
P1: KWW/KKL P2: KWW/HCN QC: KWW/FLX T1: KWW

GRBT050-64 Olesen- 2057G GRBT050-Olesen-v6.cls August 3, 2005 19:45

• •C h a p t e r 6 4

◗ Migrainous Infarction and Migraine
Triggered Epilepsy
K. Michael A. Welch, Marie-Germaine Bousser,
and Julien Bogouslavsky

Migraine is associated with an increased risk of strokes
between and during attacks (30,115). Various forms of mi-
graine are recognized, and they are generally classified
according to the transient, though sometimes persistent,
neurologic deficits that may precede, accompany, or out-
last the headache phase. A number of these clinical syn-
dromes may mimic cerebrovascular syndromes, including
migraine with aura of different types but especially pro-
longed aura, retinal or ocular migraine, ophthalmoplegic
migraine, hemiplegic migraine, and basilar-type migraine
(30,67,115,156). If the deficit of a migraine attack remains,
migraine-induced stroke should be suspected.

PAST CONCEPTS

In 1881, Fere (58), working with Charcot at the Salpetrière
Hospital, provided one of the earliest comprehensive de-
scriptions of the problem. He reviewed 12 patients suffer-
ing from classic migraine who also experienced language
and sensorimotor symptoms. Fere later reported Charcot’s
fatal case of a 53-year-old man with classic migraine since
adolescence who developed permanent aphasia and right
faciobrachial paralysis, offering an explanation (58) of va-
sospasm as the cause. Charcot again emphasized this no-
tion of cerebral ischemia as a result of vasospasm in his
discussion of a case of ophthalmoplegic migraine (32).

Among the fatal cases of migrainous cerebral infarction
that have been studied at autopsy, characteristic patho-
logic changes have not been consistently identified (120).
Buckle et al. reported the case of a 16-year-old in whom an
angiogram just prior to death showed widespread arterial
narrowing (22). Other clinical pathologic studies extended
the concept of vasospasm (93,125,128). These reports of-
fered the possibility that repeated attacks of severe mi-
graine may lead to focal arterial injury, which in turn may
predispose to interictal stroke of thromboembolic nature

(36,57,91). These arterial changes presumably predispose
the patient to thrombosis or distal embolization. In sup-
port, an autopsy of one patient with familial hemiplegic
migraine (FHM) was exceptional for its demonstration of
small deep infarcts, a distinctly uncommon site of migrain-
ous cerebral infarction, indicating that lenticulostriate ar-
teriopathy may be one mechanism, a hypothesis favored
by Bruyn (19–21). The clinicopathologic features of the pa-
tients with migraine reported by Guest and Wolf (80) and
Polyak (135) are more compatible with cerebral embolism.
The hypothesis of local vascular alterations in the course
of a migraine attack, particularly the vasodilatory phase
(154), contributed to the concept of arterial dissection as
a cause of migrainous stroke.

Scattered clinical studies with accompanying labora-
tory investigations were reported prior to the 1950s, de-
scribing serious neurologic consequences of migraine,
usually permanent visual field defects (24,83,93,129,
140,142,152) prior to the 1990s. Not only was thrombo-
sis related to vasoconstriction considered a complication
of migraine, but so was intracerebral and subarachnoid
hemorrhage (2,12,26,43,50,74,133). In 1962, Connor (35)
reported on a series of 18 complicated migraine cases, ob-
serving a predilection for occipital cortex involvement. The
largest series of cases was reported in 1965 by Pearce and
Foster (131). Only two vascular malformations were de-
tected among 29 angiograms performed, but these cases
had unusual features, including seizures and loss of con-
sciousness. This established the rarity of vascular anoma-
lies in patients with persisting deficits.

EPIDEMIOLOGY

A review of mostly uncontrolled hospital-based studies
conducted before 1989 of patients under 50 years of age
with a diagnosis of stroke showed that between 1% and
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17% were attributed to migraine; in two thirds of these
the diagnosis was made in 1% to 8% of patients and 11%
to 17% in one third (3). A compilation of studies up to
the same time revealed a prevalence of 4% attributed to
migraine in 448 total stroke cases, 31% of which had an
unknown cause. In clinical studies, stroke was reported
as more common in patients with migraine with aura
(14,145) and in patients with posterior cerebral artery
(PCA) strokes (14). No differences in stroke risk factors
were found in migraine sufferers compared with controls
without stroke, although those with migraine were more
likely to have recurrent stroke, supporting migraine being
an independent stroke risk factor (145). Another study of
migraine with aura reported that 91% of patients who had
stroke during an attack had no arterial lesions, as opposed
to 9% of migraine with aura patients who suffered stroke
remote from a migraine attack and 18% of patients with
stroke without a migraine history (15). In some instances,
however, stroke risk factors increased stroke risk in mi-
graine with aura. This group revisited the subject over a
decade later with the benefit of a large prospectively col-
lected database in Lausanne, Switzerland (116). Of 3,502
ischemic strokes, 3.7% were judged to be migraine related
and to have active migraine as defined by at least two at-
tacks in the previous 2 months. These cases included pa-
tients who had stroke during migraine with aura according
to previous International Headache Society (IHS) criteria,
but also during typical migraine with aura. Dividing pa-
tient groups into young and older, with 45 years of age
as the cutoff, migraine-related stroke was more prevalent
(15.8%, control population 2.1%) in the younger group.
Other features differed distinctly in the young group. Pos-
terior circulation involvement and patent foramen ovale
(PFO) were characteristic. Of 66 cases under 45, 24 had
stroke during a migraine attack, 15 were judged to suf-
fer from migraine without aura, and 9 with aura. Present-
ing clinical features of stroke were also very different in
the young, including less frequent abrupt onset and motor
deficit, but more frequent visual defect. The diagnosis of
migraine-induced stroke in migraine without aura patients
should be regarded with caution for reasons outlined be-
low. Nevertheless, this large series of prospectively studied
patients was a valuable addition to the literature, confirm-
ing the relationship of migraine with both induced and
apparently comorbid ischemic stroke.

The overall incidence of “migrainous infarction” has
been estimated at 3.36 per 100,000 population per year
(95% confidence interval [CI] 0.87 to 4.8) but in the ab-
sence of other stroke risk factors becomes 1.44 per 100,000
population per year (95% CI 0.00 to 3.07) (89). This rate is
similar to that reported later in subjects under 50 (14); mi-
grainous infarction accounted for 25% of cerebral infarcts.
To place these data in context, the overall incidence of is-
chemic stroke under age 50 ranges from 6.5 per 100,000
to 22.8 per 100,000 (99,109).

As opposed to hospital data basequestioning, rigor-
ously designed true epidemiologic studies systematically
addressing an association between migraine and stroke
have been few. In a retrospective study of parents of mi-
graine sufferers conducted early on without benefit of
the IHS classification and first published in 1988, no in-
creased risk of stroke was found, but the frequency of
hypertension was 1.7 times greater in persons with mi-
graine than in those without (106). In an inconclusive
study conducted in 1975, the Collaborative Group for the
Study of Stroke in Young Women found that the rela-
tive risk (RR) of thrombotic stroke was twofold higher,
greater for women with migraine compared with a neigh-
bor but not with hospital controls (79). A hospital-based
controlled study of 89 cases found that ischemic stroke
was increased more than twofold in patients with migraine
with aura (88), but when stroke risk factors were excluded
in this group, there was no longer a statistically significant
association.

A systematic examination in a large-scale prospective
epidemiologic study of men and women showed that, af-
ter controlling for established risk factors for stroke, both
migraine and severe nonspecific headache were associated
with a significantly increased risk for stroke (115). The risk
for stroke associated with migraine decreased as the age
at stroke increased. Also in a large population-based study
involving only men and migraine identified only by asso-
ciated neurologic deficit—in other words largely migraine
with aura—the overall risk of stroke was 2.2% (79).

Probably the most convincing evidence of stroke risk
and comorbidity of stroke and migraine come from a suc-
cession of three important case-controlled studies. In the
first of these studies, no overall association between mi-
graine and ischemic stroke was found, but among women
aged less than 45, migraine and stroke were significantly
associated (157) (Table 64-1). Risk of stroke was 3 times
control for migraine without aura and 6 times the risk of
controls for migraine with aura. Further, young women
with migraine who smoked increased their stroke risk to
approximately 10 times control, more than 3 times greater
than young women without migraine who smoked. For
young women with migraine on oral contraceptives the

◗ TABLE 64-1 Migraine and Stroke Risk in Women

Under 45 Years: Case Control Study

n = 72

Condition Odds Ratio Confidence

Migraine 3.5 1.8–6.4
Migraine without aura 3.0 1.5–5.8
Migraine with aura 6.2 2.1–18
Migraine + smoker 10.2 5.5–35.1
Migraine + oral contraceptive 13.9 3.5–29.9

Data from Tzourio et al., BMJ 1995.
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◗ TABLE 64-2 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 et al. Lancet 1996.

risk of stroke was 14 times control, and 4 times the risk of
stroke and the dose of estrogen: the odds ratio was 4.8 for
pills containing 50 µg of estrogen, 2.7 for 30 to 40 µg, and
1.7 for 20 µg and 1 µg progesterone. In none of these cases
was the stroke induced 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 than controls (14.9% ver-
sus 9.1%) (29) (Table 64-2). Migraine was the only signifi-
cant risk factor (odds ratio 3.7) in women below 35 years
of age. Although these risk figures appear startlingly high
in both studies, it must be remembered that the abso-
lute risk of stroke for this patient population translates to
around 17 to 19 per 100,000 woman-years, which is very
low.

Most recently a hospital based case-control study in-
volving five European centers studied 291 women aged 20
to 44 years with ischemic, hemorrhagic, or unclassified ar-
terial stroke compared with 736 age- and hospital-matched
controls (31). Adjusted odds ratios associated with a per-
sonal history of migraine were 1.78 (95% CI 1.14 to 2.77),
3.54 (95% CI 1.30 to 9.61), and 1.10 (95% CI 0.63 to 1.94)
for all stroke, ischemic stroke, and hemorrhagic stroke,
respectively. Odds ratios for ischemic stroke were similar
for migraine with aura (3.81, 95% CI 1.26 to 11.5) and mi-
graine without aura (2.97, 95% CI 0.66 to 13.5). A family
history of migraine, irrespective of personal history, was
also associated with increased odds ratios, not only for
ischemic stroke but also hemorrhagic stroke. Use of oral
contraceptives or a history of high blood pressure or smok-
ing had greater than multiplicative effects on the odds ra-
tios for ischemic stroke associated with migraine alone, al-
though only smoking was statistically significant. Change
in the frequency or type of migraine on using oral con-
traceptives did not predict subsequent stroke. Between 20
and 40% of strokes possibly were induced during a mi-
graine attack.

In a prospective cohort study conducted among 39,754
U.S. health professionals of age 45 and older who partici-
pated in the Women’s Health Study, patients with migraine
with aura had an increased risk of any stroke (1.53, 95% CI
1.02 to 2.31) and higher risk of ischemic stroke (1.71, 95%
CI 1.11 to 2.66). In women younger than 55 the risk of to-
tal and ischemic stroke was even higher. The absolute risk

increase was low, however, at 3.8 additional cases per year
for 10,000 women. No increased risk could be documented
for migraine without aura (103).

Not surprisingly the migraine and stroke literature has
been subjected to meta-analysis in recent years. In 14 stud-
ies, 11 case-controlled and 3 cohort, conducted between
1966 and 2004, the meta-analysis concluded the RR of
stroke in migraine overall was 2.16 (95% CI 1.89 to 2.48).
The risk was consistent in both migraine with and with-
out aura and markedly higher when oral contraceptives
were used (RR 8.72, 95% CI 5.05 to 15.05) (55). Of ad-
ditional interest, data from the Genetic Epidemiology of
Migraine population-based study in the Netherlands, mi-
graineurs were more likely to smoke and have parental his-
tory of early myocardial infarction. People with migraine
with aura were more likely to have an unfavorable choles-
terol profile, elevated blood pressure, and a history of early-
onset coronary and cerebrovascular disease. Women with
aura were more likely to be using oral contraceptives. The
odds of having an elevated Framingham risk score for
coronary heart disease were approximately doubled for
the aura patients (146). In summation, an association be-
tween migraine and stroke appears confirmed, especially
in women younger than 45 and men with migraine plus
aura. Common risk factors for stroke in general increase
this risk.

CLINICAL INVESTIGATION

Clinical reports in the past 50 years have provided more
convincing evidence for an association between migraine
and cerebral infarction, especially those cases documented
using angiography, computed tomography (CT) scanning,
positron emission tomography (PET), and, most recently,
magnetic resonance imaging (MRI). There is little to sup-
port any of the possible mechanisms raised by older
studies.

Angiography

Kaul et al. (98) reported angiographic findings of four pa-
tients with migraine. One had an occlusion of the main
trunk of the PCA, presenting with right hemianopia, hemi-
anesthesia, spontaneous pain, transient amnesia, and dys-
phasia. All four of these patients had branch occlusions of
the calcarine artery. Each patient suffered from transient
visual disturbances, and the deficits occurred during a se-
vere migraine. Vasospasm attributed to migraine has been
documented by arteriography, the first in 1964 by Dukes
and Vieth (49). A 44-year-old man suffered from left hemi-
anopia with numbness of the left side of the body, followed
by a throbbing right hemicranial headache. The patient
underwent arteriography. A first and second set of films
demonstrated increasingly poor filling of the intracranial
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internal carotid system at a time when focal deficit was
maximal. During the headache phase, good intracranial
filling of the internal carotid was observed. Other cases
reported in subsequent years confirm arterial occlusion
(72,110).

Computed Tomography

The use of CT scanning beginning in the mid-1970s per-
mitted documentation of lesions compatible with cerebral
infarction in many cases (6,23,25,40,92,111). In each in-
stance, CT showed a low-density lesion in the cortex, most
commonly in the occipital lobe. Review of CT series of
selected migrainous patients with or without local focal
neurologic deficits showed that the prevalence of abnor-
malities ranged from 34% to 71%. Cala and Mastaglia (25)
reported on 94 patients with a history of “recurrent mi-
grainous headaches,” of whom 6 showed evidence of cere-
bral infraction. Four had fixed visual field defects with
mesial occipital low densities. Cerebral edema, particu-
larly in the periventricular white matter, was evident in an-
other six patients. Baker (6) described diffuse low-density
zones during a migraine attack, which disappeared on sub-
sequent CT examination. Hungerford et al. (92) studied 53
patients who had “exceptionally severe” migraine or seri-
ous clinical complications including hemiplegia. The most
frequently encountered abnormalities were cerebral atro-
phy (30%) and infarction (10%). Similar findings were re-
ported by Mathew (111). Rascol et al. (137) reported CT-
confirmed cerebral infarction occurring in the course of
a migrainous attack. Ten patients had syndromes refer-
able to the middle cerebral artery, whereas the remaining
four had hemianopic defects owing to PCA territory infarc-
tions. Arteriography, performed in each patient 2 days to
6 months after stroke onset, gave an abnormal result in
nine, showing internal carotid artery occlusion in one,
middle or PCA stem occlusion in four, and branch occlu-
sions in the remaining four patients.

Magnetic Resonance Imaging

The diagnosis of migraine-induced stroke, both infarction
and neuronal necrosis, has been greatly enhanced by the
use of MRI. The greatest value of MRI, however, is in the
differential diagnosis of stroke owing to migraine from
other causes in cases that present as migraine mimics.
From a research viewpoint, great interest stemmed from
observations of increased white matter lesions in approx-
imately 30% of routinely studied migraine patients com-
pared with healthy controls (12%) (94). Lesions were found
in the centrum semiovale and frontal white matter, in some
cases extending to deeper structures in the region of the
basal ganglia. In some series such findings were more
prevalent in migraine subtypes associated with neurologic

aura (56). Not all case series found a greater incidence than
controls, however (37). Another series found a higher in-
cidence of white matter lesions in patients with migraine,
as well as in patients with tension-type headache (45). The
mechanisms of these changes remain to be determined. If
relevant, they may represent small foci of ischemic infarc-
tion of obscure origin, or gliosis. Meta-analysis has again
solidified the evidence of an association between migraine
and white matter lesions. From seven case-controlled stud-
ies, it was determined that patients with migraine have a
3.9 times greater risk compared to controls (95% CI 2.26
to 6.72). The risk was present even in young migraine suf-
ferers with no known stroke risk factors (149).

The most recent and rigorous analysis of MRI findings
in migraine are strengthened by being population based.
Kruitt et al. performed a cross-sectional prevalence study
of Dutch adults aged 30 to 60 years (102). Although there
was no overall increase in infarct prevalence between mi-
graine and controls, prevalence was high in the cerebellar
region of the posterior circulation (5.4 versus 0.7%). The
risk was higher in migraine with aura and in migraineurs
with more than one attack a month. In women, deep white
matter lesions were seen more often, and again increased
with the frequency of migraine attacks but in migraine
with or without aura. Why this is only in women remains
to be established. Also, why only deep as opposed to pe-
ripheral white matter lesions are increased in migraine re-
mains uncertain, although this might implicate different
arterial territories.

Finally, diffusion tensor MRI performed in migraine
subjects with white matter lesions revealed lower diffusiv-
ity histogram peak heights suggesting subcortical struc-
tural damage. These measures correlated with the extent
of cortical reorganization determined on blood oxygen
level–dependent functional MRI activation of the supple-
mentary motor cortex. These findings suggest that func-
tional cortical changes occur in migraine patients who
have white matter changes whose cause remains to be
determined (143).

CLINICAL SUBTYPES OF
MIGRAINE-RELATED STROKE

One drawback in understanding the dilemma that faces
the diagnostician has been a lack of consistency in the def-
inition of migraine-related stroke. Three major issues must
be considered. Stroke occurs in the course of the migraine
attack, causing true migraine-induced cerebral infarction.
Migraine may cause stroke because other risk factors for
stroke are present to interact with the migraine-induced
pathogenesis. Stroke may present as a migraine syndrome,
either symptomatic migraine or as a migraine mimic.
The IHS classification (86) and new techniques of brain
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imaging have served to clarify the association between mi-
graine and stroke.

Coexisting Stroke and Migraine

Definition

A clearly defined clinical stroke syndrome must occur re-
motely in time from a typical attack of 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. Comorbidity of stroke risk in mi-
graine sufferers seems apparent from the case-controlled
series reviewed, wherein women younger 45 years of age
with migraine have increased risk of stroke, particularly
between attacks. The cause of such strokes remains to be
defined, but is likely to be multifactorial. This increases the
clinical significance of coincident stroke and should serve
to raise clinical consciousness to the need for stroke risk
factor awareness in all migraine sufferers. Although co-
morbid factors may be present (such as increased platelet
aggregation or mitral valve prolapse), many are uncertain
risk factors for stroke. Recent reports of an association be-
tween migraine and PFO warrant discussion, however. A
higher frequency of PFO was reported in migraine with
aura patients (5) and an association of migraine and PFO
in patients with ischemic stroke (116). In a prospective
study of 587 cryptogenic stroke patients, 46% had a PFO
(104). Migraine was present in 27.3% of patients with PFO,
whereas migraine was present in 14% without PFO (OR
1.75; 95% CI 1.08 to 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 uncon-
trolled series of cases, migraine was reduced after PFO
closure (151,168). With the caution that an association
with PFO does not necessarily imply a cause of migraine,
speculation about mechanisms has invoked serotonin re-
lease from activated platelets uncleared from the lungs,
or microemboli-induced microvascular ischemia trigger-
ing spreading depression. No doubt this will continue to
be a controversial topic, the fear being that a flurry of ir-
resolute PFO closure procedures for migraine prevention
will follow these reports. As this chapter goes to press, sev-
eral clinical trials of device closure of the PFO in migraine
prevention are underway.

Stroke with Clinical Features
of Migraine

Definition

A structural lesion unrelated to migraine pathogenesis that
presents with clinical features typical of migraine.

Symptomatic Migraine

Certain central nervous system or cerebrovascular dis-
orders episodically causes symptoms typical of migraine
with neurologic aura. Indeed, ischemia itself may precipi-
tate an attack of migraine (126). In such cases migraine can
be considered symptomatic of the underlying disorder. For
example, cerebral arteriovenous malformations frequently
masquerade as migraine with aura. The side of the aura
and the headache are strongly correlated in such cases.
Stroke and migraine are major features of the MELAS
syndrome associated with the 3,243-point mitochondrial
DNA mutation in the tRNA Leu (UUR) gene (51). Migraine
attacks also may be associated with cerebral autosomal-
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) (8,155) possibly being
symptomatic of the membrane dysfunction associated
with this disorder. In fact, a breakthrough in establishing
the genetic basis of FHM was achieved because of the
clinical investigation of CADASIL (127). Ten different
missense mutations were identified in the Notch 3 genes
of 14 unrelated families with CADASIL. The Notch genes
are intimately involved in intercellular signaling during
development. Proteins belonging to the Notch family are
transmembrane receptors. Nine of the 10 mutations either
added or mutated a cysteine residue in one of the epider-
mal growth factor (EGF)-like repeats; EGF-like motifs are
to be found in the extracellular domain. It is likely that this
mutation strongly affects protein conformation, although
how this leads to CADASIL remains to be established. Con-
sidering the mechanisms whereby MELAS and CADASIL
cause migraine attacks, possibly membrane instability
and abnormality of cell signaling causing hyperexcitability
of neuronal membranes could be the underlying basis.

Migraine Mimic

In this category, stroke owing to acute and progressing
structural disease is accompanied by headache and a con-
stellation of progressive neurologic signs and symptoms
indistinguishable from those of migraine. This might best
be termed a migraine mimic. The diagnostic discrimina-
tion of a migraine mimic can be most difficult to define in
patients with established migraine. Many of the cases de-
scribed in the previous section of the conceptual evolution
of migraine-related stroke were likely migraine mimics,
the diagnosis being hampered by limitation in investiga-
tive tools and uncertainty in the knowledge of migraine
pathogenesis.

Cerebrovascular disease is the most serious differen-
tial diagnosis of migraine, especially basilar type. Ischemic
stroke in the brainstem and the posterior cortical regions,
either from cerebral embolism or thrombosis, presents
with neurologic symptoms and signs of brainstem and
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posterior circulation defects accompanied in approxi-
mately one third of cases by headache. Basilar artery occlu-
sive disease can therefore mimic basilar migraine. Another
basilar-type migraine mimic for which migraine patients
are at increased risk is vertebral artery dissection (see
below).

The clinical features of embolic and thrombotic infarc-
tion in the PCA syndrome have been elegantly described by
Fisher (67). The warning features of PCA ischemia include
photopsia with single and formed visual hallucinations,
hemianopic visual loss, transient numbness, episodic light
headedness, confusional spells, tinnitus, and headache.
When stroke becomes established, however, visual com-
plaints are the most dominant. Of importance in the dif-
ferential diagnosis of basilar-type migraine, scintillations
or shimmering brightness in the visual fields did not oc-
cur during transient ischemia but did occur after occipital
lobe infarction was established. Thus, PCA ischemia alone
can mimic basilar-type migraine.

Transient ischemic attacks involving any part of the ver-
tebrobasilar territory must figure largely in the differential
diagnosis, particularly if basilar-type migraine presents for
the first time in the later years of life. Certain familial dis-
orders present with neurologic deficit in which attacks of
hemiplegic or basilar migraine may be part of the symp-
tom complex. This group includes CADASIL, MELAS, and
variants of MELAS that are associated with seizures, par-
ticularly those occipital in origin (51).

The issue of spontaneous carotid artery dissection is
especially relevant because patients with migraine are at
increased risk of dissection (42), and the occurrence of
dissection as a typical migraine mimic has been reported
(136). Although the mechanism of pain production is not
clearly understood, the occurrence of headache is an ex-
pected finding, present in 60% of patients (84) and proba-
bly more prevalent in vertebral dissection. Fisher (68) an-
alyzed 21 selected cases of angiographically documented
cervical carotid dissection, observing that almost all pa-
tients had ipsilateral pain in one or more regions of the
head, including the forehead, orbit, temple, retro-orbit,
side of the head, and the frontal region. In addition, 12
patients had neck pain, usually in the upper neck and lo-
calized to a region including the mastoid, upper carotid,
behind or below the angle of the jaw, and along the stern-
ocleidomastoid muscle. The pain was usually severe, often
sudden in onset, described equally as steady or throbbing,
and occasionally by alterations in ipsilateral scalp sensa-
tion. The duration ranged from several hours to 2 years,
with most lasting no longer than 3 to 4 weeks. About three
fourths of Fisher’s patients experienced ischemic compli-
cations, and in half the headache preceded the ischemic
attack by a few hours to 4 days. Other common diagnostic
findings were Horner syndrome, subjective bruit, dysgeu-
sia, and visual scintillations. Given this clinical picture, it
is difficult to avoid considering the possibility that cases

formerly diagnosed as carotidynia (138), paratrigeminal
syndrome (66), or migraine cluster with miosis of transient
focal deficits (57,100) may have been instances of carotid
dissection. The topic of dissection and migraine has been
reviewed elsewhere (119).

Head pain occurs in various forms of acute cerebrovas-
cular disease, including ischemic stroke. Study of the
headache syndromes caused by ischemic cerebrovascu-
lar disease showed that most patients complained of the
symptom at the onset of a persisting neurologic deficit, al-
though in some cases headache was premonitory or ac-
companied transient ischemic attacks (62–64), findings
also noted by others (54,77,113,124,165). The headache
was usually not throbbing, was often localized, and was
frequently lateralized ipsilateral to the presumed arterial
occlusion. There was a high frequency of headache in PCA
territory infarctions compared with that seen in carotid
or basilar disease. Headache was the exception in lacu-
nar strokes with pure motor or pure sensory syndromes,
and none occurred in any of 58 patients with transient
monocular blindness. Overall, the frequency of headache
was 31% in carotid and 42% in vertebrobasilar disease.
Headache frequency is higher in ischemia, affecting pos-
terior compared with anterior circulations (117,118). Mit-
sias and Ramadan have extensively reviewed the literature
on this topic up to 1997 (117,118). Most recently, 27% of
2,196 patients from a hospital-based stroke registry ex-
periencing ischemic stroke or transient ischemic attacks
had headache at onset of ischemia. Multivariate analysis
revealed associations with female gender, migraine his-
tory, young age, pure cerebellar stroke, and low blood
pressure.

The possible mechanisms of headache caused by
thromboembolism remain to be determined. Why the
posterior circulation is more frequently associated with
headache remains to be determined. Prevailing views in
general include dilatation of collaterals, focal distension
of the artery, local ischemia of the arterial muscle, and
irritation of the pain-sensitive arterial wall by atheroma
(117,118,165). Serotonin and other vasoactive peptides re-
leased from the junctional elements of the trigeminovascu-
lar system also may play a role (118). Mitsias and Ramadan
reviewed contemporary concepts of the mechanisms of
pain in cerebrovascular disorders (117,118).

Migraine-Induced Stroke

Definition

True Migraine-Induced Stroke

Migrainous infarction (IHS 1.5.4) is described in the re-
vised IHS classification as follows: one or more migrainous
aura symptoms lasting more than 1 hour and/or associated
with neuroimaging confirmation of ischemic infarction.
Although this category is termed migrainous infarction
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in the IHS classification (95), we use the term migraine-
induced stroke, from the viewpoint of comprehending
pathogenesis and differential diagnosis. To enhance diag-
nostic accuracy migraine-induced stroke should meet the
following criteria: (i) the neurologic deficit must exactly
mimic 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 into
account. A problem with these criteria is that they do not
permit the diagnosis of migraine-induced stroke in mi-
graine without aura, occasioning some authors to expand
their criteria to encompass migraine without aura. To ac-
complish this, criteria such as age below 45 years, active
migraine, and slow onset of headache time locked with the
ischemic event have been included (116). Data compiled
using these expanded criteria must always be considered
with caution because overestimation of stroke prevalence
is likely.

The following case report satisfies the preceding criteria
without identifiable stroke risk.

A 34-year-old woman suffered a complex of twice
yearly episodes of right homonymous hemianopia,
right cheiro-oral numbness, and confusion followed
by left hemicranial head pain typical of migraine with
aura. In one episode, the neurologic deficit persisted
throughout and after the headache. Examination
revealed a right homoymous hemianopia, and hemi-
paresis with Babinski’s sign were noted. Only the right
hemianesthesia persisted 6 weeks later. An electroen-
cephalogram (EEG) revealed slow activity in the left oc-
cipital and posterior temporal regions. Cerebral blood
flow was in the oligemic range in the temporo-occipital
and parieto-occipital cortex. MRI revealed a left
thalamic infarct. Cerebral angiography showed
fusiform dilatation of the left PCA with narrowing of
arterial caliber proximal and distal to the dilatation.
No penetrating branches of the PCA were visualized.
Repeated angiography 6 weeks later was normal. No
stroke risk factors could be elicited.

The arterial lesion in this case clearly involved the PCA
and its branches, although the precise arterial pathologic
location was not known. No unequivocal radiographic ev-
idence of dissection, fibromuscular disease, or premature
atherosclerosis was present, and the subsequent radio-
graphic appearance of the artery was normal. Similar arte-
riographic findings have been reported, for example, in mi-
graine with an in situ thrombus positioned in the fusiform
dilatation (162). The impaired filling of small penetrating
branches supports the notion of intravascular thrombus
formation. Any large thrombus, if present, might have un-
dergone dissolution by the time of arteriography 48 hours
after the event. The transient left-sided neurologic deficit
could be explained by compressive edema, occlusion of the
top of the basilar penetrating branch, or diaschisis.

Most reviews that address criteria for true migrainous
stroke do not include the modifying statement of risk fac-
tors in the definition. This subclassification may be im-
portant to understanding mechanisms. For example, oral
contraceptives are recognized to increase stroke risk in
migraine sufferers and may cause coexisting stroke and
migraine. In some instances, however, stroke occurs dur-
ing the migraine attack, and the medication may have
increased the risk of coagulopathy but may not have in-
duced stroke in the absence of the migrainous process.
The following intriguing question arises: Does migraine
cause stroke only because risk factors, as yet unknown,
are present to interact with the pathophysiologic mecha-
nisms of the migraine attack? Oral contraceptive use may
not only exacerbate preexisting migraine (47,134,166), but
also may contribute to the stroke risk in young women with
migraine (31). The Collaborative Study Group in Young
Women used a case-control method to evaluate the risk
of cerebrovascular disease in users of oral contraceptives
(34) and later reported the effect of other risk factors, in-
cluding hypertension, smoking, and migraine. The risk of
cerebral thrombosis among women using oral contracep-
tives was 9.5 times greater than among nonusers. The role
of migraine was assessed in both users and nonusers of
contraceptives. Among migraineurs not exposed to birth
control pills, the risk of stroke was equivocal, depending
on the control group used for the comparison. The use of
oral contraceptives in combination with migraine, how-
ever, increased the RR for thrombotic stroke from 2.0 to
5.9. More recent studies reviewed in the epidemiologic sec-
tion extend the risk to 13 or greater times that of subjects
not on oral contraceptives (31,157). Of particular interest
in relation to the interactive role of migraine is the patho-
logic finding of intimal hyperplasia associated with throm-
bosis in three fatal cases of stroke in young women exposed
to oral contraceptives (123).

Uncertain Classification

Complex or Multiple Factors

Many migraine-related strokes cannot be categorized with
certainty. The following case provides examples of all the
above subtypes.

A 27-year-old woman presented with stuttering, on-
set of left hemiparesis, and left homonymous hemi-
anopia not accompanied by headaches. She had an es-
tablished history of migraine with visual aura. Three
years previously she sustained the sudden onset of
left-sided weakness 15 minutes after taking a second,
2-mg dose of ergotamine 30 to 60 minutes into a typical
migraine headache. Opercular branches of the middle
cerebral artery were occluded on angiography, and CT
scan showed a right frontal infarct. She was using oral
contraceptives and had smoked 20 cigarettes daily for
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20 years. Investigation at the time also revealed false-
positive results from a VDRL test and positive test re-
sults for rheumatoid factor. Investigation of the most
recent stroke revealed positive anticardiolipin antibody
test results with high immunoglobulin G titers.

Drug-Induced Migraine-Related Stroke

It is often impossible to confidently exclude an interac-
tion of the drug with migrainous process to induce stroke.
The mechanism of action of 5-hydroxytryptamine 1D
(5-HT1D) agonists such as ergotamine or sumatriptan may
be neurogenic or vasoconstrictive. Recorded cases have
been associated with excessive dosage of these drugs, pre-
sumably causing vasospasm (16), although in therapeutic
doses ergotamine usually has no effect on cerebral blood
flow (53,81). Scattered reports have appeared, linking er-
gotamine use to focal disturbances in the ophthalmic and
cerebral circulations, manifested by transient monocular
blindness, bilateral papillitis, and sensorimotor deficits
(18,39,114,141,149). Since the introduction of sumatrip-
tan there have also been scattered reports of stroke-like
events, but like ergotamine, so far none have been con-
vincing of primary involvement of the drug or can exclude
its use in an event that mimics migraine.

Angiography

The precipitation of migraine-like signs and symptoms
during cerebral angiography is not uncommon and can
potentially progress to stroke, although not all observers
agree (148). Angiography performed during migraine car-
ries risk because of potential interaction with the migraine
mechanism. Nevertheless, because arteriography can be
complicated by stroke in all patients, the true pathogenesis
of stroke cannot be attributed with certainty to migraine.

Transient Focal Neurologic Events and

Late-Onset Migraine Accompaniments

Headache is not an invariable occurrence in migraine.
Adding to the potential for diagnostic confusion is the
occurrence of migraine attacks consisting of visual dis-
turbances or focal deficits not accompanied by typical
headache, often termed migraine sine hemicrania. Charcot
(32) identified an incomplete form of ophthalmic migraine
as “migraines opthalmiques frustes” consisting only of “les
troubles oculaires.” More controversial has been the entity
of accompanied migraine without headache, originally de-
scribed by Whitty (166). Fisher (65,67) emphasized that the
migrainous syndrome, despite the absence of headache,
could be diagnosed on the basis of characteristic clinical
features. Since then, painless transient and persistent mi-
graine accompaniments have become more widely recog-
nized. The cause of late-onset migraine accompaniments

has not been established (65). As the name of the syndrome
suggests, the clinical features are essentially indistinguish-
able from migraine without headache. Brain imaging and
cerebral arteriography do not reveal accountable struc-
tural lesions.

Transient focal neurologic events have recently been ex-
tensively analyzed by Teijen et al. (153). Many of these
events have features of migraine with aura, especially vi-
sual features. The study by Tzourio and his group reviewed
in the Epidemiology section found an association with
such events and an increased risk for stroke (157). These
studies emphasize the wisdom of thorough evaluation for
stroke risk of patients suffering from such symptoms.

Encephalopathy

There are rare reports of migraine-like syndromes associ-
ated with other manifestations of neurologic disease that
are of uncertain pathogenesis and that make the subtyping
of these curiosities impossible. Cases involving migraine-
like symptoms and persistent neurologic deficit associ-
ated with high cerebrospinal fluid (CSF) protein values
and pleocytosis are to be found in the literature, and are
reviewed in Chapter 36. Cerebral vasculitis or focal en-
cephalitis was proposed as possible causes. Cases of well-
documented migraine with aura shows evidence of sim-
ilar CSF abnormality. Other rare syndromes associated
with migraine-related stroke include migraine associated
with mitochondrial encephalopathies (51) and “migraine
coma” (69).

Hemorrhage

Cases of intracerebral hemorrhage attributable to mi-
graine have been reported only rarely and have been re-
viewed elsewhere (28). In our view, investigations have
failed to establish true migraine-induced hemorrhage,
most cases likely being symptomatic migraine or migraine
mimics. From the viewpoint of pathogenesis, however, it is
not unreasonable that ischemic softening of tissue during
true migraine-induced cerebral infarction might become
hemorrhagic, so dogmatism must be avoided. Experience
with this entity in the context of the current IHS classifi-
cation is awaited.

Retinal or Ocular Migraine

This group of disorders is designated as uncertain in clas-
sification because of limited information, most clinical
case reports or series having been communicated prior to
the development of contemporary advanced neurologic in-
vestigatory techniques. Although transient homonymous
scintillations or fortification scotoma are well-recognized
cortical migrainous phenomena, monocular visual loss
owing to retinal involvement is less often a manifestation
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of migraine (38), although still a differential diagnostic
point in the patient presenting with amaurosis fugax (73).
Because both retinal and ciliary circulations may be af-
fected, the ocular migraine is preferred (38) and should be
distinguished from the term ophthalmic migraine, which
refers to any migrainous disturbance of vision, whether
ocular or cortical. To include instances of optic nerve dys-
function that may occur as well, Troost (156) has suggested
the broader term anterior visual pathway migraine.

Retinal migraine is an uncommon disorder (30,82), usu-
ally occurring in a young adult who experiences recurrent
and unaccompanied episodes of visual loss or dimness in
one or both eyes almost never exceeding 10 minutes in du-
ration, but rarely persisting for 1 hour or more. Usually
there are no preceding fortification spectra or headache,
and normal visual function invariably returns, although
with repeated attacks a permanent visual defect may de-
velop. Although typical attacks of classic or common mi-
graine occasionally occur at other times, the visual dis-
turbance without headache may be the predominant or
sole manifestation of the migrainous disorder, migraine
sine hemicrania. As a cautionary note, although migrain-
ous transient monocular blindness may occur for the first
time late in life, carotid atherosclerosis is the more likely
cause (1,61,87).

The pathophysiology of transient monocular visual loss
occurring in the setting of migraine is poorly understood
(158). Some researchers have interpreted the retinal ve-
nous narrowing seen in some cases as venous spasm, al-
though collapse secondary to reduced arterial flow is an
alternative explanation (14,156). Other reports of fundus-
copic examination during an attack have confirmed the
observation of arteriolar spasm (61,78,144,158,159,162),
despite one negative report of five patients, most having
binocular visual symptoms (97).

Of the cases in the literature prior to the new IHS clas-
sification in 1988, defects in vision included central or cen-
trocecal scotomas, altitudinal defects, monocular constric-
tion, and complete blindness. The mean age of patients
was 37 years, with four times as many women as men. The
presence of a family history of migraine was variable. The
mean duration of migraine was 13 years, with diverse mi-
graine subtypes, the most frequent being classic migraine
(11 cases), followed by retinal migraine unaccompanied by
headache (10 cases). Other headache types included reti-
nal migraine with headache (3 cases), retinal and classic
migraine (1 case), and cluster headache (1 case). The vi-
sual loss almost always occurred abruptly, usually in the
setting of a headache that appeared as often being or fol-
lowing the onset of the visual disturbance. In a few cases
local eye pain was a prominent symptom. A variety of
funduscopic abnormalities were reported, as reviewed be-
low. In the four instances where carotid angiography was
performed, no abnormalities were evident. Only a small
number of cases were fully investigated to exclude alter-

native causes of abrupt visual loss, although most cases
appeared to fulfill the requirements of a prior history of
migraine and abrupt visual loss occurring in the context
of a migrainous headache.

Many of the cases cited here were reported before mod-
ern diagnostic techniques were available, particularly to
pursue an embolic etiology, and before the recognition
of prothrombotic disorders such as antiphospholipid an-
tibody syndromes that often affect the eye. These are
probably the causes most likely to confound a diagnosis
of permanent visual loss resulting from retinal migraine.
Transient or permanent monocular visual obscurations of
migrainous origin, even when accompanied by specific
funduscopic abnormalities, are not clinically distinguish-
able from amaurosis fugax or retinal infarction caused by
embolism (38,54,75,85).

Central retinal artery occlusion has been reported in as-
sociation with migraine attacks (35,40,54,85,123). A num-
ber of examples of branch retinal arterial occlusions also
have been reported (44,71,76,78,132,160). Central reti-
nal vein occlusion has been less frequently encountered
(70,76,108). Ischemic optic neuropathy is a rare compli-
cation of migraine (112,161). Cases present with abrupt
visual loss in the form of a central scotoma or arcuate de-
fect occurring during the course of a typical headache. The
mechanisms remain to be determined. Ischemic suscepti-
bility of the prelaminar portion of the optic nerve is a re-
flection of its watershed position between the retinal and
choroidal systems (85,107).

MIGRAINE THAT MIMICS STROKE

Migraine syndromes that mimic stroke include particu-
larly migraine with prolonged aura, hemiplegic migraine,
and basilar-type migraine, all dealt with in depth in other
chapters. Persistent aura without infarction is a rare com-
plication of migraine, described in no more than twenty
cases (139). Anatomic imaging and electrophysiologic tests
are unrevealing o abnormality, but blood flow and perfu-
sion measured by SPECT and MRI have shown a low per-
fusion state.

Manifestations of severe hemiplegic migraine at-
tacks include hemiparesis or hemiplegia (19,34,90), fever,
drowsiness, confusion, and coma, all of which can be
prolonged from days to weeks (122). Severe hemiplegic
migraine may lead rarely to persistent minor neurologic
deficits; the cumulative effect of repeated attacks pro-
gresses to profound multifocal neurologic deficits, even de-
mentia (150). Permanent brainstem deficits occurring as
a result of basilar-type migraine have been reported only
rarely. None of Bickerstaff’s patients had persisting neuro-
logic disturbances; indeed, he stressed return to complete
normality as a criterion for the diagnosis. Among the cases
of migraine-associated stroke uncovered in the literature,
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only four of the five have occurred in the vertebrobasilar
territory, excluding the PCA. In Connor’s presentation (35)
of 18 patients with so-called complicated migraine, three
were considered to have lesions in the brainstem.

MECHANISMS OF STROKE-RELATED
MIGRAINE

It remains to be determined how a migraine attack can
induce permanent neurologic deficit and brain damage.
Spreading cortical depression of Leao may induce short-
lived increases in CBF and tissue hyperoxia (27), followed
by a more profound oligemia and consequent increased
intraparenchymal vascular resistance (41). Ischemic foci,
however, may occasionally occur during attacks of mi-
graine with aura. Possibly, spreading cortical depression
is associated with depolarization of intrinsic neurons
that also supply intraparenchymal resistance microvessels,
leading to active constriction and a consequent flow re-
duction below the threshold for K+ release from the neu-
ron. Increased extracellular K+ then might precipitate de-
polarization of contiguous cortical neurons. Alternatively,
the decreased extracellular space and brain swelling that
accompanies spreading cortical depression and possibly
migraine could increase microvascular resistance by me-
chanical compression. Thus, low flow in major intrac-
erebral vessels may be caused by increased downstream
resistance, not major intracranial arterial vasospasm.
Essentially, a low cerebral blood flow and neuronally me-
diated vasodilatation could cause sluggish flow in large in-

tracerebral vessels during the aura of migraine. When com-
bined with factors predisposing to coagulopathy such as
dehydration hyperviscosity, intravascular thrombosis and,
thus, migraine-induced cerebral infarction could occur, al-
though rarely. Neurogenically mediated inflammatory re-
sponses accompanying vasodilation of extraparenchymal
vessels caused by release of vasoactive peptides, nitric ox-
ide, activation of cytokines, and upregulation of adhe-
sion molecules also predisposes to intravascular thrombo-
sis (13). This could explain why migraine-induced stroke
usually respects intracranial arterial territories, whereas
aura involves more widespread brain regions. In addition,
frequent aura, if caused by spreading depression, could
induce cytotoxic cell damage and gliosis based on gluta-
mate release or excess intracellular calcium accumulation
(162). Thus, persistent neurologic deficit could be a result
of selective neuronal necrosis. Why stroke occurs during
one of any number of prior normal episodes of migraine
aura probably relates to stacking risk factors such as a co-
agulopathy, and their interaction with the degree of the
neuronal and hemodynamic accompaniments of the at-
tack. The schema of proposed mechanisms is provided in
Figure 64-1.

Perhaps even more intriguing, what constitutes the co-
morbid increased risk for stroke between attacks? The
latter is the most difficult to speculate about because al-
though comorbid factors may be present (such as in-
creased platelet aggregation or mitral valve prolapse)
many are uncertain risk factors for stroke. Indeed, when
definite risk factors for stroke are present in migraine suf-
ferers then stroke is attributed to this cause and not to

FIGURE 64-1. Schema of events leading from spreading depression to stroke. Abbreviations:
CVR, cerebrovascular resistance; Inflam, inflammation; CBF, cerebral blood flow; Visc+, increased
viscocity; OCP, oral contraceptives; Adh, platelet/white blood cell endothelial adhesion; aPL, antiphos-
pholipid antibodies.



P1: KWW/KKL P2: KWW/HCN QC: KWW/FLX T1: KWW

GRBT050-64 Olesen- 2057G GRBT050-Olesen-v6.cls August 3, 2005 19:45

Migrainous Infarction and Migraine Triggered Epilepsy 609

migraine. So, for example, an ischemic stroke occurring
in a patient with PFO might be attributed to cerebral em-
bolism. In this instance, though, there is speculation of an
as yet unproven relationship to migraine with aura of un-
known mechanism. Logically, stroke risk factors yet to be
identified may be comorbid with migraine.

Some experimental and clinical clues give rise to the
thought that the burden of repeated migraine attacks itself
might set up or progressively enhance the risk of stroke.
Experimental spreading depression causes sterile inflam-
matory changes in vascular beds and causes blood–brain
barrier changes through metalloproteinase activation
(13,33,121). Such events have been linked to vascular
abnormalities predisposing to arterial thrombosis (101).
Clinically, frequent migraine with aura attacks over a pro-
longed period was associated with increased stroke risk
in sufferers under 45 years of age (48). Possibly frequent
episodes of spreading depression underlying aura and the
repeated inflammatory changes in the vasculature predis-
pose to arterial thrombosis in situ to explain one aspect of
stroke comorbidity with migraine. Studies have yet to in-
vestigate inflammatory markers of stroke risk in migraine
patients.

MIGRAINE AND EPILEPSY

Given the evidence for increased excitability of neuronal
tissue in migraine, parallels with epilepsy are understand-
able. An association between migraine and epilepsy has
been the subject of numerous texts and is wide in scope
(4). Clarity of definition is important in understanding the
complexity the association (164). For example, brain le-
sions such as arteriovenous malformations, or diseases
of known functional mechanism such as MELAS, can
present symptomatically with migraine, epilepsy, or mi-
graine aura progressing into an epileptic attack. Epileptic
seizures, especially those originating in occipital cortex,
can mimic aura. Migraine-induced epilepsy (sometimes
known as migralepsy), can occur during or immediately af-
ter aura, particularly in migraine patients with prolonged
aura. Seizures also have been observed in association with
basilar migraine (10). Changes in EEG unaccompanied by
seizures also have been described with attacks of typical
basilar migraine. In all, EEG abnormalities are detected in
fewer than one fifth of patients (96), and are mostly inde-
pendent of any clinical manifestation of the disorder. The
EEG findings between attacks are usually spike-and-wave
or spike-and-slow-wave complexes. During an attack, there
are diffuse high-voltage slow waves and associated spikes
with sharp waves and diffuse β activity. There is contro-
versy as to whether the association between seizures and
basilar migraine are primarily migraine syndromes with
secondary epileptic features resulting from functional or
ischemic change caused by repeated migraine auras or

whether these cases are primarily basilar-type migraine
that evokes epileptogenic features on the EEG and clinical
seizures.

Because each condition is common (migraine in 6% of
men and 17% of women and epilepsy in 0.5% to 1% of the
population), a chance coexistence of both conditions is not
surprising. Nevertheless some authorities believe that mi-
graine may be a progressive condition in some patients,
causing altered brain function consequent to severe or re-
peated migraine attacks; no clear pathogenesis leading to
seizures has been identified yet, however. But a relation-
ship between migraine and stroke is established especially
with frequent and longstanding illness (48); seizures may
occur as a consequence of such ischemic cell damage. In
the absence of obvious brain lesions, functional changes
of yet unknown origin leading to a common brain state of
hyperexcitability alone could form the basis of comorbid-
ity of migraine with epilepsy. In an often quoted study by
Ottman et al. (130), prevalence data for migraine was col-
lected in patients with epilepsy and in relatives with and
with out epilepsy. Of the probands, 24% had a migraine
history, in relatives with epilepsy it was 26%, but 15% in
relatives without. Risk of developing migraine was twice
as high in the first two groups compared with the last.
The data argued in favor of a common brain state, and an
inherited phenotype at one end of a spectrum wherein mi-
graine, seizures, or both, occur which we believe is on the
basis of increased brain excitability. In support, seizures
were part of the clinical spectrum of familial hemiplegic
migraine type 2 (FHM-2) (46). FHM-2 has been linked to
a mutation in the gene ATP1A2 that encodes the α2 sub-
unit of Na+/K+ pump (46). The α2 subunit distribution on
the plasma membrane is abundant on neurons and astro-
cytes and coincides with the sodium/calcium exchanger in
these cells. Loss of function of these subunits and result-
ing impaired clearance of extracellular potassium may be
responsible for cortical depolarization, particularly with
repetitive stimulation of the same cellular system as in
the visual cortex linear detector neurons as discussed.
Commonality with the abnormalities of the P/Q calcium
channel gain of function abnormality of HM-1 lie in the
intracellular sodium increase that promotes intracellular
calcium increase through the sodium/calcium exchanger.
Further possibilities for generating cellular hyperexcitabil-
ity include increased neuronal glutamate release sec-
ondary to astrocyte pump abnormalities.

Bearing in mind that comorbidity reflects a common
brain state of hyperexcitability, Leninger et al. asked
a clever question of whether clinical characteristics of
spreading depression were exaggerated in such patients
(105). Although frequency of epilepsy syndromes and
seizure types did not differ, migraine aura, worsening of
pain with activity, phonophobia and photophobia were
significantly more frequent in patients with comorbid-
ity compared to those with epilepsy or migraine alone.
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Antiepileptic drugs with proven antimigraine benefit
might be the logical first approach to management in these
patients.
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suivis de mort. Rev Med Paris. 1883;3:194.

60. Ferguson KS, Robinson SS. Life-threatening migraine. Arch Neurol.
1982;39:374–376.

61. Fisher CM. Observations of the fundus oculi transient monocular
blindness. Neurology. 1951;65:346–377.

62. Fisher CM. Occlusion of the internal carotid artery. Arch Neurol
Psychiatry. 1957;65:346.

63. Fisher CM. Clinical syndromes in cerebral arterial occlusion. In:
Fields WS, ed. Pathogenesis and treatment of cerebrovascular disease.
Springfield, IL: Charles C. Thomas; 1961:126.

64. Fisher CM. Headache in cerebrovascular disease. In: Vinken PJ,
Bruyn GW, eds. Handbook of clinical neurology, vol 5. Amsterdam:
North-Holland; 1968:124.

65. Fisher CM. Migraine accompaniments versus arteriosclerotic is-
chemia. Trans Am Neurol Assoc. 1968;93:211.

66. Fisher CM. Reader’s benign paratrigeminal syndrome with dysgeu-
sia. Trans Am Neurol Assoc. 1972;96:234.

67. Fisher CM. Late-life migraine accompaniments as a cause of unex-
plained transient ischemic attacks. Can J Med Sci. 1980;7:9.

68. Fisher CM. The headache and pain of spontaneous carotid dissec-
tion. Headache. 1982;22:60.

69. Fitzsimons R, Wolfenden WH. Migraine coma: meningetic migraine
with cerebral edema associated with a new form of autosomal dom-
inant cerebellar ataxia. Brain. 1985;108:555–577.

70. Friedman MW. Occlusion of the central retinal vein in migraine.
Arch Ophthalmol. 1951;45:678.

71. Galezowski X. Ophthalmic megrim. Lancet. 1882;1:176.
72. Garnic JD, Schellinger D. Arterial spasm as a finding inti-

mately associated with onset of vascular headache. Neuroradiology.
1983;24:273.

73. Glaser JS. Neuro-ophthalmology, vol 2. New York: Harper & Row;
1978.

74. Goldflamm S. Beitrag zur Aetiologie und Symptomatologie der
spontanen subarachnoidealen Blutungen. Disch Z Neervenheilk.
1923;76:158.

75. Goodwin JA, Gorelick P, Helgason C. Transient monocular visual
loss: amaurosis fugax or migraine, abstracted. Neurology. 34(Suppl
1):246.

76. Graveson GS. Retinal arterial occlusion in migraine. BMJ. 1949;2:
838.

77. Grindal A, Toole J. Headache and transient ischemic attacks. Stroke.
1975;5:603.

78. Gronvall H. On changes in the fundus oculi and persisting injuries
to the eye in migraine. Acta Ophthalmol. 1938;16(Suppl 14–16):
602.

79. Group for the Study of Stroke in Young Women. Oral contraceptives
and stroke in young women. JAMA. 1975;231:718–722.

80. Guest IA, Wolf AL. Fatal infarction of the brain. BMJ. 1964;1:225.
81. Hachinski VC, Norris JW, Cooper PW, et al. Ergotamine tartrate

and cerebral blood flow. Can J Neurol Sci. 1975;2:333.
82. Hachinski VC, Porchawka J, Steele JC. Visual symptoms in the mi-

graine syndrome. Neurology. 1973;23:570.
83. Harrington DO. Ophthalmoplegic migraine. A discussion of its

pathogenesis: report of the pathological findings in a case of re-
current oculomotor palsy. Arch Ophthalmol. 1953;49:643.

84. Hart RG, Easton JD. Dissection of cervical and cerebral arteries.
Neurol Clin. 1983;1:155.

85. Hayreh SS. Pathogenesis of visual field defects: role of ciliary circu-
lation. Br J Ophthalmol. 1970;54:289.

86. Headache Classification Committee of the International Headache
Society. Classification and diagnostic criteria for headache disor-
ders, cranial neuralgias, and facial pain. Cephalagia. 1988;8:27.

87. Hedges TR. An ophthalmologist’s view of headache. Headache.
1979;19:151.

88. Henrich JB, Horowitz RI. A controlled study of ischemic stroke risk
in migraine patients. J Clin Epidemiol. 1989;42:773–780.

89. Henrich JB, Sandercock PAG, Warlow CP, et al. Stroke and mi-
graine in the Oxfordshire Community Stroke Project. J Neurol.
1986;233:257–262.

90. Heyck H. Neue Beitrage zur Klinik und Pathogenese der Migraine.
Stuttgart: G Thieme Verlag; 1956.

91. Hughes JT, Schianchi M. Cerebral artery spasm. A histological study
at necropsy of the blood vessels in cases of subarachnoid hemor-
rhage. J Neurosurg. 1978;48:515.

92. Hungerford GD, Du Boulay GH, Zilkha KJ. Computerized axial to-
mography in patients with severe migraine: a preliminary report. J
Neurol Neurosurg Psychiatry. 1976;39:990.

93. Hunt JR. A contribution to the paralytic and other persistent seque-
lae of migraine. Am J Med Sci. 1915;150:313.

94. Igarashi H, Sakai F, Kan S, et al. Magnetic resonance imaging of
the brain in patients with migraine. Cephalalgia. 1991;11:69–74.

95. International Headache Society Classification of Headache; Second
Edition. Cephalalgia. 2003;(Suppl).

96. Jacome DE. EEG features in basilar artery migraine. Headache.
1987;27:80–83.

97. Joffe SN. Retinal blood vessel diameter during migraine. Eye Ear
Nose Throat Mnthly. 1973;52:338.

98. Kaul SN, Du Boulay GH, Kendall BE, et al. Relationship between
visual field defect and arterial occlusion in the posterior cerebral
circulation. J Neurol Neurosurg Psychiatry. 1974;37:1022.

99. Kittner SJ, McCarer RJ, Sherwin RW et al.: Black-white differ-
ences, in stroke risk among young adults. Stroke. 1993;24 (Suppl 1):
113–115.

100. Kline LB, Lindsley KC. Ocular migraine in a patient with cluster
headaches. Headache. 1980;20:253.

101. Knoflach M, Kiechl S, Kind M, et al. Cardiovascular risk factors
and atherosclerosis in young males: ARMY study (Atherosclerosis
Risk-Factors in Male Youngsters). Circulation. 2003;108:1064–1069.

102. Kruitt MC, van Buchem MA, Hoffman PA, et al. Migraine as a risk
factor for subclinical brain lesions. JAMA. 2004;291:427–434.

103. Kurth T, Slomke MA, Kase CS, et al. Migraine, headache, and the
risk of stroke in women. Neurology. 2005;64:1020–1026.

104. Lamy C, Giannesini C, Zuber M, et al. Clinical and imaging find-
ings in cryptogenic stroke patients with and without patent fora-
men ovale: the PFO-ASA Study. Atrial Septal Aneurysm. Stroke.
2002;33:706–711.

105. Leniger T, von den Dreisch S, et al. Clinical characteristics of pa-
tients with comorbidity of migraine and epilepsy. Headache. 2003;
43:672–677.

106. Leviton A, Malvea B, Graham JR: Vascular disease, mortality,
and migraine in the parents of migraine patients. Neurology.
1975;24:669–672.

107. Lieberman MF, Maumenee AE, Green RW. Histologic studies of
the vasculature of the anterior optic nerve. Am J Ophthalmol. 1968;
82:405.

108. Lohlein W. Erblindung durch Migrane. Dtsch Med Wochenschr.
1922;48:1408.

109. Marini C, Carolei A, Roberts RS, et al.: Focal cerebral ischemia in
young adults: a collaborative case-control study. Neuroepidemiology
1993;12:70–81.

110. Masuzawa T, Shinoda S, Furuse M, et al. Cerebral angiographic
changes on serial examination of a patient with migraine. Neurora-
diology. 1983;24:277.

111. Mathew NT. Complicated migraine and differential diagnosis of mi-
graine. In: Mathew RJ, ed. Treatment of migraine. Pharmacological
and biofeedback considerations. New York: Spectrum; 1981:9.

112. McDonald WI, Sanders MD. Migraine complicated by ischemic pa-
pillopathy. Lancet. 1971;1:521.

113. Medina J, Diamond S, Rubino S. Headaches in patients with tran-
sient ischemic attacks. Headache. 1975: 15:194.

114. Merhoff GC, Porter JM. Ergot intoxication: historical review and
description. Ann Surg. 1974;180:773.

115. Merikangas KR, Fenton BT, Cheng SH, et al. Association between
migraine and stroke in a large-scale epidemiological study of the
United States. Arch Neurol. 1997;54:362–368.

116. Milhaud D, Bogousslavsky J, van Melle G, et al. Ischemic stroke and
active migraine. Neurology. 2001;1805–1811.



P1: KWW/KKL P2: KWW/HCN QC: KWW/FLX T1: KWW

GRBT050-64 Olesen- 2057G GRBT050-Olesen-v6.cls August 3, 2005 19:45

612 The Migraines

117. Mitsias P, Ramadan NM. Headache in ischemic cerebrovascular
disease. Part I: clinical features. Cephalalgia. 1992;12:269–274.

118. Mitsias P, Ramadan NM. Headache in ischemic cerebrovascular
disease. Part II: mechanisms and predictive value. Cephalalgia.
1992;12:341–344.

119. Mokri B. Spontaneous dissections of cervicocephalic arteries. In:
Welch KMA, Caplan LR, Peis DJ, et al., eds. Primer on cerebrovas-
cular disease. San Diego, CA: Academic; 1997:390–396.

120. Morenas L, Dechaume J. Migraine aphasique et monoplegique.
Etude anatomo-clinique. Les rapports de las migraine avec l’ epilep-
sie. J Med Lyon. 1929;10:259.

121. ***Moskowitz M. Verbal communication. Proceedings American
Headache Society. 2003.

122. Munte TJ, Muller-Vahl H. Familial migraine coma: a case study.
J Neurol. 1990;237:59–61.

123. Murphy JP. Cerebral infarction in migraine. Neurology. 1955;5:359.
124. Nappi G, Bono G. Headaches and transient cerebral ischemia: com-

ments on Welch’s report. Adv Neurol. 1982;33:41.
125. Neligan P, Harriman DGF, Pearce J. Respiratory arrest in familial

hemiplegic migraine: a clinical and neuropathological study. BMJ.
1977;2:732.

126. Olesen J, Friberg L, Olsen TS, et al. Ischemia-induced (symp-
tomatic) migraine attacks may be more frequent than migraine in-
duced ischemic insults. Brain. 116:187–202.

127. Ophoff RA, Terwindt GM, Vergouwe MN et al.: Familial hemiplegic
migraine and episodic ataxia type-2 are caused by mutations in the
Ca+2 channel gene CACNL1A4. Cell. 1996;87:543–552.

128. Oppenheim H. Casuistischer Beitrag zur Prognose der Hemikranie.
Charite-Annalen. 1890;15:298.

129. Ormond AW. Two cases of permanent hemianopsia following severe
attacks of migraine. Ophthalmol Rev. 1913;32:192.

130. Ottman R, Hong S, Lipton RB. Validity of family history data on
severe headaches and migraine. Neurology. 1993;43:1954–1960.

131. Pearce JMS, Foster JB. An investigation of complicated migraine.
Neurology. 1965;15:323.

132. Pessin MS, Duncan GW, Mohr JP, et al. Clinical and angiographic
features of carotid transient ischemic attacks. N Engl J Med.
1977;296:358.

133. Peters R. Todliche gehirnblutung bei menstrueller migraine. Beitr
Pathol. 1934;93:209.

134. Phillips BM. Oral contraceptives and migraine. BMJ. 1968;2:99.
135. Polyak S. The vertebrate visual system. Chicago: University of

Chicago Press; 1957.
136. Ramadan NM, Tiejen GE, Levine SR, et al. Scintillating sco-

toma associated with internal carotid artery dissection. Neurology.
1991;41:1084–1087.

137. Rascol A, Clanet M, Rascol O. Cerebrovascular accidents compli-
cating migraine attacks. In: Rose FC, Amory WK, eds. Cerebral hy-
poxia in the pathogenesis of migraine. London: Pitman Books; 1982:
110.

138. Raskin NE, Prusiner S. Carotidynia. Neurology. 1977;27:43.
139. Relja G, Granato A, Ukmar M, et al. Persistent aura without infarc-

tion: description of the first case studied with both brain SPECT
and perfusion MRI. Cephalalgia. 2005;35:56–59.

140. Rich WM. Permanent quadrantanopsia after migraine. BMJ. 1948;
116:592.

141. Richter AM, Banker VP. Carotid ergotism. Radiology. 1973;106:339.
142. Robinson BE. Permanent homonymous migrainous scotomata.

Arch Ophthalmol. 1955;53:566.
143. Roca MA, Colombo B, Pagani E, et al. Evidence for cortical func-

tional changes in migraine and white matter abnormalities on con-
ventional and diffusion tensor magnetic resonance imaging. Stroke.
2003;34:665.

144. Rosenstein AM. Beitrag ZU den beiderseitigen Verdunkelungen des
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