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Abstract
Purpose of Review To review the pathophysiologic, epidemiologic, and clinical evidence for similarities and differences between
migraine with and without aura.
Recent Findings The ICHD-3 has recently refined the diagnostic criteria for aura to include positive symptomatology, which
better differentiates aura from TIA. Although substantial evidence supports cortical spreading depression as the cause of visual
aura, the role (if any) of CSD in headache pain is not well understood. Recent imaging evidence suggests a possible hypothalamic
origin for a headache attack, but further research is needed. Migraine with aura is associated with a modest increase in the risk of
ischemic stroke. The etiology for this association remains unclear. There is a paucity of evidence regarding treatments specifically
aimed at the migraine with aura subtype, or whether migraine with vs without aura responds to treatment differently. Migraine
with typical aura is therefore often treated similarly to migraine without aura. Lamotrigine, daily aspirin, and flunarizine have
evidence for efficacy in prevention of migraine with aura, and magnesium, ketamine, furosemide, and single-pulse transcranial
magnetic stimulation have evidence for use as acute treatments. Although triptans have traditionally been contraindicated in
hemiplegic migraine and migraine with brainstem aura, this prohibition is being reconsidered in the face of evidence suggesting
that use may be safe.
Summary The debate as to whether migraine with and without aura are different entities is ongoing. In an era of sophisticated
imaging, genetic advancement, and ongoing clinical trials, efforts to answer this question are likely to yield important and
clinically meaningful results.
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Introduction

Migraine with aura is estimated to affect between 1/5 and 1/3
of people with migraine in the USA, an estimated 7.4–11.1
million people [1]. The dramatic neurologic accompaniments
of migraine with aura initially appeared in the literature in

1873, but it took over 100 years for these symptoms to be
recognized as the result of cortical spreading depression and
associated oligemia, as first described by Leao [2]. The
International Classification of Headache Disorders (ICHD)
has differentiated between migraine with and without aura
(formerly called classic and common migraine) since incep-
tion, citing the presence of spreading oligemia in migraine
with aura and its absence in migraine without aura. Since that
time, headache researchers and clinicians have wrestled with
questions about whether these two types of migraine should
be thought of as fundamentally different entities or as different
manifestations of the same underlying pathophysiology. In
this review, we will discuss the pathophysiologic, epidemio-
logic, and clinical evidence for similarities and differences,
and consider the implications for management of patients with
migraine with aura.
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Defining Migraine with Aura

The ICHD recognizes that migraine aura and migrainous
headache are related entities that do not always coincide [3].
The criteria reflect the current understanding that migraine is a
neurological process of which headache is sometimes, but not
always, a part. The presence of aura, with or without head-
ache, is the defining feature of migraine with aura, while head-
ache, migrainous or not, is not required for the diagnosis. In
contrast, the definition of migraine without aura emphasizes
headache characteristics and associated symptoms, i.e. mi-
grainous headache. The neurological events of aura should
be differentiated from commonly reported symptoms of pro-
drome, such as changes in mood or activity level, hunger/
cravings, and yawning [4] or a postdrome such as fatigue,
difficulty concentrating, and stiff neck [5].

The criteria for migraine with aura are listed in Table 1. Per
the most recent classification, the aura symptom must have at
least three of the six: spreading gradually over ≥ 5 min, two or
more symptoms occur in succession, each individual aura
symptom lasts 5–60 min, at least one aura symptom is unilat-
eral, at least one aura symptom is positive, and the aura is
accompanied, or followed within 60 min, by headache [3].
The prior ICHD-II definition did not include positive symp-
toms as one of the possible criteria. This element was added
because field testing showed that the current criteria better
distinguished between migraine aura and transient ischemic
attacks [6•]. Out of the aura subtypes, visual aura is by far
the most common. Indeed, it is unusual to encounter a patient
with sensory, language, or motor aura who does not have a
history of visual aura [7]. Much time has been spent on

clinically distinguishing visual aura from other transient visual
phenomenon. Validated clinical tools such as the visual aura
rating scale have emphasized the key features which duration
(5–60 min), gradual development (≥ 5 min), scotoma, zig-zag
lines, and laterality as key features [8]. Descriptions of sensory
aura, also defined as typical aura, classically manifest as a
Jacksonian march that is unilateral, starts in the hand, pro-
gresses up the arm, and then affects the face and tongue.

The presence of motor aura leads to the diagnosis of hemi-
plegic migraine. This distinction is in part secondary to the
known rare genetic variants which correspond with familial
hemiplegic migraine. Migraine with brainstem aura is perhaps
the most controversial of the aura subtypes. Originally de-
scribed as “basilar artery migraine” by Bickerstaff in 1961
secondary to the belief that there was a transient narrowing
of the basilar artery, brainstem aura is characterized by at least
two of the following fully reversible symptoms: dysarthria,
vertigo, tinnitus, hypacusis, diplopia, ataxia not attributable
to sensory deficit, and decreased level of consciousness [9].
Over the last 10 years, it has been argued that this may in fact
not represent an independent disease entity that is different
from migraine with typical aura, secondary to the overlap of
many of these symptoms reported by patients with typical aura
[10]. Field testing of the ICHD-3 also suggested that the
criteria for brainstem aura should be more restrictive [11].

Pathophysiology of Aura and Headache Pain

The pathophysiology of visual aura is widely accepted to be
cortical spreading depression, as first described by Leao in the
rat [12]. CSD is initiated by a slowly propagating wave of
depolarization in cortical neurons and glia, followed by hy-
perpolarization that moves across the cortex at a rate of 3–
5 mm/min. It is accompanied by dramatic changes in ion
homeostasis and neurotransmitter release [13]. Given the in-
creased energy demands to restore homeostasis, this is quickly
accompanied by a transient increase in cerebral blood flow
[14, 15]. CSD has been demonstrated to occur in animal stud-
ies as well as in the human visual cortex in perfusion weighted
and functional MRI studies [13, 16, 17••]. Although other
types of aura (language, sensory, and brainstem) are not as
well studied, evidence also points to CSD as their pathophys-
iology [18].

The connection between aura and the headache phase has
several proposed mechanisms. One mechanism by which
CSD may lead to the headache phase is by initiation of an
inflammatory cascade and nociceptive substances via vascular
dilation and constriction of pial vessels (which have nocicep-
tive innervation by trigeminal afferents) and direct depolari-
zation of nociceptive afferents through release of potassium
[19, 20]. However, lack of evidence for blood-brain barrier
disruption during migraine does not support the anticipated

Table 1 ICHD-3 criteria for migraine with aura

A. At least two attacks fulfilling criteria B and C

B. One or more of the following fully reversible aura symptoms:

a. visual

b. sensory

c. speech and/or language

d. motor

e. brainstem

f. retinal

C. At least two of the following four characteristics:

a. at least one aura symptom spreads gradually over ≥ 5 min, and/or
two or more symptoms occur in succession

b. each individual aura symptom lasts 5–60 min1

c. at least one aura symptom is unilateral2

d. the aura is accompanied, or followed within 60 min, by headache

D. Not better accounted for by another ICHD-3 diagnosis.

1When for example three symptoms occur during an aura, the acceptable
maximal duration is 3 × 60 min. Motor symptoms may last up to 72 h
2Aphasia is always regarded as a unilateral symptom; dysarthria may or
may not be
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leakage and edema from neurogenic-like inflammation [21].
Furthermore, inhibitors of substances identified in the inflam-
matory cascade (such as substance P, neurokinin 1 or
endothelin) have not prevented migraine headache in humans,
although they have prevented CSD induced neurogenic dura
mater inflammation in animal models [22–25]. CSD may also
directly induce the trigeminal subnucleus caudalis via direct
connections from layer 5 of the insula and primary somato-
sensory cortex [26]. Charles et al. argue that although there is
strong evidence that CSD could cause pain, results from be-
havioral studies in awake rodents illustrate less convincing
results—perhaps secondary to more limited models of
pain—do not consistently show this [27].

How migraine headache pain is initiated in those without
aura is less well understood. One argument is that CSD occurs
silently in those without aura (in subcortical regions, such as
the hypothalamus), and that otherwise, the pathophysiology
betweenmigraine with and without aura does not substantially
differ [28]. Evidence against this came from a modest-sized
study (39 patients) in which tonabersat, a drug known to in-
hibit CSD in animal studies, significantly reduced the frequen-
cy of aura attacks but not migraine attacks without aura [29].
Further evidence that CSD may not always be coupled to
migraine pain comes from the observation that calcitonin
gene-related peptide (CGRP) is not elevated in live animal
models of CSD, but only in slices of the neocortex [30–32].
Other proposed mechanisms for migraine without aura in-
clude shear-induced platelet aggregation in which platelets
aggregate in narrowed vessels releasing local serotonin lead-
ing to nitric oxide formation and release of CGRP [25]. The
anatomic origin of migraine headache pathophysiology has
also been of interest with advances in imaging. One study
proposed the hypothalamus as the new “generator” of mi-
graine pain based on increased hypothalamic activity in
fMRI in the 24 h prior to migraine pain (albeit this was done
in only one patient) [33••]. Studies using advanced imaging
techniques in a greater number of patients are needed to better
elucidate such findings.

Risks Associated with Migraine with Aura

Epidemiologic studies show that migraine with aura is asso-
ciated with an increased risk of cardiovascular outcomes. The
best characterized of these is the increase in the risk of ische-
mic stroke. A recent meta-analysis found an OR of 1.56 (95%
CI 1.30 to 1.87) for ischemic stroke in people with migraine
with aura [34]. Older meta-analyses, which do not include a
Swedish twin study published in 2017, showed roughly dou-
ble the risk of ischemic stroke in people with migraine with
aura [35]. The risk of ischemic stroke in people with migraine
without aura is not increased, however, suggesting a patho-
physiologic relationship between aura and the risk for stroke.

A history of migraine of any type has also been associated
with an increased risk of cardiac events, including myocardial
infarction (hazard ratio (HR) 1.39), angina/coronary revascu-
larization procedures (HR 1.73), and all major cardiovascular
disease (HR 1.50) [36]. A recent Danish population-based
study suggests that this increased risk may also be driven by
the migraine with aura subgroup (hazard ratio of 1.74 (95%CI
1.44 to 2.11) for migraine with aura and 1.22 (1.01 to 1.48) for
migraine without aura) [37•].

The mechanism for this increase in risk is not known, but it
is interesting that migraine with aura seems to be a more
significant risk factor in younger people without traditional
cardiac risk factors such as diabetes or hypertension. This
could suggest that there is instead a common underlying ge-
netic or physiologic difference that leads to both migraine aura
and increased cardiovascular risk. Changes in the endothelium
and hypercoagulability have both been proposed as potential
mechanisms [38]. The best available evidence also supports a
stronger association between brain white matter lesions and
migraine with aura than for migraine without aura, possibly
suggesting a role for microvascular abnormalities that increase
the risk of both aura and stroke [39]. Another possible expla-
nation is that migraine aura attacks themselves somehow in-
crease the risk for cardiovascular events. This is somewhat
supported by the finding that a recent diagnosis or onset of
migraine is associated with a higher CVD risk than a remote
diagnosis [37•]. One study also suggested that an increased
frequency of attacks was associated with higher risk, although
high frequency was defined as one attack per month or more.
Regardless of the nature of the pathophysiologic link, it is
clear that migraine with aura is associated with increased car-
diovascular risks and that the association for migraine without
aura is either less strong or absent. Thus, epidemiologic evi-
dence supports a fundamental difference between the two
entities.

Preventive Treatment of Migraine
with Typical Aura

Treatments with evidence for efficacy in migraine with aura
are summarized in Table 2. In a paper summarizing lessons
learned from the tonabersat studies, Hauge et al. state that it is
advisable to study migraine with and without aura separately,
and recommend that the FDA “not accept a drug for the treat-
ment of MA without specific studies focusing on this disor-
der” [40]. Although some treatments are tested specifically for
migraine with aura, as summarized below, most studies of
acute and preventative migraine treatments include both pa-
tients with migraine with aura and migraine without aura.
When both migraine subtypes are included, it is unusual for
treatment response to be reported as a function of migraine
subtype. The degree to which migraine with aura responds to
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acute or preventive treatment differently from migraine with-
out aura is therefore a sparsely studied topic. Despite this, the
results of these trials are typically applied to both populations.
In the search for clinical features that could help predict re-
sponse to treatment, it is interesting that an obvious clinical
marker—the presence or absence of aura—has largely been
overlooked.

Based on the hypothesis that migraine aura is fundamen-
tally a disorder of neuronal ionic gradients, anti-epileptic
drugs are often suggested as preventive treatments. The little
available evidence regarding response to AED treatment of
migraine with vs without aura suggests that inhibition of
CSD may be key to treatment efficacy. In rats, chronic daily
administration of the AEDs topiramate and valproate, as well
as propranolol, amitriptyline, and methysergide, decreased
CSD frequency by 40–80%, in a dose-dependent fashion
[41]. Several small open-label or pilot studies found that
lamotrigine 50–300 mg daily (mean 100–170 daily) reduced
aura frequency by 50% or more in 68–75% of patients [42,
43]. Yet, the 2012 AAN/AHS guidelines place lamotrigine in
the category of medications that are established as ineffective
for preventive treatment of migraine, not considering aura
subtype [44]. Lamotrigine has been shown to suppress CSD
in the rat brain [45]. Based on these findings, it may be that
lamotrigine has a unique benefit for migraine aura via sup-
pression of CSD. (It is also possible that any positive findings
are due to typical placebo responses in open label studies.)

Contradicting this theory, a study of topiramate for the
prevention of migraine with aura (n = 269) and migraine with-
out aura (n = 542) showed that aura frequency reduced in par-
allel with reduction of overall migraine frequency in patients
with migraine with aura, and overall headache frequency was
reduced equally for migraine with and without aura [46].
Thus, this study did not support a uniquely benefit effect of
topiramate for migraine with aura, despite evidence that

topiramate also reduces CSD in the rat brain. Sodium
valproate has often been suggested as a treatment for migraine
with aura, but there are no studies examining this question and
valproate does not inhibit CSD as strongly as lamotrigine [45].
Outside of the AEDs, one study of metoprolol that looked
specifically at the frequency of aura attacks showed no benefit
overall. Metoprolol was shown not to inhibit CSD in the rat
brain [47].

In the absence of good evidence to support a different treat-
ment course for migraine with aura, we typically follow the
AAN/AHS treatment guidelines for migraine as a whole in
these patients. [44]. In patients who have typical aura that is
very bothersome, we often try treatments used more common-
ly in hemiplegic migraine or migraine with brainstem aura,
such as verapamil or acetazolamide, in addition to
lamotrigine. One author (RB) has anecdotally seen a reduction
in migraine aura frequency in some patients treated with
magnesium.

Acute Treatment of Migraine with Aura

There is currently no acute treatment with good evidence for
efficacy in shortening or reducing the severity of migraine
aura itself. If cortical spreading depression is the preliminary
step in initiating a migraine attack, it might be expected that
abortive treatment during the aura phase could prevent subse-
quent headaches. Interestingly, studies of triptans given during
the aura phase have instead been negative on balance. In one
trial, 177 patients with migraine with aura were randomized to
be treated with sumatriptan SQ 6 mg or placebo at onset of
aura symptoms. The aura duration was 25min in the treatment
group vs 30 min in the placebo group, a difference that was
not statistically significant. The proportion of patients who
subsequently had a moderate or severe headache was also

Table 2 Treatments with
evidence of benefit in migraine
with aura

Preventive Dose

Aspirin Up to 300 mg/day

Lamotrigine 50–300 mg daily (average
100–150 mg/day)

Flunarizine (not available in the US)

Acute

IV magnesium sulfate 1 mg IV ×1

Ketamine nasal spray 25 mg ×1

Furosemide 20 mg IVor 40 mg PO daily

Single pulse transcranial magnetic stimulation (sTMS) device 2 pulses 20 s apart

For hemiplegic migraine or migraine with brainstem aura

Verapamil 120–240 mg total daily

Acetazolamide 500–1000 mg total daily

Lamotrigine 50–300 mg daily
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not different between groups [48]. Another randomized con-
trolled trial of sumatriptan 200 mg vs placebo in 94 patients
instructed to treat as soon as they were aware of a migraine
with aura attack found that sumatriptan reduced the severity of
the first migraine attack treated (63% of active vs 33% of
placebo group responded). The severity of the second and
third attacks treated was not reduced, however, which was
partly attributed to a higher placebo value for these attacks
[49]. In contrast, a four-way crossover open-label study of
19 patients found that treatment with sumatriptan 100 mg dur-
ing aura prevented the development of the headache in 34 out
of 38 attacks (89%), suggesting that this may still be an open
research question [50]. Anecdotally, we find that some pa-
tients are in fact able to prevent or ameliorate their headaches
by using their triptan or a strong non-steroidal anti-inflamma-
tory drug (NSAID) during the aura phase. We often counsel
patients to try treating a few attacks after onset of pain and
then try treating during aura to see which strategy is more
effective.

Neuronal N-methyl-D-aspartate (NMDA) receptors are in-
volved in the initiation and propagation of CSD [51].
Ketamine and magnesium are NMDA receptor antagonists
that have shown some promise in the acute treatment of aura
[52]. Ketamine nasal spray 25 mg was tested in 11 patients
with hemiplegic migraine. Of these, 5 reported shorter aura
duration and 6 reported no response. Of the 5 patients who
reported shortened neurologic symptoms, only 2 experienced
benefit for the headache itself. In a randomized controlled trial
of treatment for prolonged aura, with 18 participants complet-
ing the protocol, ketamine nasal spray 25mgwas compared to
midazolam as an active control [53]. There was a non-
statistically significant benefit on aura severity but not dura-
tion in the ketamine group compared to the midazolam group.
Ketamine is actively being studied for the treatment of mi-
graine without aura as well, with the clinicaltrials.gov
website showing three active or recently completed trials. It
is unclear whether aura will be assessed in these studies.

A placebo-controlled randomized trial of IV magnesium
sulfate 1 mg infusion involving 60 patients showed that par-
ticipants with migraine were more likely to respond than those
with migraine without aura [54]. The subgroup of migraine
without aura experienced improvement in only photophobia
and phonophobia but not pain or nausea compared to placebo.
The migraine with aura subgroup experienced relief of all
symptoms including aura significantly more often than the
placebo group. A similar randomized controlled trial compar-
ing magnesium to metoclopramide and to placebo also
showed benefit of magnesium in the migraine with aura sub-
group alone [54].

The sTMS (single pulse TranscranialMagnetic Stimulation)
device was initially developed for the acute treatment of mi-
graine with aura. The single pulse of transcranial magnetic
stimulation is designed to interrupt the wave of CSD during a

migraine aura. In a randomized, sham-controlled trial includ-
ing 164 patients, the 2-h pain-free response rates were 39% in
the active group vs 22% in the sham group, giving a therapeu-
tic gain of 17% (95% CI 3–31%; p = 0.0179) [55].

Three case reports suggest that furosemide (20 mg IV daily
inpatient or 40 mg PO daily outpatient) may resolved
prolonged aura or reduce the frequency of aura [56–58].
Anecdotally, we have occasionally tried this for patients with
refractory complex aura symptoms with some benefit.

Treatment of Hemiplegic Migraine
and Migraine with Brainstem Aura

Hemiplegic migraine and migraine with brainstem aura are
often thought of as more severe migraine phenotypes when
compared to migraine with typical aura. This is possibly due
to the presence of more disabling symptoms, such as motor
weakness, ataxia, alternation in consciousness, or vertigo. The
classification also recognizes hemiplegic migraine as a more
prolonged aura subtype, lasting up to 72 h. Traditionally,
triptans and ergots have been avoided for these headache types
due to concern about exacerbating or prolonging these dis-
abling symptoms. The theory behind this prohibition has rest-
ed on the belief that triptans cause intracranial vasoconstric-
tion and thus increase the risk for prolonged aura and migrain-
ous infarction. More recent evidence has shown that triptans
do not have significant intracranial vasocontrictive properties,
however, and several large case series support reconsideration
of this prohibition [59]. Taken together, the three reported case
series include 89 patients with hemiplegic migraine and 80
with features of basilar migraine. These series found that treat-
ment with triptans was well tolerated, with one case of hemi-
plegic aura being prolonged after a single dose of rizatriptan
but with normal imaging [60–62]. Although these case series
are not large enough to conclusively rule out increased risk
associated with the use of triptans, it does seem that a broad
prohibition may be overly cautious. If the underlying patho-
physiology of migraine with aura is the same—i.e. cortical
spreading depression—regardless of aura subtype, it is reason-
able to expect that the treatment approach should also be
similar.

Hemiplegic migraine is known to be associated with three
genes that affect the function of neuronal sodium channels,
calcium channels, or sodium/potassium ATPase. Based on
this, preventive medications that affect ionic gradients via
function of sodium or calcium channels, or other mechanisms,
have been suggested as being particularly helpful for hemiple-
gic migraine. These include the calcium channel blockers ve-
rapamil and flunarizine, the carbonic anhydrase inhibitor ac-
etazolamide, and antiepileptics such as topiramate, valproate,
lamotrigine, and gabapentin. Of these, flunarazine has the best
quality evidence, as described above. Single case reports or

Curr Pain Headache Rep (2018) 22: 78 Page 5 of 8 78

http://clinicaltrials.gov


small case series also support the use of verapamil, acetazol-
amide, and lamotrigine for prevention [63•]. There is also one
case report of successful use of oral acetazolamide as an acute
treatment for hemiplegic migraine aura [63•].

Other Treatment Implications of Migraine
with Aura

Aspirin

The role of aspirin in the management of migraine with
aura is uncertain. In the past, many providers started a
daily baby aspirin in patients with migraine with aura in
the hopes of mitigating the increased risk of stroke.
Aspirin has never been formally studied for this purpose
in the migraine with aura population, which tends to be
younger and have fewer traditional cardiovascular risk
factors than the population in which aspirin is typically
used for primary prevention. There is preliminary evi-
dence to suggest that further study is needed before
making this a standard practice. An exploratory sub-
group analysis of the Nurses Health Study II by Kurth
et al. showed that women who had migraine with aura
and were in the aspirin group had a higher risk of
stroke than the group not treated with aspirin [64].
One open research question is whether a therapeutically
induced reduction in frequency of migraine aura attacks
reduces the stroke risk. Aspirin has been evaluated as a
preventive treatment for migraine aura. An observational
case series of 49 patients with migraine with aura who
were treated with ASA 80 mg daily found that aura
frequency was reduced in 39 of the 42 cases available
for follow-up (93%) [65]. Aura completely disappeared
in 20 (48%). A retrospective chart review including 203
Italian patients with migraine with aura found that
88.4% of patients treated with aspirin up to 300 mg
daily responded, compared to 59.3% of patients who
were treated with other preventive agents [66].
Response is not defined in the paper. Whether daily
aspirin is beneficial for patients with migraine aura
needs further study.

Combined Hormonal Contraceptives

The relationship between migraine aura and increased
risk for stroke has resulted in several guidelines
recommending against the use of combined hormonal
contraceptives (CHCs) in women with migraine with
aura [67]. Exogenous estrogen at historically commonly
used doses has been shown to increase the risk of
stroke, and there is concern that the combined effects
of migraine with aura and estrogen result in a risk of

stroke that outweighs the benefits of CHCs. There have
been suggestions that these guidelines should be revised
to reflect a possible decrease in CHC-associated stroke
risk with modern, lower estrogen exposure CHCs [68].
A recent systematic review found insufficient evidence
to guide such a revision, however [69].

In the absence of good-quality evidence, it is reason-
able to continue avoiding combined hormonal contra-
ceptives as first-line contraceptive treatments for women
with migraine with aura. An individualized assessment
of other cardiovascular risk factors is warranted in most
cases, however. There are many situations in which it
may be reasonable to use CHCs, including medical con-
ditions that benefit from hormonal regulation, bother-
some side effects from progesterone only formulations,
or lack of reliable or effective contraceptive alternatives.

Conclusions

The debate as to whether migraine with and without
aura are different entities is ongoing. Although there is
strong evidence to support CSD as the underlying cause
of migraine with aura, there is substantially less certain-
ty that silent CSD is the underlying cause of migraine
without aura. Recent limited imaging data suggests al-
ternative generators and increasingly sophisticated imag-
ing modalities may provide further insight. The prepon-
derance of evidence suggests that there are important
epidemiologic differences between migraine with and
without aura. The pathophysiologic or genetic reasons
for this are unknown. Treatments aimed at suppressing
CSD are more specifically effective in migraine with
aura, but there is little evidence regarding possible dif-
ferential efficacy in treatments with other mechanisms.
In the absence of evidence specific to migraine with
aura, treatment options are thus typically shared be-
tween the two migraine subtypes. Recent advances in
imaging and genetic techniques may be helpful in de-
lineating the possible differences between the two sub-
types of migraine. Further clinical studies examining
differences in treatment responses between migraine
with vs without aura may also be fruitful.
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