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Abstract The most common scenario wherein the prac-
ticing neurologist is likely to encounter a patient with
headache and hemiplegia will vary depending on his/
her specific type of practice. A neurologist providing
consultative service to an emergency department is far
more likely to see patients with “secondary” headache
and hemiplegia in the setting of either ischemic or
hemorrhagic stroke than hemiplegia as a transient fea-
ture of a primary headache disorder. Neurologists
subspecializing in headache medicine who practice in
a tertiary referral headache clinic are more likely to
encounter hemiplegic migraine, but even in that clinical
setting hemiplegic migraine is by no means a frequent
diagnosis. The acute onset of hemiplegia can be very
frightening not only to the patient but also to the
medical personnel. Given the abundance of mimicry,
practitioners must judiciously ascertain the correct di-
agnosis as treatment may greatly vary depending on the
cause of both headache and hemiplegia. In this review,
we will address the most common causes of hemiplegia
associated with headache.
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Introduction

Hemiplegia temporally associated with headache can be
seen in a wide variety of clinical settings. Whether in
the emergency department ruling out acute intracranial
hemorrhage for new-onset hemiplegia or in the office
setting treating a migraine with prolonged motor aura,
careful investigation of the underlying etiology is
crucial.

The International Classification of Headache Disorders
(ICHD) has classified headaches into primary and secondary
headaches. With associated hemiplegia, headaches should be
classified as either primary, those determined by genetic fac-
tors such as migraine with aura, hemiplegic migraine, or
familial hemiplegic migraine, or secondary, those that are a
result of a focal or systemic process. Secondary headaches in
general are much less common than headaches due to a
primary headache disorder [1, 2].

Less commonly encountered causes of headache as-
sociated with hemiplegia include cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) and mitochondrial en-
cephalopathy, lactic acidosis, and stroke-like episodes
(MELAS), all of which are genetic disorders [3-5].

Headache accompanies acute intracerebral hemor-
rhage (ICH) in approximately one third of cases.
Although headache is more common with acute ICH
than with acute ischemic stroke, headache occurs in
slightly more than 25 % of cases of the latter, and its
presence/absence is consequently insufficient to dis-
tinguish clinically between these two major stroke
subtypes [6].
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Primary Headaches Associated with Hemiplegia
Migraine with Aura

Migraine affects approximately 15 % of the population and
about 20 % of those will experience some sort of aura [7].
Aura has been said to be a suboptimal term as it can occur
before, during, or even in the absence of a headache [§].
ICHD3 has defined migraine with aura as recurrent attacks,
lasting minutes, of unilateral fully reversible visual, sensory,
or other central nervous system symptoms that usually devel-
op gradually and are usually followed by headache and asso-
ciated migraine symptoms [9e¢]. While aura may include
motor symptoms, if motor weakness is present, it should be
coded as hemiplegic migraine instead of migraine with aura
[9e¢]. Duration of symptoms may vary between episodes, but
by criteria, each individual aura symptom should last between
5-60 min. If more than one symptom is present, for example
visual and sensory symptoms, the acceptable maximal dura-
tion is the number of symptoms multiplied by 60 min (i.e., 2 x
60 min).

The phenomenon of cortical spreading depression (CSD) is
widely believed to be responsible for the transient focal neu-
rological symptomatology known as aura. Cortical spreading
depression may be provoked by disorders other than mi-
graine; for example, CSD may be triggered by cerebral
ischemia [7, 10, 11, 12¢]. Cortical spreading depression
involves waves of cortical depolarization followed by
hyperpolarization and transient neuronal inactivity. After
a brief period of hyperemia lasting 2 min, CSD reduces
cerebral blood flow to the involved area of cortex for up
to 2 h. Although CSD is believed to be responsible for the
more common types of migrainous aura (i.e., visual and
sensory) and in some patients theoretically may cause
such severe and prolonged oligemia that brain infarction
may occur, the role of CSD in the biogenesis of hemiple-
gic migraine (see following section) remains uncertain.

With typical aura, the neurological symptoms and signs
eventually cease and resolve. A migraine patient rarely may
present with persistent aura in the absence of obvious brain
injury or even with migrainous infarction; in the latter circum-
stance, a magnetic resonance imaging (MRI) study may show
an area of infarction that corresponds anatomically to the
patient’s persistent neurologic symptoms and deficit [9ee].

Migrainous Infarction

Results from a number of studies have indicated that migraine
is associated with an increased risk of stroke in individuals of
both genders [13-16]. The risk appears to be highest in
females (especially those of ages 45-55), those who smoke,
females using an oral contraceptive pill, and those who
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previously have experienced migrainous aura (especially
women who actively are experiencing migraine with aura)
[16].

The ICHD-defined criteria for a diagnosis of migrainous
infarction require that the infarction occurs during an attack of
migraine involving the given patient’s typical aura symptoms
and that the stroke symptoms and signs conform to that typical
aura. These criteria may be unduly restrictive and therefore
insensitive; theoretically, migrainous infarction may occur
even when stroke symptoms do not mirror previous aura
symptoms or even when no prior history of aura exists.

Familial Hemiplegic Migraine

Physicians who treat headache may encounter patients with
migraine with aura whose aura features can include varying
degrees of hemiparesis. Familial hemiplegic migraine criteria
are the same as for hemiplegic migraine found in Table 1, but
additionally require that at least one first- or second-degree
relative has had attacks fulfilling the above criteria for hemi-
plegic migraine [9ee].

Familial hemiplegic migraine (FHP) is a rare migraine
subtype. The prevalence of hemiplegic migraine is estimated
to be 0.01 % [14]. Clinically, it is characterized by hemi-body
weakness that occurs during an attack of migraine headache;
more typical forms of migraine aura usually last between 5
and 60 min, whereas hemiplegic aura may persist much longer
(up to 1 week, or even longer at times) [7, 9ee, 17].

Familial hemiplegic migraine is associated with mutations
involving at least three genes. Mutations in the CACNAIA
gene, located on chromosome 19p13, give rise to FHP1. This
gene encodes the alpha-1A subunit of the P/Q-type calcium
channel. Mutations in the ATP1A2 gene on chromosome
1923 are responsible for FHP2. This gene encodes a catalytic
subunit of a sodium/potassium ATPase. Finally, FHP3 is

Table 1 International Classification of Headache Disorders, Third
Edition, Criteria for Hemiplegic Migraine

A. At least two attacks fulfilling criteria B and C
B. Aura consisting of both of the following:

1. Fully reversible motor weakness

2. Fully reversible visual, sensory and/or speech/language symptoms
C) At least two of the following four characteristics:

1. At least one aura symptom evolves gradually over >5 minutes, and/
or two or more symptoms occur in succession

2. Each individual non-motor aura symptom lasts 5 to 60 minutes, and
motor symptoms last <72 hours

3. At least one aura symptom is unilateral

4. The aura is accompanied, or followed within 60 minutes, by
headache

D) Not better accounted for by another ICHD-3 diagnosis, and transient
ischemic attack and stroke have been excluded
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produced by mutations in the SCN1A gene, on chromosome
2q24, that encodes the transmembrane alpha subunit of the
brain sodium channel [18-21].

Recent reports seem to indicate that the proline-rich trans-
membrane protein PRRT2 gene may be associated with fa-
milial hemiplegic migraine when mutations in the former
three genes cannot be documented [9+e, 19-21]. More recent-
ly, however, some doubts have emerged regarding the role that
PRRT?2 gene mutations play in the genesis of FHP [21, 22].

Cortical hypoperfusion has been hypothesized by some to
underlie the hemiplegia experienced by patients with FHP. As
mentioned in the previous section, the phenomenon termed
CSD has been described in patients with migraine with aura.
Associated reductions in cerebral blood flow and consequent
tissue perfusion abnormalities typically persist beyond the
headache phase of a migraine attack. Whether this relates to
the relatively long duration of the hemiplegia that occurs in
FHP, or whether CSD in linked to FHP in any manner,
remains conjectural [10, 11, 12°].

Sporadic Hemiplegic Migraine

If there is no family history of hemiplegic migraine, and if
genetic testing fails to identify mutations involving any of the
genes previously mentioned, one may presume that the patient
with migraine and associated paroxysmal hemiplegia has
sporadic hemiplegic migraine (SHM). Criteria for SHM can
be found in Table 1 and specify that no first- or second-
degree relative has had attacks fulfilling criteria for
hemiplegic migraine [9e°].

There are no clear clinical differences between FHP and
SHM. As is the case in FHP, there have been reports of
vascular flow abnormalities in patients with SHM. Fedak
et al. reported four pediatric cases of SHM where these flow
abnormalities spontaneously resolved within 24 h after hospi-
tal presentation [23]. Other authors have reported similar
findings [24-26]. Sugrue et al. described a case wherein
evidence of cerebral edema without evidence of infarction
was documented in a patient with persistent hemiplegia fol-
lowing headache [27]. By serial imaging studies, the edema
initially present eventually resolved. By definition, the
hemiplegia in cases of SHM is fully reversible, but
permanent neurologic deficits have been reported to
occur even in the absence of brain infarction demon-
strable by neuroimaging [28].

Therapeutic Considerations in Hemiplegic Migraine

Due to the rarity of both familial and sporadic hemiplegic
migraine encountered even in tertiary referral centers, there
are no clinical trials evaluating treatment of the disorders.
Treatment consequently is empiric, based primarily on expert
opinion and common sense.

Triptans are considered to be contraindicated for acute
headache treatment, but this prohibition lacks any strong
objective basis. Despite warnings against the use of triptans
in hemiplegic migraine, whether familial or sporadic, these
medications have been used safely in afflicted patients [18].
Prophylactic therapies frequently touted include propranolol,
flunarizine (not available in the USA), naloxone, verapamil,
sodium valproate, topiramate, lamotrigine, acetazolamide,
and candesartan. Shevel recently reported three patients with
SHM with confirmed arterial component, who successful-
ly underwent surgical cautery of selected terminal
branches of the external carotid artery, which prevented
further attacks [29].

In closing, it should be noted that many patients presenting
with acute migraine headache, and especially headache ac-
companied by sensory aura, will complain of limb “heavi-
ness” or even weakness, per se; this symptom and any asso-
ciated focal deficit (typically mild) tend to dissipate rapidly,
and to characterize such patients as having “hemiplegic mi-
graine” would seem to represent an inappropriate application
of that diagnosis.

Secondary Headaches Associated with Hemiplegia

The headache/hemiplegia associations that follow are second-
ary, arising consequent to another neuropathologic process
(i.e., intracranial hematomas, ischemic stroke) rather than as
intrinsic manifestations of a primary headache disorder.

Headache and Hemiplegia Consequent to Trauma

While patients with posttraumatic headache are commonly
seen electively in the outpatient setting, in those cases, the
trauma producing headache was typically mild, and brain
imaging rarely demonstrates any active causal lesion. One is
more likely to encounter a patient with headache and hemi-
plegia resulting from trauma on an urgent or emergent basis,
typically a consequence of severe traumatic brain injury. In
such cases, the focal neurologic deficit and altered conscious-
ness tend to overshadow any complaint of headache.

Head injury causing laceration of the middle meningeal
artery or one of its branches may result in an arterial epidural
hematoma (AEH). In many but far from all cases, an AEH
may produce the classic “lucid interval” (i.e., brief loss of
consciousness) from the concussion, with an ensuing period
of normal neurologic function shortly followed by a progres-
sive decline in consciousness due to hematoma formation and
associated transtentorial herniation. While still communica-
tive, the patient with AEH may complain of headache, and
continued expansion of the hematoma and associated exertion
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of pressure effect pressure on adjacent brain may result in
varying degrees of hemiparesis.

Head trauma producing laceration of a cerebral venous
sinus may cause a venous epidural hematoma (VEH). In
contrast to AEHs, there typically is no “lucid interval,” and
the herniation process may evolve over days rather than hours.
As with AEH, the patient may complain of headache and
exhibit hemiparesis. When symptomatic, both AEHs and
VEHs usually require surgical evacuation.

The intracranial subdural space is a potential or virtual
space, and trauma (often trivial) results in formation of a
subdural hematoma (SH). The crescent-shaped hematoma
conforms to the contour of the brain and thus exerts less
pressure effect than an AEH or VEH. The SH often causes
headache, but unless it expands to become quite large, its
relative lack of associated brain compression typically results
in no or only subtle neurologic deficit and therefore no sig-
nificant hemiparesis or hemiplegia.

The clinical course of a symptomatic SH is more extended
than that associated with AEH or VEH. The patient with SH
may complain for weeks of uncharacteristic headache, at
which time the pressure effect from the expanding hematoma
may increase to the point that it causes altered consciousness
and focal deficit (including hemiparesis). An exception occurs
when there is trauma and bleeding into a preexisting, healed
SH cavity; in such cases, the brain may fail to exert a
tamponade effect, and the unchecked bleeding causes rapid
hematoma formation and a much more rapidly developing
transtentorial herniation syndrome.

Headache Attributed to Ischemic Stroke or Transient Ischemic
Attack

Approximately 25 % of patients with an acute ischemic stroke
will complain of headache. Headache may occur with any of
the ischemic stroke subtypes, including lacunar stroke [30,
31]. When present, the headache accompanying acute ische-
mic stroke tends to be non-pulsatile and ipsilateral to the
involved hemisphere [31-33]. Headache is more common
with large infarcts related to thromboembolism but still occurs
with surprising frequency in the setting of small vessel
(lacunar) stroke [34].

The incidence of headache accompanying transient ische-
mic attack (TIA) varies widely in published case series, and its
presence versus absence is even less helpful in identifying
TIA etiology that is the case for stroke [31-34]. Investigators
have found that the presence versus absence of headache
accompanying TIA has no prognostic value and that head-
ache, when present, does not predict angiographic findings
[29, 35, 36]. Ischemic strokes and TIAs also may produce
hemiparesis or hemiplegia.

Studies have indicated that with acute cerebral infarction,
headache tends to be more common in territories supplied by
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the posterior circulation, with strokes of larger size and greater
associated deficit and, perhaps, with strokes occurring in
patients who have an established history of migraine [37,
38]. One recent study found that a prior history of migraine,
younger age, female gender and cerebellar or right hemispher-
ic location each was independently associated with a greater
likelihood of headache at stroke onset [31].

The generally higher frequency of headache occurring with
infarcts that involve the posterior circulation has been hypoth-
esized to reflect the comparatively higher density of cervical
and trigeminal nociceptive afferent axons within the region
supplied or to ischemia involving the trigeminal nerve or
serotonergic nuclei [30].

The mechanism of headaches resultant from TIA and acute
ischemic stroke remain unclear; however, previous explana-
tions have included dilatation of collaterals supplying the
ischemic region, distention of the occluded parent vessel
itself, ischemia of arterial muscle, acute hypertension, or
stroke-associated edema. More recently, evidence has
pointed to a role for aggregating platelets, with associ-
ated release of serotonin and other vasoactive peptides,
or to stroke-induced alteration in the concentrations of
neurotransmitters linked to setting the pain threshold or
regulating cranial blood flow [39, 40].

Cervical Artery Dissection

Cervical arterial dissection results from a tear in the intimal
lining of the involved vessel, occurring spontaneously or as a
consequence of trivial or major trauma. While intracranial
arterial dissection is rare, dissection of the extracranial internal
carotid or vertebral artery, typically occurring at the C1-2
vertebral level, is an important cause of ischemic stroke in
young and middle-aged patients.

Headache reportedly is somewhat more common with
carotid artery dissection (CAD) then with vertebral artery
dissection. With CAD, the pain almost always is ipsilateral
to the dissection, often is felt most intensely in the eye or face,
is commonly accompanied by ipsilateral neck pain, and may
precede the onset of TIA or stroke by days to weeks [40]. An
ipsilateral oculosympathetic palsy (Horner syndrome) is pres-
ent in a significant minority of patients, and patients with
CAD may report pulsatile tinnitus (or other subjective bruits),
dysgeusia, or visual scintillations similar to those occurring as
migrainous aura [41].

Cerebral Sinus Thrombosis

Headache is the most common symptom of cerebral sinus
thrombosis (CST), affecting as many as 90 % of patients,
and consequent to venous infarction of the brain and second-
ary hemorrhage, CST may cause focal neurologic deficits,
including hemiparesis/hemiplegia [1, 42].
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Cerebral sinus thrombosis may occur in individuals who
are prothrombotic as a result of any of a wide variety of
causes, including acute or chronic infection, dehydration, oral
contraceptive use, non-iatrogenic or surgical trauma, malig-
nancy, puerperium, inflammatory disease, nephrotic syn-
drome, and hereditary factors [1, 42]. The superior sagittal
and transverse sinuses are the most frequently involved sites.

The headache accompanying CST may be of the “thunder-
clap” type in approximately 15 % of cases, but in the remain-
der, the headache has little in the way of distinguishing char-
acteristics [43]. While headache may be the sole manifestation
of CST in as many as 10 % of cases, other patients experience
a more fulminant and clinically devastating course character-
ized by progressive focal neurologic deficits (including
hemiparesis/hemiplegia) and multiple seizures [44].

A published case series and results from a single random-
ized trial suggest that in CST, acute treatment with intravenous
heparin may be safe and effective even when brain imaging
demonstrates evidence of hemorrhagic infarction [45].

Cerebral Aneurysms

Most unruptured intracranial aneurysms are neurologically
silent. Although thunderclap headache in the absence of sub-
arachnoid hemorrhage (SAH) and with angiographic evidence
of vasospasm in the area of the unruptured aneurysm has been
reported, such cases are rare and unlikely to be complicated by
hemiplegia.

Aneurysmal rupture with high-volume SAH produces a
sudden and dramatic increase in intracranial pressure
paralleled by excruciating headache that typically is thunder-
clap in character [46, 47]. Aneurysmal SAH will produce
hemiparesis/hemiplegia acutely only if the hemorrhage ex-
tends from the subarachnoid space into the brain parenchyma.

Cerebral vasospasm causing delayed cerebral ischemia
(DCI) is a common complication of aneurysmal SAH.
Vasospasm may occur as early as 3 days following SAH and
may be observed for up to 4 weeks following the index
hemorrhage. The associated DCI may cause stroke manifested
by hemiparesis/hemiplegia.

Headache Attributed to Reversible Cerebral Vasoconstriction
Syndrome

Reversible cerebral vasoconstriction syndrome is a group of
conditions that lead to multifocal narrowing in intracerebral
arteries. Patients with reversible cerebral vasoconstriction syn-
drome (RCVS) may present with thunderclap headache and
exhibit focal neurological abnormalities, including hemiplegia
[47]. Cerebral arteriography in cases of RCVS may demon-
strate beading suggestive of vasculitis, but this multifactorial
disorder is a vasculopathy that possesses no inflammatory

component. As the name implies, the vasoconstriction typi-
cally resolves after several weeks.

Headache Attributed to Genetic Vasculopathy

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is associated
with mutations in the NOTCH3 gene on chromosome
19p13.2-p13.1, which codes for a large transmembrane pro-
tein necessary for vascular smooth muscle differentiation and
development. More than 80 different NOTCH3 mutations
have been identified. Headache that resemble migraine with
aura have been identified in about 30 % of CADASIL cases.
Patients also experience strokes and cognitive impairment.
This condition has been classified as a small vessel
arteriopathy, but, as with RCVS, inflammatory changes are
absent [48].

Mitochondrial encephalopathy, lactic acidosis, and stroke-
like episodes (MELAS) is another genetic vasculopathy
whose clinical manifestations may include both headaches
and stroke-like episodes resulting in hemiplegia. This condi-
tion is characterized by stroke, often with onset before the age
of 40 years, resulting in focal neurological signs. Other neu-
rologic manifestations include generalized seizures, dementia,
and recurrent migraine-like headaches. This disease is mater-
nally inherited with a substantial majority of cases associated
with a mutation in the A3243G gene, which encodes transfer
RNA [48].

Headache Attributed to Intracranial Neoplasm

Metastasis to brain from a systemic source is the most com-
mon cause of intracranial neoplasm in adults. Most brain
metastases originate from lung cancer, breast cancer, or mel-
anoma. Although lung cancer accounts for the majority of
brain metastases, melanoma has the highest propensity to
disseminate to the brain. Approximately 80 % of metastases
occur in the cerebral hemispheres. Common clinical presen-
tations include headache, focal neurologic deficits (including
hemiplegia), and seizures, partial or generalized [49]. There is
nothing particularly distinctive about the headache that ac-
companies intracranial neoplasm, and it is very uncommon for
a brain neoplasm to manifest clinically as headache only [49].

Primary malignant brain tumors also can be associated with
both headache and hemiplegia. These tumors account for
1.4 % of all cancers. The most common primary malignant
brain tumors are of glial origin and arise from astrocytes,
oligodendrocytes, or ependymal cells. Rapidly growing tu-
mors are often associated with subacute development of hemi-
plegia, headaches, and seizures [50, 51].

Of note, and as is the case with any structural brain
lesion, a seizure complicating a primary or metastatic brain
neoplasm may produce transient postictal hemiparesis/
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hemiplegia (so-called Todd’s paralysis) and a headache
which frequently possesses migrainous features.

Headache Attributed to Intracranial Infection

Brain abscesses are mass lesions. As such, any associated
headache may resemble that of a brain tumor and similarly
lacks distinguishing features. Whereas a brain tumor-related
headache should not be associated with fever unless there is
underlying systemic infection, fever is not uncommon with
brain abscesses, headache or no. Seizures and focal deficits
(including hemiplegia) may occur [47].

In areas where AIDS is prevalent, toxoplasmosis is the
most common cause of brain abscess. In the absence of
AIDS, pathologic examination of a brain abscess demon-
strates mixed bacterial flora, typically including both aerobic
and anaerobic species.

Conclusion

The association of headache and hemiplegia can be frighten-
ing for both the patient and the health care personnel involved.
With a working knowledge of the clinical course, symptoms,
and signs, associated with the different causes of this combi-
nation, the clinician should be able to discern the etiology of
the condition and provide adequate and judicious treatment.
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