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◗ Sporadic and Familial
Hemiplegic Migraines
Anne Ducros and Lise Lykke Thomsen

FAMILIAL HEMIPLEGIC MIGRAINE

Definition

International Headache Society (IHS) code and diag-
nosis: 1.2.4 Familial hemiplegic migraine

World Health Organization (WHO) code and diagnosis:
G43.1×5 Familial hemiplegic migraine

Short description (Headache Classification Commit-
tee, 2004): Migraine with aura including motor weak-
ness and where at least one first- or second-degree rela-
tive has migraine with aura including motor weakness

Previously used terms: Complicated migraine

Epidemiology

Since the first description in 1910 (13) up to today, about
150 highly selected families affected by familial hemiplegic
migraine (FHM) have been described worldwide (1–3,5–7,
9,10,12,14–16,18,21,23–27,30,31,34,35,37,38,40,46–48,50,
51,53–55,59–62,66–69,71,72,75,77,79,81,84,85,87,98,100–
103,106). Due to difficulties using traditional population-
based methods when studying the prevalence of a rare
disorder, the true prevalence of FHM is still unknown.
Only recently a systematic nationwide epidemiologic
survey of the entire Danish population of 5.2 million
inhabitants estimated the prevalence of FHM to be
0.005% in 1999 in Denmark (88). Despite some limitations
in the applicability of the statistical method used, known
as capture–recapture, the study may provide a useful
approximation of the number of affected subjects.

Published descriptions of families have enabled two
clinical forms of the disorder to be distinguished: “pure
FHM,” in which the neurologic examination of all af-
fected patients between two attacks is strictly normal,
and “FHM with permanent cerebellar signs,” in which
at least one member has nystagmus or ataxia during
attack-free intervals. The percentage of families affected

by FHM with permanent cerebellar signs is close to 20%
in the literature (2,3,5,12,14,18,19,25,27,30,37,46,47,53–
55,66,71,72,79,81,83,84,100,102,106). This percentage is
probably overestimated due to several publication biases,
including the interesting character of this association and
the fact that the first FHM gene to be localized and iden-
tified was responsible for the majority of FHM cases with
cerebellar signs. In a systematic nationwide epidemiologic
survey of the entire Danish population, 44 FHM fami-
lies were identified, including only 2 with cerebellar signs
(4.5%). (87) The true prevalence of FHM families with cere-
bellar signs is most likely less than 20%.

Besides the familial form of HM, sporadic cases of HM
exist (see next chapter).

Genetics

FHM is the only migraine subtype for which a mono-
genic mode of inheritance, autosomal dominant, has been
clearly established. Like other autosomal dominant condi-
tions, FHM affects males and females equally and is trans-
mitted by fathers as well as mothers to 50% of their off-
spring. Penetrance of the condition is incomplete: not all
mutated gene carriers have FHM (18,20,23), as demon-
strated by a pair of monozygotic twin sisters (20). The
twins were discordant for FHM, and the unaffected sis-
ter had a son with hemiplegic migraine. This incomplete
penetrance has several implications for clinicians as well
as for geneticists. First, an affected individual may have
no first- or even second-degree affected relative, making it
difficult to diagnose familial hemiplegic migraine. Second,
an asymptomatic family member may have affected chil-
dren. Third, in the mapping of FHM genes, only affected
recombinants should be considered. Finally, the incom-
plete penetrance suggests that modifying genetic or envi-
ronmental factors play a role in the expression of the FHM
phenotype.
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FHM is genetically heterogeneous and at least three dif-
ferent genes exist (16,23,71). The first responsible gene,
CACNA1A (71), mapped on chromosome 19p13 (46), is
involved in approximately 50% of unselected families
(FHM1) and in the vast majority of families with perma-
nent cerebellar signs (47,72). The second gene, ATP1A2
(16), mapped on chromosome 1q21–q23 (23,31), is in-
volved in about 20% of FHM families (FHM2) (23). Finally,
about 30% of FHM families are unlinked to the chromo-
some 19 FHM1 locus and to the chromosome 1 FHM2
locus, demonstrating the existence of at least a third gene
(23).

FHM1 and CACNA1A Mutations

CACNA1A, the FHM1 gene, encodes the pore-forming α1A
subunit of P/Q-type voltage-dependent neuronal calcium
channels (71). These calcium channels, also called Cav2.1
channels, are expressed exclusively in neurons from the
central as well as the peripheral nervous system. They
play a major role in the control of neurotransmitter re-
lease (including glutamate), postsynaptic calcium fluxes,
and neuronal excitability. A total of 15 different CACNA1A
mutations have been identified in 38 FHM1 families (in-
cluding 29 with cerebellar signs) and in 4 sporadic cases
(2,5,10,18,19,30,32,53,54,71,81,82,95,100). Five of these
mutations (S218L, R583Q, T666M, R1668W, and I1811L)
were recurrent in the absence of any founder effect. The
most frequent mutation, T666M, was found in half the
families and sporadic cases. All these mutations are mis-
sense mutations altering important functional domains of
the predicted protein.

The consequences of FHM1 mutations have been stud-
ied by electrophysiology and by the analysis of mutant
mice. Seven FHM1 mutations (R192Q, R583Q, V714A,
D715E, T666M, V1457L, and I1811L) have been investi-
gated so far to detect their putative effects on Cav2.1 cur-
rents (39,56,57). In these studies, calcium fluxes were com-
pared in cells expressing wild-type and mutant CACNA1A.
All analyzed mutations induced a lower activation thresh-
old and an increased opening probability of Cav2.1 chan-
nels. FHM1 mutations are thus “gain-of-function,” respon-
sible for an enhanced calcium influx through single Cav2.1
channels. No difference was observed between mutations
associated with pure FHM and mutations associated with
FHM and permanent cerebellar signs. However, in vitro
experimental conditions probably do not reflect the com-
plexity of the situation in vivo.

CACNA1A knockout mice are born with severe ataxia
and die within a few days (29). These mice have no P/Q-type
calcium currents. Mice with various recessive CACNA1A
mutations display different phenotypes called tottering,
leaner, or rocker, characterized by the association of vari-
ous paroxysmal manifestations (absence epilepsy, motor

attacks) with a permanent cerebellar ataxia of variable
severity (28,107). Tottering mice have an abnormal con-
trol of acetylcholine release at the neuromuscular junc-
tion (74). Leaner mice have a decrease in depolarization-
induced glutamate release with almost no changes in
γ -aminobutyric acid (GABA) (4). Leaner mice also have
an increased threshold for initiating cortical spreading
depression (CSD) and a slower propagation of CSD (4).
Knocking mice with the FHM1 mutation R192Q display an
increased cerebellar Cav2.1 current, increased neuromus-
cular transmission, and a lowered threshold for initiating
CSD with a higher velocity of CSD propagation (97). This
mutant mouse represents the first animal model of FHM.
Altogether, these different abnormalities suggest that the
increased susceptibility to initiate CSD and aura in FHM
are due to cortical hyperexcitability.

Finally, mutations in CACNA1A cause two other auto-
somal dominant conditions: episodic ataxia type 2 (EA2)
(71) and spinocerebellar ataxia type 6 (SCA6) (105). EA2
is responsible for paroxysmal attacks of gait ataxia with
limb incoordination, dysarthria, and nystagmus (17,96).
Acetazolamide responsiveness is a common feature. Be-
tween attacks, nystagmus and mild ataxia are often noted.
EA2 is due to missense or truncating mutations within the
CACNA1A gene, which are responsible for a loss of func-
tion, the mutated channels being unable to generate any
calcium current (17,36). SCA6 is a late-onset progressive
neurologic condition responsible for gait and limb ataxia.
SCA6 is caused by small expansions of a CAG repeat, lo-
cated within the 3′ end of CACNA1A and predicted to code
for a polyglutamine tract in three of the six known human
splice variants (105).

FHM2 and ATP1A2 Mutations

ATP1A2, the FHM2 gene, encodes the catalytic subunit
of Na+/K+ ATPase. This pump is expressed mainly in
neurones in neonates and mainly in astrocytes in adults.
The pump utilizes ATP hydrolysis to actively maintain the
sodium gradient across the cell membrane. A total of 12
different ATP1A2 mutations have been identified in 12 fam-
ilies and 1 sporadic case (R763H) (16,33,48,51,98). One
mutation was found in two unrelated families (33,48).
In another family with the R689Q mutation, FHM was
found to be associated with benign familial infantile con-
vulsions; all family members affected by FHM, infantile
convulsions or both, had the R689Q mutation (98). Elec-
trophysiologic studies have shown that FHM2 mutations
induce a loss of function with a complete inhibition of
pumping activity in cells expressing the mutated gene
(16).

In addition, a novel ATP1A2 mutation (T378N) has been
identified in a family affected by a disease showing fea-
tures of FHM associated with alternating hemiplegia of
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childhood, hemiplegic and quadriplegic spells, headache,
hemidystonic spells, paroxysmal ocular abnormalities,
generalized tonic-clonic seizures, cognitive impairment,
autonomic involvement of the affected limb, and flunar-
izine responsiveness (80).

Pathophysiology

The mechanisms leading from CACNA1A or ATP1A2 mu-
tations to hemiplegic migraine attacks are still unknown;
however, most agree that the clinical presentation (pheno-
type) is the result of an inherited susceptibility (genotype)
that is strongly modulated by both internal and external
environmental factors. According to the main hypothesis,
migraine is a continuum with migraine without aura at
one end and familial hemiplegic migraine at the other end.
Mechanisms underlying attacks of FHM are thus thought
to be closely related to those underlying attacks of migraine
with typical aura: sustained CSD for the aura phase and ac-
tivation of the trigeminovascular system for the headache
phase. Moskowitz et al. (64) recently suggested that FHM
mutations render the brain more susceptible to prolonged
CSD caused by either excessive synaptic glutamate release
(FHM1) or decreased removal of glutamate and K+ from
the synaptic cleft (FHM2). By accepting this hypothesis,
it is theoretically possible to comprehend how a gain-of-
function mutation (FHM1) and a loss-of-function muta-
tion (FHM2) expressed in distinct cell types and encoding
different ion channels fluxing either monovalent or diva-
lent cations generate a remarkably overlapping migraine
phenotype.

Clinical Features

IHS diagnosis criteria for familial hemiplegic migraine
(Headache Classification Committee, 2004) (43):

A. At least two attacks fulfilling criteria B and C
B. Aura consisting of fully reversible motor weakness and

at least one of the following:
1. Fully reversible visual symptoms including positive

features (e.g., flickering lights, spots, or lines) and/or
negative features (i.e., loss of vision)

2. Fully reversible sensory symptoms including positive
features (i.e., pins and needles) and/or negative fea-
tures (i.e., numbness)

3. Fully reversible dysphasic speech disturbance
C. At least two of the following:

1. At least one aura symptom develops gradually over
≥5 minutes and/or different aura symptoms occur in
succession over ≥5 minutes.

2. Each aura symptom lasts ≥5 minutes and <24 hours.
3. Headache fulfilling criteria B through D for 1.1 Mi-

graine without aura begins during the aura or follows
onset of aura within 60 minutes.

D. At least one first- or second-degree relative has had at-
tacks fulfilling these criteria A to E.

E. Not attributed to another disorder. History and physical
and neurologic examinations do not suggest any of the
disorders listed in groups 5 to 12, or history and/or phys-
ical and/or neurologic examinations do suggest such
disorder but it is ruled out by appropriate investiga-
tions, or such disorder is present but attacks do not
occur for the first time in close temporal relation to the
disorder.

FHM is a migraine with aura characterized by the pres-
ence of a motor weakness during the aura (7,101). Since
the first description by Clarke in 1910 (13), more than 150
families have been reported in the literature. Their clini-
cal description, when available, strongly suggests a high
variability in the HM attacks’ symptoms and the disease
course among the patients.

Migraine Attacks

Trigger factors are reported by about two-thirds of the
patients, the most frequent being stress and minor head
trauma (18,31,83). Less then 10% of patients point out
triggers of other forms of migraine, such as dietary fac-
tors, visual or auditory stimulation, climatic factors, and
menstruation (18). In several cases, a severe HM episode
was precipitated by injection of contrast enhancement
products during cerebral or extracerebral angiography
(6,7,18,48). Finally, attacks occur spontaneously in one-
third of patients.

During the HM aura, motor weakness is always asso-
ciated with at least one other aura symptom. The most
common other aura symptoms are sensory disturbances
(98%), visual symptoms (89%), and speech disturbances
(79%) (18,87). In addition to these four main symptoms,
55 to 69% of the patients have basilar-type symptoms ful-
filling the IHS criteria (1988) for basilar migraine (38,87).
The aura usually starts with progressive sensory or visual
symptoms, weakness and language disturbances rarely be-
ing inaugural. The degree of motor deficit is highly vari-
able, ranging from mild clumsiness to total hemiplegia.
Most patients report a moderate hemiparesis. Sensory dis-
turbances, such as paresthesias or numbness, are often a
major aura feature. Sensory-motor symptoms may be uni-
lateral or bilateral. When one-sided, they involve at least
the upper limb and may “respect” the lower limb and the
face. Attacks may alternatively be right- or left-sided or
involve always the same side in 40 to 59% (18,87). Bilat-
eral symptoms occur in about 25 to 49% of patients, one
side after the other or both sides simultaneously (18,38,87).
Speech disturbances are frequently part of the aura,
independent of the affected side. Various combinations
of dysarthria, reduced speech fluency and, less often,
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paraphasias occur. Comprehension impairment is rare
(10%). Visual signs are also frequently reported and con-
sist in various combinations of hemianopia, scintillating
scotoma, flickering light, zig-zag lines (fortification), and
blurred vision. Other basilar-type aura symptoms often
occur, such as lack of balance, diplopia, tinnitus, partial
hearing loss, drop attacks, confusion, or loss of conscious-
ness (38,87). The mean gradual progression time of the
motor, sensory, and visual aura symptoms were, respec-
tively, 27, 32 and 16 minutes (87). Duration of aura ranges
from 10 minutes to several days (average: 1 to 6 hours)
(18,87).

Headache onset generally follows the aura but may be
at the onset or start of the aura. The pain may be unilat-
eral or bilateral. If one-sided, it may be ipsilateral or con-
tralateral to the weak limbs. Not infrequently, the pain will
switch sides or become bilateral during the attack. Dura-
tion of headache is highly variable, lasting from 1 hour to
6 days (average: 24 hours). All degrees may be observed
from moderate discomfort to excruciating pain. During
FHM attacks, 95% of the patients always experience a
headache, 4% sometimes experience a headache, and 1%
never experience a headache (87). Associated autonomic
signs and symptoms are indistinguishable from those
accompanying any form of migraine and include nau-
sea and vomiting, photophobia and phonophobia, and
pallor.

In addition to usual episodes, up to 40% of the pa-
tients will have one or more atypical attacks (18,25,27,31,
48,54,66,67). Those atypical episodes may consist of hemi-
plegic migraine with prolonged aura up to several days.
More dramatic episodes are characterized by impaired
consciousness ranging from confusion or somnolence to
profound coma with respiratory failure, associated or not
with the usual aura symptoms, fever up to 41◦C, and
meningismus. Some of these patients need artificial ven-
tilation over several days. In addition, some patients may
have partial or generalized epileptic seizures during those
episodes (24,53). More than 50% of those severe attacks
occur before the age of 20. They represent the first FHM-
related neurologic episode in up to 20% of cases and are
often triggered by minor head trauma (18). Conventional
angiography triggered or worsened several of the severe at-
tacks. Duration of symptoms ranges from several days to
several weeks in some rare cases. Whatever their severity,
the symptoms usually entirely resolve within a few days or
weeks. In some rare cases, complete recovery is achieved
only after a few months. Rare cases have been reported of
persistent confusion associated with visual and auditory
delusions following HM attacks (79); a few cases of death
during a severe attack of FHM also have been published
(27,53,54,67). Patients having a severe attack with coma
should be managed in an intensive care unit; these cases
should be investigated to rule out other causes (mainly in-
fectious meningoencephalitis).

Other forms of migraine may co-occur with FHM. Previ-
ous studies of selected families have shown that about 15%
of the patients have migraine with nonhemiplegic aura al-
ternating with HM attacks and 34% have migraine with-
out aura (18,26,27,37,38,44,61,69,102). However, recently
it was shown that both probands with FHM and their first-
degree relatives have a highly significant increased risk of
migraine with nonhemiplegic aura in comparison with the
general population. Neither FHM probands nor their first-
degree relatives have an increased risk of migraine without
aura compared to the general population (90).

All those hemiplegic migraine features are not stereo-
typed. Order of onset, progression, topography, intensity,
and duration of the various aura symptoms may vary
from one attack to another within a given patient, as
the various headache features may vary. Moreover, those
features may be highly variable among patients from a
given family (18) and quite similar in affected members
from other families (35).

Associated Neurologic Symptoms

Permanent cerebellar symptoms are found in about 20%
of selected FHM families published in the literature and
4.5% (2/44) of nonselected FHM families (87). All FHM
families with permanent ataxia analyzed so far were linked
to CACNA1A mutations. Within these families, cerebel-
lar symptoms cosegregate with FHM but have a lower
penetrance; nystagmus (gaze-evoked horizontal, vertical,
or multidirectional) is found in about 75% of FHM pa-
tients and slowly progressive mild to moderate statokinetic
ataxia in about 40% of the patients (18). Nystagmus and
other abnormal ocular motility findings are most likely
the first symptoms of the progressive cerebellar syndrome
(25). Some subjects will later develop ataxia. Autonomous
gait remains possible even after years of evolution. Age of
onset of those cerebellar symptoms is difficult to predict.
Nystagmus and ataxia may begin prior to the first HM at-
tack (18,102) but are not correlated to the frequency and
the severity of HM attacks. Moreover, cerebellar signs may
represent the sole manifestation of the disease in the ab-
sence of any HM attack (2,18). Computed tomography (CT)
or magnetic resonance imaging (MRI) scans in some of
those patients reveal cerebellar atrophy affecting mainly
the anterior part of the vermis (25,27,37).

Other associated neurologic symptoms have been re-
ported in a few FHM families: essential tremor (18,106),
Usher syndrome and cataract (102), cognitive impair-
ment (53,61), and mental retardation (12,27,48,106).
Epilepsy seems to be more frequent in FHM patients
than in the general population, with seizures occur-
ring either during FHM attacks (23,24,55) or apart
(12,48,85). A family in which FHM is associated with
benign familial infantile convulsions has been described
(85,98).
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Genotype–Phenotype Correlations in FHM

FHM is characterized by an important clinical variabil-
ity; age of onset, frequency and duration of attacks, aura
features, and headache characteristics may vary from one
patient to another even among affected members from a
given family who are carrying the same mutation in the
same gene (18,84). This variability suggests complex in-
teractions between the consequences of the FHM-causing
mutation and modifying environmental or genetic factors.
Several studies have shown that the various genotypes play
a role in producing this clinical variability.

The phenotype may vary depending on the different
causative genes (FHM1, FHM2, or another gene). Two
studies were conducted prior to identifying the FHM genes
based on linkage analysis to the 19p13 FHM1 and 1q21-
q23 FHM2 loci. In a study including five families, the
clinical features of 46 patients from three chromosome
19-linked families (FHM1) were compared to those of
20 patients from two unlinked families (83). FHM1 pa-
tients had a higher frequency of attacks with loss of
consciousness (39% vs. 15%) and head trauma–triggered
attacks (70% vs. 40%) (83). In a study including 17 fam-
ilies, the clinical and genetic features of FHM were com-
pared between three groups of families: 10 families linked
to chromosome 19 including 94 patients (FHM1), 3 fami-
lies linked to chromosome 1 including 24 patients (FHM2),
and 4 unlinked families including 24 patients (21). No
difference was observed with regard to the symptoms of
attacks, the frequency of severe attacks with impairment
of consciousness, the frequency of other varieties of mi-
graine, and the evolution of the disease. Two major dif-
ferences were shown; the penetration was lower in FHM2
families (p <0.001) and permanent cerebellar symptoms
were present in a subset of FHM1 families and were not
seen in the other family groups (22). As of yet, no large
study comparing FHM1 patients with CACNA1A muta-
tions to FHM2 patients with ATP1A2 mutations has been
published. However, when comparing the clinical spec-
trum between published cases of FHM1 and FHM2, no
significant difference can be found with regard to the char-
acteristics of HM attacks, the occurrence of severe attacks,
the existence of other migraine subtypes, and the disease
course. FHM1 is characterized by a high frequency of as-
sociated permanent cerebellar signs, including nystagmus
and ataxia, and as has been stated previously, all FHM
families with permanent cerebellar signs were linked to
CACNA1A (FHM1) mutations. With regard to new data
concerning patients with ATP1A2 (FHM2) mutations, this
genotype–phenotype correlation seems less clear cut. In-
deed, subtle cerebellar signs excluding ataxia but includ-
ing nystagmus and dysarthria have also been reported in
a few members of FHM2 families (12,48). Data concern-
ing penetrance of FHM2 are controversial, with one study
suggesting a lower penetrance in FHM2 than in FHM1 (22)

whereas another study (48) found a high (90%) penetrance
in FHM2. Finally, FHM2 seems to be associated with an
increased frequency of epilepsy including seizures during
severe FHM attacks or various types of seizures occurring
in addition to HM attacks (12,23,24,48,85,98).

Clinical variability may be observed also among sub-
jects having mutations in the same FHM gene. Striking
correlations between genotype and phenotype have been
shown in patients with CACNA1A mutations. The fre-
quency of symptoms was studied in the 85 subjects with
the three most frequent mutations out of a series of 117 pa-
tients (18). Those three mutations were linked to FHM with
cerebellar signs: T666M (55 subjects), R583Q (16 subjects),
and D715E (14 subjects). Several significant differences
were observed. Subjects with T666M had the highest pen-
etrance of hemiplegic migraine (98%), severe attacks with
coma (50%), and nystagmus (86%). Subjects with R583Q
had the highest penetrance of gait ataxia (81%) in the ab-
sence of any nystagmus. Subjects with D715E had the low-
est penetrance of hemiplegic migraine attacks (64%). The
existence of different CACNA1A mutations partly accounts
for the clinical variability.

Neurologic Investigations

Cerebrospinal fluid (CSF) abnormalities during FHM at-
tacks have been described in about 20 patients; most pa-
tients had attacks with impaired consciousness. The white
cell count (around 12 to 290 cells) was elevated, while glu-
cose levels were always normal and protein levels were
either elevated or normal (65,78). During attacks, the elec-
troencephalogram was always abnormal, showing a dif-
fuse slow wave activity predominantly over the hemisphere
contralateral to the limb weakness (58,61,99). Other ab-
normalities were reported rarely, including periodic sharp
waves (34) and dysrhythmia (35,66), persisting several
days or weeks after an attack. Isolated case studies using
transcranial Doppler have been reported; during one at-
tack (right hemiplegia and aphasia) in one patient, diffuse
vasoconstriction of the vessels at the base of the skull and
of small arteries within the hemisphere contralateral to the
limb weakness was demonstrated (73).The few CT scans
performed during or just following an HM attack were all
normal with the exception of hemispheric edema during
a severe attack with coma and fever in one patient (27).
The majority of CT scans performed in interictal periods
also have been normal, but 25% showed cerebellar atro-
phy. Cerebellar atrophy has been found only in patients
having FHM with permanent cerebellar signs.

A recent study using serial MRI found cerebral edema,
dilation of intracerebral vessels, and decreased water dif-
fusion contralateral to the hemiparesis, not respecting
vascular territories, with subsequent complete resolution
of both clinical and imaging abnormalities (9). Previously,
only a few studies had been reported: MRI was normal in a
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patient having permanent cognitive dysfunction (61) and
disclosed cerebellar atrophy in patients with nystagmus
and ataxia (2,25,27,37,88,100).

Cerebral angiography performed during or after an at-
tack was normal, except for two reports of arterial diam-
eter changes during one HM attack (basilar artery spasm
(45) and narrowing of the middle cerebral artery contralat-
eral to the hemiplegic side (106). Angiography does not
support neurologic symptoms being due to spasm or arte-
rial occlusion. In addition, angiography may be unsafe in
FHM patients, being responsible in 60% of the cases for
the onset or for the aggravation of attacks associated with
fever, prolonged aura, and coma (6,7,18,48).

A single patient was shown on an ictal single photon
emission computerized tomography (SPECT) scan to have
decreased perfusion in the parietooccipital region and the
opposite cerebellar hemisphere, consistent with crossed
cerebellar diaschisis (62). Finally, Uncini et al. (94) found
spectroscopic magnetic resonance abnormalities of mus-
cle and brain in several patients from the same FHM fam-
ily, suggesting a mitochondrial dysfunction.

Course and Prognosis

Age of onset is usually between 10 and 18 years old. In the
Danish population-based study of FHM, mean age at onset
was 17 years (95% confidence interval (CI): 15 to 18; range
1 to 45) (87). Almost 250 FHM patients with an identified
CACNA1A or ATP1A2 mutation have been published with
detailed clinical data: Their mean age at onset was lower
than noted above, close to 12 years (range 1 to 56). Onset
before 5 years old is not infrequent, and one initial attack
of hemiplegic migraine in a 75-year-old patient has been
reported (75).

The frequency of attacks varies from several per week to
only a few throughout life, with an average of three or four
per year. In some patients, this frequency may range from
daily attacks, usually in the first years of evolution, to years-
long free intervals (18). Despite the recurrent episodes
of hemiparetic aura, full recovery between attacks is the
rule. In a few patients, speech disturbances, moderate con-
centration, and memory impairment may persist several
weeks after one HM attack before complete recovery. In
many individuals approaching adolescence or early adult
life, attacks become less frequent and weakness less severe;
in some, however, hemiplegic episodes are lifelong.

Diagnosis of FHM and SHM

The diagnosis of FHM is entirely dependent upon obtain-
ing a family history of similar attacks. Due to the incom-
plete penetrance of FHM, the familial investigation has to
concern not only first-degree but also second-degree rel-
atives. In the absence of such a history, the diagnosis of
hemiplegic migraine cannot be eliminated; the patient may

be affected by sporadic hemiplegic migraine (SHM). More-
over, a single attack of migraine with motor aura may occur
once in a patient usually suffering from other forms of mi-
graine attacks (migraine with typical nonhemiplegic aura
or migraine with aura). The relationship between these
latter cases and FHM or SHM is unknown.

Differential Diagnosis

Attacks of hemiplegic migraine may be part of the clin-
ical spectrum of several hereditary neurologic condi-
tions whose prognosis is radically different from that of
FHM, for example, various cerebral arteriopathies such as
CADASIL (42) and amyloid angiopathy (93) or some mi-
tochondrial encephalopathies such as MELAS (63). A per-
sonal or a family history of permanent neurologic deficit,
stroke, seizures, or dementia should prompt the search for
conditions other than FHM. Moreover, permanent interic-
tal abnormalities other than ataxia or nystagmus should
warrant further diagnosis. Patients with severe attacks of
HM with confusion, coma, or fever may not be easily dis-
tinguished from patients with meningoencephalitis.

Indications and Limits of the

Molecular Diagnosis

The main indications for a genetic diagnosis of HM should
be atypical forms:

1. Nonfamilial cases with a clinical picture consistent
with SHM but having very severe attacks (recurrent coma,
seizures) or with permanent neurologic signs other than
nystagmus or ataxia (epilepsy, mental retardation, cogni-
tive impairment) (95).

2. Atypical familial cases (compared to the other af-
fected family members) because of severity or unusual
neurologic features. In such cases, identifying a mutation
in CACNA1A or ATP1A2 will establish the diagnosis. By
contrast, identifying a mutation will neither modify the
treatment options nor change the management of recur-
rent severe attacks for which a minimal workup (cerebral
imaging and CSF examination) is necessary to rule out
other causes.

Presymptomatic and prenatal genetic testing should be
avoided in FHM for several reasons: First, this condition
has a general very good prognosis; second, no prognosis
concerning severity of FHM can be made for a single pa-
tient because of high clinical variability among subjects
with the same mutation; third, there is no effective treat-
ment that prevents development of HM or associated neu-
rologic symptoms.

Mutation screening of both known causative genes
(CACNA1A and ATP1A2) may thus be useful in atypical
cases of FHM or SHM, although screening is of incomplete
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sensitivity and specificity. Sensitivity is low (about 60%)
because the two known genes (CACNA1A and ATPIA2) are
implicated in only 60 to 70% of all FHM cases and the
techniques cannot detect all mutations. Specificity is also
incomplete because a mutation in CACNA1A or ATP1A2
may be a rare nonpathogenic polymorphism. In familial
as well as in sporadic HM, the diagnosis will be definite if
the detected mutation has been identified already in other
cases of FHM or SHM. It is thus important that genetic labs
publish the new variants they identify. Several conditions
have to be fulfilled before accepting a newly detected vari-
ant as the responsible mutation for the disease: its absence
in a large control population and alteration of an important
functional domain of the predicted protein. In addition, a
definite diagnosis in familial forms requires that the muta-
tion is cotransmitted with the disorder within the family.
In sporadic HM, a de novo mutation must be absent in
both parents (with verification of paternity). Thus, it is im-
portant to analyze the index case and parents in SHM as
well as in FHM. Finally, a negative screen does not have
predictive value or rule out the diagnosis.

Management of FHM and SHM

Treatment can be preventive or symptomatic. In most
patients, the HM attacks are so infrequent that prophy-
lactic therapy is not considered, but is used only when
other types of migraine attacks are so frequent or so se-
vere in the same patients as to cause significant disruption
of activities. In younger subjects, the HM episodes may
be sufficiently frequent to warrant prevention; the relative
rarity of FHM has precluded detailed reporting of a large
series of patients, however. Thus, the therapeutic options
for either form of HM arise from anecdotal accounts or
from larger series of migraine subjects with various non-
hemiplegic manifestations. Thus, management of FHM is
mostly based on what is known about treatment of other
forms of migraine with aura.

Abortive Agents

Intranasal ketamine was used to reduce severity and du-
ration of neurologic symptoms during attacks of familial
hemiplegic migraine in 5 of 11 patients (50). Two with SHM
were administered 0.4 mg naloxone intravenously, which
aborted the neurologic symptoms within 2 minutes but
not the pain (11). One patient with FHM received intra-
venous verapamil, with resolution of all symptoms in min-
utes (103). The role of ergotamine and dihydroergotamine
in migraine with hemiparetic aura is controversial. While
Heyck (41) reported that the intravenous administration
of dihydroergotamine on multiple occasions shortened the
episodes of hemiparesis in one patient and did not result in
any permanent deficit, Tfelt-Hansen et al. (86) showed that
ergotamine caused a minor degree of constriction of cere-

bral arteries in young healthy male volunteers; most clin-
icians feel it prudent to avoid ergotamine and dihydroer-
gotamine in migraine with a prolonged or a motor aura.
Triptans have been used without side effects in a few cases
of FHM, basilar migraine, and migraine with prolonged
aura (52); this approach cannot be recommended without
larger trials confirming its safety (89). For instance, Kors
et al. (53) have reported a patient (with a FHM1 muta-
tion in CACNA1A) who had a severe attack with hemiple-
gia and coma at 16 years old. Subcutaneous sumatriptan
was given and the patient continued to deteriorate. Four
days later a cerebral MRI disclosed a right middle cerebral
artery infarction and 3 days later the patient died during
seizures.

Usual attacks should be treated by oral analgesics, as-
pirin, or nonsteroidal antiinflammatory drugs (NSAIDs)
soon after onset of the aura to prevent or alleviate
headache. No treatment has proven efficient in reducing
the aura phase. In severe attacks with confusion, coma,
and sometimes seizures, intravenous analgesics, aspirin,
or NSAIDs may be used together with antipyretics and
antiepileptics.

Preventive Agents

Rare reports suggest that beta-blocking agents, specifi-
cally propanolol, may be harmful in FHM patients (68),
while others have shown benefit (31,49,53,58,62). There-
fore, the use of propanolol in FHM must be carefully
monitored. Reassuringly, Olesen et al. (70) reported that
propanolol failed to alter regional blood flow in the awake
human with no adverse effects on cerebral metabolism.
The most promising data exist for verapamil as a preven-
tative for hemiplegic migraine. Four patients with SHM
were administered 120 mg verapamil orally from once
to three times daily and experienced a significant reduc-
tion of attack frequency (58,104). Furthermore, a female
with exertion-induced SHM enjoyed remission taking ve-
rapamil (76). Several case reports indicate that aceta-
zolamide may be effective in preventing FHM with pro-
gressive cerebellar ataxia, usually around 250 mg twice
daily (3,5,53).

SPORADIC HEMIPLEGIC MIGRAINE

Definition

IHS code and diagnosis: 1.2.5 Sporadic Hemiplegic
Migraine

WHO code and diagnosis:
Short description (Headache Classification Commit-

tee, 1988): Migraine with aura including motor weak-
ness but no first- or second-degree relative has aura in-
cluding motor weakness

Other terms: Complicated migraine
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Epidemiology

Previously, persons suffering from sporadic hemiplegic mi-
graine (SHM) attacks were classified as migraine with typ-
ical aura (typical MA) or migraine with prolonged aura.
However, for the first time, the revised edition of the Inter-
national Headache Classification recognizes SHM as a dis-
tinct subtype of migraine with aura (43). About 215 SHM
patients are described worldwide. Recently the prevalence
of hemiplegic migraine was estimated to be about 0.01%
in Denmark, where sporadic cases occurred with approx-
imately the same prevalence as familial cases (88). De-
spite some limitations in the applicability of the statistical
method used, the study provides a useful approximation
of the total number of affected subjects. However, SHM is
probably a heterogeneous disorder. Nonfamilial cases of
HM may be divided in two groups:

1. Some cases are due to a mutation in one of the genes
causing FHM. A few cases may have a de novo mutation
(mutation identified in the patient and absent in both par-
ents) that will be transmitted to 50% of offspring (95).
Moreover, the mutation may have been transmitted by one
parent clinically unaffected because of the incomplete pen-
etrance of FHM. Finally, a sporadic case may be the re-
sult of false paternity. The true percentage of SHM cases
due to FHM gene mutations is unknown but is probably
low.

2. Other SHM cases are most likely related to typical
migraine with aura and probably have a multifactorial ori-
gin with conjunction of environmental factors and com-
plex genetic factors.

Female:male gender ratios for SHM range from 3:1 to
4.3:1 (8,92).

Genetics

A few genetic studies have been performed in SHM. A to-
tal of 39 SHM patients, including 4 with permanent cere-
bellar signs, have been screened for a CACNA1A muta-
tion (10,18,30,82). A mutation was identified in 4 patients
(10%), including 3 out of the 4 cases with SHM and cere-
bellar signs, and in only 1 out of the 35 cases with pure
SHM (2.8%). In one case with cerebellar signs, a de novo
CACNA1A mutation was identified (95). A total of 24 cases
with SHM have been screened for an ATP1A2 mutation,
leading to the identification of only one mutation in a sin-
gle patient (4%) (48).

Pathophysiology

Sporadic hemiplegic migraine is a heterogeneous disorder,
where some patients may have a pathophysiology identical
to familial HM with a mutation in one of the FHM genes
(at least 2 to 4%) and others, possibly the great majority

of SHM patients, may have a different pathophysiologic
background probably related to the mechanisms of typical
MA.

Clinical Features

IHS diagnosis criteria for sporadic
hemiplegic migraine (Headache
Classification Committee, 2004):

A. At least two attacks fulfilling criteria B and C
B. Aura consisting of fully reversible motor weakness and

at least one of the following:
1. Fully reversible visual symptoms including positive

features (e.g., flickering lights, spots, or lines) and/or
negative features (i.e., loss of vision).

2. Fully reversible sensory symptoms including positive
features (i.e., pins and needles) and/or negative fea-
tures (i.e., numbness).

3. Fully reversible dysphasic speech disturbance.
C. At least two of the following:

1. At least one aura symptom develops gradually over
≥5 minutes and/or different aura symptoms occur in
succession over ≥5 minutes.

2. Each aura symptom lasts ≥5 minutes and <24 hours.
3. Headache fulfilling criteria B through D for 1.1 Mi-

graine without aura begins during the aura or follows
onset of aura within 60 minutes.

D. No first- or second-degree relative has had attacks ful-
filling these criteria A through E.

E. Not attributed to another disorder: History and physical
and neurologic examinations do not suggest any of the
disorders listed in groups 5 to 12, or history and/or phys-
ical and/or neurologic examinations do suggest such
disorder but it is ruled out by appropriate investiga-
tions, or such disorder is present but attacks do not
occur for the first time in close temporal relation to the
disorder.

SHM is a rare subtype of migraine with aura in which
patients develop migraine symptoms that include fo-
cal weakness as a component of their aura and where
there are no similar affected first- or second-degree
relatives.

Clinical Features of Attacks

In SHM, the presence of motor aura symptoms is essential
for the diagnosis. The most common other aura symptoms
are sensory (98%), visual (91%), and aphasic (81%) (91).
One study found basilar-type migraine symptoms in only
two of 27 (7.4%) SHM cases (82), and another study found
that 72% of 105 SHM patients met the 1988 IHS crite-
ria for basilar-type migraine during their SHM attacks,
equal to the frequency seen in FHM patients (92). The
distribution of the various combinations of aura symptoms
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during SHM attacks is similar to those experienced by
persons with FHM. The motor aura usually lasts for
1 hour or less, although approximately 41% may have a
prolonged aura for more than 1 hour and approximately
8% may have a prolonged aura that lasts for more than
a day, the most common succession being from visual to
sensory to motor to aphasic and basilar-type symptoms
(92). Motor and sensory auras are usually unilateral, in-
volving the upper extremities more commonly than the
lower extremities (8,92). However, the unilateral symp-
toms may switch sides during an attack (16%) and be-
tween attacks (36%), and occasionally (13%) patients re-
port having simultaneous bilateral progression (92). The
lifetime occurrence of aura symptoms during SHM at-
tacks is similar to those experienced by persons with FHM
(92).

Headache is always present during SHM attacks (92).
Headache followed the visual aura symptoms in 78% and
began prior to the visual aura symptoms in 15%, while both
occurred simultaneously in 8%. When comparing the aura
and headache characteristics of SHM to those of FHM,
Thomsen et al. (92) found similar clinical characteristics
regarding frequency of aura, symptoms, combinations of
symptoms, sequence, progression time, total duration of
aura, headache characteristics, and accompanying symp-
toms. Additionally, aura was virtually always followed by
headache in both conditions. When studying the relation
between SHM and basilar migraine, Thomsen et al. (92)
found that 72% of the SHM patients fulfilled the IHS cri-
teria for basilar migraine during SHM attacks. FHM has
the same high frequency of basilar-type symptoms (38,87),
while such symptoms are rare in MA (38). Severe attacks
with confusion, coma, fever, and prolonged deficits may
occur in SHM as well as in FHM (95).

Associated Neurologic Symptoms

Only 3 of 63 SHM patients reported in genetic studies
(10,18,30,48,82) and 2 of 105 SHM patients in the study
of Thomsen et al. (92) had interictal cerebellar signs or at-
rophy, indicating that persistent cerebellar signs are less
common in SHM than in FHM.

Neurologic Investigations

In the study by Thomsen et al. (92), no compelling find-
ings were discerned in 23 of 105 SHM patients who had
neuroimaging.

Prognosis

Attacks may begin between the ages of 5 and 7 years, with
a mean age of onset of 21 years for women and 16 years for
men (92). One-third of patients will have their first attack
of hemiplegic migraine by the age of 30 years, and 97%

will experience onset of SHM by the age of 45 years (8,92).
SHM is an often benign entity, with complete recovery be-
tween attacks. Patients usually stop experiencing attacks
after the age of 50, but some still occur and often transi-
tion to ordinary migraine or typical migraine aura without
headache (8,92). But, similar to FHM, permanent seque-
lae including dementia, hemiplegia, and even death occur
(101).

Diagnosis

The diagnosis is based solely on the clinical description of
typical attacks and of the absence of an underlying neuro-
logic disorder susceptible to cause migraine attacks with
a motor aura. Indication of a molecular diagnosis is dis-
cussed in the chapter about FHM.

Management

There is no evidence to support the notion that SHM
should be treated differently than FHM. Unfortunately, all
the therapeutic options for either form of hemiplegic mi-
graine stem from strictly anecdotal accounts.

REFERENCES

1. Ahmed MA, Reid E, Cooke A, et al. Familial hemiplegic migraine in
the west of Scotland: a clinical and genetic study of seven families.
J Neurol Neurosurg Psychiatry 1996;61(6):616–620.

2. Alonso I, Barros J, Tuna A, et al. Phenotypes of spinocerebellar
ataxia type 6 and familial hemiplegic migraine caused by a unique
CACNA1A missense mutation in patients from a large family. Arch
Neurol 2003;60(4):610–614.

3. Athwal BS, Lennox GG. Acetazolamide responsiveness in familial
hemiplegic migraine. Ann Neurol 1996;40(5):820–821.

4. Ayata C, Shimizu-Sasamata M, Lo EH, et al. Impaired neurotrans-
mitter release and elevated threshold for cortical spreading depres-
sion in mice with mutations in the alpha1A subunit of P/Q type
calcium channels. Neuroscience 2000;95(3):639–645.

5. Battistini S, Stenirri S, Piatti M, et al. A new CACNA1A gene muta-
tion in acetazolamide-responsive familial hemiplegic migraine and
ataxia. Neurology 1999;53(1):38–43.

6. Bergouignan FX, Ferrer X, Julien J. Familial hemiplegic migraine:
a new case. Headache 1986;26(10):498–499.

7. Blau JN, Whitty CWM. Familial hemiplegic migraine. Lancet
1955;2:1115–1116.

8. Bradshaw P, Parsons M. Hemiplegic migraine, a clinical study. Q
J Med 1965;34:65–85.

9. Butteriss DJ, Ramesh V, Birchall D. Serial MRI in a case of famil-
ial hemiplegic migraine. Neuroradiology 2003;45(5):300–303. Epub
2003 Mar 2027.

10. Carrera P, Piatti M, Stenirri S, et al. Genetic heterogeneity in Italian
families with familial hemiplegic migraine. Neurology 1999;53(1):
26–33.

11. Centonze V, Brucoli C, Macinagrossa G, et al. Non-familial hemi-
plegic migraine responsive to naloxone. Cephalalgia 1983;3(2):125–
127.

12. Cevoli S, Pierangeli G, Monari L, et al. Familial hemiplegic mi-
graine: clinical features and probable linkage to chromosome 1 in
an Italian family. Neurol Sci 2002;23(1):7–10.

13. Clarke JM. On recurrent motor paralysis in migraine. With report
of a family in which recurrent hemiplegia accompanied the attacks.
Br Med J 1910;1:1534–1538.



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

GRBT050-61 Olesen- 2057G GRBT050-Olesen-v6.cls August 18, 2005 21:2

586 The Migraines

14. Codina A, Acarin PN, Miquel F, et al. [Familial hemiplegic
migraine associated with nystagmus]. Rev Neurol (Paris) 1971;
124(6):526–530.

15. Crawford JS, Konkol RJ. Familial hemiplegic migraine with
crossed cerebellar diaschisis and unilateral meningeal enhance-
ment. Headache 1997;37(9):590–593.

16. De Fusco M, Marconi R, Silvestri L, et al. Haploinsufficiency of
ATP1A2 encoding the Na+/K+ pump alpha2 subunit associated
with familial hemiplegic migraine type 2. Nat Genet 2003: 33(2):192–
196.

17. Denier C, Ducros A, Vahedi K, et al. High prevalence of CACNA1A
truncations and broader clinical spectrum in episodic ataxia type 2.
Neurology 1999;52(9):1816–1821.

18. Ducros A, Denier C, Joutel A, et al. The clinical spectrum of famil-
ial hemiplegic migraine associated with mutations in a neuronal
calcium channel. N Engl J Med 2001;345(1):17–24.

19. Ducros A, Denier C, Joutel A, et al. Recurrence of the T666M
calcium channel CACNA1A gene mutation in familial hemiplegic
migraine with progressive cerebellar ataxia. Am J Hum Genet
1999;64(1):89–98.

20. Ducros A, Joutel A, Labauge P, et al. Monozygotic twins discordant
for familial hemiplegic migraine. Neurology 1995;45(6):1222.

21. Ducros A, Joutel A, Vahedi K, et al. Genotype-phenotype corre-
lations in familial hemiplegic migraine. In: Olesen J, Bousser MG,
eds. Genetics of headache disorders (frontiers in headache research).
New York: Lippincott-Raven Publishers, 2000: 123–128.

22. Ducros A, Joutel A, Vahedi K, et al. Lower penetrance in famil-
ial hemiplegic migraine chromosome 1-linked families. In: Olesen
J, Bousser MG, eds. Genetics of headache disorders (frontiers in
headache research). New York: Lippincott-Raven Publishers, 2000:
141–145.

23. Ducros A, Joutel A, Vahedi K, et al. Mapping of a second locus for
familial hemiplegic migraine to 1q21-q23 and evidence of further
heterogeneity. Ann Neurol 1997;42(6):885–890.

24. Echenne B, Ducros A, Rivier F, et al. Recurrent episodes of coma:
an unusual phenotype of familial hemiplegic migraine with linkage
to chromosome 1. Neuropediatrics 1999;30(4):214–217.

25. Elliott MA, Peroutka SJ, Welch S, et al. Familial hemiplegic mi-
graine, nystagmus, and cerebellar atrophy. Ann Neurol 1996: 39(1):
100–106.

26. Feely MP, O’Hare J, Veale D, et al. Episodes of acute confusion
or psychosis in familial hemiplegic migraine. Acta Neurol Scand
1982;65(4):369–375.

27. Fitzsimons RB, Wolfenden WH. Migraine coma. Meningitic mi-
graine with cerebral oedema associated with a new form of autoso-
mal dominant cerebellar ataxia. Brain 1985;108[Pt 3]:555–577.

28. Fletcher CF, Lutz CM, O’Sullivan TN, et al. Absence epilepsy in
tottering mutant mice is associated with calcium channel defects.
Cell 1996;87(4):607–617.

29. Fletcher CF, Tottene A, Lennon VA, et al. Dystonia and cerebellar
atrophy in Cacna1a null mice lacking P/Q calcium channel activity.
Faseb J 2001;15(7):1288–1290.

30. Friend KL, Crimmins D, Phan TG, et al. Detection of a
novel missense mutation and second recurrent mutation in the
CACNA1A gene in individuals with EA-2 and FHM. Hum Genet
1999;105(3):261–265.

31. Gardner K, Barmada MM, Ptacek LJ, et al. A new locus for hemi-
plegic migraine maps to chromosome 1q31. Neurology 1997;49(5):
1231–1238.

32. Gardner K, Bernal O, Keegan M, et al. A new mutation in the chr19p
calcium channel gene CACNL1A4 causing hemiplegic migraine with
ataxia. Neurology 1999;52[Suppl 2]:A115.

33. Gardner K, Estevez M, Keryanov S, et al. A two-locus FHM2 family
with unique ATP1A2 mutation and comparative study in C. elegans
showing regulation of tryptophan hydroxylase by EAT-6 and UNC-2,
the orthologous FHM2 and FHM1 genes. Cephalagia 2004;24:149.

34. Gastaut JL, Yermenos E, Bonnefoy M, et al. Familial hemiplegic
migraine: EEG and CT scan study of two cases. Ann Neurol 1981;
10(4):392–395.

35. Glista GG, Mellinger JF, Rooke ED. Familial hemiplegic migraine.
Mayo Clin Proc 1975;50(6):307–311.

36. Guida S, Trettel F, Pagnutti S, et al. Complete loss of P/Q cal-
cium channel activity caused by a CACNA1A missense mutation

carried by patients with episodic ataxia type 2. Am J Hum Genet
2001;68(3):759–764.

37. Haan J, Terwindt GM, Bos PL, et al. Familial hemiplegic migraine
in The Netherlands. Dutch Migraine Genetics Research Group. Clin
Neurol Neurosurg 1994;96(3):244–249.

38. Haan J, Terwindt GM, Ophoff RA, et al. Is familial hemiplegic
migraine a hereditary form of basilar migraine? Cephalalgia 1995;
15(6):477–481.

39. Hans M, Luvisetto S, Williams ME, et al. Functional consequences
of mutations in the human alpha1A calcium channel subunit
linked to familial hemiplegic migraine. J Neurosci 1999;19(5):1610–
1619.

40. Hayashi R, Tachikawa H, Watanabe R, et al. Familial hemi-
plegic migraine with irreversible brain damage. Intern Med
1998;37(2):166–168.

41. Heyck H. Varieties of hemiplegic migraine. Headache 1973;12:135–
142.

42. Hutchinson M, O’Riordan J, Javed M, et al. Familial hemiplegic
migraine and autosomal dominant arteriopathy with leukoen-
cephalopathy (CADASIL). Ann Neurol 1995;38(5):817–824.

43. Headache Classification Committee of the International Headache
Society. The international classification of headache disorders.
Cephalalgia 2004;24[Suppl 1]:1–160.

44. Jensen TS, de Fine Olivarius B, Kraft M, et al. Familial hemiplegic
migraine—a reappraisal and long-term follow up study. Cephalagia
1981;1:33–39.

45. Jensen TS, Voldby B, de Fine Olivarius B, et al. Cerebral hemody-
namics in familial hemiplegic migraine. Cephalalgia 1981;1(3):121–
125.

46. Joutel A, Bousser MG, Biousse V, et al. A gene for familial hemi-
plegic migraine maps to chromosome 19. Nat Genet 1993;5(1):
40–45.

47. Joutel A, Ducros A, Vahedi K, et al. Genetic heterogeneity of familial
hemiplegic migraine. Am J Hum Genet 1994;55(6):1166–1172.

48. Jurkat-Rott K, Freilinger T, Dreier JP, et al. Variability of familial
hemiplegic migraine with novel A1A2 Na(+)/K(+)-ATPase variants.
Neurology 2004;62(10):1857–1861.

49. Kangasniemi P, Andersen AR, Andersson PG, et al. Classic mi-
graine: effective prophylaxis with metoprolol. Cephalalgia 1987;7(4):
231–238.

50. Kaube H, Herzog J, Kaufer T, et al. Aura in some patients with fa-
milial hemiplegic migraine can be stopped by intranasal ketamine.
Neurology 2000;55(1):139–141.

51. Kaunisto MA, Harno H, Vanmolkot KR, et al. A novel missense
ATP1A2 mutation in a Finnish family with familial hemiplegic mi-
graine type 2. Neurogenetics 2004;7:7.

52. Klapper J, Mathew N, Nett R. Triptans in the treatment of basilar
migraine and migraine with prolonged aura. Headache 2001;41(10):
981–984.

53. Kors EE, Haan J, Giffin NJ, et al. Expanding the phenotypic spec-
trum of the CACNA1A gene T666M mutation: a description of 5 fam-
ilies with familial hemiplegic migraine. Arch Neurol 2003;60(5):684–
688.

54. Kors EE, Terwindt GM, Vermeulen FL, et al. Delayed cere-
bral edema and fatal coma after minor head trauma: role of
the CACNA1A calcium channel subunit gene and relationship
with familial hemiplegic migraine. Ann Neurol 2001;49(6):753–
760.

55. Kramer U, Lerman-Sagi T, Margalith D, et al. A family with
hemiplegic migraine and focal seizures. Europ J Paediatr Neurol
1997;1(1):35–38.

56. Kraus RL, Sinnegger MJ, Glossmann H, et al. Familial hemiplegic
migraine mutations change alpha1A Ca2+ channel kinetics. J Biol
Chem 1998;273(10):5586–5590.

57. Kraus RL, Sinnegger MJ, Koschak A, et al. Three new familial hemi-
plegic migraine mutants affect P/Q-type Ca(2+) channel kinetics.
J Biol Chem 2000;275(13):9239–9243.

58. Lai CW, Ziegler DK, Lansky LL, et al. Hemiplegic migraine in child-
hood: diagnostic and therapeutic aspects. J Pediatr 1982;101(5):696–
699.

59. Lendvai D, Monteleone F, Melpignano G, et al. Familial hemiplegic
migraine in developmental age: report of two cases. Riv Eur Sci Med
Farmacol 1996;18(4):143–147.



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

GRBT050-61 Olesen- 2057G GRBT050-Olesen-v6.cls August 18, 2005 21:2

Sporadic and Familial Hemiplegic Migraines 587

60. Mallet R, Sterba S, Ribierre M, et al. [Familial migraine with
hemiplegia]. Ann Pediatr (Paris) 1968;15(8):519–525.

61. Marchioni E, Galimberti CA, Soragna D, et al. Familial hemiplegic
migraine versus migraine with prolonged aura: an uncertain diag-
nosis in a family report. Neurology 1995;45(1):33–37.

62. Marconi R, De Fusco M, Aridon P, et al. Familial hemiplegic mi-
graine type 2 is linked to 0.9Mb region on chromosome 1q23. Ann
Neurol 2003;53(3):376–381.

63. Montagna P, Gallassi R, Medori R, et al. MELAS syndrome: char-
acteristic migrainous and epileptic features and maternal transmis-
sion. Neurology 1988;38(5):751–754.

64. Moskowitz MA, Bolay H, Dalkara T. Deciphering migraine mech-
anisms: clues from familial hemiplegic migraine genotypes. Ann
Neurol 2004;55(2):276–280.

65. Motta E, Rosciszewska D, Miller K. Hemiplegic migraine with CSF
abnormalities. Headache 1995;35(6):368–370.

66. Munte TF, Muller-Vahl H. Familial migraine coma: a case study.
J Neurol 1990;237(1):59–61.

67. Neligan P, Harriman DG, Pearce J. Respiratory arrest in familial
hemiplegic migraine: a clinical and neuropathological study. Br Med
J 1977;2(6089):732–734.

68. O’Hare JA, Feely MJ, Callaghan N. Clinical aspects of familial
hemiplegic migraine in two families. Ir Med J 1981;74(10):291–295.

69. Ohta M, Araki S, Kuroiwa S. Familial occurrence of migraine with
a hemiplegic syndrome and cerebellar manifestations. Neurology
1967;17:813–817.

70. Olesen J, Hougard K, Hertz M. Isoproterenol and propranolol:
ability to cross the blood-brain barrier and effects on cerebral cir-
culation in man. Stroke 1978;9(4):344–349.

71. Ophoff RA, Terwindt GM, Vergouwe MN, et al. Familial hemiplegic
migraine and episodic ataxia type-2 are caused by mutations in the
Ca2+ channel gene CACNL1A4. Cell 1996;87(3):543–552.

72. Ophoff RA, van Eijk R, Sandkuijl LA, et al. Genetic heterogeneity
of familial hemiplegic migraine. Genomics 1994;22(1):21–26.

73. Pierelli F, Pauri F, Cupini LM, et al. Transcranial Doppler sonogra-
phy in familial hemiplegic migraine. Cephalalgia 1991;11(1):29–31.

74. Plomp JJ, Vergouwe MN, Van den Maagdenberg AM, et al. Abnor-
mal transmitter release at neuromuscular junctions of mice carry-
ing the tottering alpha(1A) Ca(2+) channel mutation. Brain 2000:
123[Pt 3]:463–471.

75. Rajput V, Kramer ED. Adult onset familial hemiplegic migraine.
Headache 1995;35(7):423–427.

76. Razavi M, Razavi B, Fattal D, et al. Hemiplegic migraine induced
by exertion. Arch Neurol 2000;57(9):1363–1365.

77. Ross RT. Hemiplegic migraine. Can Med Assoc 1958;78:10–16.
78. Schraeder PL, Burns RA. Hemiplegic migraine associated with an

aseptic meningeal reaction. Arch Neurol 1980;37(6):377–379.
79. Spranger M, Spranger S, Schwab S, et al. Familial hemiplegic mi-

graine with cerebellar ataxia and paroxysmal psychosis. Eur Neurol
1999;41(3):150–152.

80. Swoboda KJ, Kanavakis E, Xaidara A, et al. Alternating hemiple-
gia of childhood or familial hemiplegic migraine? A novel ATP1A2
mutation. Ann Neurol 2004;55(6):884–887.

81. Takahashi T, Igarashi S, Kimura T, et al. Japanese cases of famil-
ial hemiplegic migraine with cerebellar ataxia carrying a T666M
mutation in the CACNA1A gene. J Neurol Neurosurg Psychiatry
2002;72:676–677.

82. Terwindt G, Kors E, Haan J, et al. Mutation analysis of the
CACNA1A calcium channel subunit gene in 27 patients with spo-
radic hemiplegic migraine. Arch Neurol 2002;59(6):1016–1018.

83. Terwindt GM, Ophoff RA, Haan J, et al. Familial hemiplegic mi-
graine: a clinical comparison of families linked and unlinked to
chromosome 19. DMG RG. Cephalalgia 1996;16(3):153–155.

84. Terwindt GM, Ophoff RA, Haan J, et al. Variable clinical expres-
sion of mutations in the P/Q-type calcium channel gene in famil-
ial hemiplegic migraine. Dutch Migraine Genetics Research Group.
Neurology 1998;50(4):1105–1110.

85. Terwindt GM, Ophoff RA, Lindhout D, et al. Partial cosegregation of

familial hemiplegic migraine and a benign familial infantile epilep-
tic syndrome. Epilepsia 1997;38(8):915–921.

86. Tfelt-Hansen P, Sperling B, Andersen AR. The effect of ergotamine
on human cerebral blood flow and cerebral arteries. In: Olesen J,
ed. Migraine and other headaches. The vascular mechanisms. New
York: Raven Press, 1991: 339–343.

87. Thomsen LL, Eriksen MK, Roemer SF, et al. A population-based
study of familial hemiplegic migraine suggests revised diagnostic
criteria. Brain 2002;125[Pt 6]:1379–1391.

88. Thomsen LL, Eriksen MK, Romer SF, et al. An epidemiological
survey of hemiplegic migraine. Cephalalgia 2002;22(5):361–375.

89. Thomsen LL, Iversen HK, Olesen J. [Sumatriptan (Imigran) to pa-
tients with hemiplegic migraine?]. Ugeskr Laeger 1992;154(33):2271.

90. Thomsen LL, Olesen J, Russell MB. Increased risk of migraine
with typical aura in probands with familial hemiplegic migraine
and their relatives. Eur J Neurol 2003;10(4):421–427.

91. Thomsen LL, Ostergaard E, Olesen J, et al. Evidence for a separate
type of migraine with aura: sporadic hemiplegic migraine. Neurol-
ogy 2003;60(4):595–601.

92. Thomsen LL, Ostergaard E, Romer SF, et al. Sporadic hemiplegic
migraine is an aetiologically heterogeneous disorder. Cephalalgia
2003;23(9):921–928.

93. Uitti RJ, Donat JR, Rozdilsky B, et al. Familial oculoleptomeningeal
amyloidosis. Report of a new family with unusual features. Arch
Neurol 1988;45(10):1118–1122.

94. Uncini A, Lodi R, Di Muzio A, et al. Abnormal brain and mus-
cle energy metabolism shown by 31P-MRS in familial hemiplegic
migraine. J Neurol Sci 1995;129(2):214–222.

95. Vahedi K, Denier C, Ducros A, et al. CACNA1A gene de novo mu-
tation causing hemiplegic migraine, coma, and cerebellar atrophy.
Neurology 2000;55(7):1040–1042.

96. Vahedi K, Joutel A, Van Bogaert P, et al. A gene for hereditary
paroxysmal cerebellar ataxia maps to chromosome 19p. Ann Neurol
1995;37(3):289–293.

97. van den Maagdenberg AM, Pietrobon D, Pizzorusso T, et al.
A Cacna1a knockin migraine mouse model with increased sus-
ceptibility to cortical spreading depression. Neuron 2004;41(5):
701–710.

98. Vanmolkot KR, Kors EE, Hottenga JJ, et al. Novel mutations in
the Na+, K+-ATPase pump gene ATP1A2 associated with familial
hemiplegic migraine and benign familial infantile convulsions. Ann
Neurol 2003;54(3):360–366.

99. Varkey B, Varkey L. EEG in hemiplegic migraine. Neurol India
2004;52(1):134.

100. Wada T, Kobayashi N, Takahashi Y, et al. Wide clinical variability
in a family with a CACNA1A T666m mutation: hemiplegic migraine,
coma, and progressive ataxia. Pediatr Neurol 2002;26(1):47–50.

101. Whitty CWM. Familial hemiplegic migraine. J Neurol Neurosurg
Psychiatry 1953;16:172–177.

102. Young GF, Leon-Barth CA, Green J. Familial hemiplegic mi-
graine, retinal degeneration, deafness, and nystagmus. Arch Neurol
1970;23(3):201–209.

103. Yu W, Horowitz SH. Familial hemiplegic migraine and its abortive
therapy with intravenous verapamil. Neurology 2001;57(9):1732–
1733.

104. Yu W, Horowitz SH. Treatment of sporadic hemiplegic migraine
with calcium-channel blocker verapamil. Neurology 2003;60(1):
120–121.

105. Zhuchenko O, Bailey J, Bonnen P, et al. Autosomal dominant cere-
bellar ataxia (SCA6) associated with small polyglutamine expan-
sions in the alpha 1A-voltage-dependent calcium channel. Nat Genet
1997;15(1):62–69.

106. Zifkin B, Andermann E, Andermann F, et al. An autosomal dom-
inant syndrome of hemiplegic migraine, nystagmus, and tremor.
Ann Neurol 1980;8(3):329–332.

107. Zwingman TA, Neumann PE, Noebels JL, et al. Rocker is a new
variant of the voltage-dependent calcium channel gene Cacna1a.
J Neurosci 2001;21(4):1169–1178.



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

GRBT050-61 Olesen- 2057G GRBT050-Olesen-v6.cls August 18, 2005 21:2

588


