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Migraine aura: new ideas about cause,
classification, and clinical significance
Andrew Charles a and Jakob Møller Hansen b

Purpose of review
The migraine aura is a dramatic spontaneous change in brain activity resulting in a variety of transient
neurological symptoms. The purpose of this review is to address recent advances in the understanding of
aura and its role in migraine.
Recent findings
The formal classification of migraine aura is becoming both broader and more detailed. Traditionally
viewed as a primary event that triggers a migraine attack, studies regarding the timing of aura relative to
other symptoms of migraine indicate that it may not in fact play a primary role in initiating an attack.
Careful recording and analysis of visual aura symptoms provides new insight into the initiation and
propagation of the underlying brain phenomenon, and the different regions of visual cortex that produce
different visual perceptions. Migraine with aura may have different responses to acute and preventive
therapies.
Summary
There has been significant evolution of concepts regarding the causes of migraine aura, how it is best
defined, and how it fits into the picture of the migraine disorder as a whole. Regardless of its exact role in
the genesis of migraine, an increased understanding of aura has the potential to provide important new
insight into not only migraine but also fundamental mechanisms of brain physiology.
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INTRODUCTION
Migraine aura is defined as transient neurological
symptoms that occur and spread gradually, and
either precede or accompany the onset of headache.
About a third of patients with migraine have attacks
with aura [1]. In migraine with typical aura, the
most prevalent aura symptoms are visual disturbances [2]. Other symptoms are quite common [3 ]
and may include sensory, speech/language, and
motor symptoms or even disturbances of higher
cortical function such as difficulty thinking or concentrating [4 ].
&&

version (ICHD-3 b), brainstem symptoms are
included in the definition of migraine aura (with
removal of the classification of basilar migraine), as
are motor symptoms that occur in the case of familial hemiplegic migraine [3 ]. The current ICHD
also includes monocular visual symptoms, classified
as retinal migraine.
The visual, sensory, language, and motor symptoms are consistent with a wave of altered brain
activity that spreads slowly across the cortex. Since
shortly after its original description by Leão [7],
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MIGRAINE AURA CLASSIFICATION
The clinical features of migraine aura that are
included in the formal migraine classification [International Classification of Headache Disorders
(ICHD)] have changed over time. In the first version,
ICHD-1 [5], migraine aura was defined as cortical or
brainstem symptoms. In ICHD-2 [6], specific symptoms were identified, including disturbances of
vision, sensation, and language. In the current
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KEY POINTS
 The formal classification of migraine aura now includes
visual, sensory, language, motor, brainstem, and
retinal symptoms.
 The timing of aura relative to headache and
premonitory symptoms raises further questions about its
role in the initiation of headache.
 Detailed characterization of migraine visual aura
symptoms in a single individual reveals multiple sites of
onset in the visual cortex and nonconcentric spread of
wave of cortical activity.
 The presence and features of clinical symptoms of the
migraine aura vary depending on the region of the
cortex through which the wave is traveling.
 Migraine with aura may have a different response to
acute and preventive therapy as compared with
migraine without aura.

cortical spreading depression (CSD) has been
hypothesized to be the physiological mechanism
underlying the migraine visual aura [8], although
the occurrence of CSD as a cause of migraine aura
has yet to be definitively demonstrated. It has also
been speculated that the monocular symptoms could
be caused by a spreading depression event in the
retina with associated vasoconstriction [9]. The
mechanisms underlying brainstem aura symptoms
are less clear. Spreading depression can be elicited in
the brainstem in animal models, but the conditions
required to trigger it are more extreme than those
that trigger spreading depression in the cortex [10].
Brainstem aura symptoms are particularly common
in familial hemiplegic migraine [11], suggesting that
a specific genetic susceptibility may be required in
order for aura mechanisms to involve the brainstem.
Another change in the ICHD-3 b is the removal
of the classification ‘migraine with prolonged aura’
to describe aura symptoms lasting more than 1 h.
Such attacks are now classified as ‘probable migraine
with aura’. It is not uncommon, however, for aura
symptoms to last longer than 60 min; this is particularly the case for sensory or language aura symptoms
[12].
Consistent throughout the classifications is the
definition that a diagnosis of migraine with aura
requires at least two attacks meeting the remainder
of the diagnostic criteria. A significant majority of
patients who have a diagnosis of migraine with aura
also have attacks (and therefore a diagnosis) of
migraine without aura. This underscores a fundamentally important and unanswered question: what
are the mechanisms by which aura occurs in some
attacks but not others in the same individual?
256
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The common co-occurrence of migraine with
aura and without aura in the same patient also
creates issues for the design and interpretation of
clinical studies. In many epidemiological studies
and clinical trials, patients are assigned a diagnosis
of migraine either with or without aura, when in fact
many of the patients assigned to the migraine with
aura category have both. This may confound distinctions between the two groups. It is preferable for
clinical studies to categorize patients as having
migraine with aura only when a majority of their
attacks include aura, in order to more accurately
determine the clinical significance of a diagnosis of
migraine with aura [13].

DOES MIGRAINE AURA TRIGGER
HEADACHE?
The fact that aura is a variable feature of a migraine
attack for many patients raises questions about
whether it plays an essential role in triggering headache. Although it is possible that the brain phenomenon underlying aura could occur without
generating clinical symptoms (‘silent aura’ – see
next section), it seems more likely that this phenomenon is in fact not occurring at all in the majority of
migraine attacks. It is also common for aura to occur
without subsequent headache, particularly in older
men [2]. Thus, aura is neither necessary nor sufficient for headache.
Recent studies also suggest that the timing of
aura relative to headache may not be as consistent as
previously believed [14]. Examination of the results
of a clinical trial that prospectively recorded aura
symptoms in conjunction with other migraine
attack symptoms found that a majority of patients
reported headache, as well as other defining
migraine symptoms at the same time that they
reported onset of aura. These results contradict
the widely held idea that migraine aura consistently
precedes headache.
The occurrence of premonitory symptoms prior
to any other migraine symptoms also suggests that
aura is not a primary trigger for a migraine attack.
During premonitory symptoms, changes in brain
activity can be seen on PET scans even hours before
headache – thus occurring at a time clearly preceding classical aura [15 ]. A recent study investigated
interictal resting-state functional brain connectivity
in migraine with aura patients and found no abnormalities of intrinsic brain connectivity [16]. Taken
together, these observations indicate that the aura is
not a fundamental initiating event of a migraine
attack. Rather, it seems more likely that the aura is a
variable component of an aberrant ‘brain state’ that
occurs during a migraine attack [17].
&&
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INITIATION AND PROPAGATION OF AURA
SYMPTOMS: INSIGHTS FROM CLINICAL
OBSERVATIONS
Detailed recordings of the visual percept of migraine
aura have led to new insight into its initiation and
propagation. There is a long history of drawing of
aura phenomena by individuals, including the
drawings done by Lashley that led to the initial
understanding that one form of visual aura, the
‘fortification spectrum’, is caused by a slowly propagated wave in the correlated retinotopic representation in the visual cortex [18,19]. Recently, a unique
set of aura drawings done by a single individual has
added substantially to this understanding [20 ]
(Fig. 1). This individual traced the visual aura wavefront at 1-min time intervals for more than 1000
attacks. A number of interesting conclusions can be
drawn from this dataset. First, there are multiple
&&

sites of initiation of auras in both the visual fields,
indicating that auras do not necessarily originate
from a single consistent cortical focus in a given
individual. Second, while a typical aura spread
throughout one entire visual field, others were
‘aborted’ after only several minutes of spread. This
implies that the aura phenomenon may not necessarily be an all or none process. It suggests that either
the initiating stimulus may vary in intensity or there
may be variability in the permissiveness of the cortex to the spread of the underlying phenomenon.
Third, the paths and rates of propagation of the
visual percept were consistent throughout the entire
course of spread, and regardless of the direction of
spread. This indicates preferred and consistent paths
of propagation, regardless of whether the phenomenon started centrally or peripherally in the visual
cortex. Fourth, when the visual phenomenon
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FIGURE 1. Mapping of visual aura symptoms onto visual cortex. (a) Drawing of migraine aura propagation. Solid lines
represent the wavefront of a typical scintillating scotoma. Dotted lines represent a scotoma without scintillation. The positive
visual phenomenon tracks toward the vertical meridian, disappears for several seconds, reappears as a scotoma, and then
reappears as a positive phenomenon that propagates to the periphery. (b) Representation of the retinal visual fields on the
visual cortex (unfolded occipital lobe). (c) Hypothesized propagation of the aura visual phenomenon drawn in (a) onto an
idealized visual cortex. The visual phenomenon of the migraine aura is consistent with a relatively narrow wavefont that
propagates along a gyrus or sulcus. When the visual phenomenon crosses from the V1 to the V2 region of the occipital
cortex, it disappears transiently for several minutes, and then becomes a scotoma while the wave is propagating in V2. When
the phenomenon re-enters V1, it reappears as a scintillating wavefront. Reproduced with permission from [20 ].
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approached the vertical meridian consistent with
the cortical wave crossing from the V1 to the V2
region of the visual cortex, the visual percept
changed from a scintillating wavefront to a scotoma. This observation indicates that the positive
and negative symptoms of migraine aura may be
caused by not only the physiological features of the
underlying cortical wave but also the functional
anatomy of the brain region through which this
wave is traveling. Fifth, in some cases, the visual
phenomenon disappeared for a few minutes, and
then reappeared in a location consistent with ‘silent’
propagation of the cortical wave. This observation
provides evidence for the possibility of ‘silent aura’.
Finally, the pattern of propagation of the visual
phenomenon is consistent with that of a relatively
narrow wavefront propagating along a sulcus or
gyrus, rather than a concentric ‘pebble in a pond’
cortical spread as is commonly represented. It is
interesting to note that this gyral or sulcal pattern
of propagation is not necessarily what is observed
with functional imaging studies of blood flow
during migraine, which may show broad waves of
altered blood flow spanning multiple gyri. This discrepancy indicates that blood flow changes may
occur on a much broader spatial scale than the
changes in visual cortical activity that are correlated
with aura symptoms [21,22].
In light of the findings described earlier, it is
interesting to consider how the aura might spread
from the visual cortex to other brain regions. When
more than one aura symptom is reported, they often
occur in succession [2] suggesting that the brain
phenomenon underlying aura may spread in contiguous fashion from one region of cortex to
another. Assuming a continuous gyral or sulcal
pattern of spread, it is not straightforward to map
a path from visual cortex to somatosensory cortex to
language cortex [23]. Extensive cortical propagation
in association with clinical symptoms has not been
unequivocally demonstrated in migraine with aura
patients. MRI studies of patients with visual aura
found that regional cerebral blood flow [24] and
blood oxygen level dependent signal [25] changes
during aura were confined to the visual cortex.
Multifocal origination of migraine aura is possible;
this was reported for hemiplegic migraine in which
regional cerebral blood flow studies during spontaneous migraine aura found oligemia in the frontal
lobe, independently of posterior oligemia [26].
In individuals with brainstem symptoms, it is
also unclear whether there is spread of changes in
brain activity from cortex to brainstem, or if changes
are occurring in parallel in each brain region. Functional imaging studies now have the capacity to
visualize in detail the propagation of changes
258
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in brain activity associated with migraine aura
symptoms, but as yet none have captured spread
from one region of cortex directly correlated with
migraine aura symptoms. Such a study is critical
in order to more definitively understand the propagation of brain changes underlying the variety of
neurological symptoms that migraine aura may cause.
In addition to the different neurological symptoms experienced in attacks of migraine with aura,
these attacks may be have other clinical features
including different responses to therapeutic interventions. Recent analysis of data from a large
clinical trial database examined the relative efficacy
of sumatriptan in migraine with aura vs. without
aura [27]. This study found that sumatriptan was less
effective as an acute therapy for migraine with aura
vs. without aura, based on the 2-h pain-free endpoint. In addition, the study found that patients
who were entered in clinical trials with a diagnosis
of migraine with aura showed reduced efficacy of
sumatriptan as compared with those whose diagnosis was migraine without aura. Interestingly,
analysis of a single large trial of inhaled dihydroergotamine as an acute therapy for migraine found
that it was equally effective for attacks of migraine
with vs. without aura. These results indicate that
different responses of migraine with aura vs.
migraine without aura to acute therapies have the
potential to influence the outcome of clinical trials
for specific medications.
In most individuals, aura symptoms are not
sustained or severe, and therefore do not require
specific therapy. For some, however, the duration
and severity of aura symptoms leads to substantial
disability. For these patients, specific treatments for
aura have been investigated. A randomized, controlled study of intranasal ketamine found that
it reduced the severity but not the duration of
prolonged aura [28]. A smaller, uncontrolled study
found that in some patients with hemiplegic
migraine, ketamine reduced both the severity and
the duration of aura [29].
There have also been some studies of preventive
therapies that have indicated different efficacy for
migraine with aura vs. migraine without aura. The
medication tonabersat was found to be ineffective as
an acute or preventive therapy for migraine without
aura [30,31], but a small study indicated that it was
effective in reducing migraine with aura attacks [32].
Similarly, a recent study of patent foramen ovale
(PFO) closure as a preventive therapy for migraine
(NCT00505570) indicated that although the procedure did not reduce the number of migraine days
(primary endpoint), PFO closure did significantly
reduce migraine days with aura [33]. The pathophysiological basis for this difference is unclear. A
Volume 28  Number 3  June 2015
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number of studies have suggested an association
between migraine, and particularly migraine with
aura, with PFO [34–37]. CSD, the wave of cortical
activity believed to be the physiological substrate of
the migraine aura, can be triggered by particulate or
air emboli in rodent models, leading to the speculation that emboli passing from the right to the left
heart through a PFO could trigger CSD and therefore
aura [38]. If this were the case, however, it would
mean that an embolic mechanism would be a trigger
for only some, but not all, attacks.

CONCLUSION
The migraine aura is a unique event: a spontaneous,
episodic, often reproducible alteration in brain
activity. It therefore provides an important window
not only in to brain function, particularly in the
visual cortex, but also in the sensory and motor
cortex and brainstem. It can also lead to critical
new understanding of anatomical and physiological
changes that occur during a migraine attack, and is a
clinical feature that may predict response to specific
therapies. Careful and systematic observation, by
both individuals and clinical investigators, as well
as electrophysiological and functional imaging studies continue to provide opportunities for significant
new insight into the mechanisms of aura and its
significance as a common brain phenomenon.
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