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Marianne Dieterich EpiSOdic Vertigo related to migraine
Thomas Brandt (90 cases): vestibular migraine?

Received- Abstract A retrospective study was Monosymptomatic audiovestibular
eceived: 22 September 1998 - - . .
Received in revised form: 3 March 1999 conducted on 90 patients with epi- attacks (78%) occurred as vertigo as-
Accepted: 16 March 1999 sodic vertigo that could be related sociated with auditory symptoms in
to migraine as the most probable  only 16%. Vertigo was not associ-
pathomechanism. Since the majorityated with headache in 32% of the pa-
of the patients did not fulfill the cri- tients. In the symptom-free interval
teria of the International Headache 66% of the patients showed mild
Society (IHS) for basilar migraine, central ocular motor signs such as
the diagnosis was substantiated by vertical (48%) and/or horizontal
disease course, medical efficacy in (22%) saccadic pursuit, gaze-evoked
treating (ergotamines) and prevent- nystagmus (27%), moderate posi-
ing (metoprolol, flunarizine) attacks, tional nystagmus (11%), and sponta-
ocular motor abnormalities in the  neous nystagmus (11%). Combina-
symptom-free interval, and careful tions with other forms of migraine
exclusion of the most relevant differ-were found in 52%. Thus, migraine
ential diagnoses, such as transient is a relevant differential diagnosis for
ischemic attacks, Meniére’s disease,episodic vertigo. According to the
and vestibular paroxysmia. The fol- criteria of the IHS, only 7.8% of
lowing clinical features were elabo- these patients would be diagnosed as
rated. The initial manifestation couldhaving basilar migraine. However, to
occur at any time throughout life,  ensure that at least those presenting
with a peak in the fourth decade in with monosymptomatic episodic ver-

M. Dieterich @) - T. Brandt men and a “plateau” between the  tigo (78% in our study) receive ef-
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graine [37]. Thus, by definition, purely monosymptomatic
attacks with rotational vertigo for seconds to a few minutes
cannot be called basilar migraine or “migraine with acute
The International Headache Society (IHS) requires an aarget aura,” which requires further neurological symptoms
with two or more aura symptoms originating from thehat develop within 4 min. The latter diagnosis is consid-
brainstem, usually developing over 5-20 min, and lastiaged even less appropriate if the attacks are not followed
no longer than 60 min to qualify as criteria for basilar mpy headache. However, experts of dizziness units increas-
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ingly report the common experience that episodic vertiTable 1 Frequency of various vertigo syndromes in 1370 outpa-
of shorter (seconds to minutes) or longer duration (sevelients of a dizziness unit (1989-1995)

hours to days) — than that defined by the current classyertigo syndrome n %
cation — may indicate migraine attacks even if they occ—— — :
without associated headache (R.W. Baloh, A. BronsteBenign paroxysmal positioning vertigo 258 18.8
T. Lempert, L. Luxon, personal communications). Phobic postural vertigo 196 14.3
We diagnosed migraine as the most probable caus¢central vestibular vertigo 185 13.5
episodic vertigo in the 90 patients reported on here by thMeniere’s disease 101 7.3
Vestibular migraine 83 6.0

means: (a) careful clinical exclusion of relevant differenti

diagnoses such as transient ischemic attacks, Meniére’s ¥estibular neuritis 67 4.9

ease, and vestibular paroxysmia (neurovascular cross-cPsgg?uorgfcg;rt‘i’geé;'go (without phobic 41 30
pression of the eighth nerve); (b) the patient’s positive g teral vestibulopathy 31 23
sponse to migraine medication during the attack (ergc/estipylar paroxysmia (disabling o 18

mines) and/or to prophylactic medication (metoprolol, flt  positional vertigo)

narizine); and (c) follow-up of these patients over 2—7 yeaperilymph fistula 3 0.2
The study design must be retrospective, as we learned fiother rare causes (determined) 31 2.3
our own difficulties in defining the disease and the frustravertigo of unknown etiology 64 4.7
ing attempts to treat these patients with antiplatelet age Central vestibular syndromes without 186 13.6
anticoagulation, betahistine, or carbamazepine when on: vertigo*

the above major differential diagnoses was suspected. Diseases without vertigo 100 7.3

positive response of these Pa“e,”FS to migraine med'C?JaBrainstern syndromes with ocular motor and vestibulospinal
encouraged us to present this clinical report on the variageficits, for example, after strokes, without vertigo

spectrum of episodic vertigo in migraine, despite the cl®For example, ocular motor disturbances of other origin suchias oc

sification problem, of which we are fully aware. In contralar myasthenia, peripheral nerve palsies, and symptoms incorrectly

: : - P termed vertigo or dizziness such as dementia and unsteadiness in
to earlier studies, the efficacy of antimigraine treatment V\S_?r_]sory polyneuropathy

used as an additional determinant to establish the diac
sis in these 90 patients. This probably aided us in identifyi
unusual monosymptomatic forms of migraine whith- of ocular torsion (by fundus photographs). All patients were seen
erwise might have gone undetected or been mislabBbedat least twice; some (59%) were followed over 2—7 years.

: ; ; . P ; ; Since most of the patients £ 83) did not fulfill the IHS criteria
improve the diagnostic criteria of migraine manifesi r basilar migraine but could be cured by medical migraine treat-

primarily in the vestibular system, the following aspecfgent, diagnosis of episodic vertigo or dizziness related to migraine
seemed to require further discussion: duration and frequem)g based, first, on the history of at least five attacks in which ver-
of the attacks, number of aura symptoms, vestibular digd or dizziness was a major complaint in any period of time, and

ocular motor signs during the attack and in the Symptogﬁgond, on one of the following four typical groups (A-D) into which

- L . . e response to migraine treatment was included:
free interval, association of vertigo attacks with headache, P 9

Fati ; ; ; ; sroup A
association of episodic vertigo with other forms of mf? Recurrent attacks of vertigo or dizziness nadvestibulameu-

graine, age at onset, and efficacy of medical treatment. | ogical deficits attributable to a dysfunction in the brainstem
— Associated headache during or immediately after vertigo or dizzi-
ness (“brainstem aura with headache”)

Material and methods — Individual history of migraine

Group B
From January 1989 to April 1996, 1500 outpatients were referrecRecurrent attacks of vestibular and/or ocular motor dysfunction
to the Dizziness Unit at the Department of Neurology, University only
of Munich. Ninety patients (6.0%) were selected, in whom the fi- Associated headache during or immediately after vertigo or dizzi-
nal diagnosis of episodic vertigo related to migraine had been madeiess (“only vestibular or ocular motor aura with headache”)
and for whom complete clinical records were available (Table 1).Individual history of migraine
The authors saw all patients (54 women, 36 men) who underwentﬁ Sup C
propriate examinations to rule out thromboembolic ischemic eve up ks of ibul a/ | dvsf .
by computed tomography, magnetic resonance imaging of the brai elcurrent attacks of vestibular and/or ocular motor dysfunction
and ultrasound Doppler sonography. In older patients with frequen ny d headache duri . diatly aft . dizzi
episodes even trial treatment with antiplatelet drugs or anticoagu’ SSOC,"atel ea_étcl € urlnglor immediatly a _ehr xert&go ﬁr,, 1zzl-
lants was performed without success. They were included in th ?:S (‘on %’ vezt_l ”I ar or ocular motor aura with headache”)
study only if medical migraine prophylaxis abolished the attacks. icacy of medical (migraine) treatment
Some of the patients were examined with electroencephalogra@mgup D
and had acoustic evoked brainstem potentials and audiograms-dBecurrent attacks of vestibular and/or ocular motor dysfunction
termined if necessary. Neuro-otological and neuro-ophthalmologi-only
cal evaluation included electronystagmography in 87 patients (withWithoutassociated headache during or immediately after ver-
bithermal caloric testing in 84 patients), and orthoptic analysis intigo or dizziness (“only vestibular or ocular motor aura without
62 patients with testing of the otolith function by means of psy-headache”)
chophysical adjustments of perceived vertical and measurementsfficacy of medical (migraine) treatment
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These categories allowed us to define constellations based onAbea symptoms
minimal features necessary to assess the diagnosis. All our patients

showed the features of at least one of these constellations. M . . o - : ; .
presented with features of more than one category, especially wr&?ﬂsomc vertigo was classified as vestibular in 84 patients;

observed over a longer time. Efficacy of medical treatment of i€ remaining six patients had light-headedness and non-
graine in categories C and D means that either acute attacks westibular ocular motor dysfunction causing oscillopsia or
suppressed by ergotamines=(14) and/or the frequency of the atgouble vision (Table 3). The prevailing type of vertigo was

tacks was significantly reduced by preventive medication with be : ; ; _
blockers (metoprololn = 16), calcium antagonists (flunarizinesz fétational in 70 of the 84 patients. Fourteen of these pa

5) [14, 56] or bothr{ = 2). From the 90 patients with episodic verli€nts with episodic rotational vertigo also reported posi-

tigo or dizziness 17 (19%) we assigned to group A, 36 (40%j)tienal vertigo or significant modulation of the intensity of

group B, 20 (22%) to group C, and 17 (19%) to group D. vertigo in certain head positions. Episodic positional ver-
None of the patients showed typical signs and symptomsipfg \yas the sole vestibular symptom in one patient. The

Meniére’s disease or neurovascular compression of the eighth nerve '
b g second most common type was to-and-fro vertige 84).

at first examination or follow-up. In older patients it is often diffis - h . .
cult to differentiate basilar migraine from transient ischemic attack$0th sensations were associated with postural imbalance
Thus, we at first treated a presumed ischemia with antiplatelet agemgl unsteadiness. Rotational and to-and-fro vertigo oc-
or anticoagulation. If this therapy failed and recurrent monosymfrred in combinationn(= 22) in single or subsequent

tomatic attacks occurred without other brainstem signs and symp-, . - - L
toms, migraine was assumed, and treatment with beta-blockersragé(:ks' Severe unsteadiness with only slight dizziness

tried. Diagnosis in these older patients was then made on the b4@§ reported by only one patient. An overview of the
of the efficacy of prophylactic migraine treatment over a period sequency and duration of the attacks is given in Table 3.

at least 6 months. Unspecific descriptions, such as light-headedness, were
not taken into consideration for the statistical analysis
since their connection with vestibular function was ques-
Results tionable.

o ] o It was striking that 56 patients (62%) could be classi-
Attacks that met the IHS criteria of basilar migraine o§ed — on the basis of their episodic vertigo — asamo-
curred in only 7.8% of the patients£ 7). The reasons for symptomatic vestibular groupssociated auditory symp-
not fulfilling the criteria were monosymptomatic auras ifyms occurred in an additional 14 patients (16%); these
77%, 100 short (12%) or too long (41%) duration of thgcluded tinnitusif = 9), episodic hearing loss € 3), and
episodes, or a prolonged episode of several aura symptaSsure in the ean & 2). Thus 70 patients (78%) pre-
in 16% (Table 2). Data on the 90 patients with episodignted with only audiovestibular symptoms.
vertigo were analyzed with respect to the following rele- pore complex (multisymptomatic) neurological deficits
vant aspects: duration and frequency of the attacks, ny@sociated with vestibular dysfunction were found in a
ber of aura symptoms, vestibular and ocular motor sigi}gup of 13 patients (14%). These included dysarthropho-

during the attack and in the symptom-free interval,@sstja (h = 7); numbness of hand, face, or leg=(7): double
at|0n Of at'[aCkS W|th headache, aSSOCIatIOH W|th Othel’ form§ion; paraparesis; visual field defects; hearing |oss; and

of migraine, age at onset, and efficacy of medical tregfck of concentrationn(= 1 in each).
ment.

e . . Table 3 Characteristics of vertigo attacks in 90 patients (more
Table 2 Classification of attacks according to the IHS criteria than one feature could be reported in single or subsequent attacks)

Aura characteristics n % Rotational To-and-fro
Meet the IHS criteria for basilar migraine 7 7.¢ vertigo vertigo
Two or more symptoms, duration 5—60 min Single attacks 70 34
With headache 5 Duration: seconds 7 2
Without headache 2 Duration: < 5 min 15 3
o . _ Duration: 5—-60 min 8 6
Do not meet the IHS criteria for be_lsnar migraine 83 92. Duration: hours 27 14
Two or more symptoms, but duration > 60 min 15. puration: 1-4 days 13 9
With headache 9 .
. Multiple attacks 62 33
Without headache_ _ 5 Times per day 1 4
One symptom, duration 5—-60 min 23.2 Times per week 17 11
With headache 10 Times per month 26 11
Without headache 11 Times per year 18 7
One symptom, duration > 60 min 41.1 . .
With headache 29 Positional vertigo 14 0
Without headache 8 Positional vertigo only 1
One symptom, duration < 5 min 12.2Light-headedness and gait ataxia only 1
With headache 8 Light-headedness and ocular motor 6
Without headache 3 disturbances
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The third group of 7 patients (7.8%) experienced orfiontal headache was reported by only 11 patients (12%);
nonvestibular dizziness (light-headedness) with neurol®&$ patients (32%) could not recall headache or, for exam-
ical brainstem deficitslue to a combination of ocular mople, a feeling of fullness in the head either during or asso-
tor palsy and involuntary ocular oscillations< 5); dys- ciated with the vertigo attacks. Thus, milder and more dif-
arthrophoniarf = 3); numbness of the face, hand, or lefgse localized forms of headache prevailed.

(n = 3); disturbances of consciousness(3); and visual
field defectsif = 2).

The precise ocular motor dysfunction in the attack coutgsociation with other forms of migraine
be observed in only eight patients and remained unknown
in the others. All statistics on signs and symptoms in baBhe described attacks were the only manifestation of mi-
lar migraine or episodic vertigo related to migraine suffgraine in 43 patients (48%), while 47 patients (52%) re-
from the fact that the patients are usually examined in therted other forms of migraine: 42 migraine without aura
symptom-free interval or during recovery from an attacknd 5 migraine with aura (with other neurological symp-
Symptoms of the neurological brainstem deficits are bagechs). Migraine without aura manifested only before the
on anamnestic data. first vertigo attack in 11 patients (with a migraine-free in-
terval in 8 patients lasting 2, 8, 10, 12, 15, 25, 30, and
40 years) and alternated with episodic vertigo over the same
time span in 10 (21%). In those who reported alternating

i i i I I 0,
The first vertigo attack occurred between the ages of 10 Jpgraine atj[acks in overlapping time spans(2§, 55%)
gralne without aura as a rule developed first(24,

ng;ifﬁ;;vogﬁg avr\;gsbe{vvse_:in ?”?Qd ;Zegﬁar: '2 n;ﬁ:g% %). The headache in migraine without aura was gener-
women was 37.7 years wiih'a. lateau in the tr?ird to fi %/ located unilaterally in the temporal € 25), frontal

c S y ' P n = 8), or occipital it = 7) regions. Only three patients lo-
decades (Fig. 1); the mean age among men was 42.4 years

- ; X ' lized it bilaterally in the parietal regions and one in the
with a peak in the fifth decade. The very first attack c @ck. The frequency of migraine attacks without aura

manifest in both men and women as late as in the 6Q.&, 4 o reliably determined in 37 of 47 patients. It varied

without recall of a prior experience of migraine attac%étween monthlyr(= 20), weekly 6 = 10), and yearly

Age at onset

Mean duration of the condition before diagnosis of 7) attacks.

gﬁi;nse 7W 5;;’;%?; |(r; avxgg]invv((reaerllg%?,?v;ggr(ss) 30 ye rPSchompanying symptoms were nausea and vomiting
) ' in 27 patients, photophobia in 23, “swimming in front of the
eyes” in 10, phonophobia in 7, and an incapacitating fa-
Association of episodic vertigo with headache tigue in 3.
The family history of migraine was determined in 71 pa-
In 61 patients (68%) the attack was associated with maénts. It was positive for the mother in 29 patients, father
erate (rarely severe) bilateral pain in the neck and occipu#, sister in 5, brother in 6, children in 3, and grand-
(n =22, 24%), a holocephalic headache with pressingmoother in one. Ten patients had no family history of mi-
tightening quality 1f = 25, 28%)), or a feeling of fullness ingraine, and in another 13 it was questionable (tension-type
the headr{ = 4, 4.4%). A severe unilateral temporal dreadache without accompanying migraine symptoms).
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From the 17 patients with episodic vertigo attaskb- uation of eight patients was biased and limited due to con-
outassociated headache (category D) only 3 had no aggmital strabismus or congenital nystagmus.
ciation with other forms of migraine and two of them no
family history of migraine. The other 14 had migraine
without aura which manifested only before the vertigo dftectronystagmography and orthoptic analysis
tacks ( = 2), in parallel it = 9), or years after the begin-
ning of the vertigo attacks & 3). Family history of mi- Electronystagmography was performed in 87 patients (97%)
graine in these patients was positive in 5, negative inad least once in the symptom-free interval. This included

and unknown in another 5. caloric testing with 44°C warm and 30°C cold water in
Only two women (38 and 48 years of age) had a hist@4 patients. Caloric testing during the symptom-free in-
of stroke, both within the internal capsule (2.2%). terval was normal in 66 patients, showed a peripheral

vestibular hyporesponsiveness in 7 (1 acute deficit, 6 cen-
trally compensated old deficits) without associated hearing
Vestibular and ocular motor deficits loss, and a (central) directional preponderance in another
in the symptom-free interval 11 without peripheral vestibular lesion. Moderate central
ocular motor signs were seen in 27 patients using elec-
A surprisingly high percentage of patients (59 of 90 p@enystagmographic analysis (23 smooth pursuit deficits
tients, 65.6%; from all four categories A-D) exhibited ceand gaze-evoked nystagmus, 17 directional preponderance
tral vestibular or nonvestibular ocular motor signs inde rotating tests, 11 impaired fixation supression of the
pendent of the attacks and without subjective complaintstibulo-ocular reflex, 3 saccadic dysmetria).
or additional brainstem signs. Most frequent were vertical In the vertigo-free interval a complete orthoptic exam-
(48%) and horizontal (22%) saccadic pursuit, gaze-evokadtion was performed in 62 patients (including examina-
nystagmus (27%), moderate positional nystagmus (11%g9n of otolith function by psychophysical determination of
spontaneous nystagmus with eyes closed and when salibjective visual vertical and fundus photographs for de-
served with Frenzel's glasses (11%), dissociated gatsgmination of ocular torsion [16]). In 38 patients (61%)
evoked nystagmus (9%), and downbeat/upbeat nystagnesss were normal, 8 had congenital abnormalities (5 stra-
(3.3%; Table 4). Pathological value of the signs was intbismus, 3 congenital nystagmus), and 16 (26%) showed
preted according to the patient’s age. Deficits were madederate central vestibular signs in the symptom-free in-
erate and showed some variation in subsequent evaluattensal (16 smooth pursuit deficits, 8 pathological deviations
between the attacks but did not completely disappear eeésubjective visual vertical, 5 positional nystagmus).
under effective prophylactic migraine treatment. Only Eight patients were examinetliring their vertigo at-
23 patients (25.6%) had no abnormal ocular motor functiatks all had a transient spontaneous nystagmus (> 5°/s
in the symptom-free interval. Neuro-ophthalmological evabPV), three patients had gaze-evoked nystagmus, three
had a severe positional nystagmus (vertical direction, not
habituating), two had a severe saccadic pursuit, and one a

Table 4 Central ocular motor signs in the symptom-free intervgfirectional preponderance in the rotating and caloric tests.
(VORVvestibulo-ocular reflex)

n %

Normal 23 25,6 Discussion

Congenital strabismus 5 55

Congenital nystagmus 3 3.3Episodic vertigo related to migraine:

Central ocular motor sighs 59 65.6 vestibular migraine?
Sa\fg?t?é;pursu't 43 48  This retrospective study of episodic vertigo and ocular mo-

Horizontal 20 22 tor disorders not only confirms the heterogeneous spec-

Gaze-evoked nystagmus 24 27 trum of neurological deficits attributable to a dysfunction
Spontaneous nystagmus (> 50°/s) 10 11 in the brainstem but also provides us with further vestibu-
Positional nystagmus 10 11 lar and ocular motor features hitherto not considered typ-
Dissociated gaze evoked nystagmus 8 9ical of migraine. Attacks with predominantly monosymp-
Downbeat nystagmus 3 3.3tomatic vertigo without other severe neurological deficits
Upbeat nystagmus 2 2.2can be attributed either to the labyrinth or to neurons of
Impaired fixation suppression of VOR 3 3.3the pontomedaullary region, including the vestibular nuclei.
Nuclear oculomotor palsy 1 1.1 Attacks with more complex deficits including nuclear and

aMultiple answers possible supranuclear_ ocular motor signs seem to involve the brain-
bIn combination with other central ocular motor signs and/or a &em more diffusely, affect consciousness more frequently,
rectional preponderence in caloric testing and thereby fulfill the diagnostic criteria of basilar mi-
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graine. However, 92% of the patients described in thés and auditory symptoms — typical of Meniere’s disease
study did not fulfill the criteria for basilar migraine, mainlhor vestibular paroxysmia — was comparatively rare (16%)
because they had monosymptomatic episodes, with dumasur study.
tion either shorter or longer than the aura duration as deit was empirical experience with trial medications which
fined by the IHS for basilar migraine. It seems more agaught us the importance of migraine symptoms for diag-
propriate to group these patients under the descripthasis. Differential diagnosis with transient ischemic verte-
term “vestibular migraine.” brobasilar attacks may be difficult or impossible for a sin-
Strictly speaking, vestibular migraine also originatege or a few attacks, since headache may or may not occur
from the brainstem, independently of whether periphemlboth conditions. Recurrent, purely monosymptomatic
labyrinthine and/or central vestibular structures are affecteddiovestibular or ocular motor attacks are atypical of tran-
A comparable terminological problem exists for ophthadient ischemic brainstem attacks, which have other poste-
moplegic migraine, which originates from a dysfunction inor circulation symptoms in addition [2, 22] and thereby
the ocular motor nucleus or fascicle in the mesencephalipport the diagnosis of migraine. Sometimes ongoing
brainstem (also supplied by the basilar artery territory).monosymptomatic attacks during the administration of pro-
Other authors have described earlier cases of episqahiglactic antiplatelet drugs finally led to the appropriate
vertigo in migraine which support the heterogeneous spd@agnosis.
trum of migrainous vestibular dysfunction [12, 39, 53]. Benign paroxysmal vertigo of childhood (BPVC) [5, 18,
Migraine with episodic vertigo in our study can manife&l, 24, 25, 33, 42] and benign recurrent vertigo in adults
at any age, with a mean of about 40 years; it is not onl{BRV) [44, 55] are commonly regarded as migraine equiv-
disorder of theadolescent girl, as claimed in the originalents [23, 25, 41, 44, 55]. Transitions are possible from
description obasilar migraine by Bickerstaff [6]. The onthe apparently distinct entity of BPVC to benign paroxys-
set of vertigo at the age of 40 years or older was atgal torticollis in infancy as well as to basilar migraine. To
found in two impotant clinical studies. The one bydate there is little information on the origin and site of the
Kayan and Hood [39] particularly emphasized visual, oculaertigo in both conditions, and there is no convincing ev-
motor, and auditory abnormalities, and that by Sturzeneggknce that it should be located in the posterior temporal
and Meienberg [58] demonstrated that basilar migraicertex as Eviatar proposed [23]. He interpreted the direc-
occurs throughout life (from 10 to 62 years) with varyinipnal preponderance in caloric testing as indicative of a
symptoms and aurprisingly high incidence of impairedtemporal lobe dysfunction. This view cannot be main-
consciousnes&7%). We found a plateau for first manitained, since distressing rotational and to-and-fro vertigo
festation in thehird to fifth decades in women (severadre extremely rare conditions in temporal lobe dysfunction
postmenopausal) and a peak in the fifdtade in men. [7]. As noted above, it is quite likely that the brainstem is
This contradicts the previous finding [58] that 65% of pavolved, thus making both conditions variants of basilar
tients have their first attack in the second or third decad&raine. As helpful as it may be to use a particular label
and then experience a gradual decline. Therenly a for this condition in childhood and adulthood, both con-
slight sexual preference (women to males = 1.50K)e- ditions come closest to the 78% of monosymptomatic
third of our patients (independently of age) did cai- vestibular cases in our study. Three children and several
plain of headache associated with aura deficits. Tha-duadults in our study — seen after the first attacks — could
tion of vestibular and ocular motor dysfunction variethave been classified as having BPVC or BRV. Over longer
ranging from seconds to hours or even days; the duratidoservation periods, however, an increasing number of
of a few minutes or several hours was most frequent. Tthiem developed additional signs and symptoms of basilar
is in accordance with the bimodal distribution for duratiamigraine. Consequently these patients would have been
of minutes to 2 h and longer than 24 h as describeddiyen two different subsequent diagnoses, although the un-
Cutrer and Baloh [12]. One could speculate that the shoderlying mechanism remained the same. Transition into
episodes are aura symptoms, whereas the long-lasting aad association with other forms of migraine are typical
tigo over days indicates motion intolerance and motifeatures of BPVC, BRYV, and the “vestibular migraine” that
sickness associated with migraine. Other studies repwet describe. Furthermore, “vestibular migraine,” BPVC,
that basilar migraine deficits typically last only a few seand BRV respond to the same treatment.
onds to minutes [39] or 30—60 min [6]. The variability of
the duration of attacks bears a considerable impact on the
differential diagnosis, which includes very short events f@cular motor deficits in the symptom-free interval
seconds, as in vestibular paroxysmia [8, 38]; longer-lastdicate permanent brainstem or cerebellar dysfunction
ing attacks for hours, as in Meniére’s disease; and variable
duration, as in transient ischemic attacks. Many of the odlre surprisingly high incidence (65%) of pathological oc-
lar motor findings in our study during the attack and pautar motor findings otentral origin in the symptom-free
ticularly in the symptom-free interval are incompatible witimterval agrees with the report by Kayan and Hood [39],
Meniére’s disease (see below). The combination of vestibho — in reference to the attack — described “findings in-
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dicative of definite dysfunction of the vestibular and/as polyuria, perspiration, arterial hypotension, nausea, and
cochlear systems in 77.5% of their patients, half with ceremiting. The important role of the brainstem in the patho-
tral and half with peripheral pathology” (18.8% centrabhysiology of migraine is supported by positron-emission
28.8% peripheral, 30% inconclusive). Their study, howemography [61], which in patients with unilateral migraine
ever, provides no data on neuro-otological disturbancesiithout aura has exhibited a bilaterally increased blood
the symptom-free interval. The high frequency (21%) @ibw in cingulate, auditory, and visual association cortices
persisting peripheralvestibular deficits in the study byduring the attack, and persistingbrainstem activation
Cutrer and Baloh [12] was not confirmed in our studjuring the symptom-free interval. This significant, slightly
(8.3%). Objectively measurable electronystagmograpléteralized activation in the symptom-free interval was de-
abnormalities (57-80%) were stressed earlier by Durstakxnted over several planes of the brainstem from the pons
[19], Toglia et al. [59], and Eviatar [23]. Kayan and Hooid the midbrain in the periaqueductal gray matter and the
[39] speculatively interpreted these findings as followsiidbrain reticular formation. Maximal activation seemed
“most migrainous complications are caused by ischenmeoccur in the dorsal raphe nucleus and the locus coeruleus
of sufficient severity to produce infarction of nervous tigé1].
sue occurring during the vasoconstrictive phase of the atAll these findings point to a mechanism of neuronal
tack.” As attractive as this explanation appears, it is mbytsfunction that is triggered by certain brainstem centers
supported by the complex pathomechanisms of migra[d8]. When we consider that migraine aura is a neurally
currently under discussion. During the aura phase an irdriven problem due to spreading depressionlike changes in
bition of cortical neuronal activity obviously causes th&ibcortical areas of the brain [57] and in the brainstem [46]
neurological symptoms and induces a reduction in regiotia vestibular episodes with or without additional tstem
cerebral blood flow, as shown by focal hypoperfusion signs described here might be a form of brainstem aura.
the posterior brain regions by the xenon-inhalation tecrhis mechanism of neuronal dysfunction induces a release
nique [47]. The pattern of reduced blood flow does not neuropeptides from sensory neurons, which leads to
coincide with areas of cerebral blood supply, and tram-sterile inflammation of dural blood vessels with ex-
scranial Doppler studies do not show significant changesvasation of plasma proteins causing, on the one hand,
in blood flow velocities in the middle cerebral and basilieadache, and, on the other, an increase in regional blood
arteries during aura or headache phases of a migraindlatv in the brainstem, cingulate, auditory, and visual as-
tack [13, 15, 28]. sociation cortices during migraine without aura [61] or a
The heterogeneous results of previous studies of cateerease in regional blood flow in the basilar artery terri-
bral blood flow were due to varying techniques and metiory and the temporal and occipital cortices during basilar
odological problems, for example, migraine attacks withigraine (hexamethyl propyleneamine oxime single pho-
and without aura were not differentiated. Overall, howen emission computed tomography, HMPAO Spect [54]).
ever, no significant regional blood flow changes have be@acrease in regional blood flow in migraine attacks, par-
reported during the headache phase of migraine withtatilarly in baslar migraine, can occasionally cause isch-
aura (single photon emission computed tomography [2@&nic infarcts. The frequency of migrainous infarcts was re-
Thus, arterial vasoconstriction alone cannot be the undmrted to be as highs about 4% by Sturzenegger and
lying mechanism. Instead, changes in neuronal activityNfeienberg [58] and 2.2% in our study.
the dorsal raphe nucleus and the locus coeruleus of th®cular motor abnormalities in the symptom-free inter-
brainstem — centers of autonomic control of cerebral avel may reflect subtle continuous neuronal dysfunction in
dural blood flow and antinociception [31] — were found twertain brainstem nuclei, as shown by the persisting brain-
excite efferent neurons in the trigeminal nuclei and therektgm activation on positron-emission tomography. These
cause vasodilatation of dural arteries, plasma extravaseular motor deficits are not typical late (cumulative) isch-
tion, release of vasoactive substances (serotonin, calcit@rmc sequelae of migraine, for they can be observed in
gene-related peptide, substance P), activation of prog@ing patients presenting after their first attacks. This was
glandins, and degranulation of mast cells [1, 45]. The reported earlier in the literature [23], and we have confirmed
sulting perivascular aseptic inflammation of arteries in thige observation in our younger patients with vestibular mi-
dura mater, which are provided with afferent (C fibergyaine. The combination of recurrent episodic vertigo and
and efferent sensory fibers of the trigeminal nerve [2@gular motor abnormalities in the symptom-free interval
induces the typical headache via the central trigeminal neealls familial episodic ataxias, which have been recently
cleus. The extension of the trigeminal nucleus down to identified as channelopathies. Episodic ataxia type 1 is due
cervical cord (C2) and its projections to neurons that te-a missense point mutation in the potassium channel
ceive afferent fibers from upper cervical roots may egene KCNAIL on chromosome 12p [34]. Patients with
plain the localization of pain in the neck and occiput [1dnother form of episodic ataxia (type 2) generally show
32], the most frequent sites of pain in basilar migraine bnterictal nystagmus and headache [29] and often develop
not in migraine without aura. Coactivation of certain braiprogressive ataxia and dysarthria with cerebellar vermian
stem nuclei may result in accompanying symptoms suwathophy. This latter disorder has recently been localized to
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chromosome 19p [60] and is combined with familial hemgaloric testing; this was based on side asymmetries, either
plegic migraine, which is also linked to chromosome 1 more than 22% [12] or of more than 30% in our study.
[48]. About one-half of the affected individuals of four Nevertheless, temporary or permanent peripheral ves-
families with familial episodic ataxia associated with chraibular and auditory deficits can be found in some patients
mosome 19p had migraine headaches, and several wigldl basilar migraine; some are indistinguishable from
episodes typical of basilar migraine [4]. In episodic ataxdgns and symptoms of peripheral labyrinthine disease [35].
type 2, an abnormally elevated pH level in the cerebellimthese patients the involvement of the labyrinth itself
was measured by magnetic resonance spectroscopy. Thmay be causative secondarily to the basilar migraine-in-
tacks of these patients — as in some other channelopathidaced decrease in regional blood flow of the inner ear.
respond to acetazolamide [3, 4]. By analogy, one codlde inner ear is supplied by the anterior inferior cerebel-
speculate that brainstem deficits in the symptom-free lar artery through the internal auditory artery (branching
terval of vestibular migraine reflect an electrophysiologihn common cochlear and anterior vestibular arteries). The
cal neuronal membrane instability in one of the ion chaamterior inferior cerebellar artery arises from the basilar
nels (sodium, calcium, chloride, potassium) known to betery and also supplies the anterolateral pons, middle cere-
involved in the pathomechanism of other inherited disdyellar peduncle, and cerebellar flocculus [40]. A dé&fiai
ders withepisodicneuronal dysfunction [11, 50, 51]. clinical classification of the lesion site, however, is not
possible in individual patients with labyrinthine, vestibu-
lar nerve, or vestibular nucleus dysfunction.
Origin of vertigo in migraine A theoretically conceivable combination of central and
peripheral audiovestibular dysfunction in a basilar migraine
The vestibular system includes the peripheral labyrintlagtack is plausible in some cases. Such a combination is
eighth nerves, and central pathways extending from ggported by the distribution of neuro-otological signs dur-
vestibular nuclei to the vestibulo-cerebellum and througiy the attack; these signs were classified as being of cen-
ascending fibers (such as the medial longitudinal fasci¢tal origin in 14%, peripheral in 7.5%, and indeterminate
lus) to the oculomotor nuclei and the supranuclear inte-17.5% [39]. If the above infratentorial anatomical struc-
gration centers in the rostral midbrain, the vestibular thalres are affected in basilar migraine, the disease can mim-
amus, and its cortical projections [9, 10]. Consequentigk other peripheral labyrinthine diseases such as Meniére’s
vertigo may arise from a lesion or inadequate stimulatidisease, thus posing problems for the differential diagno-
of peripheral or central vestibular structures encompasssig, This would explain the significant difference in the
the brainstem, the thalamus, or the parietoinsular vestiptevalence of migraine in “classical” (22%) and “vestibu-
lar cortex. The regular association of vertigo with centidak” (81%) Meniére’s disease and underline the different
ocular motility disturbances (Table 4) strongly suggestiologies of the two conditions [52]. A correct diagnosis
that both arise from brainstem dysfunction involving thean be established only by the time course, family history,
vestibular nuclei in cases of rotational vertigo and spongaiditional central ocular motor signs, and especially the
neous nystagmus [10]. Transient brainstem dysfunctiefficacy of appropriate treatment.
has been shown by significant alterations in brainstem au-A distressing (in particular, rotational) vertigo is atypi-
ditory evoked potentials in the pontomesencephalic bragal of supratentorial vestibular thalamic and cortical le-
stem (prolonged interwave IlI-V interval) during basilasions unless it occurs in unique ischemic events [7] or in
migraine attacks; this condition returned to normal eestibular epilepsy arising from the superior temporal lobe
clinical recovery [30, 62]. [27, 49].

Other authors have found a surprisingly high frequency Overall, it is most likely that vertigo in basilar migraine
of peripheral audiovestibular deficits, more than 29% ahd vestibular migraine are due to a functional vestibular
which were related to the attacks [39], and also occurtede imbalance caused by an asymmetric activation or
in the symptom-free interval in 21% [12]. They argued thdéactivation of bilateral vestibular neuronal activity dur-
a unilateral hyporesponsiveness on caloric testing camg the attack. This may predominantly involve vestibular
firms the existence of peripheral dysfunction in some gdarainstem structures extending from the pontomedullary
tients diagnosed as having basilar migraine [23, 39]. Howvestibular nuclei (inducing rotational vertigo) to the ros-
ever, lacunar infarctions and small demyelinating plaquesl midbrain tegmentum (inducing ocular motor dysfunc-
involving the root entry zone of the eighth nerve and/bon). It corresponds best to the asymmetric activation of
the vestibular nuclei can mimic peripheral vestibular digie entire pontomesencephalic brainstem structures found
ease. In such cases rotational vertigo and spontanemugositron-emission tomography [61].
nystagmus are combined with the reduction in or absence
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