanisms has invoked
serotonin release from activated platelets uncleared
from the lungs, or microemboli-induced microvascular
ischemia triggering spreading depression (SD). No
doubt this will continue to be a controversial topic, the
fear being that these reports will prompt a flurry of inap-
propriate PFO closure procedures for migraine preven-
tion.

Symptomatic migraine – stroke and migraine with a
common cause

Certain central nervous system or cerebrovascular dis-
orders episodically cause symptoms typical of migraine
with neurological aura. Indeed, ischemia itself may pre-
cipitate an attack of migraine (25). In such cases mi-
graine can be considered symptomatic of the underly-
ing disorder. For example cerebral arteriovenous mal-
formations frequently masquerade as migraine with au-
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Table III - Classification of migraine-related stroke.

I Coexisting

II Symptomatic migraine
A - of established disease
B - mimic

III Migraine-induced stroke
A - risk factor known
B - risk factor unknown

IV Uncertain/complex

After Welch KM, Levine SR. Arch Neurol 1990;47:458-462



ra. The side of the aura and of the headache are
strongly correlated in such cases. Stroke and migraine
are major features of the MELAS syndrome associated
with the 3243-point mitochondrial DNA mutation in the
tRNA Leu (UUR) gene (26). Migraine attacks may also
be associated with cerebral autosomal dominant arteri-
opathy, with subcortical infarcts and leukoencephalopa-
thy (CADASIL) (27,28) possibly being symptomatic of
the membrane dysfunction associated with this disor-
der. In fact, a breakthrough in establishing the genetic
basis of familial hemiplegic migraine (FHM) was
achieved as a result of clinical investigation of
CADASIL (29). Ten different missense mutations were
identified in the Notch 3 genes of 14 unrelated families
with CADASIL. Considering the mechanisms whereby
the above disorders, MELAS and CADASIL, cause mi-
graine attacks, it appears possible that membrane in-
stability and abnormality of cell signaling causing hyper-
excitability of neuronal membranes could be the under-
lying basis.  

Migraine mimic – stroke that masquerades as migraine

In this category, stroke due to acute and progressing
structural disease is accompanied by headache and a
constellation of progressive neurological signs and
symptoms indistinguishable from those of migraine.
This entity might best be termed a migraine mimic. Cri-
teria for the diagnostic discrimination of a migraine
mimic can be most difficult to define in established mi-
graine patients. Many of the migraine-related stroke
cases described before contemporary neurological in-
vestigations became available were possibly migraine
mimics. Spontaneous cervical artery dissection is a
good example of a migraine mimic (30), especially be-
cause patients with migraine are at increased risk of
dissection (31). Headache is an expected finding, pre-
sent in 60% of patients (32), and probably greater in
vertebral dissection. Headache is accompanied by a
variable incidence of ischemic complications, largely
embolic, that together may mimic accompanied mi-
graine (33). 

Migraine-induced stroke

True migraine-induced stroke – without stroke risk fac-
tors. 

Migrainous infarction (IHS 1.5.4) is described in the re-
vised IHS classification as follows: one or more mi -
grainous aura symptoms lasting more than one hour
and/or associated with neuroimaging confirmation of is -
chemic infarction. Although this category is termed “mi-
grainous infarction” in the IHS classification (34), this
author prefers, from the viewpoint of comprehending
pathogenesis and differential diagnosis, the term “mi-
graine-induced stroke”. To enhance diagnostic accura-
cy, migraine-induced stroke should meet the following
criteria: i) the neurological deficit must mimic exactly
the migrainous symptoms of previous attacks, ii) the
stroke must occur during the course of a typical mi-
graine attack, and iii) all other causes of stroke must be
excluded, although stroke risk factors must be taken in-
to account. A problem with these criteria is that they do
not permit the diagnosis of migraine-induced stroke in

migraine without aura, occasioning some authors to ex-
pand their criteria to encompass migraine without aura.
To accomplish this, criteria such as age below 45
years, active migraine and slow onset of headache
time-locked with the ischemic event have been included
(11). Data compiled using these expanded criteria must
always be considered with caution because overesti-
mation of stroke prevalence is likely. 
Criteria for true migraine-induced stroke should include
the potentially modifying risk factors that might be pre-
sent and that are critical to understanding the mecha-
nisms. For example, oral contraceptives are recognized
to increase stroke risk in migraine sufferers and may
cause coexisting stroke and migraine (35). In some in-
stances, however, when stroke occurs during the mi-
graine attack, the coagulapathy of oral contraceptive
use may have further compounded coagulopathy of
other origin, e.g., hyperviscocity from vomiting, generat-
ed during the attack. Perhaps migraine causes stroke
only because risk factors, as yet unknown, are present
to interact with the pathophysiological mechanisms of
the migraine attack (see below). 

Complex or multiple factors

Many migraine-related strokes cannot be categorized
with certainty. For example, it is often impossible to ex-
clude, with confidence, an interaction of the drug with
the migraine mechanism that might itself lead to stroke.
The mechanism of action of 5HT1BD agonists, such as
ergotamine or sumatriptan, may be neurogenic or vaso-
constrictive. As with ergotamine before, sumatriptan
has been associated with stroke-like events in scat-
tered reports (36). So far no reports have been convinc-
ing of primary involvement of the drug. 

Mechanisms of migraine-induced stroke

It remains to be determined how a migraine attack can
induce permanent neurological deficit and brain dam-
age. Spreading cortical depression of Leao (SD) may
induce short-lived increases in CBF and tissue hyper-
oxia (37), followed by a more profound oligemia and
consequent increased intraparenchymal vascular re-
sistance (38). Ischemic foci, however, may occasional-
ly occur during attacks of migraine with aura. Possibly,
SD is associated with depolarization of intrinsic neu-
rons that also supply intraparenchymal resistance mi-
crovessels, leading to active constriction and a conse-
quent flow reduction below the threshold for K+ re-
lease from the neuron. Increased extracellular K+ sub-
sequently might precipitate depolarization of contigu-
ous cortical neurons. Alternatively, the decreased ex-
tracellular space and brain swelling that accompanies
spreading cortical depression and possibly migraine
could increase microvascular resistance by mechani-
cal compression. Thus, low flow in major intracerebral
vessels may be due to increased downstream resis-
tance, not major intracranial arterial vasospasm. Es-
sentially, a low cerebral blood flow and neuronally me-
diated vasodilatation could cause sluggish flow in large
intracerebral vessels during the aura of migraine.
When combined with factors predisposing to coagu-
lopathy, such as dehydration hyperviscosity, intravas-
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cular thrombosis and thus migraine-induced cerebral
infarction could occur, although rarely. Neurogenically
mediated inflammatory responses accompanying va-
sodilation of extra-parenchymal vessels caused by re-
lease of vasoactive peptides, NO, activation of cy-
tokines, and up-regulation of adhesion molecules also
predispose to intravascular thrombosis (39). This could
explain why migraine-induced stroke usually respects
intracranial arterial territories while aura involves more
widespread brain regions. In addition, frequent aura, if
due to SD, could induce cytotoxic cell damage and
gliosis based on glutamate release or excess intracel-
lular calcium accumulation (40). Thus, a persistent
neurological deficit could be due to selective neuronal
necrosis. Why stroke occurs during one of any number
of previously normal episodes of migraine aura proba-
bly relates to a stacking of risk factors such as coagu-
lopathy, and their interaction with the degree of the
neuronal and hemodynamic accompaniments of the at-
tack. Figure 1 shows the schema of proposed mecha-
n i s m s .
Perhaps even more intriguing, what constitutes the co-
morbid increased risk of stroke between attacks? Of all
the questions, this is the most difficult, because al-
though co-morbid factors (such as increased platelet
aggregation or mitral valve prolapse) may be present,
many are uncertain risk factors for stroke. Indeed, when
definite risk factors for stroke are present in migraine
sufferers then stroke is attributed to these causes and
not to migraine. Thus, for example, an ischemic stroke
occurring in a patient with PFO, might be attributed to
cerebral embolism. In this instance though there is
speculation of an as yet unproven relationship to mi-
graine with aura of unknown mechanism. Logically,
stroke risk factors yet to be identified may be co-morbid
with migraine. 
Some experimental and clinical clues give rise to the
thought that the burden of repeated migraine attacks it-
self might set up or progressively enhance the risk of
stroke. Experimental SD causes sterile inflammatory
changes in vascular beds and causes blood brain bar-
rier changes through metalloproteinase activation (39,

41,42). Such events have been linked to vascular ab-
normalities predisposing to arterial thrombosis (43).
Clinically, frequent migraine with aura attacks over a
prolonged period have been associated with increased
stroke risk in sufferers under 45 years of age (44)
(Table IV). Possibly frequent episodes of SD underly-
ing aura and repeated inflammatory changes in the
vasculature predispose to arterial thrombosis in situ,
and provide an explanation of one aspect of stroke co-
morbidity with migraine. Studies have yet to investigate
inflammatory markers of stroke risk in migraine pa-
tients. 

Concluding remarks

In certain rare disorders, migraine and stroke may
share a common cause, in which cases migraine may
be viewed as a symptom of the disorder. Ischemic
stroke due to cerebrovascular disease may also pre-
sent with a constellation of symptoms and signs that
mimic migraine. Migraine appears to increase stroke
risk in young women, particularly in the presence of
certain risk factors, and possibly in men with aura. Mi-
graine-related strokes occur largely between attacks
and are of varied cause, not directly related to the
mechanisms of a migraine attack. Because strict defini-
tions to discriminate true migraine-induced stroke from
other migraine-related strokes have not been used in
the existing epidemiological literature, its true preva-
lence and incidence remains to be determined, but the
event appears rare. Mechanisms of true migraine-in-
duced stroke involve an interaction between cranial he-
modynamic changes during the aura and the “stacking”
of stroke risk factors, some intrinsic to the attack itself.
Although migraine-related stroke occurring between mi-
graine attacks may be multifactorial, clinical observa-
tions also point to the potential of repeated attacks
themselves to generate increased stroke risk, due to re-
peated sterile inflammatory changes in the brain vascu-
lature. Although speculative this hypothesis can be test-
ed readily. 
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F i g u r e 1 - Schema of events leading from SD to stroke.

CVR=cerebrovascular resistance; Inflam=inflammation; CBF=
cerebral blood flow; Visc+=increased viscocity; OCP=oral con-
traceptives; Adh=platelet/white blood cell endothelial adhesion;
aPL=antiphospholipid antibodies

Table IV - Migraine stroke risk in women under 44: case
control study n=291.

Condition Odds ratio Confidence

Migraine for 12 yrs 
or more 14.61 1.27-16.8

Migraine with aura at 
initial onset 18.37 2.33-30.1

Migraine with aura
more than 12 attacks
per yr 10.41 2.18-49.4

After Donaghy M et al. JNeurol Neurosurg Psychiatry 2002;73:747-750
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