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Dizziness
Marianne Dieterich, MD

Background: The article gives an overview of the most frequent
forms of vertigo, that are of peripheral-labyrinthine, central-vestibular, psychogenic, or physiologic origin. Dizziness or vertigo is a
result of a mismatch between 3 sensory systems: the vestibular, the
visual, and the somatosensory systems. These systems are mutually
interactive and redundant in that orientation and balance are guided
by simultaneous reafferent cues. The functional ranges of the systems overlap, thus permitting them to compensate in part for each
other’s deficiencies.
Summary: Vertigo is not a well-defined disease entity, but rather a
multisensory syndrome induced either by stimulation of the intact
sensorimotor system by motion (eg, physiologic vertigo as in motion
sickness or height vertigo), or by pathologic dysfunction of any of
the stabilizing sensory systems (eg, peripheral vestibular as in
vestibular neuritis, or central vestibular as in vertebro-basilar ischemia). The core region in vestibular vertigo syndromes is the
vestibulo-ocular reflex, a 3-neuron arc that mediates the information
of the semicircular canals and otoliths via the vestibular nerve and
vestibular nucleus to the ocular motor nuclei (VI, IV, III) and the
supranuclear integration centers in the ponto-mesencephalic brain
stem.
Conclusions: Clinical phenomena characteristic for physiological
and pathologic vertigo syndromes include postural, perceptual, oculomotor, and vegetative syndromes, which manifest with ataxia,
nystagmus, vertigo, and nausea. Thus, the clinical testing must
include examinations of postural, perceptual, oculomotor, and vegetative dysfunctions.
Key Words: dizziness, vertigo, vestibular system, balance,
vestibulo-ocular reflex
(The Neurologist 2004;10: 154 –164)

V

ertigo is an erroneous perception of self- or object-motion
or an unpleasant distortion of static gravitational orientation that is a result of a mismatch between the 3 sensory
systems: the vestibular, visual, and somatosensory systems.
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These systems are mutually interactive and redundant in that
orientation and balance are guided by simultaneous reafferent
cues. The functional ranges of the 3 systems overlap so that
they are able to compensate in part for each other’s deficiencies. Thus, vertigo is not a well-defined disease entity, but
rather a multisensory syndrome induced either by stimulation
of the intact sensorimotor system by motion (eg, as in motion
sickness or height vertigo), or by pathologic dysfunction of
any of the stabilizing sensory systems (eg, as in vestibular
neuritis).1

Vertigo is not a well-defined disease entity, but
rather a multisensory syndrome.

The reflexes that provide postural and ocular motor
responses to head motion are mediated from the semicircular
canals and otoliths via the vestibular nuclei in the medullary
brainstem to the ocular motor nuclei in the ponto-mesencephalic brainstem (ie, the vestibulo-ocular reflex which allows
compensatory eye movements during head movements). The
paired vestibular nuclei receive neural input from all 3 sensory systems and transmit this information to the spinal cord
(for postural stabilization), the vestibular thalamus and cortex
(for motion perception and spatial orientation), and the upper
brainstem and cerebellum (for the vestibulo-ocular reflex).
Unilateral lesions along these pathways can induce vertigo,
which manifests in a combination of phenomena that are
dependent on the site within these vestibular pathways. Clinical phenomena— characteristic for both physiological as
well as clinical vertigo syndromes—include postural, perceptual, oculomotor, and vegetative syndromes, which manifest
with ataxia, nystagmus, vertigo, and nausea (Fig. 1). These 4
manifestations correlate with different aspects of vestibular
function: (1) postural imbalance and vestibular ataxia are
because of an abnormal activation or dysfunction of vestibulo-spinal pathways; (2) nystagmus is because of a direction-specific imbalance in the vestibulo-ocular reflex activating brainstem neuronal circuitry; (3) vertigo itself is because
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FIGURE 1. Vertigo—a multisensory syndrome. Figure adapted from Brandt and Daroff, 1980.4

of a disturbance of cortical spatial orientation; (4) and the
unpleasant vegetative effects (nausea and vomiting) are because of an activation of the reticular formation, the vomiting
center, in the medullary brainstem.
The differential diagnosis of peripheral labyrinthine
and central vestibular vertigo syndromes is guided by manifestations of ear signs (Ménière’s disease, perilymphatic
fistula, neurovascular cross-compression) or brainstem signs
(central positional vertigo, vertebro-basilar ischemia, basilar
artery migraine, paroxysmal ataxia/dysarthria), certain provoking factors such as head motion (benign paroxysmal
positioning vertigo, central positional vertigo, neurovascular
cross-compression, bilateral vestibulopathy), or family history (congenital vertigo).

GENERAL TREATMENT
Because the central nervous system has a strong impulse to compensate for, or habituate to, a persisting sensory
mismatch, all therapy for vertigo should avoid disturbing
these naturally compensatory mechanisms, a center of which
is within the vestibular nuclei. It must be stressed that the
central nervous system needs the stimulus of the sensory
mismatch for habituation and compensation. Adequate therapy for vertigo must consider that antivertiginous drugs will
suppress such mechanisms, because most of these drugs are
© 2004 Lippincott Williams & Wilkins

vestibular sedatives. Therefore, vestibular suppressants
should only be applied when vertigo is accompanied by
distressing nausea and vomiting, ie, in acute peripheral vestibulopathy and in acute brainstem and cerebellar lesions
(near the vestibular nuclei), or to prevent motion sickness.
These drugs are not indicated in patients suffering from
chronic dizziness or positioning vertigo. If possible, specific
therapies directed at the underlying cause should be chosen.
In some cases it is best to recommend rehabilitation, because
the central nervous system compensates by itself over time
for the lesioned function. Vestibular rehabilitation is often
needed to speed recovery and central compensation.

Vestibular suppressants should only be applied
when vertigo is accompanied by distressing
nausea and vomiting.

If nausea is a prominent symptom of a vestibular
vertigo syndrome, vestibular sedatives should be adminis-
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affected ear or by head extension—typically when turning
over in bed, extending the neck to look up or lifting the head
after bending over. The clinician can induce the symptoms by
rapid position changes from the sitting to the head-hangingto-the-right or left positions (Hallpike maneuver). Rotatory
nystagmus starts after a few seconds latency and beats with a
crescendo-decrescendo rate, reaching a maximum within a
few seconds and lasting 10 to 60 seconds. When the patient
returns to the sitting position, nystagmus is in the opposite
direction. The typical nystagmus pattern and the characteristics of short latency, limited duration, reversal on returning to
the upright position, and fatigability on repeated provocation
are sufficient to establish the diagnosis. This strong correlation between vertigo and rotary nystagmus makes the diagnosis unlikely if a patient reports intense vertigo but no
nystagmus. The most common causes are idiopathic (50%),
head injury (17%), viral neurolabyrinthitis (15%), and long
bed confinement. While a striking preponderance of females
(female:male ⫽ 2:1) was found in the idiopathic group, the 2
sexes were equally distributed among posttraumatic and postviral groups. In general, it is a disease of elderly people, with
a peak of occurrence between the ages of 50 and 70.
In 1969, Schuknecht hypothesized that heavy debris
settles on the cupula (“cupulolithiasis”) of the canal, transforming it from a transducer of angular acceleration into a
transducer of linear acceleration.3 It is now generally ac-

tered for symptomatic relief, despite the major side effect of
general sedation. The most commonly used antivertiginous
drugs are the antihistamines, anticholinergic drugs, phenothiazines, benzodiazepines, and butyrophenones (Table 1).
Anticholinergic drugs, eg, scopolamine, have been given in
combination with noradrenergic substances, eg, ephedrine,
but double-blind, placebo-controlled studies have reported no
significant difference when scopolamine was given alone or
in combination with ephedrine. The only known similarity
among the drugs used to counter labyrinthine vertigo and
motion sickness is their capacity to act as acetylcholine
antagonists by competitive inhibition. The most probable
sites of their primary action are the synapses of the vestibular
nuclei, which exhibit reduced discharges and diminished
neuronal responses to body rotation.

PERIPHERAL LABYRINTHINE VERTIGO
SYNDROMES
Benign Paroxysmal Positioning Vertigo
Benign paroxysmal positioning vertigo (BPPV) is a
mechanical disorder of the inner ear in which precipitating
positioning of the head causes an abnormal stimulation,
usually of the posterior semicircular canal of the undermost
ear.1–3 Patients with this most common form of vertigo
develop brief attacks of rotational vertigo and concomitant
rotatory nystagmus precipitated by rapid head tilt toward the

TABLE 1. Antivertiginous Drugs
Drug
Anticholinergics
Scopolamine (Transderm Scop)
Antihistamines
Dimenhydrinate
(Dramamine)
Meclizine
(Antivert, Bonine)
Promethazine
(Phenergan)
Phenothiazine
Prochlorperazine (Compazine)
Butyrophenone
Droperidol
(Inapsine)
Benzodiazepines
Diazepam
(Valium)
Clonazepam
(Klonopin)
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Dosage

Action
Muscarine antagonist

0.6 mg po q 4–6 h or Transdermal patch: 1 q 3 days
50 mg po q 4–6 h or
IM q 4–6 h or 100 mg suppository q 8–10 h
25 mg po q 4–6 h
15 or 50 mg po q 4–6h or
IM q 4–6 h or suppository q 4–6 h

Histamine (H1) antagonist
Muscarine antagonist
Histamine (H1) antagonist
Muscarine antagonist
Histamine (H1) antagonist
Muscarine antagonist
Dopamine (D2) antagonist

5 or 10 mg po q 4–6 h or IM q 6 h or
25 mg suppository q 12 h

Muscarine antagonist
Dopamine (D2) antagonist

2.5 or 5 mg IM q 12 h

Muscarine antagonist
Dopamine (D2) antagonist

5 or 10 mg po bid-qid
IM q 4–6 h or IV q 4–6 h
0.5 mg po tid

GABAA agonist
GABAA agonist

© 2004 Lippincott Williams & Wilkins
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cepted that the debris floats freely within the endolymph of
the canal (“canalolithiasis”). The debris (possibly particles
detached from the otoliths) gravitates to the most dependent
part of the semicircular canal during head-position changes
(Fig. 1).1

Therapy
In 1980 the first effective physical therapy—the positional exercises after Brandt and Daroff4—was proposed.
These exercises consist of a sequence of rapid lateral headtrunk tilts repeated serially. Meanwhile, single liberatory
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maneuvers have been introduced by Semont and coworkers
(1988)5 as well as Epley (1992).6 If performed properly, all
forms of liberatory maneuvers are effective in BPPV patients.
Because the liberatory maneuvers often require only a single
session (Fig. 2), they should be preferred therapy in cases of
canalolithiasis of the posterior semicircular canal.
Surgical transection of the posterior ampullar nerve via
a middle ear approach can be considered in the very few
patients with intense BPPV over many years who do not
respond completely to physical therapy. However, sensorineural hearing loss is a possible complication, and it is

FIGURE 2. A, Schematic drawing of the liberatory maneuver in a patient with typical BPPV of the left ear. Boxes from left to right:
position of body and head, position of labyrinth in space, position and movement of the clot in the posterior canal and resulting
cupula deflection, and direction of the rotatory nystagmus. The clot is depicted as an open circle within the canal; a black circle
represents the final resting position of the clot.1 In the sitting position, the head is turned horizontally 45° to the unaffected ear.
The clot, which is heavier than endolymph, settles at the base of the left posterior semicircular canal.2 The patient is tilted
approximately 105° toward the left (affected) ear. The head position change, relative to gravity, causes the clot to gravitate to the
lowermost part of the canal and the cupula to deflect downward, inducing BPPV with rotatory nystagmus beating toward the
undermost ear. The patient maintains this position for 3 minutes.3 The patient is turned approximately 195° with the nose down,
causing the clot to move toward the exit of the canal. The endolymphatic flow again deflects the cupula such that the nystagmus
beats toward the left ear, now uppermost. The patient remains in this position for 3 minutes.4 The patient is slowly moved to the
sitting position; this causes the clot to enter the utricular cavity. Abbreviations: A,P, and H ⫽ anterior, posterior, and horizontal
semicircular canals; Cup ⫽ cupula; UT ⫽ utricular cavity; RE ⫽ right eye; and LE ⫽ left eye. (Adapted from Brandt T, Steddin S,
Daroff RB. Therapy for benign paroxysmal positioning vertigo, revisited. Neurology. 1994;44:796 – 800.)
© 2004 Lippincott Williams & Wilkins
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FIGURE 2. B, Schematic drawing of
modified Epley liberatory maneuver.
Patient characteristics and abbreviations are as in Figure 1A.1 In the
sitting position, the head is turned
horizontal 45° to the affected left
ear.2 The patient is tilted approximately 105° backward into a slight
head hanging position, causing the
clot to move in the canal, deflecting
the cupula downward, and inducing
the BPPV attack. The patient remains
in this position for 3 minutes. (3a)
The head is turned 90° to the unaffected ear, now undermost, and
(3b) the head and trunk continue
turning another 90° to the right,
causing the clot to move toward the
exit of the canal. The patient remains in this position for 3 minutes.
The positioning nystagmus in positions 3a and 3b indicates effective
therapy.4 The patient is moved to
the sitting position. (Adapted from
Brandt T, Steddin S, Daroff RB. Therapy for benign paroxysmal positioning vertigo, revisited. Neurology.
1994;44:796 – 800.)

difficult to locate surgically the particular semicircular canal
nerve.

All forms of liberatory maneuvers are effective
in BPPV patients.

Acute Peripheral Vestibulopathy
An acute episode of severe rotational vertigo with
horizontal-rotatory spontaneous nystagmus toward the unaffected side (direction of quick phase), a falling tendency to
the affected side, and severe nausea and vomiting— gradually
resolving over days to weeks—results from an acute periph-
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eral vestibulopathy, the second most common cause of vertigo.1 The etiology may be a result of bacterial labyrinthitis
(otitis media), stroke or trauma, but in most cases viral
involvement of the vestibular nerve is the common cause
(vestibular neuritis is its idiopathic form). Concomitant auditory dysfunction is absent in vestibular neuritis, which is
characterized by a partial rather than a complete vestibular
paresis. This condition mainly affects patients 30 to 60-yearold. Caloric testing shows ipsilateral hypo- (33%) or nonresponsiveness (66%) of the horizontal semicircular canal function, which often resolves over months. Relief of the
symptoms over 2 to 3 weeks (rarely up to 6 weeks) is because
of the central compensation of the lesional vestibular tone
imbalance. Later on a restoration of peripheral function takes
place, which may lead to a mild spontaneous nystagmus
beating in the opposite direction. In the few cases of no or
© 2004 Lippincott Williams & Wilkins
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only minor peripheral restoration of labyrinthine function,
oscillopsia may persist during rapid head movements. This is
caused by a persisting deficit of the vestibulo-ocular reflex in
the higher frequency range, which cannot be compensated for
centrally.

Therapy
Vestibular sedatives (Table 1) should be administered
parenterally on days 1 to 3, when nausea and vomiting are
severe, for symptomatic relief while the patient rests in bed
and avoids head movements. These drugs should be given
only as long as nausea lasts, because antivertiginous drugs
suppress the mechanisms of central compensation. Treatment
with steroids (methylprednisolone sodium succinate) should
be considered in cases of viral vestibular neuritis, because it
may accelerate the process of central compensation as well as
peripheral restoration.1 Further management includes physical therapy, doing the first exercises in bed (day 3 to 5) to
suppress nystagmus by visual fixation: voluntary saccades
and eccentric gaze-holding should be performed, as well as
sitting freely. During days 5 to 7 approximately—when the
spontaneous nystagmus is suppressed by fixation but there is
continued gaze nystagmus in the direction of fast phase—
upright stance and then head oscillations during free stance
should be trained. Afterward— during weeks 2 to 3 and later
on— balance exercises should become more complex, gradually increasing in difficulty (eg, during active head oscillations with increasing frequencies) to reach a level above the
demands for postural control under daily life conditions. All
these exercises are used to recalibrate the vestibulo-ocular
reflex in its 3 major planes of action, the yaw, pitch, and roll
planes, for a perfect eye-head coordination. A prospective
study7 was able to demonstrate that specific vestibular exercises significantly improve vestibulospinal compensation in
patients with acute vestibular neuritis.

Vestibular exercises significantly improve
vestibulospinal compensation in patients with
acute vestibular neuritis.

Ménière Disease
Ménière disease is characterized by an episodic triad of
rotational vertigo, tinnitus, and fluctuating low-tone sensorineural hearing loss (often accompanied by hyperacusis), and
aural pressure or fullness in the affected ear.8 Spontaneous
nystagmus is always present during the attack; the intensity of
nystagmus and vertigo is influenced by head position. One© 2004 Lippincott Williams & Wilkins
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third of the patients report an increase of tinnitus and hearing
loss, as well as a subjective feeling of fullness of the ear that
precedes the vertigo attack as a kind of aura. The attacks
slowly subside after a few hours, but some dizziness and
unsteadiness usually remain for a few days following the
attack. In the early stages patients are symptom-free in the
vertigo-free interval, but the majority subsequently develops
slowly progressive tinnitus, hearing loss, and reduction in
vestibular function as measured by caloric testing. The usual
age of onset lies in the fourth to sixth decades; there is an
equal distribution of males and females. The longer one
follows patients with Ménière disease, the greater the percentage who develop bilateral disease (15% in the first 2
years, 30% after 1 decade, up to 60% after 2 decades).
The underlying pathology is endolymphatic hydrops,
the etiology of which can be classified as inflammatory,
traumatic, autoimmunological, or idiopathic.9 Hydrops is a
result of distention and temporary rupture of the membranous
labyrinth secondary to increased endolymphatic pressure,
altered endolymphatic sac function, relative over-production
of endolymph, defective endolymph absorption, or a combination of these factors. Membraneous labyrinth rupture results in a disruption of endolymph-perilymph sodium and
potassium barriers, leading at first to an initial excitation and
then to a conduction block and paralysis of the surrounding
vestibular or cochlear hair cells and the vestibulocochlear
nerve. In rare cases sudden drop attacks can occur, not only
in the later stages of hydrops. These attacks are because of
sudden changes in the endolymphatic fluid pressure that
induce an inappropriate stimulation of the otoliths (Tumarkin’s otolithic crisis).

Therapy
The acute attack is self-limiting and subsides within a few
hours (rarely less than 1 hour or more than 1 day). If nausea is
prominent, vestibular sedatives should be administered parenterally. Treatment in the remission phase aims to reduce the
frequency of the attacks and to preserve hearing. The histamine
derivative betahistine hydrochloride and diuretics are the only
drugs that were proven to be effective in prospective doubleblind studies.10 The action of betahistine (an H1 agonist and H3
antagonist) is attributed to the improvement of microcirculation
of the stria vascularis and to inhibitory effects on polysynaptic
vestibular nucleus neurons. Sometimes corticosteroids may be
helpful when given over 2 to 3 weeks with declining dosage
(initiated with 1 mg per kg body weight of prednisone equivalents per day). Intratympanic treatment with ototoxic antibiotics
(eg, gentamicin sulfate) instilled via a transmeatal approach is
able to selectively damage the secretory epithelium before significantly affecting the vestibular and cochlear function.10 For
patients in whom conservative procedures have failed, selective
destructive surgical techniques (vestibular nerve section) have
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been proposed with the intention of preserving serviceable
hearing function.

Perilymphatic Fistula
Perilymphatic fistulas may lead to episodic vertigo and
sensorineural hearing loss. The clinical picture ranges from
no symptoms to only vestibular symptoms, only hearing loss,
or to combinations of both.11–13 Vestibular dysfunction is
more frequent than hearing loss and often begins after barotrauma, heavy lifting, or surgery. The symptoms are caused
by a pathologic elasticity of the otic capsule, usually at the
oval and round windows, which permits abnormal transfer of
pressure changes to the receptors of the maculae and cupulae.
Thus, symptoms are exacerbated by sneezing, pressing, lifting of heavy weights, or loud sounds. Despite the availability
of clinical fistula tests (pressure fistula test, vascular fistula
test), a definite diagnosis can often be made only by exploratory tympanotomy with inspection of the round and oval
windows.
The most important variant of a perilymph fistula appears to be the recently described “superior canal dehiscence
syndrome.”11 It can be diagnosed by computed tomography
(CT) imaging of the temporal bones, which shows the bony
defect within the superior semicircular canal, and by lowered
thresholds of responses to vestibular-evoked myogenic potentials. The typical symptoms, vertigo and oscillopsia in
response to loud sounds and to stimuli that result in changes
in the middle ear or intracranial pressure, often manifest for
the first time after a head trauma or barotrauma. The symptoms were explained by the dehiscence, which creates a third
mobile window in the inner ear.11

Therapy
Because most fistulas heal spontaneously, conservative
therapy is useful in the acute phase. Conservative therapy
consists of bedrest with the head elevated for 2 to 3 weeks,
and avoidance of sneezing, coughing, pressing, and headhanging positions. Mild tranquilizers and stool-softeners may
be helpful. Physical activity should be limited and heavy
lifting or straining should be avoided for several weeks.
When symptoms persist over 4 weeks or hearing loss
worsens, surgical exploration via a posterior tympanotomy
should be considered, even though the results of the surgical
intervention are not encouraging (improvement rate of hearing deficit, 25–50%; of vestibular symptoms, 50 –70%). The
recurrence rate of symptoms exceeds 10%.

CENTRAL VESTIBULAR VERTIGO SYNDROMES
Vestibular Syndromes in Yaw, Pitch, and Roll
Planes
Central vestibular vertigo syndromes are the third most
common form of vertigo and are often caused by a lesion
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affecting the brain stem pathways from the vestibular endorgans to the supranuclear ocular motor integration centers in
the midbrain or the vestibulocerebellum. Vestibular syndromes can be classified clinically according to the 3 major
planes of action of the vestibulo-ocular reflex (VOR): yaw,
pitch, and roll.14,15 The plane-specific vestibular syndromes
are determined by ocular motor (eg, nystagmus, skew deviation, ocular torsion), postural (forward/backward or lateral
tilts and falls, head tilt), and perceptual signs (rotational or
to-and-fro vertigo, deviations of perceived horizontal or vertical, deviation of perceived straight-ahead). The thus defined
VOR syndromes allow for a precise topographic diagnosis of
brainstem lesions as to their level and side. Indeed, pathways
that mediate the VOR in either one of the 3 major planes
travel independently of each other within the ipsilateral or the
contralateral medial longitudinal fascicle (MLF), the brachium conjunctivum, or the ventral tegmental tract.
Yaw plane signs are horizontal nystagmus, past pointing, rotational and lateral body falls, and deviation of perceived straight-ahead. Pure syndromes in yaw are rare, because the small causative area covering the vestibular nucleus
is not only adjacent to but is overlapped by the structures that
also subserve the roll and pitch functions. The lesional sites
of yaw syndromes are restricted to the pontomedullary level
because of the short distance between the vestibular nuclei
and the integration center for horizontal eye movements in
the paramedian pontine reticular formation. The 2 most
common causes are acute ischemia of the lateral medullary
brainstem (Wallenberg’s syndrome) and multiple sclerosis.
Pitch plane signs include upbeat and downbeat nystagmus, forward/backward tilts and falls, and deviations of the
perceived horizontal. A tone imbalance in pitch indicates
bilateral paramedian lesions or bilateral dysfunction of the
flocculus. In patients with downbeat nystagmus structural or
functional lesions involve either the pontine brainstem between the vestibular nuclei at the floor of the fourth ventricle
or the flocculus bilaterally. The 2 most common causes are
cerebellar ectopia (25%) and cerebellar degeneration (25%)
including alcoholic cerebellar degeneration; other conditions
are multiple sclerosis, intoxication, ischemia, hematoma, vitamin B12 deficiency, and magnesium depletion. Upbeat nystagmus presents with lesions of the pontomesencephalic or
pontomedullary brainstem, which may be a result of brainstem infarctions, hematomas, tumors, cavernomas, plaques in
multiple sclerosis, abscess, alcoholic degeneration, or drug
intoxication. In contrast to downbeat nystagmus, upbeat nystagmus generally has a dramatic onset with nausea, vomiting,
and severe oscillopsia, but ceases spontaneously over a few
weeks.
Roll plane signs are torsional nystagmus, skew deviation, ocular torsion, and tilts of head, body, and perceived
vertical (Fig. 3). A tone imbalance in roll indicates unilateral
lesions along a pathway that runs from the ipsilateral vestib© 2004 Lippincott Williams & Wilkins
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ular nucleus via the contralateral MLF to the contralateral
ocular motor nuclei and the contralateral integration centers
for vertical and torsional eye movements, the rostral interstitial nucleus of the MLF (riMLF) and the nucleus of Cajal
(INC). Because these pathways—which transduce input from
the vertical semicircular canals and otoliths— cross midline at
the pontine level, unilateral pontomedullary lesions cause
ipsiversive tilts, whereas unilateral pontomesencephalic lesions cause contraversive tilts. A unilateral lesion or stimulation of these “graviceptive” pathways affects function in
roll; bilateral lesions or stimulation affects function in pitch.
Thus, the vestibular system is able to change its functional
plane of action from roll to pitch by switching from a
unilateral to a bilateral mode of operation. A roll plane
syndrome is caused by an acute unilateral brainstem lesion,
eg, ischemia, hematoma, plaque of multiple sclerosis, encephalitis.

Therapy

FIGURE 3. Vestibular syndromes in roll plane: “Graviceptive”
pathways from otoliths and vertical semicircular canals mediating vestibular function in roll plane. The projections from the
otoliths and the vertical semicircular canals to the ocular motor
nuclei (trochlear nucleus IV, oculomotor nucleus III, abducens
nucleus VI) and the supranuclear centers of the INC are shown.
They subserve the vestibulo-ocular reflex (VOR) in 3 planes.
The VOR is part of a more complex vestibular reaction which
also involves vestibulospinal connections via the medial and
lateral vestibulospinal tracts for head and body posture control. Furthermore, connections to the assumed vestibular cortex (areas 2v and 3a and the parieto-insular vestibular cortex,
PIVC) via the vestibular nuclei of the thalamus (Vim, Vce) are
depicted. Graviceptive vestibular pathways for the roll plane
cross at the pontine level. Ocular tilt reaction (OTR; the triad of
skew torsion, head tilt, and tilt of perceived vertical, SVV) is
depicted schematically on the right in relation to the level of
the lesion: ipsiversive OTR with peripheral and pontomedullary
lesions; contraversive OTR with pontomesencephalic lesions.
In vestibular thalamus lesions, the tilts of SVV may be contraversive or ipsiversive; in vestibular cortex lesions they are
preferably contraversive. OTR is not induced by supratentorial
lesions above the level of INC. (Adapted from Brandt Th,
Dieterich M. Vestibular syndromes in the roll plane: Topographic diagnosis from brainstem to cortex. Ann Neurol. 1994;
36:337–347.) Abbreviations: OTR ⫽ ocular tilt reaction; SVV ⫽
subjective visual vertical; INC ⫽ interstitial nucleus of Cajal;
PIVC ⫽ parieto-insular vestibular cortex.
© 2004 Lippincott Williams & Wilkins

The treatment depends on the etiology, of course. At
first the underlying cause should be eliminated, eg, remove
the drugs in intoxications, substitute vitamins, remove the
tumor, and treat the multiple sclerosis with corticosteroids. In
patients with Arnold-Chiari-malformation a surgical suboccipital decompression may be discussed to improve the compression of the herniating cerebellum against the caudal
brainstem. This can gradually reduce nystagmus. In patients
with persistent syndromes— because of brain defects or degeneration—medical treatment with baclofen, gabapentin,
clonazepam, and scopolamine in upbeat/downbeat nystagmus
may be helpful. The GABA-ergic baclofen (5 to 15 mg 3
times a day) or gabapentin (up to 900 mg per day) suppresses
nystagmus and oscillopsia in about half of the patients.

Vertebro-Basilar Ischemia
Basilar artery insufficiency because of vertebrobasilar
ischemia is a disease of the elderly who present most often
with transient attacks of rotational or to-and-fro vertigo as an
early symptom. Over time additional brainstem symptoms
(eg, dysarthria, double vision, numbness, drop attacks) regularly occur in varying combinations and to different extents.
This syndrome is based on the steep pressure gradient from
the aorta to the long circumferential terminal pontine arteries,
which provide a highly vulnerable blood supply to the vestibular nuclei in the pontomedullary brain stem and result in
a central vestibular vertigo syndrome, eg, in the yaw or roll
plane. In addition to arteriosclerosis of the small arteries there
is rarely found a functional compression of the vertebral
artery secondary to atheromas or cervical spondylosis or
osteophytes that narrow the transverse foramina. In such
cases, vertigo, postural imbalance, and nystagmus are induced, when the head is maximally rotated or extended while
standing. Because the blood supply to the inner ear (labyrin-
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thine artery) originates from the anterior inferior cerebellar
artery, it is also possible that transient ischemia of a labyrinth
can cause these transient attacks of vertigo.15

Therapy
Antiplatelet agents or anticoagulants may be effective.

Basilar Artery Migraine and Vestibular
Migraine
Basilar artery migraine is characterized by transient
attacks of variable combinations of vertigo, nausea, vomiting,
ataxia, visual disturbances, and other brainstem signs, followed by headache, which is more commonly occipital than
hemicranial.16 Impairment and loss of consciousness are rare
symptoms. The acute onset of the syndrome, the sequence of
events, the occurrence of other more common migraine
attacks at other times, the short duration of the single attack
(minutes to hours), and a family history of migraine confirm
the diagnosis. In some cases, the syndrome is monosymptomatic—presenting only with rotational vertigo and then
better called vestibular migraine17—and not accompanied by
headache; in such cases the diagnosis is difficult to differentiate from transient ischemic brainstem attacks. Diagnosis is
then supported by a longer sequence of identical attacks,
complete recovery from the symptoms, and mild centralvestibular ocular motor signs even during the symptom-free
interval. There are 2 forms of basilar artery migraine: a more
severe form characterized by various symptoms, which typically starts in childhood or early adolescence and predominantly affects girls (female:male ⫽ 3:1), and a monosymptomatic form, “vestibular migraine” (female:male ⫽ 1.5:1).
The latter presents with rotational vertigo as the leading
symptom, has a more continuous disease onset between the
1st and 7th decades and shows a broad-based plateau of
occurrence between ages 35 and 55.17 Attacks occur irregularly and infrequently, sometimes in clusters, but most often
they spontaneously improve with age.
Benign paroxysmal vertigo of childhood (BPV),
which has an onset in the first 4 years of life, is probably
related to migraine. These sudden attacks last seconds to
minutes and do not require drug therapy. They have a natural
history of spontaneous relief within months or years. Benign
recurrent vertigo may be an equivalent to migraine in adults;
it is also characterized by short rotational vertigo attacks
without headache.
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Benign recurrent vertigo may be an equivalent
to migraine in adults; it is also characterized by
short rotational vertigo attacks without
headache.

cases and when the attacks occur at least twice a month or
present with significant brainstem deficits, a preventive medication with a beta-blocker (metoprolol, propanolol), or valproic acid should be tried for a period of 9 to 12 months.
Other preventive medications are the calcium-entry blocker
flunarizine and serotonin-antagonists.

Familial Periodic Ataxia
Recurrent attacks of unsteady stance and gait, vertigo,
and nystagmus among several members of a family characterize the rare condition called familial periodic ataxia, which
may last from minutes to days.18,19 Attacks may occur daily,
or may be separated by longer intervals, years in some cases.
During the attack, as well as in the symptom-free intervals,
these patients often show central vestibular ocular motor
disorders (especially downbeat nystagmus) and ataxia, although magnetic resonance imaging (MRI) cannot demonstrate a structural deficit. In view of the slowly progressive
course of the disease in some families, a kind of hereditary
spinovestibulocerebellar degeneration (eg, olivopontocerebellar form) may be considered.

Therapy
Acetazolamide (Diamox) is a potent drug for preventing periodic ataxia/vertigo. Alprazolam or the calcium-entry
blocker flunarizine can also be tried.

PSYCHOGENIC VERTIGO
The sensation of vertigo, a subjective complaint, is a
frequent symptom of psychiatric illness, in particular anxiety,
depression, and personality disorders, and less frequently in
psychosis.1 The 2 most frequent episodic forms are acrophobia and phobic postural vertigo.

Therapy

Acrophobia

Pharmacological management of the acute migraine
attack is identical to that of other migraine attacks. Attacks
can be suppressed by ergotamines, sumatriptan, acetylsalicylic acid, or paracetamol. In most cases it is not possible to
abort an acute basilar migraine attack because of its sudden
onset and spontaneous recovery within a short time. In such

Neurotic acrophobia results when physiological height
vertigo induces a conditioned phobic reaction which is characterized by a dissociation between the objective and subjective risks of falling. Although the acrophobic patients are
normally aware of this dissociation, they cannot overcome
their avoidance behavior. The long-term course of untreated

162

© 2004 Lippincott Williams & Wilkins

The Neurologist • Volume 10, Number 3, May 2004

anxiety neurosis indicates that during a 5 to 6 year interval
most children’s phobias and 40 to 60% of adults’ phobias
either resolve or improve substantially.

Therapy
Psychotherapy is dominated by behavioral approaches,
which can be classified as either systematic or in vivo
desensitization procedures. Drugs used for symptomatic relief from panic attacks are either tranquilizers or antidepressants, such as imipramine.

The most frequent form of somatoform vertigo
is the syndrome of phobic postural vertigo.

Dizziness

Despite a considerable rate of improvement (79%) in vertigo
complaints, the group of patients with phobic postural vertigo
as a whole present with significant psychopathological problems at follow-up term (74%), requiring specific psychiatric
and/or psychotherapeutic interventions.22 Dependent or
avoidant personality traits, a pronounced somatic concept of
illness, and hypochondria were prognostic of a more negative
course of illness.

Therapy
The therapeutic regimen consists mainly of relieving
the patients of their fear of an occult organic disease and of
giving a detailed explanation of the causative mechanism and
factors provoking phobic reactions. Then we recommend a
controlled self-desensitization (by repeated exposure to situations that evoke the condition) within the context of behavioral therapy.

PHYSIOLOGIC VERTIGO

Phobic Postural Vertigo
The most frequent form of somatoform vertigo is the
syndrome of phobic postural vertigo. These attacks—the
third most common cause of vertigo and distinguishable from
agoraphobia and acrophobia—are characterized by a combination of dizziness and subjective disturbance of balance in
an upright static position as well as during motion in the form
of postural vertigo attacks. The attacks occur both spontaneously and in association with particular constellations of
perceptual stimuli (eg, bridges, staircases, empty rooms,
streets, driving a car) or social situations (eg, store, restaurant,
cinema, concert, meeting, reception), from which the patient
has difficulty withdrawing and which are recognized as provoking factors.20,21 There is a tendency for rapid conditioning, generalization, and avoidance behavior to develop. Anxiety and distressing vegetative symptoms often (57%), but not
always, accompany the vertigo attack, the symptoms of
which have to be elicited by direct questioning. Most patients
experience vertigo attacks both with and without excess
anxiety. A recent neurologic and psychiatric follow-up study
of 42 patients with phobic postural vertigo found that although an association with anxiety disorders was evident not
all patients presented with symptoms of anxiety or panic
during attacks of vertigo.22 Rather 42% developed a disabling
phobic-avoidance pattern with recurrent vertigo attacks without anxiety disorder. Typically, an obsessive-compulsive type
personality is often found to have affective lability and mild
reactive (to the subjective vertigo) depression. The onset of
the condition frequently occurs after the patient has experienced an illness (37%), usually a vestibular disorder (21%),
or after important psychosocial stress and psychodynamic
conflicts. The course of illness varies depending on the
neurologic syndrome of vertigo, on the one hand, and the
concomitant psychopathological syndromes, on the other.
© 2004 Lippincott Williams & Wilkins

Physiologic Height Vertigo
Physiologic height vertigo is a visually induced subjective
instability of stance and gait coupled with a fear of falling and
vegetative symptoms.1 It is commonly experienced atop high
buildings. Although height vertigo may be part of a phobic
syndrome, there is a geometrical explanation for physiological
postural instability under height vertigo conditions. When the
distance of the observer to the nearest stationary contrasts in the
environment becomes critically large, a visually induced postural imbalance occurs based on a perceptual conflict. The
vestibular and somatosensory receptors sense a body shift which
the visual system cannot detect (visual-vestibular conflict ⫽
mismatch). There is a spontaneous remission after the inducing
stimulus is terminated.

Prevention
Susceptible subjects should avoid the free upright
stance in critical situations at high altitudes, for example, by
leaning against a wall or grasping for a support. When
looking down, one should obtain stationary cues from nearby
contrasts in the peripheral visual field. Unfamiliar head positions, which bring the otoliths out of their optimal working
range, should be avoided. Looking through binoculars can be
very dangerous, because the binoculars restrict the visual
field and introduce an unadapted magnification factor of the
visual surroundings.

Motion Sickness
Autonomic symptoms of motion sickness develop such
as dizziness, physical discomfort, tiredness, periodic yawning, and pallor when an unadapted person is exposed to
prolonged motion.1 Subsequently, nausea, vomiting, sensitization to odors, weariness, and salivation occur in about 60%

163

The Neurologist • Volume 10, Number 3, May 2004

Dieterich

of the cases. Motion sickness is induced during passive
locomotion in vehicles and is generated either by unfamiliar
accelerations to which a person has not yet adapted or by an
intersensory mismatch involving conflicting visual and vestibular stimuli. Thus, eg, reading or sitting in an enclosed
space while in motion in a car or a boat elicits this mismatch.
Most people experience motion sickness, eg, on a rough sea,
but there is a great interindividual variability of susceptibility.
The susceptibility is greater in children (peak at 10 to 13
years) and females than in adults and males, while infants
below the age of 2 years are highly resistant. Only persons
with defects of both labyrinths do not develop motion sickness. Spontaneous recovery occurs with ongoing stimulation
by central habituation—readjustment of expectation to actual
stimulation—within 3 to 6 days.

Therapy
Physical prevention of motion sickness involves vestibular training to promote central habituation, as well as head
fixation and head position during stimulation to avoid head
movements. Adequate visual control of body motion to avoid
visual-vestibular conflict stimulation can reduce the condition
because the vestibular signals of acceleration are contradicted
by visual information of a seemingly stationary environment.
For susceptible persons, the use of antivertiginous drugs
(Table 1) with moderate sedating action, such as transdermal
scopolamine (Transderm Scop, for longer trips) or dimenhydrinate (Dramamine, for short exposures) is effective, preventing both vestibular and optokinetic motion sickness.
Transdermal scopolamine must be affixed for several hours
before exposure to motion.
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