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Abstract Migraine is a common disabling neurological disorder resulting from excessive cortical excitation and
trigeminovascular afferent sensitization. In addition to aberrant neuronal processing, migraineurs are also at significant
risk of vascular disease. Consequently, the impact of migraine extends well beyond the ictal headache and includes
a well-documented association with acute ischemic stroke,
particularly in young women with a history of migraine with
aura. The association between migraine and stroke has been
acknowledged for 40 years or more. However, examining
the pathobiology of this association has become a more
recent and critically important undertaking. The diversity
of mechanisms underlying the association between migraine
and stroke likely reflects the heterogenous nature of this
disorder. Vasospasm, endothelial injury, platelet aggregation
and prothrombotic states, cortical spreading depression, carotid dissection, genetic variants, and traditional vascular
risk factors have been offered as putative mechanisms involved in migraine-related stroke risk. Assimilating these
seemingly divergent pathomechanisms into a cogent understanding of migraine-related stroke will inform future studies
and the development of new strategies for the prevention
and treatment of migraine and stroke.
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Introduction
Migraine is a common neurological condition characterized
by recurrent unilateral headaches of moderate to severe intensity lasting 4–72 h in duration. The pain is often pulsatile in
quality and associated with nausea, vomiting, and sensitivity
to light and sound. Migraines can be heralded by visual aura in
addition to other somatosensory, vestibular, motor, and
speech-related disturbances [1–4]. Migraine impacts 15 to
20 % of the general adult population, including approximately
17 to 25 % of women and 6 to 10% of men [5–7]. Starting as
early as 12 years of age, the highest prevalence of migraine is
amongst persons 20 to 50 years of age [6, 8]. The social,
economic, and psychological burden of migraine alone can
be devastating. In addition to the medical costs related to
emergency room visits, indirect costs related to reduced work
capacity and disability amplify the economic burden associated with migraine [6, 9, 10].
Comorbid conditions accompanying migraine are worthy
of clinical and scientific attention because they contribute to
significant disability and death in the migraine population. A
number of epidemiologic studies support the observation that
migraine is independently associated with acute ischemic
stroke. Stroke is a major disabling neurological event with
795,000 new and recurrent cases diagnosed yearly, and is
the fourth leading cause of death in the USA [11]. The average
age of stroke onset is 60 to 70 years [12, 13]. However, a
minority of strokes occur in young individuals less than
45 years of age and with fewer modifiable vascular risk factors
(e.g., hypertension, hyperlipidemia, and diabetes mellitus).
While this population appears to have fewer identified modifiable risks, the rate of long-term mortality is higher than
would be expected [14] and they remain at risk of recurrent
stroke [15, 16]. That migraine, particularly migraine with aura, has been identified as a non-modifiable risk factor for
stroke in this otherwise relatively healthy younger population
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raises important fundamental questions about the cerebrovascular, metabolic, and neurobiological mechanisms underlying
this association. The purpose of this article is to review the
relationship between migraine and acute ischemic stroke, the
potential mechanisms underlying this relationship, therapeutic
options, and future research directions.

Migraine and Stroke: Defining the Clinical Problem
The Epidemiology of Migraine-Associated Stroke Risk
Multiple cohort [17–20] and case-control [21–31] studies substantiate an association between migraine and acute ischemic
stroke. Migraine is an independent risk factor for acute ischemic stroke. A large cohort study of 63,575 individuals with a
documented history of migraine and 76,936 individuals without migraine followed over a 33–35-month period found that
those with migraine were at 2.5 times greater risk of developing
acute ischemic stroke compared to those without migraine [17].
A consistent association between migraine and stroke has
been observed in multiple case-control studies, particularly in
the cryptogenic stroke population aged less than 45 years with
a gender-based predilection for women (Table 1) [17, 19,
23–28, 32–37]. In a case-control study that included 72 stroke
cases and 173 matched controls, migraine in women aged 18–

44 years was associated with acute ischemic stroke with an
odds ratio (OR) of 3.5 (95 % confidence interval (CI) 1.8–64).
The association was greater in the migraine with aura (OR 6.2,
95 % CI 2.1–18.0) group compared to the migraine without
aura (OR 3.0, 95 % CI 1.5–5.8) group [25]. The association
between migraine with and without aura and stroke was replicated in another case-control study enrolling a similar number of patients [27]. A study enrolling both men and women
(308 stroke cases and 591 age- and gender-matched controls)
found a significant association between migraine with aura
and stroke (OR 8.6, 95 % CI 1.0–75) but not migraine without
aura (OR 1.0, 95 % CI 0.5–2.0) [26]. A differential association
between stroke and migraine with aura was replicated in a
study enrolling a similar number of cases and controls although the effect size in the latter study was more modest as
compared to other studies (migraine with aura OR 1.5, 95 %
CI 1.1–2.0) [23, 28].
The variability in the strength of association across individual studies may reflect differences in sample size and headache classification. Additionally, there may be differences in
patient selection and diagnostic criteria for stroke. Despite
these limitations, the consistent association in multiple study
populations is compelling. Multiple meta-analyses estimate a
pooled adjusted twofold risk of stroke in migraineurs as compared to non-migraineurs [32, 38–39, 40•]. It is important to
mention that the strokes migraineurs suffer can have a
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Table 1

Study AIS (n) Ctrl (n) Gender

[22]
[23]
[24]

140
89
212

451
178
212

[25]
[26]
[29]
[27]

72
308
366
87

[21]
[30]
[31]
[28]

86
626
190
386

Age

Migraine

Migraine and other variables

All migraine

MwA

MwoA

OCP

OR

95 % CI

OR

95 % CI

OR 95 % CI

OR

2.0
1.8
1.3
4.3
3.5
1.3*
2.12
3.54

(1.2–3.3)
(0.9–3.6)
(0.8–2.3)
(1.2–16.3)
(1.8–6.4)
(0.7–2.4)
(1.05–2.95)
(1.30–9.61)

2.6

(1.1–6.6)

1.3

(0.5–3.6)

6.2
8.6

(2.1–18.0)
(1.0–75)

3.0
1.0

(1.5–5.8)
(0.5–2.0)

173
591
219
220

Women
Both
Both
Women
Women
Both
Men
Women

15–44
15–65
18–80
<45
18–44
15–44
16–60
20–44

214
4054
1129
614

Women
Women
Women
Women

20–44 4.61a (1.27–16.8)
15–44 3.2b (2.5–4.2)
15–49 2.33 (1.04–5.21)
15–49
1.5

Smoking
95 % CI

OR

95 % CI

10.2
10.2

(1.1–93.3)
(3.5–29.9)

5.9 (2.9–12.2)

3.81 (1.26–11.5) 3.0

(1.1–2.0)

1.0

13.9 (5.5–35.1)

(0.66–13.5) 16.9 (2.72–106.0)

(0.6–1.5)

7.39 (2.14–25.5)

7.0 (1.3–22.8)c

*p>0.05
a

Migraine for greater than 12 years duration

b

Includes transient ischemic attack

c

Combined effect of smoking and oral contraceptive, either alone did not produce a significant effect. OR and CI were not available for smoking alone
and oral contraceptive use alone
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significant impact on morbidity and mortality [41]. However,
in a prospective cohort study of 27,852 women aged
>45 years, women with a history of migraine with aura and
stroke had a two times greater likelihood of having a modified
Rankin Scale score between 0 and 1, suggesting the possibility
for good functional outcomes in this population [42].

Influence of Oral Contraceptive Use and Cigarette Smoking
There appears to be a substantial influence of cigarette
smoking and oral contraceptive use on the association between migraine and stroke. Multiple studies have demonstrated that smoking produces a greater than multiplicative increase in the association between migraine and stroke. One
study published an OR of 10.2 (95 % CI 3.5–29.9) in young
women with a history of migraine who smoked cigarettes
[25]. A similar study published an OR of 7.39 (95 % CI
2.14–25.5) [27]. Likewise, oral contraceptive use significantly
increases the association with stroke in migraineurs. One
study published an association between migraine and stroke
in young women on oral contraceptives with an OR of 13.9
(95 % CI 5.5–35.1) [25] while a subsequent study published
an OR of 16.9 (95 % CI 2.2–106.0) [27]. These data suggest
that environmental and modifiable factors may influence the
link between migraine and stroke.
Additionally, the greater than multiplicative effect could
intimate that oral contraceptive use and smoking amplify the
effect of migraine by influencing common downstream targets
that are important for stroke pathogenesis. Oral contraceptives
can impact the function of the endothelium and production of
matrix metalloproteinases [43, 44]. Likewise, cigarette
smoking initiates a host of pathological cascades that adversely affect the endothelium, platelet function, and
thrombogenicity causing production of reactive oxygen species and cytokines, expression of matrix metalloproteinases,
and reduced release of endogenous tissue plasminogen activator [45, 46]. Initially, smoking may impair the vasodilatory
properties of nitric oxide, followed by several biochemical
and inflammatory reactions that cause physical damage to
the endothelial wall [45, 46]. Mirroring some of the same
mechanisms, several studies propose migraine-related changes in endothelial function, nitric oxide production, platelet
aggregation, and expression of matrix metalloproteinases
[47–52]. Therefore, the association between migraine, oral
contraceptives, smoking, and stroke risk may reflect a common pathway involving endothelial damage, inflammation,
and platelet dysfunction. It is conceivable that these modifiable factors and migraine share common pathobiological processes that interact synergistically to promote atherothrombosis resulting in cardiovascular and cerebrovascular disease.
However, whether all or any of these mechanisms can fully
explain the amplified influence of smoking and oral
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contraceptive use on migraine-associated stroke risk requires
added investigation.
Migraine-Related Stroke Versus Migrainous Infarction
Migraine-associated stroke can be subdivided into two general
categories: migraine-related stroke and migrainous infarction
(See Fig. 1a, b). Migraine-related stroke is defined as an
interictal stroke occurring in a person with a history of migraine. In contrast, migrainous infarction is diagnosed in
migraineurs that experience prolonged aura lasting >60 min
with neuroimaging confirming an acute infarction in the brain
region likely responsible for the aura symptoms [53, 54]. One
example of migrainous infarction is a prolonged visual aura
with concomitant occipital lobe infarction diagnosed on neuroimaging. Migraine-related stroke occurs in ∼3 % of the
acute ischemic stroke population (∼15 % of those with acute
ischemic stroke less than 45 years of age). In contrast, migrainous infarction occurs less frequently in ∼0.3–0.5 % of
those with acute ischemic stroke [35, 55]. It is unclear if there
are unique stroke mechanisms underlying these clinical distinctions. In the case of migrainous infarction, it is possible
that the stroke occurs during the aura because the electrochemical changes that underlie the aura are directly linked to cerebral ischemia. Conversely, stroke occurring during the
interictal period suggests a divergent or indirect epiphenomenon linked to stroke pathogenesis in migraineurs.

Mechanisms Involved in Migraine-Associated Stroke Risk
Although many aspects of the association between migraine
and stroke remain unexplained, results from accumulating
clinical and preclinical studies are beginning to shed light on
potential neuropathologic mechanisms involved in migraineassociated stroke risk. Below, we review the evidence substantiating different proposed mechanisms involved in migraineassociated stroke risk, including vasospasm, endothelial injury, cortical spreading depression, genetic predispositions, and
traditional modifiable risk factors (Fig. 2). While these mechanisms differ significantly, migraine is a heterogeneous condition. Therefore, it is not entirely unexpected that there may
be multiple mechanisms influencing stroke risk in
migraineurs. None of these mechanisms are necessarily exclusive of each other. Therefore, in some migraineurs, it is possible that more than one mechanism exists. Additionally, the
individual migraine-associated stroke risk may be biased by
unique combinations of these predisposing factors.
Vasospasm
Vasospasm is a diffuse or focal constriction of the blood vessel, limiting blood flow and potentially leading to
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Fig. 1 a Top panel demonstrates a case of migrainous infarction in a 40year-old woman on oral contraceptive therapy with a history of migraine
with visual aura who presented with right hemifield scintillations lasting
several hours described as shiny objects, colors, and wavy lines followed
by right-sided vision loss. The neurological examination was most notable for a right inferior homonymous quadrantanopia. MR brain demonstrated a 2-cm area of restricted diffusion in the ventral medial left occipital lobe. Topographically, the location of the stroke correlates with the
visual aura of her typical and presenting migraine. b Middle panel demonstrates a case of migraine-related stroke in an 18-year-old woman with
a history of migraine with aura who presents with right-sided weakness
during an interictal period. The neurological examination was notable for
mutism, right hemiplegia, left gaze preference, and right homonymous
hemianopia. MR brain demonstrated right hemispheric stroke

representing multiple vascular distributions involving the caudate, putamen, globus pallidus, parietal lobe, and splenium of the corpus callosum.
MR angiogram revealed diminished flow through the left middle and
anterior cerebral artery territories. She had a patent foramen ovale with
no evidence of lower extremity deep venous thrombosis. Hypercoagulable panel which included protein C, protein S, lupus anticoagulant, antithrombin III mutation, and prothrombin gene mutation was negative or
normal. c Bottom panel demonstrates a case of migraine-related subcortical white matter disease in a 54-year-old woman who was evaluated for
migraine with prolonged visual aura lasting longer than 60 min. There
was no evidence of restricted diffusion, but axial and sagittal MR imaging
revealed posterior predominant periventricular white matter
hyperintensities

hypoperfusion of the tissue supplied by the affected vessel.
Cerebral vasospasm can cause clinically significant brain ischemia and infarction. A small number of case studies report
evidence of vasospasm with cerebral angiography and transcranial Doppler insonation of cerebral vessels in migrainous
stroke patients [56–61]. Some, but not all, of the regions of
vasospasm correspond to the vascular distribution responsible
for the observed neurological deficits [62, 63]. Some episodes
of vasoconstriction appear to be reversible. In these case descriptions, most patients suffered escalations in their headaches without documented transformation to thunderclap
headache, suggesting a potentially different mechanism than
has been described with Call-Fleming syndrome or reversible
cerebral vasoconstrictive syndrome (RCVS) [64, 65].

Investigators have proposed multiple mechanisms to
explain the vasoconstriction observed in migraineurs. Release of local vasoactive chemicals during the aura phase
such as endothelin, vasopressin, serotonin, and matrix metalloproteinases [66–69]; sympathetic autonomic dysregulation with release of or withdrawal from vasoactive neurotransmitters [62]; and medication side effect, particularly from the ergot alkaloids [70–72], have been implicated.
While vasoconstriction may be a potentially important
mechanism in select cases of migraineurs suffering stroke,
this phenomenon of vasospasm has been observed in a
small proportion of migraine-associated stroke cases and
likely does not reflect a unifying mechanism for increased
stroke risk in this population.
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Fig. 2 Multiple mechanisms likely contribute to stroke in migraineurs.
Inflammatory, vascular/endothelial, electrical/depolarizing, and
coagulable factors have been proffered as putative links between
migraine and stroke pathogenesis. This figure depicts major intracranial
and extracranial mechanisms that may be involved in migraine-related
stroke. Of the extracranial mechanisms, cervical carotid dissection has
been associated with migraine and stroke in the young and may reflect
an underlying predisposition for endothelial injury in this population.
Other vascular mechanisms include cerebral vasospasm which has been

reported in various cases, endothelial injury with changes in endothelial
repair mechanisms, and atherosclerotic disease. Platelet dysfunction and
endothelial injury may be a source of or response to systemic inflammation and lead to increased clot formation. There is an emerging role of
cortical spreading depression and depolarizing excitotoxicity as potential
mediators of cerebral ischemia and infarction. These mechanisms may be
influenced by a combination of environmental exposures and genetic
variants

Endothelial Dysfunction

Release of Vasoactive and Vaso-Inflammatory Molecules

Migraineurs may be vulnerable to endothelial injury. Elucidating the relationship between the endothelium, migraine, and
stroke has the potential for generating therapeutic targets that
could significantly reduce vascular disease in this population.
Additionally, smoking, oral contraceptive use, and migraine
appear to amplify the stroke risk in a way that suggests a
convergent influence on the vascular endothelium.

Endothelin is a vasoactive molecule released by endothelial
cells, neurons, and glia. There are three subtypes (endothelin
1, 2, and 3) that bind two receptors (endothelin receptor A
[ET-A] and B), of which the ET-A receptor is responsible
for the vasoconstrictive properties of endothelin [73]. While
there are some conflicting data [74], several studies have
found an increase in vasoactive substances like vasopressin

5

Page 6 of 14

and endothelin 1 during the ictal phase of a migraine attack
[66, 75–77]. In addition to their influence on endothelial injury, endothelin release also appears to be involved in spreading
depression and neurogenic mechanisms associated with migraine pain [78–80]. Interestingly, increased plasma
endothelin 1 and endothelin 3 concentrations have also been
found within 72 h of stroke onset in patients without a known
history of migraine [81], suggesting a potential link between
increased concentrations of endothelin and stroke pathogenesis in the general stroke and migraine population [82]. In animal models, endothelin 1 topically applied to brain tissue not
only induces spreading depression but also micro-areas of
ischemia and necrosis [78, 83]. While endothelin likely has
direct effects on the endothelium, release of endothelins could
also be a by-product of endothelial injury related to other preexisting vascular inflammatory or dysregulatory mechanisms
that occur during and between migraine attacks.
In previous studies, markers of endothelial injury are increased in the systemic circulation of patients with smallvessel disease and cerebral leukoaraiosis [84]. These circulating vaso-inflammatory substances have been implicated in the
production of or response to endothelial dysfunction [85].
Similar substances are released during the ictal and interictal
period in migraineurs [86]. Migraine is associated with increased release of C-reactive protein and interleukins
[87–89], tumor necrosis factor alpha [89], vascular endothelial
growth factor [49], and adhesion molecules [90]. One retrospective study examining women aged 18 to 50 years with a
history of migraine with or without aura found that
migraineurs were more likely to have elevated plasma concentrations of C-reactive protein, tissue plasminogen activator
antigen, and reduced nitrate and nitrite concentrations in the
circulating blood compared to migraine-free controls during
the interictal period. This association was strongest in migraine with aura. These data suggest that migraine may predispose to increased clot formation, reduced fibrinolysis, and
increased vascular inflammation [91]. von Willebrand factor
(VWF) is released by endothelial cells and can activate platelets and lead to platelet aggregation. Migraineurs have increased circulating VWF as compared to controls [92, 93].
Furthermore, in migraineurs with a history of stroke, the increase in VWF appears to be greater than in stroke-free
migraineurs [92].
Elevations in matrix metalloproteinases (MMP) have been
observed following acute ischemic stroke and after administration of intravenous thrombolytic therapy. MMPs can increase hemorrhagic transformation, brain swelling, and infarct
size in the acute stroke setting. Furthermore, inhibiting MMPs
has been proposed as a potential stroke therapy [94, 95].
Migraineurs with and without aura have increased plasma
MMP-9 concentrations during the headache attack and possibly between headache attacks when compared to nonmigraine controls [51, 96]. MMP may be linked to metabolic
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disturbance in migraineurs as it has been associated with lowdensity lipoprotein cholesterol levels and hyperinsulinemia in
migraineurs [97].
Taken together, these data suggest release of soluble inflammatory molecules may result in increased stroke risk in
migraineurs via endothelial injury, tissue necrosis, platelet aggregation, and metabolic dysfunction [86].
Endothelial Repair
The consequences of endothelial injury which predispose to
vascular aging and cerebrovascular and cardiovascular disease
are counterbalanced by endothelial repair mechanisms. Neoendothelialization, a process by which endothelial injury is
repaired, is in part dependent on endothelial precursor cells
(EPC) produced in the bone marrow [97]. Prior data support
alterations in the profile of circulating peripheral blood endothelial progenitor and precursor cells (EPCs) in migraineurs as
compared to controls [98, 99]. Migraineurs have increased
circulating CD-62E+ late EPCs as compared to nonmigraine controls which is a marker for endothelial damage
[99]. In one study, women who have a history of migraine
with aura have increased circulating endothelial microparticles that are CD-62E+ and CD-144+ as compared to controls,
suggesting increased endothelial activation [100]. However,
in this study, patients with a prior history of stroke were excluded. Therefore, while the data are interesting and suggestive of a plausible relationship, it remains unclear if these
mechanisms are truly responsible for the observed increased
stroke risk in migraineurs.
Platelet Aggregation
Increased platelet aggregation can lead to thrombus formation
in both ischemic stroke and migraine. Migraine patients appear to have increased platelet aggregability as compared to
control patients with no history of migraine [101]. Additional
studies have identified increases in platelet activating factor
during a migraine which may contribute to ictal increases in
platelet aggregation and thrombus formation [102].
Cervical Carotid Artery Dissection and Migraine
Carotid artery dissection is the most common identifiable
cause of stroke in the young. Intramural hematoma formation
at the time of arterial dissection can cause hemodynamically
significant stenosis or occlusion and result in thromboembolic
stroke. A small percentage of carotid dissection occurs on the
background of known predisposing factors such as
fibromuscular dysplasia, Ehlers-Danlos syndrome, Marfan
syndrome, and osteogenesis imperfecta. The remainder appears to be either spontaneous or traumatic with no additional
underlying predisposing factors identified [103]. Both
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migraine- and dissection-related stroke patients have in common younger age at presentation and relatively fewer traditional vascular risk factors compared to the general stroke
population [103]. It is therefore plausible that the influence
of migraine on stroke risk in the young could reflect an underlying association between migraine and carotid artery dissection. In one hospital-based case-control study enrolling 99
French subjects between 18 and 65 years of age, spontaneous
carotid artery dissection was associated with a history of migraine (OR 3.6, 95 % CI 1.5–8.6) [104]. In the larger Cervical
Artery Dissection and Ischemic Stroke Patients (CADISP)
population, migraine appeared to be more common in the
carotid artery dissection-stroke population as compared to
the general stroke population. The association between carotid
dissection-related stroke and migraine appeared stronger in
migraine without aura (OR 2.09, 95 % CI 1.46–2.99) and in
men who have migraine without aura (OR 3.09, 95 % CI
1.79–5.31) [105]. A meta-analysis of five case-control studies
examining the relationship between migraine and carotid artery dissection found a twofold increased risk of carotid dissection amongst migraineurs (pooled OR 2.06, 95 % CI 1.33–
3.19) as compared to non-migraine controls. There were no
statistical differences relative to gender or accompanying aura
in this meta-analysis [106•].
Migraine may hasten vascular mechanisms involved in
spontaneous carotid dissection [105, 106•]. Similar to migraine, carotid dissection may involve changes in endothelial
function. For example, in patients with spontaneous carotid
dissection, there are alterations in endothelium-mediated vasodilation likely related to changes in release of or response to
nitric oxide [107]. Migraine is also associated with increased
levels of elastase, a metalloendopeptidase responsible for enzymatic metabolism of elastin. It is hypothesized that this
enzymatic degradation of the extracellular matrix may make
the vessel wall particularly susceptible to stress, resulting in
cervical artery dissection and stroke [108].
Cortical Spreading Depression
The visual aura accompanying classic migraine occurs in
∼20 % of migraineurs. This unique visual perception is described as scintillating colored and arched shapes and zigzag
and jagged-edged lines, starting near the center of vision and
migrating to the peripheral hemifield [109]. The neurobiological mechanism likely responsible for the visual aura of migraine is cortical spreading depression described initially by
Leao—a wave of neuroglial depolarization that travels across
the cerebral cortex at a speed of 3–5 mm per minute followed
by a wave of intense hyperpolarization. Electrochemical release of ions in the extracellular milieu and dysregulation of
sodium potassium ATPase activity can augment cerebral metabolism, oxygenation, and glucose handling during spreading
depression [110, 111]. These changes eventually lead to
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release of glutamate and glutamatergic excitotoxicity. Cortical
spreading depression has some similarity to the peri-infarct
depolarizations and spreading depressions observed in vulnerable tissue surrounding the core of a cerebral infarct [112].
Furthermore, in experimental studies, mice expressing dominantly inherited migraine gene mutations were more susceptible to ischemic depolarizations [113]. Migraine-related aura
may increase oxygen consumption and result in tissue hypoxia [114, 115]. The results of these studies strongly implicate
spreading depression in brain ischemia and electrochemical
tissue injury which could explain the phenomenon of migrainous infarction.

Genetic Factors
That migraine-associated stroke occurs in the younger population with relatively fewer identifiable stroke risk factors than
the older stroke population raises the possibility that the relationship between migraine and stroke risk could in part be
explained by genetic predisposing factors. Identification of
inherited mutations and risk alleles has advanced our understanding of the interplay between migraine and stroke pathogenic mechanisms.
Inherited Mutations in Familial and Sporadic Migraine
Familial hemiplegic migraine (FHM) is a rare autosomal dominant inherited form of migraine characterized by migraine
with aura and transient neurological deficits including unilateral motor weakness or ataxia. Mutations in several genes are
associated with familial hemiplegic migraine. Mutations in the
CACNA1A gene encoding the alpha subunit of voltage-gated
P-Q-type calcium channels are responsible for FHM type I,
whereas mutations in the ATP1A2 gene encoding the alpha 2
subunit of neuronal and glial sodium potassium ATPases and
mutations in the SCN1A gene encoding the alpha subunit of
voltage-gated sodium channels are responsible for FHM types
2 and 3, respectively. These forms of FHM share the common
phenomenon of cortical hyperexcitability and predisposition
for cortical spreading depression [116]. Rodent mouse models
expressing mutations associated with FHM have lower thresholds for induction of spreading depression, increased susceptibility to brain ischemia during these depolarizing events (anoxic depolarizations), and expansion of the infarcted core following experimental middle cerebral artery occlusion. These
data suggest that mechanisms of cortical excitation responsible for triggering a migraine could also generate unique alterations in cerebral blood flow leading to irreversible tissue
damage and cerebral infarction [110]. Additional rare case
reports of recurrent strokes in patients with mutations involving FHM-associated genes also raise the clinical suspicion that
spreading depression and cortical hyperexcitability are major
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contributing factors to brain ischemia not only in migraineurs
with familial forms of migraine but perhaps also in those with
more common forms of migraine [117].
Other monogenic disorders with migraine and stroke as
part of the clinical phenotype include cerebral autosomal domi n a n t ar t e r i o pa t hy w i t h su b c or t i c al i nf a r c t s a n d
leukoencephalopathy (CADASIL) [118]; hereditary
endotheliopathy with retinopathy, nephropathy, and stroke
(HERNS) [119, 120]; and mitochondrial disorders including
mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS). CADASIL is associated with
smooth muscle proliferation within small cerebral arteries and
arterioles due to mutations in the NOTCH3 gene resulting in
multiple subcortical strokes and migraine. The clinical phenotype of CADASIL suggests that mechanisms involved in the
headache of migraine may overlap with those that predispose
to blood vessel remodeling and subsequent vasculopathy
[116]. MELAS patients can present with episodic headaches
and migraine in addition to strokes. The association between
migraine-related stroke and mitochondrial dysfunction with
MELAS may involve shifts in energy metabolism, glucose,
and oxygen handling that favor cerebral ischemia [121].
Polymorphisms in the General Migraine Population May
Raise Stroke Risk
While stroke and migraine appear to exist along a continuum
in monogenic disorders, identifying risk alleles associated
with common migraine and stroke in the general population
has been more challenging. A recent genome-wide association
study examining 2326 German and Dutch subjects diagnosed
with migraine and 4580 matched non-migraine controls identified several single nucleotide polymorphisms associated
with migraine [122]. Genetic variants associated with migraine were identified in the monocyte enhancer factor 2D
(MEF2D), transforming growth factor β receptor-2 (TGFB2),
phosphatase and actin regulator 1 (PHACTR1), astrotactin
(ASTN2), transient receptor potential melastatin 8 (TRPM8),
and low-density lipoprotein receptor-related protein 1 (LRP1)
genes [122]. Of this group, vascular disease has been associated with variants of the TGFBR2 gene and the PHACTR1
gene. Mutations in the TGFBR2 gene have been associated
with aortic dissection, making it an attractive candidate gene
for the association between migraine and cervical dissection
[123], while variants in the PHACTR1 may influence angiogenesis and endothelial function [124, 125]. The LRP1 gene is
another putative gene that could link migraine pathogenesis
and stroke. LRP1 mediates vesicle and transmembrane transport and synaptic function [126, 127]. LRP1 can influence
smooth muscle cell proliferation, vascular inflammatory
markers, and atherosclerosis [128–130]. Evidence of LRP involvement in cerebral ischemia has been demonstrated in various animal models. For example, penumbral LRP1
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expression increases following experimental middle cerebral
artery occlusion (MCAO) and LRP antagonists increase return
of function following MCAO in animals [131, 132]. Other
GWAS studies confirm the associations between these variants and migraine [133] in addition to identifying other variants associated with migraine [134•].
Population-based case-control studies examining candidate
genes have also identified putative migraine-associated variants that could play a role in acute ischemic stroke. Several
case-control studies in the younger and older migraine population have demonstrated associations between polymorphisms of the endothelin receptor and endothelin 1 genes
and either acute ischemic stroke or migraine [135, 136]. These
data support the hypothesis that endothelial dysfunction and
vasoconstriction may contribute to migraine and stroke pathogenesis. Dysregulation of the Na+/K+ ATPase may be important for rare forms of migraine and for cerebral ischemia [137,
138]. While the role of the ATP1A2 gene in common migraine
requires further elucidation with some reports demonstrating
no association between ATP1A2 gene mutations and classic
migraine [139], in one study examining families with clustering of common forms of migraine without signs or symptoms
of motor weakness, missense mutations in the ATP1A2 gene
were identified [140]. In a study of young individuals with a
history of stroke, variants in the ATP1A2 gene demonstrated
modest associations with acute ischemic stroke [141]. Variants
in the methylenetetrahydrofolate reductase (MTHFR) gene
are linked to migraine, and in association studies, these variants appear to explain some of the increased stroke risk in the
migraine with aura population. Furthermore, the association
between MTHFR gene variants, migraine, and stroke appears
to be stronger in the population of patients suffering from
spontaneous cervical dissection [142, 143]. Additional
prothrombotic gene mutations in the Factor V Leiden gene
and prothrombin gene have been associated with migraine in
a cohort of Italian patients with acute ischemic stroke [144].

Traditional Modifiable Stroke Risk Factors and Migraine
Migraineurs appear to have both unique and traditional risk
factors for stroke. Several studies support a more systemic
increased risk of vascular disease in migraineurs as compared
to controls and highlight an increased propensity for developing an unfavorable vascular profile. In the Genetic Epidemiology of Migraine Study examining 620 migraineurs and
5135 non-migraine controls, migraineurs were more likely to
have traditional risk factors for stroke, including an increased
history of smoking, a threatening lipid profile, elevated blood
pressure, and increased risk of heart disease [145, 146]. In a
similar study, migraineurs were more likely to have a history
of myocardial infarction, peripheral vascular disease, and diabetes as compared to non-migraine controls [147]. Despite
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these data, migraineurs tend to have lower incidence of diabetes, hyperlipidemia, and hypertension identified at the time of
stroke compared with stroke patients that have no history of
migraine [144]. Therefore, the higher incidence of traditional
risk factors in migraineurs as compared to non-migraine controls does not entirely explain the association between migraine and stroke. These data would seem to suggest that
while migraineurs have an increased risk of vascular disease
as compared to non-migraine controls, other unique and nontraditional risk factors are likely also playing a significant role
in migraine-associated stroke risk [144]. These data also underscore the importance of a comprehensive approach in
treating migraine that targets identifying unique risk factors
in migraineurs as well as modifying traditional risk factors that
may accompany migraine.

Clinical Implications and Treatment
The relationship between migraine and stroke leaves a number
of challenging questions—some of which have evidencebased answers while others remain unanswered. Interesting
and as yet unanswered questions are how this relationship
impacts migraine and stroke treatment and if other migrainerelated phenomena like subclinical white matter lesions and
late-life migraine accompaniments are predictors of stroke
risk.

White Matter Lesions and Subclinical Infarctions
In the Cerebral Abnormalities in Migraine and Epidemiological Risk Analysis (CAMERA) cross-sectional study, migraine was associated with subclinical white matter lesions
[148]. Migraineurs have an increased risk of posterior circulation silent infarctions. This association was stronger with
increased migraine frequency and migraine aura, suggesting
overlapping cerebrovascular mechanisms are involved in
headache initiation and brain ischemia (See Fig. 1c) [148,
149]. The increased risk of white matter lesions was not associated with triptan use. It is possible that transient changes in
cerebral blood flow related to the migraine attack may predispose to these white matter lesions. Mechanisms predisposing
to white matter lesions in migraineurs mirror those proposed
for increased risk of stroke including vasoconstriction, microemboli, and endothelial dysfunction [149]. Moreover, the existence of white matter lesions and silent infarctions may exist
on a continuum with acute ischemic stroke in migraineurs.
However, it remains unclear whether or not migraineurs with
white matter lesions or subcortical infarcts are at increased risk
of stroke as compared to migraineurs without these white
matter lesions [150].
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Late-Life Migraine Accompaniments
C. Miller Fisher described transient neurological deficits that
resemble migrainous phenomena without accompanying
headaches in individuals over 45 years old. These events were
termed late-life migraine accompaniments. These patients typically did not have a prior history of migraine or headache
disorder [151]. However, headache accompanied these events
in 40–50 % of cases [151, 152]. The deficits can affect vision,
speech, and somatosensory processing and typically Bbuild
up^ or Bmigrate.^ The event can last from 20 to 60 min with
complete resolution following the event. In the Framingham
study population, visual migrainous symptoms were identified in less than 2 % of the population sampled with an average age greater than 45. In this study population, patients with
late-life visual migraine accompaniments did not appear to be
at a greater risk of stroke as compared to those with transient
ischemic attacks. Approximately 10 % of those with visual
migrainous symptoms developed stroke. In contrast, one third
of those identified as having transient ischemic attack developed stroke [153]. Because of the atypical nature of late-life
migrainous accompaniments, this diagnosis is one of exclusion. However, in an older individual with marching paresthesias or scintillating scotomas that resemble that of migraine
aura with otherwise normal electroencephalography and parenchymal and vascular imaging, late-life migraine accompaniments can be entertained as part of the differential diagnosis.
It remains unclear if there are similar pathobiological mechanisms between late-life migraine accompaniments in older
individuals and migraine with aura in younger individuals
[151].
Migraine Therapies and Risk of Stroke
Triptans are serotonin 1B/1D receptor agonists that are used as
abortive treatments for migraine. Both triptans and the less
selective and older dihydroergotamine medications cause vasoconstriction. While the vascular effects of these drugs do not
appear to be of prime importance for aborting a migraine,
there is a perceived risk of increasing stroke and myocardial
infarction because of blood vessel constriction. However, in
large studies examining incidence rates of stroke, myocardial
infarction, and death amongst 63,575 migraineurs with and
without a history of triptan use as compared to 77,239 nonmigraine controls, triptan use was not associated with an increased risk of stroke, myocardial infarction, or mortality [17].
In a similar study examining 130,411 migraineurs and the
same number of non-migraine controls, ergot alkaloid use
but not triptan use was associated with an increased risk of
stroke [18]. Taken together, these data support that triptans are
safe for use in migraineurs and do not appear to increase the
risk of myocardial infarction, stroke, or death despite their
proposed vasoconstrictive properties. The risk of stroke with

5

Curr Neurol Neurosci Rep (2015) 15:5

Page 10 of 14

triptan use is therefore a relative one with data accumulating
against an association between triptan use and stroke in
migraineurs. The ergot alkaloids on the other hand appear to
be associated with a modest increased risk of stroke in the
migraine population (relative risk 1.49, 95 % CI 0.93–2.41)
[18]. It remains unclear if prophylactic medications that reduce risk of spreading depression can decrease stroke risk in
migraine with aura sufferers.
Predictors of Stroke in Migraineurs and Stroke Prevention
There are few studies examining predictors of stroke or stroke
recurrence in migraineurs. Smoking and oral contraceptive
use appear to have great influences on stroke risk in this population. Therefore, counseling patients on smoking cessation
and careful use of oral contraceptive medications is important.
While prothrombotic states have been linked to migraine, it is
unclear if migraineurs would benefit from antithrombotic therapy as a means of primary stroke prevention. Additional studies have linked right-to-left intra-atrial shunt with migraine
and stroke [144]. However, to date, there is no evidence that
shunt closure reduces the risk of recurrent stroke in the cryptogenic stroke population or in migraine-related stroke [53,
154]. Given our current definitions of migrainous infarction
and the results of multiple epidemiological studies, it is a
reasonable estimate that migraineurs with prolonged aura,
new neurological deficits or new aura symptoms (transformed
migraine), smoking or oral contraceptive use, and other
prothrombotic states may be at increased risk of stroke. Based
on the current landscape of knowledge, it is reasonable to
employ aggressive modifiable risk factor reduction in
migraine-related stroke cases for secondary stroke prevention
which is the same goal for the general stroke population. This
may include blood pressure and blood glucose control, lowdensity lipoprotein level lowering, antiplatelet medication administration, smoking cessation, healthy nutritional habits,
and exercise [155•]. However, the ambition of ongoing research may focus on how identifying unique mechanisms involved in migraine-related stroke can translate into more
targeted stroke preventative strategies and treatments in this
population.

and stroke may provide additional targets for novel drug therapies and raise the hopes of developing screening tools for
migraineurs with increased stroke risk. Currently, the treatment of stroke in migraineurs, similar to stroke in nonmigraineurs, should continue to involve augmenting traditional modifiable risks.
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