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Abstract

Background Vestibular migraine (VM) is considered the most common cause of spontaneous episodic vertigo and the second
most common cause of vertigo. However, without a biomarker or a complete understanding of the pathophysiology, VM
remains underrecognized and underdiagnosed. Therefore, definite diagnostic criteria are urgently needed. Meanwhile, VM
should be clearly differentiated from other similar diseases. This paper may help clinicians improve the diagnostic rate of
VM and reduce the rate of misdiagnosis. A PubMed search was performed using the following terms: vestibular migraine,
migraine-associated vertigo/dizziness, migraine-related vertigo, migraine-related vestibulopathy, benign recurrent vertigo,
vertiginous migraine, migraine, headache, vertigo, dizziness, and diagnosis. This paper also summarizes the diagnostic cri-
teria and differential diagnoses of VM. The diagnosis of VM is based on the symptoms, degree, frequency, and duration of
the vestibular episodes, a history of migraine, and the temporal association of migraine symptoms with vestibular episodes
in at least 50% of cases, while ruling out what may be due to other reasons. In addition to vestibular symptoms and migraine,
transient auditory symptoms, nausea, vomiting, and susceptibility to motion sickness may also be associated with VM. Thus,
VM should be differentiated from other diseases such as Meniere’s disease, benign paroxysmal positional vertigo, migraine
with brainstem aura, vestibular neuritis, posterior circulation ischemia, multiple lacunar infarction, vestibular paroxysmia,
motion sickness, and episodic ataxia type 2.

Conclusion Only if the diagnostic criteria of VM and differential diagnosis can be mastered clearly, we can make a definite
diagnosis and treat patients properly.
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Introduction

Vertigo and headache are common and debilitating symp-
toms in clinical neurology and otolaryngology. Since the
initial report describing the association between migraine
and vertigo, various studies have demonstrated that vestibu-
lar migraine (VM) is considered the most common cause
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of episodic vertigo in adults, children, and adolescents [1].
It has been increasingly recognized as a frequent cause
of vertigo, which affects up to 1% of the general popula-
tion, with female preponderance [2]. Familial occurrence
is common. It has been reported in some patients with an
autosomal dominant pattern of inheritance and decreased
penetrance in men [3]. Despite its pervasiveness, many phy-
sicians, neurologists, and otolaryngologists have not mas-
tered the correct diagnosis and proper treatment of vestibular
migraine. Furthermore, there are many terms to describe the
disease combining the symptoms of vertigo and headache.
Although previously used names including migraine-asso-
ciated vertigo/dizziness, migraine-related vertigo, migraine-
related vestibulopathy, benign recurrent vertigo, vestibular
migraine, vertiginous migraine, and migrainous vertigo were
given to the association of migraine and vertigo, the term
“vestibular migraine” has been convincingly advocated as
a condition that stresses the particular vestibular manifes-
tation of migraine, and thus best avoids confounding with
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nonvestibular dizziness related to migraine [4—6]. To study
vestibular migraine in the future, we herein review the diag-
nostic methods to help clinicians promptly identify vestibu-
lar migraine, emphasizing clues for differential diagnosis.

Clinical presentation

The mechanisms underlying vestibular migraine are not
completely understood. However, researchers have found
that there are many triggers for vestibular migraine, and
these triggers vary from person to person. Understanding
these triggers can help patients avoid attacks of vestibular
migraine. Similar to the triggers of migraine, the triggers
of vestibular migraine include stress, anxiety, sleep distur-
bance, environmental factors (such as bright artificial light,
barometric pressure variations), food (aged or ripened
cheeses, foods containing large amounts of monosodium
glutamate, smoked, cured, or processed meats), drinking
(caffeine, alcohol, cola), hormonal fluctuations (such as
during menstruation), and medications. In a Chinese study,
researchers investigated the predisposing factors by means of
questionnaires, memory diaries, and regular follow-up. The
study demonstrated that sleep disorders, alright space intol-
erance, excessive stress, lack of exercise, and dietary prefer-
ence may be associated with vestibular migraine attacks [7].
In a single-center retrospective study, the researchers found
that the common triggers were stress (39.7%), bright light
(26.7%), weather changes (26.0%), and sleep deprivation
(26.0%) [8].

The symptoms of vestibular migraine are heterogene-
ous in terms of frequency, duration, and association with
headache [9]. Patients with vestibular migraine typically
report many types of vestibular symptoms. The different
vestibular symptoms that occur during vestibular migraine
attacks include spontaneous vertigo, positional vertigo, head
motion-induced dizziness/vertigo, postural unsteadiness,
oscillopsia, visually induced dizziness/vertigo, and direc-
tional pulsion [10]. In patients with vestibular migraine,
rotational or nonrotational vertigo can occur spontane-
ously or in association with a change in position [11]. Other
frequent additional symptoms include imbalance, spatial
disorientation, illusory motion, and nausea aggravated or
provoked by head movements. Nausea and imbalance are
frequent but non-specific accompaniments of acute vestibu-
lar migraine [12]. For individuals, different patients may
experience different symptoms during different episodes.
Headaches may accompany vestibular migraine episodes and
are often less severe compared with their typical migraine-
related headaches [10]; however, about 30% of all vestibular
migraine attacks are not accompanied by headaches [11].
A retrospective cross-sectional study suggests that patients
with vestibular migraine are more likely to have occipital
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headaches than patients with migraine without vestibular
symptoms [13]. Meanwhile, some other related symptoms
of vestibular migraine may occur before, during, or after
vestibular symptoms.

Both the duration and frequency of attacks are highly
variable between patients and individual patients over time
[12]. Approximately 30% of vestibular migraine patients
have attacks lasting minutes, 30% have episodes for hours,
and another 30% have attacks over several days. The remain-
ing 10% have episodes lasting seconds only, which tend to
occur repeatedly during head motion, visual stimulation, or
after changes in head position [14].

Other concomitant symptoms are also widespread in
patients with vestibular migraine. These symptoms include
lightheadedness, anxiety, depression, swimming sensation,
photophobia, phonophobia, tinnitus, aural pressure, exces-
sive motion sickness susceptibility, diminished hearing, and
palpitations.

Diagnostic criteria

Despite their high prevalence and morbidity, vestibular
migraines remain poorly understood [15]. According to pre-
vious research, physical examination and laboratory results
are usually negative in patients with vestibular migraine,
and there is no biomarker in these patients. Even so, MRI
in patients with vestibular migraine mainly demonstrates
multiple punctate equal T1 and long T2 signals on FLAIR
(fluid-attenuated inversion recovery) in subcortical white
matter [16]. Compared with healthy controls, fMRI (func-
tional magnetic resonance imaging) demonstrates activation
of brain areas related to integration of visual and vestibu-
lar cues (increased activation of the paracentral lobule and
bilateral inferior parietal lobule and decreased activation of
the left superior frontal gyrus, head of the caudate nucleus,
left superior temporal gyrus, left parahippocampal gyrus,
and right lingual gyrus) [17]. In a recent study of vestibular
migraine using fMRI, patients with VM showed significantly
lower amplitude of low-frequency fluctuation (ALFF) in the
right putamen, and significantly higher ALFF in the right
lingual gyrus. In addition, VM patients showed significantly
higher functional connectivity (FC) among the cerebellum,
the left dorsolateral superior frontal gyrus and the right
putamen but significantly lower FC among the left median
cingulate, paracingulate gyri, and the right putamen. There
are functional abnormalities in nociceptive, vestibular, and
visual cortex regions in patients with VM during the inter-
ictal period [18]. So far, the diagnosis of vestibular migraine
is based on a history of migraine, the symptoms, degree, fre-
quency, and duration of the vestibular episodes, the temporal
association of migraine symptoms with vestibular episodes
in at least 50% of cases, while ruling out what may be caused
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by other reasons [19]. Although the diagnostic criteria for
vestibular migraine were initially identified in 2001, a more
accurate description of the disease was reported in the Con-
sensus Report of the Barany Society and the International
Headache Society in 2012[20]. In 2018, the International
Headache Society (IHS) created the latest consensus docu-
ment with diagnostic criteria for vestibular migraine, which
was added to the appendix of the new ICHD-3 version of the
International Headache Classification (Table 1) [14].

Differential diagnosis
Meniere’s disease

Meniere’s disease (MD) is a chronic illness characterized
by intermittent episodes of vertigo lasting from minutes
to hours, with fluctuating sensorineural hearing loss, tin-
nitus, and aural pressure [21]. The diagnosis of vestibular
migraine and Meniere’s disease is mainly based on clini-
cal presentation. Both diseases are episodic vestibular syn-
dromes defined by a set of associated symptoms such as
tinnitus, hearing loss, or migraine features during attacks
[22]. Because of the symptom overlap, the differential diag-
nosis between vestibular migraine and Meniere’s disease is
difficult. However, hearing loss gradually occurs in patients
with Meniere’s disease after many attacks, and nonprogres-
sive sensorineural hearing loss may occur in vestibular
migraine patients experiencing numerous episodes. A study
elucidated that patients with Meniere’s disease or vestibular
migraine have a different proinflammatory signature, and a
cytokine panel could be used as biological markers for the
differential diagnosis [22]. A prospective cohort study was
conducted to study the differential diagnosis of vestibular
migraine and Meniere’s disease using magnetic resonance
imaging (MRI) of intratympanic gadolinium. They have
shown that 3D-real-IR MRI may help differentiate between
vestibular migraine and Meniere’s disease [23]. Another

retrospective study suggests that MRI could be used to dif-
ferentiate MD from VM patients with cochlear symptoms
[24]. A prospective cohort study was conducted to deter-
mine whether cervical vestibular-evoked myogenic poten-
tial (VEMP) or ocular VEMP responses can differentiate
between vestibular migraine and Meniere’s disease. They
found that no VEMP test investigated segregated individuals
with Meniere’s disease from those with vestibular migraine
[25]. However, another retrospective study suggests that
there is a more common saccular than utricular dysfunc-
tion in MD and a more permanent loss of otolith function
in MD versus VM. The different patterns of o- and cVEMP
responses might add to the differential diagnosis between
MD and VM [26]. A new study found a higher proportion
of abnormal electrocochleography (EcochG) in MD than in
VM (p=0.02) without any significant difference in the video
head impulse test (VHIT) gain [27]. In a word, Meniere’s dis-
ease revealed later age of onset, more hearing loss, tinnitus,
aural fullness, abnormal nystagmus, abnormal caloric testing
results, and endolymphatic hydrops. Meanwhile, vestibular
migraine revealed more headaches, photophobia, vomiting,
and aura [28].

Benign paroxysmal positional vertigo

Benign paroxysmal positional vertigo (BPPV) is the most
common cause of peripheral vertigo [29]. BPPV is char-
acterized by spontaneous resolution after a period of time
(benign), short-lasting episodes (paroxysmal), and symp-
toms provoked by head movements (positional) [30].
Patients with vestibular migraine or benign paroxysmal posi-
tional vertigo always have symptoms of episodic positional
vertigo. Differentiating vestibular migraine from BPPV is
critical because the treatment of each disorder is signifi-
cantly different [31]. The positional vertigo in patients with
vestibular migraine is different from BPPV in terms of the
duration of the individual attack (often as long as the head
position is maintained in vestibular migraine versus seconds

Table 1 Diagnostic criteria of
vestibular migraine by IHS in
2018 [13]

A. At least five episodes fulfilling criteria C and D
B. A current or past history of migraine without aura or migraine with aura according to the International

Classification of Headache Disorders (ICHD)
C. Vestibular symptoms of moderate or severe intensity, lasting between five minutes and 72 h

D. At least half of episodes are associated with at least one of the following three migrainous features:

1. Headache with at least two of the following four characteristics:

a) Unilateral location
b) Pulsating quality

¢) Moderate or severe intensity

d) Aggravation by routine physical activity

2. Photophobia and phonophobia

3. Visual aura

E. Not better accounted for by another ICHD-3 diagnosis or by another vestibular disorder
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only in BPPV) and duration of symptomatic episodes (min-
utes to days in vestibular migraine versus weeks in BPPV)
[5]. Additionally, direct observation of the nystagmus pat-
tern during acute episodes with positional testing can help
distinguish between vestibular migraine and BPPV [10]. The
nystagmus of vestibular migraine patients is persistent, lacks
latency, and does not show correspondence to single semi-
circular canal characteristics [8, 32, 33]. On the contrary,
the nystagmus of BPPV patients is characterized with short
period of time, having a latent period, fatigability, angular
transposition [31, 34].

Migraine with brainstem aura

Migraine with brainstem aura (MBA) was previously termed
as basilar artery, basilar, and basilar-type migraines [35].
Migraine with brainstem aura is defined as a migraine with
aura including at least two of the following fully reversible
brainstem symptoms: dysarthria, vertigo, tinnitus, hypacusis,
diplopia, ataxia not attributable to sensory deficit, decreased
level of consciousness (GCS < 13), and no motor or reti-
nal symptoms [14, 36]. In addition to at least two poste-
rior circulation symptoms, the symptoms must last from 5
to 60 min and be followed by a migraine headache [14].
However, vestibular migraines cannot meet these diagnostic
criteria. In a controlled study, the researchers compared the
clinical manifestations of basilar migraine with the clini-
cal manifestations of migraine. As regard to differentiating
between basilar type migraine and definite migrainous ver-
tigo patients, the former revealed higher occurrence rates
than the latter in relation to the frequency of vertigo attacks,
neurological symptoms, and saccadic dysmetria [37].

Vestibular neuritis

Vestibular neuritis (VN) is the sixth leading cause of vertigo
with an incidence of 8% according to large population stud-
ies [38]. It is a disease of the unilateral peripheral vestibular
system. The primary symptoms of vestibular neuritis are
characterized by rotatory vertigo with an acute onset last-
ing several days, horizontal spontaneous nystagmus (with a
rotational component) toward the unaffected ear, a patho-
logic head impulse toward the affected ear, a deviation of
the subject visual vertical toward the affected ear, postural
imbalance with falls toward the affected ear, and nausea
[39]. Most cases of vestibular migraine are caused by viral
infection, either in the inner ear or other parts of the body.
Therefore, vestibular migraine can be differentiated from
vestibular neuritis based on the history of infection and the
duration of the episode. Vestibular neuritis always has a his-
tory of upper respiratory tract infection that lasts for several
days. Moreover, glucocorticoid therapy and vestibular reha-
bilitation are effective for treating vestibular neuritis. The
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symptoms of vestibular migraine are self-limiting. However,
vestibular migraines do not meet the diagnostic criteria.

Posterior circulation ischemia

Isolated transient vertigo can be the symptom of posterior
circulation ischemia (PCI). Therefore, it is essential to dif-
ferentiate isolated vertigo of a cerebrovascular origin from
that of a more benign origin (such as vestibular migraine),
as patients with cerebral ischemia have a much higher risk of
future stroke than those with peripheral vertigo [40]. Symp-
toms of posterior circulation ischemia can range from simple
orthostatic dizziness to episodic transient ischemic attacks
and stroke [41]. These symptoms of posterior circulation
ischemia are characterized by intermittent episodes of mul-
tiple neurological symptoms including motor and sensory
symptoms, occurring unilaterally or bilaterally, ataxia of
gait, dysmetria, diplopia, dysarthria and bilateral homony-
mous hemianopsia, vertigo, and tinnitus [42]. Besides ver-
tigo, patients with posterior circulation ischemia have other
neurological deficit symptoms, and high-risk factors associ-
ated with cerebrovascular diseases. These high-risk factors
include elderly people, abnormal blood pressure, abnormal
blood fat, pathoglycemia, and arteriosclerosis. In contrast,
the mean age of vestibular migraine is younger than that of
posterior circulation ischemia, with a female preponderance.
Motion sickness, motion sensitivity, photophobia, and pho-
nophobia are significant differential highlights of vestibular
migraine. Otherwise, cerebral MRI may be an important
examination for differential diagnosis [43].

Multiple lacunar infarction

Multiple lacunar infarctions (MLI) occur when one of the
arteries that provide blood to the brain’s deep structures
is blocked. These arteries are small and uniquely vulner-
able. High blood pressure and diabetes mellitus are the
most important causes of multiple lacunar infarctions. The
symptoms of lacunar stroke vary depending on the part of
the damaged brain. Symptoms can include weakness or
paralysis of the face, arm, legs, feet or toes, sudden numb-
ness, difficulty speaking, clumsiness of the hand or arm,
and other neurological symptoms. Although the MRI lesion
features of multiple lacunar infarctions are similar to the
MRI lesion features of vestibular migraine, they are actually
different. The manifestations of MRI in patients with ves-
tibular migraine are mainly multiple punctuate equal T1 and
long T2 signals or high signals on fluid-attenuated inversion
recovery (FLAIR) in the semioval center, subcortical white
matter, or near white matter. Furthermore, MRI changes in
vestibular migraine patients have their own specific clinical
characteristics (such as visual aura, photophobia, and phono-
phobia) and are mainly seen in females with visual aura [16].
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However, the MRI lesions of multiple lacunar infarctions are
mainly located in the basal ganglia region, accompanied by
leukoaraiosis in the periventricular region [44]. In addition,
the features of MRI signals in multiple lacunar infarction
patients are primarily multiple punctuate long T1 and long
T2 signals or high signals on FLAIR [16].

Vestibular paroxysmia

Vestibular paroxysmia (VP) is defined by an episodic ves-
tibular disorder that usually presents with a high frequency
of short vertiginous attacks, and the presence of microvascu-
lar compression of the eighth cranial nerve [45]. The course
of the disease is usually chronic (often longer than three
months) with some patients suffering hundreds of attacks per
year. It is supposed that vestibular paroxysmia occurs due to
compression of the eighth cranial nerve (otherwise known as
the vestibulocochlear nerve) by an artery. Researchers have
found that treatment with antiseizure medication (carbamaz-
epine/oxcarbazepine) and surgical treatment has been shown
to reduce the intensity, frequency, and duration of attacks.
Thus, the diagnostic criteria for vestibular paroxysmia were
published by the Classification Committee of the Barany
Society in 2016. The diagnosis of VP is mainly based on the
patient’s history and requires (A) at least ten attacks of spon-
taneous spinning or non-spinning vertigo, (B) duration less
than 1 min, (C) stereotyped phenomenology in a particu-
lar patient, (D) response to treatment with carbamazepine/
oxcarbazepine, and (E) not better accounted for by another
diagnosis [46]. However, the characteristics of vestibular
migraine compared with vestibular paroxysmia are current
or history of migraine, usually less frequency of attacks, and
the longer duration of the attacks (5 min to 72 h), and most
attacks are accompanied by other migrainous symptoms.

Motion sickness

Motion sickness (MoS) describes a set of common and com-
plex autonomic symptoms caused by incongruent sensory
impressions under conditions of motion [47]. The typical
signs and symptoms of motion sickness are quite different,
including the central nervous system, gastrointestinal, and
autonomic symptoms. Specifically, they manifest as initial
dizziness, physical distress, fatigue, yawning, facial pal-
lor, oversensitivity to smell, sweating, headache, and, once
fully developed, nausea and vomiting with apathy and fear

of annihilation [48], Migraine is linked with various comor-
bid conditions, the most prominent being motion sickness.
Moreover, migraine sufferers have heightened vulnerability
to motion sickness [49]. Hence, the susceptibility to motion
sickness may be associated with vestibular migraine [50].
Despite the correlation, we may differentiate the diagnosis
from history, inducing factors, initial symptoms, and accom-
panying symptoms.

Episodic ataxia type 2

Episodic ataxia type 2 (EA2) is a rare autosomal dominant
neuronal disorder resulting from mutations in the Ca,2.1
subunit of P/Q-type calcium channels [51]. It manifests with
recurrent disabling attacks of imbalance, episodic vertigo,
ataxia, nystagmus, in patients with a history of migraine,
and can be provoked by physical exertion or emotional
stress [52]. Episodic ataxia 2 usually begins in early child-
hood, most often before the age of 20 years. Brain MRI
may demonstrate cerebellar vermis atrophy [53]. For most
patients with episodic ataxia type 2, acetazolamide is effec-
tive in controlling or reducing the frequency and severity of
attacks. Although it may be difficult to differentiate vestibu-
lar migraine from episodic ataxia type 2 based on clinical
manifestations alone, clues from family history, age of onset,
triggers, brain MRI, and response to acetazolamide can be
helpful [10].

The differential diagnosis of vestibular migraine is shown
in Table 2.

Conclusion

Despite being the most common cause of episodic vertigo,
vestibular migraine is still an underdiagnosed and inade-
quately treated disease. However, with the recent addition
of new diagnostic criteria in the appendix of the ICHD-3 in
2018, future studies on vestibular migraine will aid in the
characterization of this disorder. Without specific and pre-
cise biomarkers, the differential diagnosis to rule out other
diseases mainly depends on clinical manifestations. Only if
the diagnosis criteria of vestibular migraine and differential
diagnosis can be mastered clearly can we enroll patients with
vestibular migraine for further studies. Ultimately, we can
make a definite diagnosis and treat the patients properly.
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ALFF: Amplitude of low-frequency fluctuation; FC: Functional con-
nectivity; MLI: Multiple lacunar infarctions; VP: Vestibular paroxys-
mia; MoS: Motion sickness; EA2: Episodic ataxia type 2
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