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One of the most striking characteristics of migraine is the occurrence of transient
neurologic dysfunction during the course of acute attacks. The symptoms, collectively
termed “aura,” are the source of significant concern when first experienced by migrai-
neurs. The prominence of these symptoms in medical historical writings that pertain to
migraine has obscured the fact that they occur in only about a quarter of migraine
sufferers and that they do not occur in every attack experienced by those who have
the aura. Although within the general population migraine is likely to be one of the
most common if not the most common setting for the combination of neurologic
symptoms and headache, it is by no means the only setting in which the combination
occurs. Care should be taken that neurologic symptoms identified as “migrainous”
are truly consistent with the aura in terms of duration, development, and quality.
Misidentification of neurologic symptoms as migrainous may delay correct diagnosis
and treatment.

In this article we will discuss the aura as it occurs in the context of a migraine attack
and review each of the major types: visual, sensory, and language aura. Because
visual aura is the most common and the most well studied, it will be discussed in
some detail and a thorough differential diagnosis presented.

GENERAL CLINICAL FEATURES OF MIGRAINE WITH AURA

Until the most recent International Headache Society (IHS) criteria were published in
2004 (International Classification of Headache Disorders 2 [ICHD2], 2004), the aura
was classified into four types: (1) visual aura, by far the most common; (2) sensory
aura and (3) language aura, which occur less commonly; and (4) motor aura, the least
common. At present, the International Headache Society recognizes motor aura as
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a key manifestation of a specific type of migraine, hemiplegic migraine (HM). The re-
classification is based on increasing genetic data in the familial hemiplegic form of
hemiplegic migraine. While a detailed discussion of familial hemiplegic migraine
(FHM) is beyond the scope of this review, it should be pointed out that patients with
FHM usually report typical auras also.

Migraine with typical aura is a recurrent condition characterized by reversible
neurologic symptoms, which typically develop over 5 to 20 minutes and resolve within
60 minutes. Migraine headache usually follows the aura, although, less commonly,
pain may not be present. Visual symptoms are the most common manifestations in
migraine aura. Typical aura with migraine has been characterized by the following
criteria put forward by the IHS,! and the sensitivity and specificity of these criteria
appear to be high:?

A. At least two attacks fulfill criteria B to E
B. Fully reversible visual or sensory or speech symptoms but no motor weakness
C. At least two of the three following:

1. Homonymous visual symptoms includes positive features (flickering lights,
spots, lines) or negative features (loss of vision) or unilateral sensory
symptoms

2. At least one symptom develops gradually within 5 minutes or different
symptoms occur in succession

3. Each symptom lasts between 5 and 60 minutes

D. Headache that meets criteria for B-D for migraine without aura, begins during
the aura, or follows the aura within 60 minutes
E. Not attributed to another disorder

There are certain characteristics of visual and sensory auras that may be used to
distinguish them from ischemia-related symptoms. Both sensory and visual auras
have a slow migratory or spreading quality in which symptoms slowly spread across
the affected body part or the visual field, followed by a gradual return to normal func-
tion in the areas first affected after 20 to 60 minutes. This spreading quality is not
characteristic of an ischemic event in which neurologic deficits tend to appear
somewhat suddenly and tend to be equally distributed within the relevant vascular
territory.® In stroke, the affected area can certainly expand as blood flow drops in
additional vessels; however, ischemic change is a more step-wise and less a smoothly
spreading process. Although a migratory pattern is also seen in partial seizure disor-
ders, its progression is generally much more rapid. Neither ischemia nor seizure are
associated with the return of function in the areas first affected, even as symptoms
are simultaneously appearing in newly affected areas.

Another feature which is suggestive of migraine aura is a tendency for different
neurologic symptoms to occur sequentially. Aimost all patients experiencing more
than one type of aura during a single attack first recount the appearance of one
aura type (most often visual), which is then followed by another aura type. Some
patients experience all three typical auras in sequence during a single attack. In almost
twenty years of asking patients to describe their aura, none have reported the
appearance of all aura types at the same time.® In contrast to migraine aura, the
simultaneous manifestation of multiple types of neurologic symptoms is, however,
quite common in cerebral ischemia.

In addition, migraine aura often has a biphasic quality inherent in its neurologic
symptoms—with positive phenomena (eg, shimmering lights, zigzagging visual
disturbances, or tingling paresthesias) appearing first, only to be followed within
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a few minutes by negative symptoms (eg, scotoma, loss of visual image or numbness,
or loss of sensation). Ischemic events do not tend to exhibit a bimodal progression of
symptoms and while there may be a biphasic progression in the course of a seizure,
progression is likely to occur at a much faster rate. In the language aura, making the
same biphasic analogy is more difficult. While patients experiencing the language aura
report both paraphasic errors and word retrieval errors (abnormal function),
migraineurs seldom become mute (loss of function) during language aura. Assessing
basic language function is complex given the importance of context. Obtaining accu-
rate descriptions of language dysfunction during aura is also problematic because of
the difficulties in laying down precise memories while language is disturbed.

The unilateral motor symptoms previously considered motor aura before their
reassignment to the HM category actually differ in a couple of basic characteristics
from the more common forms of aura. There is no apparent spread of symptoms
over the course of an hour. In FHM, motor symptoms do not have positive and nega-
tive phases. No twitching or migratory spasm before weakness is noted by patients
with hemiplegic migraine. However, the most prominent difference is the much greater
average duration of motor weakness with HM. Patients with HM often have unilateral
weakness for hours to days—which is much longer than the 60 minutes or less
reported in the other aura types. As our knowledge of the pathophysiological mecha-
nisms of each aura type improves, so will our understanding of whether or not the
motor aura arises from a process analogous to those underlying the more common
aura types.

EPIDEMIOLOGY OF MIGRAINE AURA

In a large population-based study, nosographic analysis of migraine aura from the mid
1990’s, 163 patients were identified with migraine aura in a random, Danish sampling
of 4,000 people.* In this sample, visual aura was by far the most common symptom,
occurring in 99% of subjects; this was followed by sensory and, then, by language
auras. In 64% of patients, only visual aura occurred; whereas the other aura types
typically happened in combination with another aura type (usually visual).® Among
491 patients with migraine with aura, drawn from 1148 migraine patients entered
into the Mayo Clinic Headache Registry, 489 (99%) reported having at least two
episodes of visual aura, 225 (45%) language aura, 198 (40%) sensory aura, and 53
(11%) motor aura. Also noted in this population was a higher occurrence of nonvisual
aura symptoms in the absence of visual disturbance (Cutrer, unpublished data, 2006).

TRANSIENT NEUROLOGIC DISTURBANCE IN MIGRAINE
Visual System Disturbance

Afferent visual dysfunction associated with migraine

Migraine is one of the most commonly seen disorders which cause transient visual
loss. Afferent visual dysfunction is the most common sensory symptom in migraine
with aura. Although efferent dysfunction has been reported with migraine (ophthalmo-
plegic migraine),® we will focus solely on the afferent manifestation of visual loss and
visual hallucinations.

Migraine visual aura

One classic form of visual aura is the fortification spectra (teichopsia), a jagged figure
which builds or spreads outward (more commonly than inward) and leaves variable
areas of visual loss behind (Fig. 1).>7® The fortification lines are typically arranged
at right angles to one another and begin from a paracentral area or “germ” (Fig. 2).”
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Fig. 1. Classical migrainous scintillating scotoma march and expansion of fortification fig-
ures. Initial small paracentral scotoma (top left). Enlarging scotoma 7 minutes later (top
right). Scotoma obscuring much of central vision 15 minutes later (bottom left). Break-up
of scotoma at 20 minutes (bottom right). From Hupp SL, Kline LB, Corbett JJ. Visual distur-
bances of migraine. Surv Ophthalmol 1989;33(4):221-36; with permission.
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Fig. 2. Expansion of the visual aura of migraine from a “germ” in the paracentral visual field
occurring over 15 minutes. Reproduced from Hupp SL, Kline LB, Corbett JJ. Visual distur-
bances of migraine. Surv Ophthalmol 1989;33(4):221-36; with permission.

There are often scintillations (which may be the most common visual symptom in
migraine visual aura) that assume a semicircle or C shape, surrounding an area of
visual loss (scotoma). The scintillations may be white, gray, or have colors similar to
a kaleidoscope. Visual field defects often begin around fixation and spread outward.
Scintillating scotomas are typically within one hemifield. Most commonly, these visual
symptoms last 20 to 30 minutes in their entirety.

Other characteristic visual phenomena associated with migraine include sparkles,
visual distortion (metamorphopsia), the appearance of objects being too large
(macropsia) or too small (micropsia), visual perseveration (palinopsia), and the appear-
ance of multiple images (cerebral polyopia). General visual blurring, like looking
through a film or water, even without clear visual field loss, may be present. Objects
may be seen as shimmering (such as “heat waves” on pavement) or rotating. Distor-
tions of body image have been described in the “Alice in Wonderland” syndrome,
thought to be more common in younger patients with migraine aura.® Central color
vision loss (dyschromatopsia) and loss of facial recognition (prosopagnosia) may
occur.'® Environmental tilt may be present. Patients may complain of excessive
brightness or light sensitivity (photophobia).

For diagnostic purposes, it may be helpful to show illustrations of migraine aura to
patients with similar visual phenomena. A number of authors have detailed their own
experience with migraine visual aura, often with accompanying illustrations.> A
number of examples of visual hallucinations related to migraine are depicted by
Schott.”" Although each of these symptoms may be characteristic of migraine, other
ocular and neurologic disorders may cause visual symptoms and should be distin-
guished from migraine visual aura (Box 1).

Migraine aura may occur in the absence of headache (previously termed acephalgic
migraine or migrainous accompaniments). This has been labeled by the IHS as typical
aura without headache. The aura fulfills all of the criteria for migraine with aura. Visual
dysfunction is the most common feature of migraine aura without headache, occurring
75% of the time.”

Persistent migraine visual aura
Persistent migraine visual aura most commonly consists of positive visual
phenomena. These most commonly are formed (shapes or figures) or unformed (lights
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Box 1
Causes of transient visual disturbance of afferent visual system

Monocular
Refractive error—myopia
Vitreoretinal traction
Inflammation—vitritis/retinitis/optic neuritis
Amaurosis fugax—retinal microembolism
Papilledema
Optic disc drusen
Congenital dysplasia of the optic disc
Coagulopathies
Vasculitis
Hypotension—arrhythmia/orthostatic
Anemia

Ocular migraine

Binocular
Migraine
Seizure
Occipital mass lesion—tumor or arteriovenous malformation

Occipital ischemia—embolic, vasculitis, hypoperfusion

Reprinted from Hupp SL, Kline LB, Corbett JJ. Visual disturbances of migraine. Surv Ophthalmol
1989;33(4):221-36; with permission.

or sparkles) visual hallucinations.’> The hallucinations are rarely more complex
(metamorphopsia, palinopsia). Other ocular and neurologic conditions may cause
these types of visual symptoms so that the diagnosis of persistent migraine visual
aura is generally one of exclusion. There are no clear guidelines as to what tests should
be performed to exclude other conditions (for example seizures, toxic-metabolic
conditions, retinal inflammatory conditions, and psychiatric disease) which may cause
persistent visual symptoms.

The IHS lists persistent migraine aura as a diagnosis with the following criteria:’
Previous attacks fulfilling criteria for migraine with aura.
The present attack is typical of previous attacks, but one or more aura
symptoms persist for more than 2 weeks.
Not attributed to another disorder.

There are no neuroimaging findings suggesting infarction. Most patients have
hallucinations which are unformed and cover the entire visual field of both eyes.
Although in some patients there is a clear history of migraine before the onset of
symptoms,'® in others the link to migraine is more tenuous. Prior reports have noted
that most patients with persistent migraine visual aura have no abnormalities on rou-
tine neuroimaging, electroencephalography, and ophthalmic examination. One report
has noted hyperhomocysteinaemia in two patients with persistent visual auras which
spontaneously resolved, but a cause-and-effect relationship remains unclear.
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Two descriptive patterns have been particularly common in patients with persistent
visual aura. One is “visual snow” (sometimes referred to as primary persistent visual
disturbance); the other is “television static.” There have been Web sites created with
forums for discussion for patients with these symptoms (eg, www.visualsnow.com).
Some patients notice symptoms only under certain lighting conditions or in certain
circumstances. Not all patients with these symptoms have a clear history of migraine
and, in some, the diagnosis of persistent migraine visual aura has been inferred
because no other causes were evident. These visual symptoms may represent a dis-
tinct clinical disorder. Some authors have suggested that they be regarded as distinct
from those with persistent migraine visual aura.®

The cause of persistent migraine visual aura remains unclear, but may be related to
abnormal cortical neuronal inhibition. Single photon emission computed tomography
and perfusion MRI have been reported to be abnormal during the persistent aura,
which lasted 7 months, within one hemifield of a patient.’® Perfusion MRI performed
after the symptoms resolved was normal. Cortical spreading edema, with restricted
diffusion which spontaneously resolved, has been noted in a patient with persistent
migraine visual aura.’ However, in patients with persistent visual aura (visual snow)
no abnormality was noted on diffusion- or perfusion-weighted MRI.'®

In some patients persistent aura may resolve spontaneously after a period of weeks
to months; however, in others they may persist. Treatment of persistent visual aura
has been attempted on a patient-by-patient basis, without clear success for one
particular agent. Some success has been reported with antiepileptic agents including
lamotrigine and valproate.'®1®

Persistent visual loss

Although most commonly transient, visual loss associated with migraine may be
persistent. The visual loss may include loss of visual acuity or visual field. Fixed visual
loss associated with migraine has been reported from involvement of multiple areas of
the afferent visual pathway. Although migraine has been associated with pathology in
each of these sites in the visual pathway, conclusive evidence is largely still lacking to
support a definitive cause-and-effect relationship.

Retinopathy (choroidopathy) Persistent visual loss related to migraine has been
described from retinal artery and vein occlusions, and retinal hemorrhages (see
section on retinal migraine). Central serous choroidopathy and choroidopathy
presumably from ischemia have been attributed to migraine.2°

Anterior ischemicopticneuropathy Anterior ischemic optic neuropathy (AION) is thought
to involve infarction of the optic nerve head. It is the most common acute optic
neuropathy which affects patients over the age of 50 years. Painless visual loss occurs
over a period of days and is associated with signs of an optic neuropathy including
a relative afferent pupillary defect (when unilateral or asymmetric), dyschromatopsia,
and nerve fiber bundle or central visual field defects. Optic disc edema is present
acutely, presumably because the anterior portion of the optic nerve is affected, and
there is subsequent resolution of the disc swelling and the development of optic
disc pallor over weeks to months.

Patients in whom migraine has been reported to be a cause of AION have generally
been younger (under the age of 50 years).2"25 Most patients reported with migraine-
associated AION developed unilateral optic neuropathy, and were women. The sever-
ity of visual loss is variable with visual acuities from 20/15 (with mild nerve fiber bundle
visual field defects) to light perception. In some patients reported to have migraine-
associated AION, including the youngest reported, an 11 year old with sickle cell trait,
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the diagnosis is not clear because there was no documentation of optic disc edema.?®
The onset of visual loss has been temporally related to an episode of migraine head-
ache, and in all reported patients there was a history of chronic migraine.

Posterior ischemic optic neuropathy Posterior ischemic optic neuropathy (PION) is an
uncommon type of ischemic optic neuropathy, which results from infarction of the
intraorbital, intracanalicular, or intracranial optic nerve. The diagnosis of PION is
made after other causes of retrobulbar optic neuropathy have been excluded. The
clinical findings are similar to AION except that, acutely following the ischemic event
in PION, funduscopic examination of the optic discs is normal, in contradistinction to
the presence of optic disc edema in AION.

Three patients (in two reports) with migraine-associated PION have been
reported.?”?8 All three were women in their 20s who developed unilateral optic
neuropathy with little or no loss of visual acuity and nerve fiber bundle type visual field
defects. Two of the three patients had no other identifiable vascular risk factors apart
from migraine.

Optic neuropathy related to ergotamine derivatives and treatment of migraine Ergot deriv-
atives are known to cause vasoconstriction and may cause unwanted ischemic side
effects such as stroke and myocardial infarction. Two reports of ischemic optic
neuropathy?®30 and a third with bilateral “papillitis” and optic disc edema with a
macular star®’ have been reported. Ergotamine-induced vasospasm was suggested
as the cause.

Migraine and optic disc drusen Optic disc drusen (hyaline bodies) are crystalline
structures located within the anterior portion of the optic nerve. They occur in about
1 in 500 people and are bilateral in 75% of patients.®? The precise pathophysiology
of optic disc drusen remains unclear, but continued calcium deposition due to abnor-
mal axonal metabolism is thought to be the underlying cause. Optic disc drusen may
be buried (not visible ophthalmoscopically) before they become visible during ophthal-
moscopy. In both cases the optic disc may become elevated or swollen and resemble
optic disc edema from elevated intracranial pressure. Patients are typically asymp-
tomatic or have mild nerve fiber bundle visual field defects;3® however, vascular
complications, including retinal artery occlusions, retinal parapapillary hemorrhages,3*
and AION, have been reported in patients with optic disc drusen.

An association of migraine and optic disc drusen has been reported.3® A 25 year old
with migraine had sequential central retinal artery occlusions over an 8 year period and
was found to have optic disc drusen.®® The authors suggested that optic disc drusen
and migraine may have combined to cause the visual loss. They also suggested that
the apparent association of migraine and optic disc drusen may reflect the referral of
patients with headache and elevated optic discs. Given how common each of these dis-
orders is, the association between migraine and optic disc drusen may be coincidental.

Migraine and stroke Persistent visual loss may occur as a result from stroke involving
the posterior visual pathways.3”-*® The precise relationship between migraine and
stroke remains unclear. Some studies have suggested that oral contraceptives may
increase the risk of stroke in patients with migraine. Migraine aura has been reported
to be risk factor for stroke in young women.®” The IHS specifies that migrainous
infarction occurs when the stroke can be directly attributable to migraine.’

Stroke from migraine would be expected to cause a homonymous hemianopia,® an
exception being the unilateral temporal visual field loss associated with the temporal
crescent syndrome.
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Retinal migraine

Migraine has long been listed as one cause of monocular transient visual loss (TVL).
The assumption has been that transient loss of perfusion of the ocular circulation
may occur in a similar fashion that is thought to occur in relation to vasospasm from
migraine. The terminology for this potential process has been confusing and has in-
cluded “ocular migraine” and “retinal migraine.” The term retinal migraine has been
attributed to Carroll’s*® description in 1970. In addition, the assumption has been
that only the retinal circulation may be involved. However, TVL may also occur from
impairment of the circulation to the choroid or optic nerve.

Visual symptoms include graying of vision or complete visual loss, sparkles or
flashes, and a shade over a portion of the visual field in one eye. In most patients visual
symptoms last less than 30 minutes.” Some of the ambiguity in the diagnosis of TVL
from migraine comes from the difficulty patients have distinguishing monocular visual
loss from visual loss within the same hemifield in both eyes.*' In addition, monocular
temporal visual symptoms from disorders of the visual cortex (temporal crescent
syndrome) may cause confusion with disorders involving the anterior visual pathways.
As alternative theories of the pathogenesis of migraine have evolved, so has the notion
that retinal migraine is a common cause of TVL.

The IHS has provided criteria for the diagnosis of retinal migraine.” They include:

Description:
Repeated attacks of monocular visual disturbance, including scintillations,
scotomata, or blindness, associated with migraine headache

Diagnostic criteria:

A. At least two attacks fulfilling criteria B and C

B. Fully reversible monocular positive or negative visual phenomena
(scintillations, scotomata, or blindness) confirmed by examination during
an attack or (after proper instruction) by the patient’s drawing of a monocular
field defect during an attack

C. Headache, fulfilling criteria B-D for Migraine without aura begins during the
visual symptoms or follows them within 60 minutes

D. Normal ophthalmologic examination between attacks

E. Not attributed to another disorder

The criteria suggest that retinal migraine is a cause for recurrent, stereotypical
episodes of monocular TVL which occurs during a migraine headache.*? The criteria
also imply that before the diagnosis of retinal migraine is made patients should
undergo a thorough evaluation to exclude other causes of monocular TVL.

An extension of this definition (this point is controversial; see the next two para-
graphs and the section on persistent visual loss) has included patients with persistent
monocular visual loss, including those with retinal infarction, and even those who have
had visual symptoms and fulfilled the other criteria but lacked the headache.*® Some
reports have included photographic evidence of retinal ischemia, including changes
within the retinal vasculature, suggestive of central or branch retinal artery occlusions,
which have occurred in the setting of an otherwise typical migraine headache.*446

The incidence of retinal migraine and the existence of the condition itself remain
hotly contested topics.*'4750 In a review, IHS criteria were used to identify 46 pa-
tients (6 new patients and 40 from the literature) with retinal migraine.*® In some
cases patients were included with incomplete evaluations of monocular visual
loss when the episodes occurred in the context of migraine headaches. The typ-
ical attack was characterized by visual loss lasting less than 1 hour and occurring
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on the same side as the headache. The authors of this report noted that patients
with retinal migraine were more commonly women with aura. Symptoms could be
negative (visual loss) or positive (scintillations). The monocular visual loss from ret-
inal migraine may accompany or may precede the headache, whereas in migraine
with aura the visual symptoms typically precede the headache. Forty-three percent
of patients ultimately experienced permanent monocular visual loss, possibly rep-
resenting a form of migrainous infarction. They noted that this high rate of perma-
nent visual loss may suggest the benefit of prophylactic therapy. Finally, the
authors proposed changing the term “retinal migraine” to “migraine associated
with monocular visual symptoms.”

These findings differ from those of another report, a literature review, which used
a more strict IHS definition and categorized 142 patients with transient (103 patients)
or fixed (39 patients) visual symptoms attributed to retinal migraine reported in 60
different manuscripts.®! Of these, only 16 with monocular TVL had findings suggestive
of retinal migraine. Only 5 fulfilled the criteria for definite retinal migraine. Furthermore,
none of the patients with persistent visual loss (for example from retinal arterial occlu-
sion and ischemic optic neuropathy) could be categorized as having definite retinal
migraine. Instead they suggested that the cause of monocular TVL in the patients pre-
sumed to have retinal migraine may be vasospasm or some other cause of anterior
visual pathway pathology in the presence of headache or eye pain. Patients with
vasospasm involving the ocular circulation have responded favorably to calcium-
channel blockers.5?

It appears that using a strict definition of retinal migraine proposed by the IHS, the
majority of patients reported with monocular TVL and reported as having retinal
migraine do not strictly fulfill the IHS criteria, and suggest the need for a thorough eval-
uation to exclude other causes of TVL. Nevertheless, there are some descriptions of
monocular visual loss which appear to fit the criteria inarguably.>®

The underlying cause of retinal migraine remains unclear. The same two broad
theories as for cortical migraine have been suggested: vasospasm, which may
account for some patients with persistence of visual loss from arterial occlusion,
and neuronal spreading depression. Thus far, the evidence for spreading depression
within the retina has not been as supported as that for the cerebral cortex.5’

Visual field loss in migraine
Visual field abnormalities related to migraine and migraine aura are well known®* and,
most commonly, resolve completely. However, there is also a high rate of visual field
defects in patients with migraine who are otherwise visually asymptomatic between
attacks.?® Using automated perimetry, 21 (35%) of 60 patients with migraine were
found to have some abnormality on visual field testing.®® Visual field loss was more
common in those who were older or had a longer duration of disease. In another study,
3 (20%) of 15 patients were noted to have deficits on automated perimetry.5” Kinetic
perimetry, performed at least 7 days after an episode of migraine, has also revealed
defects which have improved over time.58 Test-retest variability during automated
perimetry has been noted to be increased in patients with migraine.>® Both length of
migraine history and frequency of attacks appear to correlate with lower sensitivity
on perimetry.®° Generalized decreased sensitivity and focal deficits can be seen.
Visual field deficits have been noted using short-wavelength automated perimetry;®’
and some authors have suggested a deficit in a specific retinal circuit.®? Several
reports have linked migraine with glaucoma, including low-tension glaucoma.®3 Visual
field defects in some studies have suggested precortical (anterior visual pathway)
pathology. A study of 16 patients with migraine (15 with aura), used both static and
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temporally modulated targets with an automated perirmeter. Perimetry was
conducted 7 days after the onset of a headache. Visual field losses were noted with
temporal modulation perimetry in 11 of 16 migraine patients, even in the presence
of normal static visual fields. The authors suggested that this pattern is similar to
that seen in the early stages of glaucoma.®”

Sensory System Dysfunction in Migraine

The migraine sensory aura most often starts as unilateral tingling or “paresthesias” in
a hand or distal arm, which slowly migrates proximally, only to jump from the arm to
the ipsilateral face before reaching the shoulder. The crawling, tingling sensation
moves from the cheek and side of the nose, across the perioral region and lips,
then spreads inside the mouth, to involve the ipsilateral buccal mucosa and half of
the tongue.® Paresthesias or a “feeling of needles and pins” are usually the first
sensory symptoms, leaving numbness in their wake,®* although auras which consist
of numbness primarily also occur. Russell and Olesen, in a study of 51 patients with
sensory aura, reported that the hand (96% of cases) and face (67%) were the body
parts most commonly affected, whereas the leg (24%) and torso (18%) were much
less likely to be involved. The sensory symptoms, recorded in Russell and Olesen’s
series of individuals, progressed for less than 30 minutes (82%). The unilateral symp-
toms of sensory aura are frequently quite distressing for patients, especially at their
first appearance, because of their similarity to those of stroke or transient ischemic at-
tack. Although the presence of migraine aura does, in fact, seem to be an independent
risk factor of ischemic stroke in women who have a low level of other cardiovascular
risk factors,®® the overall increase in absolute risk attributable to migraine with aura
when compared with other factors is modest. There are clinical features that help to
distinguish sensory aura from stroke. The spread of paresthesias across the face
and into the mouth to affect half the tongue is a classical feature of migraine sensory
aura and is rarely seen in cases of cerebrovascular ischemia.®®

Language System Aura Dysfunction

Because it is relatively uncommon, language disturbance during migraine aura may be
overlooked in the history unless the patient is specifically asked about it. While speech
disturbance may result from numbness and tingling in the mouth or tongue, as the
sensory aura gradually migrates intraorally, this is distinct from language aura. In lan-
guage aura, patients have impaired language comprehension, marked word-finding
difficulties, and a decreased ability to read or write—implying more than just a pure
sensory or proprioceptive disturbance. Interestingly, language aura seems to occur
with a higher frequency in patients with hemiplegic migraine than in those with typical
aura only (approximately 20% in typical aura versus 47% in hemiplegic migraine).®” In
another series of patients with language aura, 76% had paraphasic errors, 72% had
other production problems and 38% had impaired comprehension.* Fortunately, the
very distressing symptoms of language disturbance tend to persist for less than 30
minutes in most patients.* A recent questionnaire based on case series reported other
instances of symptomatic cortical dysfunction including proper name anomia,
ideational apraxia, and proposagnosia.'®

PATHOPHYSIOLOGY OF MIGRAINE AURA

The aura has figured prominently in migraine pathophysiological research. Until the
1980s, the vasogenic theory of migraine was used to explain the aura. It postulated
that the aura occurred as the consequence of an initial vasoconstrictive phase in the
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migraine attack. However, as early as the 1940s, proponents of the neurogenic theory of
migraine hypothesized that the aura was the clinical manifestation of a spreading ab-
normality which moved over the visual cortex at a rate of 3 to 5 mm per minute. This
spreading abnormality was believed to be atypical for ischemia. Around the same
time, Leao,%® a neurophysiologist, described an electrophysiological phenomenon,
characterized by cortical hyperexcitation followed by suppression, which originated
and migrated over areas of contiguous cortex in experimental animals at a slow rate
of 3 to 4 mm per minute, after chemical or mechanical stimulations. This phenomenon,
which Leao called cortical spreading depression (CSD), has been proposed as the
cause of migraine aura, based on its slow rate of cortical spread which is similar to
that extrapolated for migraine aura across visual cortex.®® The fact that both CSD
and aura move across neurovascular boundaries strengthens this hypothesis. The neu-
rogenic theory proposes that the drops in blood flow observed during migraine aura are
the direct consequence of reduced metabolic demand in abnormally functioning neu-
rons, rather than the vasoconstriction. Evidence from functional imaging techniques,
applied during the aura phase in humans, has increasingly supported the neurogenic
theory.

Functional Neuroimaging and the Migraine Aura

Beginning in the early 1980s, various functional imaging techniques’®"2 employed

during aura symptoms have supported a CSD or CSD-like phenomenon as the under-
lying mechanism of the migraine aura. One of the most recent of these studies applied
blood-oxygen-level-dependent (BOLD) imaging, to aura. BOLD imaging is based on
known increases in MRI signal intensity that occur in response to decreases in local
deoxyhemoglobin concentration.” In this study, BOLD imaging was petformed be-
fore, during and after exercise-induced visual auras.”* BOLD imaging was also
performed during aura symptoms in two spontaneous auras. During visual aura there
was a loss of cortical activation to visual stimuli in the occipital lobe contralateral to the
visual field in which a scotoma was reported by the patient. As the visual symptoms
resolved, cortical activation within the affected occipital lobe returned to normal. In
the study of the induced aura, BOLD imaging was initiated after exercise but before
the onset of symptoms, was performed continuously during the visual symptoms,
and was continued well into the headache phase after complete resolution of the vi-
sual symptoms. With the onset of the aura symptoms, loss of cortical activation to vi-
sual stimulation was observed first in V3a, an area of visual association cortex, rather
than in the primary visual cortex. Over the next 30 to 40 minutes, the portion of visual
cortex which was unresponsive to visual stimulation expanded to involve neighboring
occipital cortex at a rate of 3.5 mm per minute, eventually encompassing large areas
of the ipsilateral primary visual and association cortices. The BOLD functional MRI
(fMRI) findings observed during human migraine aura are very similar to those that
have been seen in CSD induced in animal experiments,”® indicating that a human
process analogous to CSD might be the source of migraine visual aura. It is important
to note that findings from two cases of spontaneous migraine visual aura studied with
BOLD imaging were the same as those observed during later time points in the
exercise-induced aura.

Findings from fMRI performed on patients experiencing prolonged or persistent
aura have been inconsistent,5:16:76.77

Altered Cortical Function in Migraine with Aura

There is accumulating evidence that differences in patients who experience migraine
aura have altered cortical function. Such differences may account for their
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susceptibility to recurrent episodes of aura. In the 1980s and 1990s,%" P magnetic res-
onance spectroscopic (MRS) studies indicated altered phosphocreatinine/inorganic
phosphate ratios (index of brain phosphorylation potential),”®7® indicating altered neu-
ronal energy metabolism. Other MRS studies have shown low magnesium levels in the
occipital cortex of migraine aura sufferers,®° suggesting lowered thresholds for induc-
tion of a CSD or CSD-like phenomenon by way of disinhibition of NMDA receptor ac-
tivity.8" Interestingly, a more recent MRS study of migraine aura revealed that patients
who experienced purely visual aura had baseline elevated lactate levels which showed
no changes despite prolonged visual stimulation between migraine attacks. Con-
versely, patients who reported experiencing episodes of visual aura symptoms plus
an additional aura type (sensory, language, or motor) had levels of brain lactate which
were not elevated compared with those in healthy controls, but increased rather
sharply with prolonged visual stimulation.®? The causes of these unexpected findings
are not clear.

Electrophysiological studies, which have employed various evoked potential
modalities, have consistently demonstrated a decrease in habituation in the cortex
of migraineurs with aura after repeated stimulation compared with normal controls.
This altered habituation response has led to the hypothesis that a deficiency in habit-
uation related to abnormal functioning in the subcortical aminergic pathways is critical
in vulnerability to aura.®® Other electrophysiological evidence from transcranial mag-
netic stimulation-based studies also indicates altered cortical excitability in migrai-
neurs who experience aura.®* Although all of the details of altered cortical
processing in patients who experience the aura are not yet available, the body of ev-
idence indicating that such differences exist is growing. There seems to be an increas-
ing likelihood that such differences are important in the generation of the aura.

Genetic Factors

Currently, it is clear that the propensity to experience recurrent episodes of migraine
aura are to a large extent genetically determined. Several genetic loci have been linked
to typical migraine with aura (Table 1). This list excludes the genetic loci linked to FHM.

Table 1
Loci with reported association with migraine aura
Chromosome/Locus Gene/Protein Migraine Type Reference
1p36 MTHF-R MA 86
4.q24 ? MA 87
6 p12-21 ? MA MO 88
6 g25.1 Estrogen receptor 1 (ESR1) MA & MO 89
11 q22-23 Progesterone receptor (PGR) MA & MO 20
11 g23 Dopamine D2 (DRD2) Ncol MA 1
11 923 Dopamine D2 (DRD2) Ncol MA 92
11 q24 ? MA 93
15q11-q13 ?GABA-A MA o4
17 q11.1-q12 Human serotonin transporter MA & MO 95
(SLC6A4)

Abbreviations: MA, migraine with aura; MO, migraine without aura; MTHF-R, Methylenetetrahy-
drofolate reductase.
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However, one should remember that patients with FHM may also experience typical
auras.

The genetic determinants of migraine aura probably consist of a number of loci
which, based on the presence of certain polymorphisms, confer greater or lesser sus-
ceptibility to aura. Each of these potential “susceptibility genes” individually have
a low-to-moderate effect.?® It is the vector sum of these effects that determine, for
a given individual, his or her overall level of susceptibility to aura and many of the clin-
ical features of their migraine syndrome in general. It is also possible that when sus-
ceptibility conferring polymorphisms occur in the same individual, they might act
synergistically to produce the migraine phenotype. Such complex genetic interactions
will probably be difficult to detect by traditional single-locus linkage analysis and will
probably require association studies performed in very large samples.

SUMMARY

Neurologic symptoms that accompany migraine in about one quarter of migraine
patients are classically transient and occur as the result of cortical phenomena. Visual
symptoms of migraine aura are by far the most common type. The visual aura may
include positive and negative symptoms which occur within the homonymous
visual field and characteristically last in the range of 30 minutes. Persistent migraine
visual aura is uncommon and may be a distinct entity from primary persistent visual
disturbance (visual snow). Transient monocular visual symptoms associated with mi-
graine (often referred to as “retinal migraine”) may be less frequent than originally sug-
gested. Migraine has rarely been associated with fixed visual loss (most commonly
from stroke, ischemic optic neuropathy, or retinal vascular occlusion), but evidence
for a cause-and-effect mechanism remains somewhat limited. Other aura symptoms
include unilateral sensory symptoms and language disturbance. Until recently, motor
symptoms were included as an aura type. However, because of increasing genetic
information as to the origin of motor aura, it has been reclassified as an integral part
of a distinct migraine subtype known as hemiplegic migraine. Although patients with
hemiplegic migraine also generally experience more typical visual, sensory, and
language auras, the motor symptoms are of longer duration and it is unclear whether
they arise from an analogous phenomenon. Recent data from functional neuroimaging
suggest that the more common aura symptoms may arise from a cortical spreading
depression-like process. The tendency for aura appears to be influenced by complex
genetic factors and the overall susceptibility is likely to be based on polymorphisms at
multiple loci and may be modulated by epigenetic factors.
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