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Abstract

Dizziness and vertigo are common complaints, with a lifetime prevalence of over 30%. This review
provides a brief summary of the recent diagnostic and therapeutic advances in the field of neuro-
otology. A special focus is placed on the clinical usefulness of vestibular tests. While these have
markedly improved over the years, treatment options for vestibular disorders still remain limited.
Available therapies for selected vestibular diseases are discussed.

Introduction and context

Dizziness and vertigo are common complaints. Recently,
Neuhauser et al. published two papers that reported a
one year prevalence of 20% and a one year incidence of
3% for dizziness and vertigo in a general population,
with reported cases higher in women than men [1,2].
Moreover, the impact of dizziness on social and working
life is considerable [3]. Half of the patients affected by
dizziness feel that their efficiency at work has substan-
tially dropped and one-quarter of patients even give up
or change their work as a result of dizziness [3]. Here we
aim to provide an overview on recent advances in the
diagnosis and therapy of vestibular disorders.

Assessment of semicircular canal function

Since the invention of the caloric test by Bardny about
100 years ago [4], caloric irrigation and rotatory chair
tests were the primary methods used to investigate
semicircular canal (SCC) function up until the end of the
last century. These tests, however, have poor reliability,
mainly due to the following disadvantages: caloric
irrigation (i.e., the thermal gradient across the inner
ear) depends on anatomical factors of the middle ear,
temporal bone thickness, and on the technician'’s skills,
and conventional rotatory chairs deliver rather low-
testing stimuli (usually <100 deg/s peak velocity and
between 0.1 and 2 Hz frequency) [5,6]. Both methods,
moreover, are almost exclusively used for investigating

the horizontal SCC. In 1988, Halmagyi and Curthoys [7]
introduced a new diagnostic method known as the head
impulse test (HIT), which has the significant advantage
of assessing the function of an individual SCC. It can be
performed at the bedside and has been shown to have a
high sensitivity (~70%) and specificity (~70%) for
detecting horizontal peripheral vestibular hypofunction
even when conducted by physicians that do not
specialize in neuro-otology [8]. In contrast to the caloric
irrigation and rotatory chair tests, the quantitative
measurement of HIT performed by the dual search-coil
method is technically complex and expensive and thus
only available in tertiary referral centers, despite allowing
functional testing of all six individual canals [9].

Direct comparison of the diagnostic utility of caloric
irrigation, rotatory chair testing, and HIT is problematic,
as these three methods probe different frequency ranges
of vestibular function. In Méniere’s disease, for example,
it has been shown that low-frequency vestibular function
as assessed by caloric irrigation is affected earlier than
high-frequency vestibular function as investigated by
HIT [10]. The opposite is observed in Fabry disease, a
congenital lysosomal storage disease [11]. These differ-
ences possibly result from the affection of different types
of hair cells on the cupula. Moreover, in vestibular
neuritis (a sudden unilateral deficit of the peripheral
vestibular organ), recovery of vestibular imbalance is
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frequency dependent: while the low-frequency vestibular
function determined by caloric irrigation becomes
symmetrical, the high-frequency function assessed by
HIT often remains impaired [12,13].

Assessment of otolithic function

Estimation of the subjective visual vertical (SVV) is a
simple method to assess utricular otolith function. In
general, it is performed with the subject sitting upright
in a stationary position in darkness and adjusting a
luminous line to match the perceived earth-vertical. SVV
estimation might be normal in a patient with chronic
unilateral peripheral utricular hypofunction tested in a
stationary position, however, deficits may be unmasked
during eccentric rotation or by off-vertical axis rotation
(OVAR) because any utricular otolith function asymme-
try will be enhanced, thereby increasing the likelihood
of detection. Rotational testing, however, is technically
demanding and OVAR can induce motion sickness. This
explains why both tests have been applied relatively
seldomly to patients.

Recent advances

Diagnosis

In recent years there have been major advances in the
methods used to diagnose vestibular organ function,
allowing much better and easier diagnosis in dizzy
patients. Some of these advances have been outlined
below.

Assessment of semicircular canal function

To allow a quantitative measurement of HIT in clinical
practice, new testing methods like the Video-HIT [14-16]
and the dynamic visual acuity (DVA) test [17-20] are in
the process of development. The DVA test is an easy,
accessible, and low-cost method. With the recent
improvement of DVA test parameters [21], sensitivity
and specificity for unilateral and bilateral vestibular loss
have significantly increased to 100% and 94%, respec-
tively, in comparison with the search-coil method to
quantitatively assess HIT. A major disadvantage of the
DVA test, however, is that it depends on the cooperation
of the patient; if the patient is unwilling or unable to
cooperate, the test cannot be evaluated. In contrast, Video-
HIT is much less dependent on patient cooperation and
has been shown to be equivalent to the search-coil
method in detecting peripheral vestibular deficits [15].

Assessment of otolithic function

Click vestibular-evoked myogenic potentials (VEMPs)
are saccular otolith-mediated short-latency reflexes
recorded by electromyography from the ipsilateral
sternocleidomastoid muscle in response to intense

http://f1000.com/reports/medicine/content/2/60

auditory clicks [22]. VEMPs are technically easy to
perform and have been helpful in the diagnosis of a
relatively new vestibular entity, the superior canal
dehiscence syndrome (SCDS) [23]. One should be
aware of this entity in patients with chronic disequili-
brium of unknown origin. The etiology is still unclear
but there is evidence that it could be due to a
developmental abnormality [24,25]. Recently, a simple
method using ocular VEMPs (oVEMPs) to measure the
utricular function was introduced [26]. The method
measures potentials in the inferior oblique muscle,
which are mainly caused by stimulation of the contral-
ateral utricle. This method is at least as good at detecting
utricular deficits as the SVV during eccentric rotation
[27]. Tt also shows significant differences between
controls and SCDS patients. [28]. Due to the aforemen-
tioned benefits, this method may lead to a better
knowledge of the long-lasting effects of utricular lesions
in patients. A recent study found chronic symptoms
associated with isolated unilateral utricular deficit [29]
although measured with the older method of eccentric
rotation. According to this study, the current view that a
unilateral otolithic lesion can cause only short-lasting
symptoms may have to be changed. OVAR is another
possibility to measure utricular function [30] but it is
technically complex and almost always nauseogenic
[31]. Overall, oVEMPs are definitely cheaper, technically
easier, and less demanding for patients and investigators.

Treatment

Treatments of peripheral vestibular disorders

In patients with acute vestibular neuritis, treatment with
methylprednisolone has been shown to significantly
improve vestibular recovery [32]. Interestingly, treatment
with methylprednisolone plus valacyclovir was not
superior to treatment with methylprednisolone alone.
It is surprising that the antiviral drug valacyclovir did not
improve the outcome of vestibular neuritis, since the
underlying etiology is thought to be viral. One possible
reason might be that medication was initiated within
3 days after symptom onset during which viral replica-
tion could have already occurred.

Recently, a non-blinded, non-placebo controlled study
of patients with Méniere’s disease demonstrated the
superiority of high-dose betahistine (48 mg three times
daily) over low-dose betahistine (16-24 mg three times
daily) [33]. Intratympanic steroid injection is another
promising treatment for Méniere’s disease, as suggested
by several studies [34,35]; most of these, however, were
not placebo-controlled either [34,35]. To date, it is still
unclear what type of steroids for intratympanic inject-
ion are most effective, how often injections must be
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repeated, and which time interval between injections is
optimal.

While gentamicin is effective for reducing vertigo attacks
in Méniere’s disease [35], very recently it has also been
shown to increase postural control after vestibular
schwannoma resection in patients with preserved partial
vestibular function treated with gentamicin and vestib-
ular physical therapy before surgery (compared to
physical therapy alone) [36,37]. Although only a
relatively small number of patients were enrolled in
these studies, these results suggest that patients with
pre-operative gentamicin treatment might benefit in
terms of faster vestibular recovery and/or central
compensation.

Treatments of central vestibular diseases

Treatment of vestibular migraine often parallels that of
migraine headache but, to date, no large randomized
placebo-controlled studies looking into effective treat-
ments for this condition exist [38]. This shortcoming is
probably due to the lack of commonly-used diagnostic
criteria for vestibular migraine.

Several retrospective and case studies have suggested
that prophylaxis beta-blockers (metoprolol, proprano-
lol) [39,40], tricyclic antidepressants (amitriptylin,
nortriptyline) [41], the calcium antagonist flunarazine
[39], the serotonin antagonist pizotifen [41,42], and the
carboanhydrase inhibitor acetazolamid [43] may be
effective in the treatment of vestibular migraine. For
treatment of acute vestibular migraine, triptans [44,45]
and vestibular suppressants [44] have been reported to
be beneficial.

Recent advances have been made in the pharmacother-
apy of central vestibular nystagmus. Aminopyridine is
a promising treatment option, especially for downbeat
nystagmus (DBN). In animal experiments, 4-amino-
pyridine (4-AP) has been shown to increase the
excitability of cerebellar Purkinje cells [46]. A similar
mechanism of 4-AP action is postulated in humans
[47]. In patients with cerebellar diseases, 4-AP and
3,4-diaminopyridine (3,4-DAP), a related agent with
similar pharmacologic effects, have been shown to
effectively suppress DBN [48-49]. Moreover, 4-AP
improves smooth pursuit eye movements and the
gain of the vestibulo-ocular reflex function, and
restores gaze-holding abilities [48,49], while 3,4-DAP
reduces the gravity-dependent component of DBN
[51,52] and improves postural stability [53]. Further-
more, in patients with episodic ataxia type 2, 4-AP can
reduce the frequency of ataxic episodes [54].

http://f1000.com/reports/medicine/content/2/60

Implications for clinical practice

Vestibular function assessment

The implementation of the Video-HIT and DVA makes
quantitative assessment of peripheral vestibular semi-
circular canal function now possible in any clinical
setting. Not only do Video-HIT and DVA help clinicians
to diagnose a peripheral vestibular deficit, but they also
assist in monitoring vestibular recovery, such as after
vestibular neuritis.

VEMP should be performed whenever SCDS, a perilym-
phatic fistula, or a large vestibular aqueduct syndrome is
suspected [55,56]. Typical VEMP responses in patients
with these conditions show increased amplitudes and
lowered thresholds compared with normal control
subjects [57]. VEMPs can also be used to differentiate
superior vestibular neuritis (i.e., the affection of the
superior division of the vestibular nerve) from a total or
inferior vestibular neuritis (i.e., the affection of the
inferior division of the vestibular nerve), since in the
former the saccular function is mostly spared and, thus,
VEMP responses are normal. It has not yet been shown
whether the little part of the sacculus being innervated by
the superior vestibular nerve has a significant effect on
the VEMP in superior vestibular neuritis.

Treatments of peripheral vestibular disorders

Clinicians are advised to initiate drug therapy in patients
with vestibular neuritis with methylprednisolone (e.g.,
100 mg/day for 7 days) within 1 week (or maybe even
up to 4 weeks) after the onset of symptoms. The time of
treatment onset for corticoid administration has not
yet been studied and whether an increased dose (e.g.,
250 mg/day instead of 100 mg/day methylpredisone)
has a better effect is a matter of debate. In patients
severely affected by vestibular neuritis, clinicians might
consider the administration of valacyclovir (1000 mg
three times a day for 7 days) if diagnosis is made within
3 days of symptom onset.

Since intratympanic steroid injections reach a higher
level in the inner ear fluids than oral or intravenous
administrations, this application technique may have a
better effect in acute vestibulopathies. However, vestib-
ular disorders are often thought of as being the result of
nerve damage (neuritis), and it would be unlikely that
the nerves would be reached by intracochlear steroids.
No studies about intratympanic treatment exist, so this
point has not yet been validated.

When treating Ménieére’s disease, intratympanic steroid
injections are appropriate if the disease does not respond
to conventional medical treatment with betahistine and
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cinnarizine, and should be considered before more
invasive and vestibulotoxic interventions like intratym-
panic gentamicin injections or surgery.

Treatments of central vestibular diseases

When treating vestibular migraine, clinicians are advised
to closely follow the treatments proposed by Neuhauser
and Lempert [58] and are recommended to read a recent
review by Lempert et al. on vertigo as a symptom of
migraine [59]. Those making decisions about drug
selection for the treatment of vestibular migraine should
also consider potential side-effects, such as increased
depression with flunarazine treatment or orthostatic
hypotension with beta-blockers. A 50% reduction of
attacks is a reasonable goal to aspire to [60]. It is advised
that patients monitor the severity and frequency of
attacks on a calendar and that the efficacy of drugs be
evaluated after 3 months. Moreover, lifestyle modifica-
tions approved for migraine prophylaxis (e.g., regular
exercise, sleep, and diet) should be discussed.

Finally, it has to be emphasized that from what is known
so far, aminopyridine seems to be effective predomi-
nantly in patients with cerebellar atrophy and with DBN
of an unknown etiology, and less effective in patients
with structural cerebellar lesions [48,50,61].

Abbreviations

3,4-DAP, 3,4-diaminopyridine; 4-AP, 4-aminopyridine;
DBN, downbeat nystagmus; DVA, dynamic visual acuity;
HIT, head impulse test; OVAR, off-vertical axis rotation;
OoVEMP, ocular vestibular evoked myogenic potential;
SCC, semicircular canal; SCDS, superior canal dehiscence
syndrome; SVV, subjective visual vertical; VEMP, vesti-
bular evoked myogenic potential.

Competing interests
The authors declare that they have no competing
interests.

References

I. Neuhauser HK, Lempert T: Vertigo: epidemiologic aspects.
Semin Neurol 2009, 29:473-81.

2. Neuhauser HK, Radtke A, von Brevern M, Lezius F, Feldmann M,
Lempert T: Burden of dizziness and vertigo in the community.
Arch Intern Med 2008, 168:2118-24.

3. Bronstein AM, Golding JF, Gresty MA, Mandala M, Nuti D, Shetye A,
Silove Y: The social impact of dizziness in London and Siena.
J Neurol 2010, 257:183-90.

4. Bariny R: Nobel Lecture, September 11, 1916: Some new
methods for functional testing of the vestibular apparatus
and the cerebellum. In Nobel Lectures, Physiology or Medicine 1901-
1921. Amsterdam: Elsevier Publishing Company; 1967.

5. Baloh RW, Hess K, Honrubia V, Yee RD: Low and high frequency
sinusoidal rotational testing in patients with peripheral
vestibular lesions. Acta Otolaryngol Suppl 1984, 406:189-93.

20.

21.

22.

23.

24.

http://f1000.com/reports/medicine/content/2/60

Baloh RW, Sills AW, Honrubia V: Impulsive and sinusoidal
rotatory testing: a comparison with results of caloric testing.
Laryngoscope 1979, 89:646-54.

Halmagyi GM, Curthoys IS: A clinical sign of canal paresis. Arch
Neurol 1988, 45:737-9.

Jorns-Héderli M, Straumann D, Palla A: Accuracy of the bedside
head impulse test in detecting vestibular hypofunction.
J Neurol Neurosurg Psychiatry 2007, 78:1113-8.

Cremer PD, Halmagyi GM, Aw ST, Curthoys IS, McGarvie LA,
Todd M), Black RA, Hannigan IP: Semicircular canal plane head
impulses detect absent function of individual semicircular
canals. Brain 1998, 121:699-716.

Park HJ, Migliaccio AA, Della Santina CC, Minor LB, Carey JP:
Search-coil head-thrust and caloric tests in Méniére’s disease.
Acta Otolaryngol 2005, 125:852-7.

Palla A, Hegemann S, Widmer U, Straumann D: Vestibular and
auditory deficits in Fabry disease and their response to
enzyme replacement therapy. | Neurol 2007, 254:1433-42.

Kim HA, Hong JH, Lee H, Yi HA, Lee SR, Lee SY, Ahn BH, Baloh RW:
Otolith dysfunction in vestibular neuritis: recovery pattern
and a predictor of symptom recovery. Neurology 2008,
70:449-53.

F1000 Factor 3.0 Recommended
Evaluated by Stefan Hegemann 16 Apr 2008

Schmid-Priscoveanu A, Béhmer A, Obzina H, Straumann D: Caloric
and search-coil head-impulse testing in patients after vesti-
bular neuritis. | Assoc Res Otolaryngol 2001, 2:72-8.

Bartl K, Lehnen N, Kohlbecher S, Schneider E: Head impulse
testing using video-oculography. Ann N Y Acad Sci 2009,
1164:331-3.

MacDougall HG, Weber KP, McGarvie LA, Halmagyi GM,
Curthoys IS: The video head impulse test: diagnostic accuracy
in peripheral vestibulopathy. Neurology 2009, 73:1134-41.

F1000 Factor 6.4 Must Read
Evaluated by Michael Strupp 25 Nov 2009, Joseph Furman 30 Dec
2009

Weber KP, Aw ST, Todd MJ, McGarvie LA, Curthoys IS,
Halmagyi GM: Head impulse test in unilateral vestibular loss:
vestibulo-ocular reflex and catch-up saccades. Neurology 2008,
70:454-63.

Dannenbaum E, Paquet N, Chilingaryan G, Fung J: Clinical
evaluation of dynamic visual acuity in subjects with unilateral
vestibular hypofunction. Otol Neurotol 2009, 30:368-72.

Dannenbaum E, Paquet N, Hakim-Zadeh R, Feldman AG: Optimal
parameters for the clinical test of dynamic visual acuity in
patients with a unilateral vestibular deficit. | Otolaryngol 2005,
34:13-9.

Schubert MC, Herdman §J, Tusa RJ: Vertical dynamic visual acuity
in normal subjects and patients with vestibular hypofunction.
Otol Neurotol 2002, 23:372-7.

Schubert MC, Migliaccio AA, Della Santina CC: Dynamic visual
acuity during passive head thrusts in canal planes. | Assoc Res
Otolaryngol 2006, 7:329-38.

Vital D, Hegemann SCA, Straumann D, Bergamin O, Bockisch CJ,
Angehrn D, Schmitt K-U, Probst R: A new dynamic visual acuity
test to assess peripheral vestibular function. Arch Otolaryngol
Head Neck Surg 2010, 136:686-91.

Welgampola MS, Colebatch JG: Characteristics and clinical
applications of vestibular-evoked myogenic potentials. Neuro-
logy 2005, 64:1682-8.

Minor LB, Solomon D, Zinreich |S, Zee DS: Sound- and/or
pressure-induced vertigo due to bone dehiscence of the
superior semicircular canal. Arch Otolaryngol Head Neck Surg 1998,
124:249-58.

Carey JP, Minor LB, Nager GT: Dehiscence or thinning of bone
overlying the superior semicircular canal in a temporal bone
survey. Arch Otolaryngol Head Neck Surg 2000, 126:137-47.

Page 4 of 5
(page number not for citation purposes)


http://f1000medicine.com/article/id/1103880
http://f1000medicine.com/article/id/1168272

F1000 Medicine Reports 2010, 2:60

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hirvonen TP, Weg N, Zinreich §J, Minor LB: High-resolution CT
findings suggest a developmental abnormality underlying
superior canal dehiscence syndrome. Acta Otolaryngol 2003,
123:477-81.

Iwasaki S, Smulders YE, Burgess AM, McGarvie LA, Macdougall HG,
Halmagyi GM, Curthoys IS: Ocular vestibular evoked myogenic
potentials to bone conducted vibration of the midline
forehead at Fz in healthy subjects. Clin Neurophysiol 2008,
119:2135-47.

F1000 Factor 6.0 Must Read
Evaluated by Joseph Furman 15 Apr 2009

Valko Y, Hegemann SCA, Weber KP, Straumann D, Bockisch CJ:
Relative diagnostic value of ocular vestibular evoked poten-
tials and the subjective visual vertical during tilt and eccentric
rotation. Clin Neurophysiol 2010, in press.

Rosengren SM, Aw ST, Halmagyi GM, Todd NP, Colebatch |G:
Ocular vestibular evoked myogenic potentials in superior
canal dehiscence. | Neurol Neurosurg Psychiatry 2008, 79:559-68.

Schonfeld U, Helling K, Clarke AH: Evidence of unilateral isolated
utricular hypofunction. Acta Otolaryngol 2010, 130:702-7.

Furman JM, Schor RH, Schumann TL: Off-vertical axis rotation:
a test of the otolith-ocular reflex. Ann Otol Rhinol Laryngol 1992,
101:643-50.

Bijveld MM, Bronstein AM, Golding JF, Gresty MA: Nauseogenicity
of off-vertical axis rotation vs. equivalent visual motion. Aviat
Space Environ Med 2008, 79:661-5.

Strupp M, Zingler VC, Arbusow V, Niklas D, Maag KP, Dieterich M,
Bense S, Theil D, Jahn K, Brandt T: Methylprednisolone,
valacyclovir, or the combination for vestibular neuritis.
N Engl | Med 2004, 351:354-61.

Strupp M, Hupert D, Frenzel C, Wagner ], Hahn A, Jahn K,
Zingler VC, Mansmann U, Brandt T: Long-term prophylactic
treatment of attacks of vertigo in Méniere’s disease-
comparison of a high with a low dosage of betahistine in an
open trial. Acta Otolaryngol 2008, 128:520-4.

F1000 Factor 3.0 Recommended
Evaluated by Detlef Kémpf 18 Sep 2008

Cohen-Kerem R, Kisilevsky V, Einarson TR, Kozer E, Koren G,
Rutka JA: Intratympanic gentamicin for Méniére’s disease:
a meta-analysis. Laryngoscope 2004, 114:2085-91.

Nguyen KD, Minor LB, Della Santina CC, Carey |JP: Vestibular
function and vertigo control after intratympanic gentamicin
for Méniére’s disease. Audiol Neurootol 2009, 14:361-72.

Magnusson M, Kahlon B, Karlberg M, Lindberg S, Siesjo P,
Tjernstrom F: Vestibular “PREHAB”. Ann N Y Acad Sci 2009,
1164:257-62.

F1000 Factor 6.0 Must Read
Evaluated by Stefan Hegemann 15 Oct 2009

Tjernstrom F, Fransson PA, Kahlon B, Karlberg M, Lindberg S,
Siesjo P, Magnusson M: Vestibular PREHAB and gentamicin
before schwannoma surgery may improve long-term pos-
tural function. | Neurol Neurosurg Psychiatry 2009, 80:1254-60.
Fotuhi M, Glaun B, Quan SY, Sofare T: Vestibular migraine: a
critical review of treatment trials. | Neurol 2009, 256:71 |-6.
Dieterich M, Brandt T: Episodic vertigo related to migraine
(90 cases): vestibular migraine? | Neurol 1999, 246:883-92.
Harker LA, Rassekh CH: Episodic vertigo in basilar artery
migraine. Otolaryngol Head Neck Surg 1987, 96:239-50.

Reploeg MD, Goebel JA: Migraine-associated dizziness: patient
characteristics and management options. Otol Neurotol 2002,
23:364-71.

42.

43.

44,
45,

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

http://f1000.com/reports/medicine/content/2/60

Waterston J: Chronic migrainous vertigo. | Clin Neurosci 2004,
11:384-8.

Baloh RW, Foster CA, Yue Q, Nelson SF: Familial migraine with
vertigo and essential tremor. Neurology 1996, 46:458-60.

Baloh RW: Neurotology of migraine. Headache 1997, 37:615-21.

Neuhauser HK, von Brevern M, Radtke A, Lezius F, Feldmann M,
Ziese T, Lempert T: Epidemiology of vestibular vertigo: a
neurotologic survey of the general population. Neurology 2005,
65:898-904.

F1000 Factor 6.0 Must Read
Evaluated by Wolfgang Heide 18 Apr 2006

Etzion Y, Grossman Y: Highly 4-aminopyridine sensitive delayed
rectifier current modulates the excitability of guinea pig
cerebellar Purkinje cells. Exp Brain Res 2001, 139:419-25.

Glasauer S, Kalla R, Biittner U, Strupp M, Brandt T: 4-aminopyridine
restores visual ocular motor function in upbeat nystagmus.
J Neurol Neurosurg Psychiatry 2005, 76:451-3.

Kalla R, Glasauer S, Biittner U, Brandt T, Strupp M: 4-aminopyridine
restores vertical and horizontal neural integrator function in
downbeat nystagmus. Brain 2007, 130:2441-51.

Kalla R, Glasauer S, Schautzer F, Lehnen N, Biittner U, Strupp M,
Brandt T: 4-aminopyridine improves downbeat nystagmus,
smooth pursuit, and VOR gain. Neurology 2004, 62:1228-9.

Strupp M, Schiiler O, Krafczyk S, Jahn K, Schautzer F, Bittner U,
Brandt T: Treatment of downbeat nystagmus with 3,4-
diaminopyridine: a placebo-controlled study. Neurology 2003,
61:165-70.

Helmchen C, Sprenger A, Rambold H, Sander T, Koémpf D,
Straumann D: Effect of 3,4-diaminopyridine on the gravity
dependence of ocular drift in downbeat nystagmus. Neurology
2004, 63:752-3.

Sprenger A, Rambold H, Sander T, Marti S, Weber K, Straumann D,
Helmchen C: Treatment of the gravity dependence of down-
beat nystagmus with 3,4-diaminopyridine. Neurology 2006,
67:905-7.

Sprenger A, Zils E, Rambold H, Sander T, Helmchen C: Effect of 3,4-
diaminopyridine on the postural control in patients with
downbeat nystagmus. Ann N Y Acad Sci 2005, 1039:395-403.

Strupp M, Kalla R, Dichgans M, Freilinger T, Glasauer S, Brandt T:
Treatment of episodic ataxia type 2 with the potassium
channel blocker 4-aminopyridine. Neurology 2004, 62:1623-5.

Brantberg K, Bergenius |, Tribukait A: Vestibular-evoked myo-
genic potentials in patients with dehiscence of the superior
semicircular canal. Acta Otolaryngol 1999, 119:633-40.

Brantberg K, Verrecchia L: Testing vestibular-evoked myogenic
potentials with 90-dB clicks is effective in the diagnosis of
superior canal dehiscence syndrome. Audiol Neurootol 2009,
14:54-8.

Streubel SO, Cremer PD, Carey JP, Weg N, Minor LB: Vestibular-
evoked myogenic potentials in the diagnosis of superior canal
dehiscence syndrome. Acta Otolaryngol Suppl 2001, 545:41-9.

Neuhauser H, Lempert T: Vertigo and dizziness related to
migraine: a diagnostic challenge. Cephalalgia 2004, 24:83-91.

Lempert T, Neuhauser H, Daroff RB: Vertigo as a symptom of
migraine. Ann N Y Acad Sci 2009, 1164:242-51.

Neuhauser H, Lempert T: Vestibular migraine. Neurol Clin 2009,
27:379-91.

Brandt T, Zwergal A, Strupp M: Medical treatment of vestibular
disorders. Expert Opin Pharmacother 2009, 10:1537-48.

Page 5 of 5
(page number not for citation purposes)


http://f1000medicine.com/article/id/1158842
http://f1000medicine.com/article/id/1121813
http://f1000medicine.com/article/id/1165082
http://f1000medicine.com/article/id/12514

	Abstract
	Introduction and context
	Assessment of semicircular canal function
	Assessment of otolithic function

	Recent advances
	Diagnosis
	Assessment of semicircular canal function
	Assessment of otolithic function

	Treatment
	Treatments of peripheral vestibular disorders
	Treatments of central vestibular diseases


	Implications for clinical practice
	Vestibular function assessment
	Treatments of peripheral vestibular disorders
	Treatments of central vestibular diseases

	Abbreviations
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


