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KEY POINTS

� The vestibular system is the primary specialized proprioception system responsible for
maintaining balance (equilibrium) relative to gravity and orientation of the eyes, neck,
trunk, and limbs during rest and movement.

� The vestibular system has peripheral and central components.

� Most of the clinical signs of vestibular disease are ipsilateral to the side of the lesion.

� Common clinical signs of disease include head tilt, pathologic nystagmus, ventrolateral
strabismus, body leaning, moving in tight circles, and ataxia.

� Acute profound vestibular signs should not always prompt euthanasia since complete res-
olution might be possible depending on cause.
INTRODUCTION

The vestibular system is a specialized sensory system responsible for maintaining the
position of the eyes, neck, trunk, and limbs relative to the position or movement of the
head at any time.1,2 Two vestibular reflexes are important in the stabilization of eyes,
neck, trunk, and limbs position in space.1 These reflexes are the vestibulo-ocular and
vestibulospinal reflexes.1,3 Therefore, dysfunction of the vestibular system will result in
multiple clinical signs involving the position of the areas previously mentioned. To un-
derstand disease processes, it is important to review functional neuroanatomy (anat-
omy and pathways associated with the vestibular system).2

The vestibular system is a special proprioception system that receptor develops in
conjunction with the special somatic afferent system (auditory system), derived from
the ectoderm and contained in a mesoderm-derived structure with fluid-filled lumen.2

These receptors are located in the inner ear.2 The reader is referred elsewhere for a
detailed description of the embryologic development of this system.2 The inner ear
is composed of the cochlea, vestibule, and 3 semicircular canals, which form the
bony labyrinth of the petrous temporal bone.1,2 All 3 areas contain perilymph similar
to cerebrospinal fluid (CSF).2 The vestibule and semicircular canals serve vestibular
function, whereas the cochlea is involved in auditory function.1 The bony labyrinth
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Abbreviations

BAER Brainstem auditory evoked responses
CN Cranial nerve
MLF Medial longitudinal fasciculus
THO Temporohyoid osteoarthropathy
VS Vestibular system
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has 2 openings: vestibular and cochlear window.2 Within the bony labyrinth is the
membranous labyrinth, which comprises the cochlear duct, utricle, saccule, and the
3 semicircular canals (Fig. 1).2,4 These areas contain endolymph derived from blood
vessels and absorb back into blood vessels.2 The semicircular canals consist of 3
tubular structures projecting from the vestibule and oriented at 90� from each other.2

These structures are the anterior (vertical), posterior (vertical), and lateral (horizontal)
semicircular canals.2 The end of each canal is dilated into an ampulla, which is con-
nected to the vestibule.4 Within the ampulla, sensory receptors and cristae ampullaris
in the membranous labyrinth are responsible for the detection of angular movements
of the head.1 On the surface of the crista, a gelatinous structure composed of a
protein-polysaccharide material called the cupula extends across the ampulla.2 This
neuroepithelium is composed of 2 cell types: hair cells and supporting cells.2 The den-
dritic areas of the vestibular nerve form synapsis with the hair cells.2 The hair cells
serve as transducers with high sensitivity to mechanical stimulation (mechanorecep-
tors) and direction.2 The hair cells have 40 to 80 hairs or modified microvilli (stereocilia)
and a single modified cilium (kinocilium).2 The hairs project into the cupula, and
Fig. 1. Sensory receptors of the vestibular system. There are 5 sensory receptors on each side
of the peripheral component of the vestibular system. These sensory receptors include the
crista ampullaris within the ampulla at the end of each semicircular canal and the maculae
(2): sacculi and utriculi. These receptors contain specialized hair cells that deflect transform-
ing movement into electrical signals transmitted to the terminal axons of the vestibular
nerve.
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movement of fluid in the semicircular ducts causes deflection of the cupula.2 The ac-
tivity of vestibular neurons is going to be excited or inhibited depending on the direc-
tion of the deflection of the cupula to maintain dynamic equilibrium while the head
moves in any plane or angular rotation.2 For in-depth description of the effects of
deflection of the cupula and movement of endolymph in the semicircular ducts, the
reader is referred elsewhere.2

There are 2 additional sensory receptors within the vestibule: the macula of the utri-
cle and macula of the saccule, which contain specialized hair cells (see Fig. 1).2 The
maculae has a mucopolysaccharide otolithic membrane that embeds calcium carbon-
ate crystals known as otoliths.2 The maculae sense static position (static equilibrium)
of the head and respond to linear acceleration, deceleration, and gravitational forces.2

The hair cells of the maculae alter their resting membrane potential when the hairs are
bent by the action of the surrounding endolymph due to linear movement or from ef-
fects of gravity.1

Anatomically, the VS consists of central and peripheral components (Figs. 2 and 3).1

The dendritic zone of the vestibular nerve (CN VIII) forms a synapsis with the hair cells
of each crista ampullaris and the macula utriculi and macula sacculi. The vestibular
axons along the axons of the cochlear division course through the internal acoustic
meatus at the level of the cerebellomedullary angle.2 In the vestibular ganglion, the
cell bodies of these bipolar sensory neurons (neuron 1 in the pathway, see Figs. 2
and 3) form the vestibular ganglion.2 Most of the vestibular axons from these neurons
project to the 4 ipsilateral vestibular nuclei neurons (neuron 2).1 Axons from the vestib-
ular nuclei project to the brainstem, cerebellum, and spinal cord.2 However, some
axons of the vestibular nerve bypass the vestibular nuclei in the brainstem and project
directly to the cerebellum.1 Projections to and from the cerebellum are through the
caudal cerebellar peduncle.2
Fig. 2. The vestibular system. This figure depicts the peripheral and central components of
the vestibular system. Cerebellum: Cd, caudal; FN, fastigial nucleus; IN, interpositus nucleus;
LN, lateral nucleus; Vest, vestibular. Brainstem: VII, facial motor nuclei; motor nuclei of VI,
abducens; IV, trochlear; III, oculomotor; MLF, medial longitudinal fasciculus; VN, vestibular
nucleus (4 5 4 ipsilateral VN); double discontinued arrow, ipsilateral and contralateral pro-
jections. Spinal cord: MGB, medial geniculate body in the thalamus; N1, neuron 1 in the
pathway; N2, neuron 2; N3, neuron 3; N4, neuron 4; VST, vestibulospinal tract.



Fig. 3. Vestibular system pathways to brainstem, cerebellum, and spinal cord. aParadoxical,
vestibular disease if lesions occur in the rostral or medial vestibular nuclei, flocculonodular
cerebellar cortex, and caudal cerebellar peduncle. a, alpha motor neuron; g, gamma motor
neuron; motor nuclei of III, oculomotor; IV, trochlear; VI, abducens; Cd, caudal; Lat, lateral;
Med, medial; MLF, medial longitudinal fasciculus; N1, neuron 1; N2, neuron 2; N3, neuron 3;
N4, neuron 4 within the vestibular pathway; R, rostral.
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The central VS is composed of 4 vestibular nuclei (rostral, caudal, medial, and
lateral) located at each side of the medulla oblongata, and the flocculonodular lobes
and fastigial nuclei on each side of the cerebellum (see Fig. 2)1,2 The axons of the
rostral vestibular nuclei project rostrally in the medial longitudinal fasciculus (MLF)
of the brainstem to the motor nuclei of the oculomotor (cranial nerve [CN] III), trochlear
(CN IV), and abducens (CN VI) nerves (see Fig. 2).1,3 Coordination of head and eyes
movement is through these projections. Axons from the lateral vestibular nuclei neu-
rons project in the lateral vestibulospinal tract in the ventral funiculus of the spinal cord
(see Fig. 3).2 Axons from the medial vestibular nuclei neurons project medially to the
MLF through the medial vestibulospinal tract in the cervical and thoracic spinal cord.2

Axons of the vestibulospinal tracts synapse on interneurons in the ventral gray matter
of the spinal cord (see Fig. 2).1 These interneurons are facilitatory to the ipsilateral
a-motor and g-motor neurons of the extensors of the limb and inhibitory to the ipsilat-
eral flexors of the limbs (see Fig. 2). Concurrently, the interneurons project to the
contralateral side and are inhibitory of the extensor of the limbs. Therefore, the VS con-
fers increased ipsilateral extensor tone and decreased contralateral extensor tone.1

VESTIBULAR DISEASE

Two important reflexes are responsible for maintaining balance of the eyes, head,
neck, trunk, and limbs during rest and movement: vestibulo-ocular (physiologic
nystagmus) and vestibulospinal (extensor tone) reflexes.

Nystagmus

Physiologic nystagmus, also known as the vestibulo-ocular reflex, is a normal rapid
involuntary rhythmic oscillation of the eyes usually horizontal in the direction of the
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head movement.1,3 This eye movement is almost always equal for both eyes.3 As the
head turns, the eyes move slowly in the direction opposite to the head movement fol-
lowed by a faster movement toward a more central position.1 Eye movements involve
coordination of the extraocular muscles of the eye through input to the oculomotor
(main), trochlear, and abducens motor nuclei.1,3 Because the oculomotor nuclei pro-
vides input to most of the extraocular muscles, disorders in this nuclei or with vestib-
ular disease will result in ipsilateral ventrolateral strabismus. This strabismus will be
present at all times with lesions in the oculomotor nuclei or nerve but might vary or
be inducible with vestibular disease.
Nystagmus can be induced in normal individuals after rotation, for example (postro-

tational nystagmus).3 This is challenging to induce and evaluate in equine. If
nystagmus is observed when there is no movement or rotation of the head, this is
called spontaneous nystagmus and is usually pathologic.3 The slow phase of the
nystagmus tends to indicate the side of the lesion, whereas the fast phase indicates
the side away from the lesion and represents a quick recovery to a more central
axis of vision.3 If nystagmus only occurs when the head is placed in an unusual posi-
tion (eg, lateral, facing up), this is called positional nystagmus.3 Nystagmus affects
vision due to inability to focus a visual field; this gets exacerbated at night or in dark
areas because visual compensation is important in vestibular disease. Therefore,
vestibular deficits are exacerbated under dark conditions.
The types of nystagmus described in the aforementioned paragraph are called jerk

nystagmus on which a slow and fast phase occur whether physiologic or patho-
logic.5,6 Pathologic nystagmus can be congenital or acquired.5 Another type of
nystagmus is called pendular nystagmus5; this is a sinusoidal oscillation in which there
are no slow or fast phases and the eye moves slow in a pendular fashion.5 The direc-
tion of the pendular nystagmus can be horizontal, vertical, or a combination and
involving both eyes, different in both eyes, or evenmonocular.5 This type of nystagmus
can be congenital or acquired and is rare in equine species. The author has seen this
type of pendular nystagmus in neonatal foals born blind. Acquired pendular
nystagmus has been observed rarely in adult horses.
Pathologic forms of nystagmus in equine occur more commonly with peripheral dis-

ease such as trauma, otitis media/interna, temporohyoid osteoarthropathy (THO), and
idiopathic vestibular disease, and with brainstem disease as with trauma, bacterial
meningoencephalitis, neoplasia, and equine protozoal myeloencephalopathy.7 Less
common in equine, vestibular disease can occur with caudal cerebellar disease
(mass-occupying lesions, vascular accidents),8,9 and rarely with rostral visual
pathway, thalamic, and cerebral hemispheres disease.
Pathologic nystagmus is usually observed in both eyes (more profound ipsilateral)

because at the ipsilateral level of the brainstem there are axons with projections to
the contralateral motor nuclei of the oculomotor (CN III), trochlear (CN IV), and abdu-
cens (CN VI) cranial nerves.3 Observation of characteristics of nystagmus can aid in
the distinction of central versus peripheral vestibular disease. These characteristics
include the direction: horizontal, rotatory, or vertical; positional (change with direction
of head) versus nonpositional; induced or spontaneous; and conjugate (both eyes
move similar) or dysconjugate (both eyes move different). See Table 1 with summary
of signs of peripheral versus central vestibular disease.

Extensor Tone

The vestibular system provides ipsilateral facilitatory input to extensor muscles of the
head, neck, trunk, and limbs and ipsilateral inhibitory input to the flexors resulting in
ipsilateral increased extensor tone (see Figs. 2 and 3).3 Concurrently, the VS provides



Table 1
Peripheral versus central vestibular disease

Sign Peripheral Central

Nystagmus Yes Yes

Strabismus Yes Yes

Head tilt Yes Yes

Leaning/circling Yes Yes

Ataxia Yes Yes

Nystagmus Horizontal, rotatory Horizontal, rotatory, vertical

Nystagmus Does not change direction Spontaneous change of direction

Nystagmus Non-positional Positional

Nystagmus Conjugate Conjugate, dysconjugate

Behavior/mentation Normal Normal or altered

Other CN Normal (VII) Normal or altered

Paresis/paralysis No Normal or altered

Proprioceptive deficits No Yes

Cerebellar signs No If yes: paradoxic

Top 5 signs are common to both components. The second tier of signs varies depending onwhether
peripheral or central disease. However, it should be noted that central vestibular disease can pre-
sent with signs of peripheral disease. Signs such as nystagmus that are vertical, dysconjugate, po-
sitional, or change direction spontaneously always indicate central disease. Signs such as
mentation alterations, multiple cranial nerves, paresis or paralysis, and proprioceptive deficits indi-
cate central disease. If cerebellar signs are noted with concurrent vestibular disease, these indicate
paradoxic vestibular disease unless 2 concurrent problems are occurring, which is uncommon.
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contralateral inhibitory input to the extensor muscles. When the VS is normal, the in-
dividual can stand straight against gravity and eyes do not move spontaneously. Ipsi-
lateral lesions will result in decreased ipsilateral input to extensor tone and lack of
inhibition of flexors causing the animal to tilt, lean, flex, and move toward the side of
the lesion.1 In addition, the normal side (contralateral) has no inhibition of extensor
tone contributing to leaning to the side of the lesion. In paradoxic vestibular disease,
the signs are contralateral to the side of injury.10 The cerebellum normally provides
ipsilateral inhibitory input to the extensors.10 If the cerebellum is affected, the ipsilat-
eral inhibitory input to the extensors will be absent or decreased resulting in tilting and
leaning contralateral to the side of the lesion.3,10 These animals present signs of cere-
bellar and vestibular disease concurrently. Other cerebellar signs are ipsilateral, and
the resulting vestibular signs are contralateral to the side of the lesion.3 Paradoxic
vestibular disease can develop if lesions occur in the rostral or medial vestibular
nuclei, flocculonodular cerebellar cortex, and caudal cerebellar peduncle.3

Vestibular Disease

Severe signs can be seen early in vestibular disease including nystagmus, stra-
bismus, marked head tilt, leaning, circling (tight circles), and ataxia. Ataxia can be
seen with peripheral and central vestibular disease. Therefore, this sign alone
does not help to distinguish between central and peripheral disease.11 Ataxia might
not always be present, specially later in the course of disease when the signs stabi-
lize. Depending on the cause of disease signs might stabilize and the animal might
appear better. During acute severe vestibular disease, the animal might collapse
to one side and be unable to stand despite repeated attempts. If this is the case,
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obvious nystagmus is present and animals often paddle and trash in attempts to
stand. This constellation of signs is often confused with seizures. When owners
are questioned further, owners often claim that seizures are worse at night. A thor-
ough discussion with the owner about history, onset of signs, and a comprehensive
physical and neurologic examination should allow the clinician to determine if vestib-
ular disease is the cause of the signs and not seizures. During neurologic examina-
tion, if vestibular disease is suspected despite lack of obvious vestibular deficits, the
clinician can attempt carefully to blindfold or move the animal to a darker area to see
if vestibular signs develop.11 The author does not recommend to blindfold an animal
that has obvious vestibular disease.11 Safety must be a priority when dealing with
horses with severe disease. The author recommends practicing caution when
considering euthanasia based on severity of signs, because horses might improve
depending on cause, anatomic region affected, treatment, and stabilization of signs
over time. Some horses might fully recover. It is worthy investigating the cause,
providing early supportive or specific treatment, and giving time. The author has
used a large animal lift device to support the animal in the acute phase of vestibular
disease. However, it might be challenging because the animal might struggle and try
to roll in the lifting device. Mild intravenous (IV) sedation and keeping the lights on
might aid in the management of these cases.
As mentioned earlier, signs of unilateral vestibular disease are ipsilateral to the

side of the lesion and include nystagmus (usually both eyes), ventrolateral stra-
bismus, head tilt, leaning, drifting, tight circles, and ataxia. In bilateral vestibular
disease, the horse adopts a wide-based stance, no head tilt, no leaning or drifting,
no circling, and lacks both physiologic and pathologic nystagmus. The head in
these horses can slowly oscillate or move horizontally like in a pendular fashion
from side to side. When horses get startled or try to initiate movement they might
lose balance and adopt a wide-based stance. Horses might carry their neck and
thorax slightly lower with thoracic limbs abducted in apparent attempts to balance
themselves. Horses with bilateral THO display signs of vestibular disease in the
side more severely affected. However, some cases display bilateral vestibular dis-
ease as described earlier (no nystagmus, no head tilt, no leaning or circling). These
horses can look like cervical vertebral compressive myelopathy; however, a clue of
having bilateral vestibular disease is the lack of physiologic nystagmus.11 Horses
with lolitrem intoxication display cerebellar signs and bilateral vestibular
disease.12–14

In peripheral vestibular disease, usually other cranial nerves are not involved.
However, due to the close proximity of facial nerve pathway to that of the vestibu-
locochlear nerve, injury to one might affect the other. An example of this includes
THO on which the bony alterations in the stylohyoid bone and petrous part of the
temporal bone affect various cranial nerves: facial, vestibular, and cochlear.15,16

Owing to the anatomy of the temporohyoid joint, alterations in this area result in
auditory loss (first alteration), then facial and vestibular deficits (see Fig. 2).15 How-
ever, auditory loss might not be obvious because partial auditory loss often goes
undetected unless brainstem auditory evoked responses (BAER) are done.17 Defi-
cits of one cranial nerve or more might be displayed in horses with THO.15,17 Hors-
es with THO might improve over time with medical therapy.18,19 The best results
have been reported with surgical management (ceratohyoidectomy) with some
cases with complete resolution of signs and return to previous physical activity.18,20

However, auditory loss seems to be a permanent deficit based on long-term follow
up.7,15 It is the opinion of the author that THO is the end result of various causes
such as infection of the inner ear, guttural pouch infection, trauma, degenerative



Box 1

Causes of vestibular disease

Peripheral
� Infection

� Extension from respiratory tract or guttural pouches
� Bone infection

� Idiopathic
� Mass-occupying lesions
� Otitis media/interna

� Bacterial, parasites (eg, ticks), fungal
� Trauma
� THO

Central
� Infection

� Meningoencephalomyelitis27

- Bacterial (several aerobic and anaerobic pathogens)
- Parasitic

� Halicephalobus gingivalis28

� EPM
� Sarcocystis neurona, Neospora hughesi

- Fungal
- Viral

� Mass-occupying lesion
� Neoplasia
� Granuloma
� Abscess

� Toxicity
� Drugs

- Aminoglycosides (reported in other species, not reported in horses)
- Metronidazole

� Lolitrem Ba

� Trauma
� Vascular

� Air embolism/pulmonary edema//hypoxia

Central paradoxic
� Caudal cerebellar disease (eg, trauma)
� Infection
� Mass-occupying lesion

� Neoplasia
� Granuloma
� Abscess

� Vascular
� Congenital anomaly
� Acquired

- Vascular accident of the caudal cerebellar artery
� Air embolism/pulmonary edema/hypoxia

Vestibulospinal tract
� Congenital anomaly

� Other concurrent signs of spinal cord disease
� Compressive myelopathies (most common, however uncommon)

� Only ipsilateral leaning or drifting, no head abnormalities, no nystagmus
� Concurrent with other spinal cord sensory and motor signs

� NAD/EDM
� Symmetric bilateral signs (no leaning or drifting)

� Trauma (other concurrent spinal cord signs)

Diseases under each component are mentioned in alphabetical order.a Lolitrem intoxication:
horses display cerebellar signs and bilateral vestibular disease.Abbreviations: EPM, equine pro-
tozoal myeloencephalitis; NAD/EDM, neuroaxonal dystrophy/equine degenerative
myeloencephalopathy.
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joint disease, and a possible component of genetic predisposition in quarter horses
(more than 50% have bilateral disease).15 Horses with THO are on average mature
adults and those with historical or recent unilateral ear infection seem to be
younger. Fracture of the hyoid apparatus can predispose to THO at a later stage
(suspected in racing thoroughbred horses with tongue tie, personal observation).
Of interest is the finding that more than a third of the horses with THO were or
are cribbers.18 Is it possible this might predispose to THO due to repetitive me-
chanical stress of the hyoid apparatus? Other clinical signs can develop in horses
with THO with additional fractures of the hyoid apparatus and base of the skull.21

For further information, the reader is referred elsewhere.
Gentamicin is a widely efficacious antimicrobial used to treat gram-negative infec-

tions.22,23 Reported toxic effects of gentamicin in humans, dogs, cats, and laboratory
animals include nephrotoxicity, vestibulotoxicity, and cochleotoxicity.24 There is 1
report of a horse with suspected vestibulotoxicity receiving gentamicin therapy.25

Recently the author’s research group investigated these effects in a small group of
healthy adult horses using approved dosage of IV gentamicin for 7 consecutive
days and found no nephrotoxic or vestibulotoxic effects.26 However, auditory loss
developed in 7 of 10 horses, which was irreversible in 3 horses.26

It is beyond the scope of this article to further describe in detail the multiple causes
of vestibular disease and their specific treatments. Causes of vestibular disease in
equine are listed in Box 1.15,27–30 Physical, neurologic, and otoscopic examination
must be part of the investigation of vestibular disease; and laboratory work and
CSF analysis must be considered. Imaging diagnostic modalities for vestibular dis-
ease include skull radiographs, computed tomography, and MRI. Guttural pouch
endoscopy is useful for the diagnosis of THO and BAER for the investigation of con-
current auditory loss.
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