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Abstract

Migraine and cerebrovascular diseases are among the most common neurological disorders. While migraine
has traditionally been considered a benign condition, increasing evidence points to a strong association
with stroke. The latter is strongest for migraine with aura, while migraine without aura doesn’t increase
the risk of stroke. Women, younger patients, patients with frequent attacks and new-onset migraineurs
are mostly at risk of stroke. Smoking and oral contraceptive use further increase the risk. Migraine and
cerebrovascular diseases are linked in four ways as migraine can: 1) be a symptom of stroke, 2) be the cause
of stroke (i.e. migrainous infarction), 3) increase the risk of stroke and 4) can be a symptom of genetic syn-
dromes predisposing to stroke. Cerebrovascular disease mimicking a migraine attack, while uncommon,
can lead to important diagnostic and therapeutic dilemmas. Migrainous infarctions are rare and can only
be diagnosed after extensive work-up but must be considered in young stroke patients. Multiple mecha-
nisms have been proposed to explain the association between cerebrovascular disease and migraine, with
cortical spreading depression, vascular reactivity and endothelial dysfunction being the most prevalent. The
role of patent foramen ovale and microemboli is currently investigated. Unveiling the pathophysiology of
migraine-related stroke can help prevent cerebrovascular disease, while recognizing the potential risk fac-

tors can help minimize stroke risk in migraineurs.
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Introduction

Migraine is the most common neurological disorder
affecting almost 15% of the population in Europe [1].
In 30% of cases it is associated with transient neu-
rological symptoms (aura) commonly manifesting as
visual, sensory and language disturbances and rarely
as brainstem-associated or motor deficits [2]. Tradi-
tionally, the pathophysiology of migraine has been
associated with vascular changes in the brain, the
so-called vascular theory. While the latter is not cur-
rently considered viable, the association of migraine
with cerebral vascular disorders is undisputable.

Migraine is commonly thought of as a benign
condition but is linked to cerebrovascular disease
in four different ways: 1) headache at the onset,
during or after acute cerebrovascular accidents can
mimic migrainous headache; 2) migraine may be
the cause of ischemic stroke (migrainous infarction);
3) migraine can be a risk factor for cerebrovascular
disease (migraine-related strokes) and 4) migraine is
a core symptom in genetic syndromes characterized
by cerebral ischemia, such as CADASIL and MELAS.

Migrainous headache due to vascular disease
(migraine-mimic)

Headache can in some cases accompany acute
cerebrovascular diseases. In subarachnoid hemor-
rhage (SAH), headache occurs in the majority of
patients, with almost all patients presenting with
headache at the onset [3]. Cephalalgia preceding
hemorrhage is also often reported by patients suf-
fering from aneurysmal SAH and probably repre-
sents small sentinel bleeds or changes within the
aneurysmal wall [4]. In intracranial hemorrhage (ICH)
headache is also common, with most patients report-
ing headache in the hours following the onset of
neurological symptoms. Irritation of pain sensitive
intracranial structures by the expanding hematoma or
increased intracranial pressure is probably responsible
for the headache [3].

In ischemic stroke, headache is less often, prob-
ably underestimated and overshadowed by other
symptoms. The frequency of headache depends on
the study population and design and varies widely
between different studies. In TIA or minor stroke
headache has been reported in 16-65% of patients,
whereas in complete or severe strokes 9-31% of pa-
tients report headache. Headache can accompany
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the onset of ischemia, so-called onset headache, can
precede (sentinel headache) or follow the ischemic
event (late-onset headache) [5]. Sentinel headache,
while common in impending SAH due to aneurys-
mal rupture, is present in only 10% of patients with
stroke. Onset headache is present in 16-36% of pa-
tient with TIA and 8-34% of patients with stroke,
while late-onset headache is less strictly defined and
less common [3, 6].

Many theories have been proposed to explain
headache in acute cerebral ischemia [7]. Dilation of
collateral vessels during ischemia and stimulation of
the trigeminovascular system, platelet aggregation
and degranulation, distention of the vessels proximal
to the site of occlusion and toxic effect of the throm-
bus and the vasoactive agents released are all attrac-
tive theories. However, none of these theories can
completely explain the headache that accompanies
cerebral ischemia. In a study where 38% of patients
with acute stroke reported headache, intracranial
and extracranial atherosclerosis were inversely as-
sociated with headache frequency [8] suggesting
that healthy vessel walls are associated with more
stroke-associated pain.

Stroke subtype and localization are associated with
different prevalence of onset headache. Onset-head-
ache is most common in patients suffering infarcts in
the right anterior insular region, the somatosensory
cortex of both hemispheres and the cerebellum [9].
Ischemic events in the posterior circulation, tradition-
ally associated with headache, don’t seem to have a
higher frequency in recent studies [6]. The association
of stroke subtype with onset headache is less defined
[10]. Headache is less common in lacunar infarcts
and cortical involvement is associated with a higher
frequency of onset-headache during stroke [6]. On-
set-headache frequency in cardioembolic strokes is
probably comparable to strokes attributable to large
vessel disease. As a consequence, the presence of
headache cannot be used for the differential diag-
nosis between stroke subtypes.

Migrainous stroke

Migrainous stroke is considered a complication of
migraine with aura. It is defined by ICHD-3 (Interna-
tional Classification of Headache Disorders, 3rd edi-
tion) as a migraine attack in a patient with migraine
with aura, typical of previous attacks, persisting more
than 60 minutes and presenting with typical neu-
roimaging abnormalities of ischemia in a relevant
area. All other diagnoses must be excluded [2]. This
definition does not allow the diagnosis of migrainous
stroke in individuals suffering from migraine without
aura, a point of controversy in several reports. Most
studies show that migraine without aura does not
increase the rate of stroke, while others disagree. In
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most cases of migrainous infarction the prognosis is
favorable with good recovery [15].

Migrainous infarction is an uncommon diagnosis. It
is mostly diagnosed in young women with cryptogen-
ic stroke. Its incidence is estimated at 3,36/100.000/
year accounting for 0.2%-0.8% of all ischemic strokes
[11, 12]. Most cases present with ischemia located
in the posterior circulation [13-15]. In the study by
Kruit et al, 65% of migrainous infarction sufferers
had lesions in the posterior circulation, with 85%
of those located in the cerebellum. Most patients
showed multiple round or ovoid lesions in multiple
arterial or border zone territories [13].

The underlying mechanism of migrainous infarc-
tion is poorly understood. A multitude of theories
have been proposed, mainly implicating a reversible
decrease in cerebral blood flow that reaches critical
"ischemic"” levels during the aura. This theory is sup-
ported by the fact that aura symptoms frequently
affect the visual system, which is supplied by the
posterior circulation, where most lesions are located
in migraineurs [13, 14]. Probable mechanisms include
cortical spreading depression (CSD), increased vas-
cular reactivity or endothelial changes.

CSD, the electrophysiological phenomenon that
underlies migraine aura, could cause cerebral isch-
emia. During CSD a depolarizing wave travels the
cortex at a rate of 3-5mm/min [16]. This depolariza-
tion causes metalloproteinase activation, blood-brain
barrier disruption and changes in water and ion ho-
meostasis [17]. This further leads to increased meta-
bolic demands, coupled with raised cerebral blood
flow at the onset and followed by cerebral oligemia
due to decreased cerebral vascular responsiveness,
as shown in a rat model [18]. Thus, CSD can lead to
cerebral hypoperfusion and ischemic lesion forma-
tion or propagation [19]. Besides CSD, endothelial
changes and vasoconstriction are also considered
plausible mechanisms of stroke during migraine aura,
but most studies show conflicting evidence. Endothe-
lial activation and release of pro-inflammatory and
pro-coagulatory cytokines has been shown during
the aura phase [20], but further studies have failed
to show consistent changes in vascular reactivity
during the aura and a subsequent causal relationship
with ischemia [21, 22]. A higher prevalence of patent
foramen ovale (PFO) has been reported in migrainous
individuals versus controls. The significance of this
co-occurrence is still under investigation. [23]

Evidence that cerebral ischemia can manifest as
a migraine aura further confounds the diagnosis of
migrainous infarcts and their pathophysiology. Brain
ischemia may cause prolonged neurological signs
mimicking migraine aura and may trigger cortical
spreading depression, producing aura symptoms
[24]. Another link that connects brain ischemia and
migraine is microemboli: a study documented CSD in
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response to microemboli injected in the arterial circu-
lation of rodents; the response was more pronounced
in rodents showing ischemic brain changes [25]. The
study linked the pathophysiological equivalent of
migraine aura to arterial microemboli and provided
a potential explanation for the increased prevalence
of PFO in migraineurs.

Migraine as a risk factor (Migraine-related
stroke)

It is generally acceptable that migraine, especially
migraine with aura, is a risk factor for stroke. Im-
portantly, the overall risk of vascular disease is also
increased in migraineurs, as shown in a recent meta-
analysis of 16 cohort studies by Mahmoud et al.
[26]. In this analysis, the overall risk of major adverse
cardiovascular and cerebrovascular events, includ-
ing ischemic and hemorrhagic stroke, myocardial
infarction and all-cause mortality, was moderately
increased in individuals with migraine, reaching a
Hazard Ratio (HR) of 1.42. A cohort study in the
Danish population also showed a positive association
between the risk of myocardial infarction, atrial fibril-
lation or flutter, peripheral arterial disease, venous
thromboembolism and migraine [27]. Furthermore,
a population-based study and a prospective cohort
study in women established increased cardiovascular
risk in patients with migraine [29, 30]. While the
overall cardiovascular risk is increased in individuals
with migraine, the coronary and carotid arteries of
most migraineurs show less atherosclerotic changes
than individuals without migraine [31]. These findings
support the theory that migraine-related vascular
events are not mediated by atherosclerosis and classic
risk factors. The pathophysiology of migraine-related
vascular events remains to be elucidated.

Numerous studies showed increased risk of stroke
in individuals with migraine. Five meta-analyses have
been published in the last 15 years, all of them show-
ing an increased risk of stroke in migraineurs [26-35].
The estimated relative risk of stroke in individuals
with migraine is double compared to migraine-free
individuals. This association is stronger for migraine
with aura and remains uncertain for migraine without
aura. Furthermore, this association is strongest for
women, but not men, probably due to confounding
factors, such as the overall greater prevalence of
migraine in women [32]. Migraine is more preva-
lent during the fertile period of a woman'’s life and
oral contraceptive (OCP) use is common during this
period. An increased risk of thrombotic events in
women using OCP’s is well-established. A further
risk of stroke in migraineurs on the pill is also prob-
able, as shown by a number of studies [38]. This ef-
fect seems to be dose-dependent and low estrogen
concentrations are associated with a much lower

risk, thus making the use of modern contraceptives
safer in migraineurs [39].

Young patients have the highest risk of migraine-
related stroke, while this risk seems to drop in older
individuals [36]. Furthermore, in older patients, mi-
graine is not a risk factor for stroke, unless the head-
aches started in later life. Another factor conveying
increased stroke risk in migraineurs is the number
of attacks suffered. Active migraine is associated
with increased stroke risk, as shown in a study by
Kurth et al, in which patients with weekly migraine
attacks had an adjusted HR of 1.93 [37]. Besides
frequency, attack severity is not associated with the
risk of stroke.

Smoking increases exponentially the risk of stroke
in migraineurs. In the meta-analysis by Schurks et
al. it was shown that smokers suffering from mi-
graine with aura had an adjusted HR of1.5 [32]. In
this meta-analysis, concurrent use of OCPs further
increased the risk of stroke, with an adjusted HR of
10. Other lifestyle changes in migraineurs can also
have an impact on stroke risk. Migraine is associated
with obesity and reduced physical activity, with an
unfavorable lipidemic profile and with depression
[40-43]. All these factors undoubtedly contribute to
the increased stroke risk in migraineurs.

Another mechanism that could be potentially im-
plicated in the increased risk of stroke in migraineurs
is their exposure to drugs used to prevent and treat
migraine. Both triptans and ergot alkaloids, com-
monly used in the acute phase of migraine, have
vasoconstrictive properties. These drugs are contra-
indicated in patients with previous stroke or myo-
cardial infarction and in toxic concentrations can
lead to ischemic events. Nevertheless, most stud-
ies have not found a link between these drugs and
stroke in migraineurs [44]. Furthermore, significant
vasoconstriction was not shown in the intracranial
arteries of migraineurs taking triptans during an at-
tack, whereas vasoconstriction was present in the
extracranial arteries [45]. Thus, acute migraine treat-
ments are considered safe and do not increase the
risk of stroke in migraine with aura.

Migraine is frequently encountered in the history
in young stroke patients. In younger patients, cryp-
togenic ischemic stroke is increasingly prevalent, with
35-50% of strokes considered cryptogenic after ex-
tensive workup. A strong association of migraine with
aura with cryptogenic stroke, especially in women,
has been shown [46]. This association has in many
cases been attributed to the higher prevalence of PFO
in patients with migraine with aura [23]. A recent
study by Martinez-Majander et al. shows that risk
of stroke in patients with migraine is not dependent
on PFO status [46]. In this study, the magnitude of
right to left shunt, a marker of PFO severity, was as-
sociated with the prevalence of migraine with aura,
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thus supporting the theory of common pathogenesis
of PFO and migraine with aura.

Besides ischemic stroke, several studies evaluated
the risk of intracranial hemorrhage in patients with
migraine, most of them showing an increased risk.
A recent meta-analysis of 16 cohort studies by Mah-
moud et al, reported an adjusted HR of 1.43 relative
to non-migrainous controls, while a second cohort
study in the Danish population showed a HR of 1.94
[26, 27]. Contrary to ischemic stroke, the presence or
not of aura doesn’t seem to play a significant role in
this association. Young women have higher risk both
for intracranial hemorrhage and brain ischemia [28].

Besides acute symptomatic stroke, migraine is as-
sociated with neuroimaging abnormalities. These
include white matter abnormalities (WMA), silent
infarct-like lesions and grey or white matter changes.
WMA are detected in 4-59% of patients with mi-
graine [47]. A more robust association with migraine
with aura exists, while their presence in migraine
without aura is disputed [48]. They are not specific
for migraine and their etiology or clinical significance
remain uncertain. In a study no association was found
between WMA and cognitive decline, while another
study found higher stroke risk in patients with in-
creased WMA burden [49, 50]. Silent infarct-like le-
sions are described in migraineurs as small, discrete,
round or ovoid lesions in the posterior circulation and
especially the cerebellum [51]. Some studies have also
identified silent infarct-like lesions in the deep white
matter and the basal ganglia [48]. They are not as-
sociated with cognitive decline, while their presence
signifies increased cardiovascular and cerebrovascular
risk [48-52].

Primary prevention of stroke in individuals with
migraine with aura is based on risk factor modifica-
tion. Control of hypertension, treatment of diabe-
tes and hyperlipidemia are essential steps for stroke
prevention. Smoking cessation especially in young
women using oral contraceptives is imperative. Use
of oral contraceptives should be carefully discussed
in each case and stopped in women with increased
thrombotic risk [53]. While aspirin seems to reduce
the frequency of migraine aura and warfarin may
reduce the frequency of migraine attacks, the use
of antithrombotics is not recommended for primary
prevention in migrainous patients [54, 55].

Secondary prevention and treatment after stroke
includes use of antiplatelets and modification of risk
factors. Some antiplatelets, such as cilostazol and
dipyridamole, seem to worsen migraine, by trigger-
ing migraine attacks in migraineurs [56, 57]. Beta-
adrenergic blockers and calcium-channel blockers
have a favorable profile in migraineurs, reducing at-
tack frequency and are preferable for the treatment
of hypertension [58]. Statins, besides their effect on
lipids, may also influence migraine attacks [59].
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Arteriopathies associated with stroke
and migraine

Hereditary disorders may be associated with mi-
graine and cerebral ischemia. Cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) and mitochondrial
encephalomyopathy with lactic acidosis and stroke
like episodes (MELAS) have been extensively studied.
Beyond these two disorders, other syndromes that
commonly present with both ischemic stroke and
migraine include retinal vasculopathy with cerebral
leukodystrophy (RVCL) and hereditary infantile hemi-
paresis with retinal arteriolar tortuosity and leuko-
encephalopathy (HIHRATL). [60]

CADASIL is an autosomal dominant angiopathy,
caused by mutations in the NOTCH3 gene on chro-
mosome 19. The mutation of the NOTCH3 protein
leads to vasculopathic changes predominantly in-
volving small penetrating arteries, arterioles, and
brain capillaries. Almost half of affected individuals
report migraine with aura, in most being the initial
manifestation starting at early 30s. In most cases
aura symptoms are typical, but about 50% of the
patients experience atypical manifestations, such as
hemiplegia, confusion, or long-lasting neurologic
symptoms. Ischemic and less frequently hemorrhagic
stroke and TIAs affect 85% of these patients, usually
at a median age of 50 years [61]. Multiple strokes,
cognitive decline, psychiatric symptoms and dementia
follow. [62, 63]

MELAS is a maternally inherited mitochondrial dis-
order characterized by encephalopathy, myopathy,
stroke-like episodes and migraine-like headaches.
In patients with MELAS stroke-like episodes lead to
hemiparesis, hemianopia, or other neurologic symp-
toms, with atypical imaging characteristics. Head-
aches are common and can either mimic migraine or
be the presenting symptom of stroke-like episodes,
leading to diagnosis of migrainous stroke. [64]

RVCL is a much rarer disorder that presents with
retinal vasculopathy, migraine without aura, cognitive
changes and stroke-like episodes with focal neuro-
logic symptoms. Besides the central nervous system
and the retina, vasculopathy is also present in other
systems, such as the liver, the gastrointestinal system
and the kidneys. In late stages, imaging of the central
nervous system may show enhancing mass lesions,
potentially confounding this diagnosis. [65]

Understanding the complex genetic and patho-
physiologic mechanisms underlying these disorders
can unveil the vascular changes involved in migraine,
leading to better understanding of the relation be-
tween migraine and the acquired vasculopathies.
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