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Preface

Vestibular disorders can result in devastating and frightful symptoms, creating 
 dramatic changes in immediate and long-term quality of life. Diagnosis and man-
agement of the patient afflicted with vestibular disorders is rewarding to the patient 
and the physician. This task is complex and begins with a thorough clinical history 
and neurotologic physical examination. With a judicious use of diagnostic tests, a 
diagnosis may be obtained in the majority of patients. Afterward, an effective treat-
ment plan can be initiated. 

Patients with dizziness present to the primary care physician, the emergency 
room physician, the neurologist, or the otolaryngologist. This textbook was devel-
oped for these physicians in order to provide a useful, practical approach to evaluate 
and treat patients with dizziness. Its intent is to improve the ability to accurately 
diagnose specific vestibular disorders, initiate appropriate therapy, reduce the 
unnecessary cost burden by knowing when to refer, and most importantly improve 
patient’s quality of life.

To accomplish this task, the book is separated into several parts. The anatomy 
and physiology of the vestibular system is discussed to provide a necessary back-
ground for the disease process. A thorough history and neurotologic examination is 
described to allow implementation into practice. Audiologic and vestibular testing 
is described in order to facilitate appropriate referrals and interpretation of test 
results. Finally, pathophysiology, diagnosis, and management strategies for com-
mon vestibular diseases are discussed with an evidence-based review.

Understanding the vestibular system and disorders began centuries ago and con-
tinues to evolve to this day. Some notable influences include Prosper Meniere, Ernst 
Ewald, and Robert Barany. In 1861, Meniere, a French researcher, described a series 
of patients with episodic vertigo and hearing loss, placing the inner ear as the patho-
logic source of the vertigo. In the late 1800s, Ernest Ewald, a physiologist from 
Germany, established the labyrinthine origin of nystagmus and described eye move-
ment correlated with vestibular involvement. Robert Barany, an Austro-Hungarian 
otologist who won the Nobel Prize in 1914, developed testing theories and methods 
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of testing the labyrinth. Continuation of identification of new vestibular disorders 
has occurred as recent as 1998 with the description of superior canal dehiscence by 
Lloyd Minor.

The field of neurotology became a subspecialty thanks to the foresight, research, 
and unselfish dedication to teaching of many physicians. William House is consid-
ered the father of neurotology with his endeavors in the care of acoustic neuromas, 
treatment of the patient with vestibular disorders, and development of the cochlear 
implant. His unselfish and tireless efforts to share his knowledge with temporal 
bone laboratory teaching and the beginning of a fellowship program to teach this 
subspecialty to otolaryngologists is unparalleled. His approaches and management 
matured and spread to hundreds of physicians throughout the world. Michael 
Glasscock and Malcolm Graham, who both trained at the House Ear Institute, 
brought skull base surgery to the Midwest in Nashville, TN, and Detroit, MI, respec-
tively. Harold Schuknecht began his work with T. Manford McGee at Henry Ford 
Hospital prior to Schuknecht moving to Massachusetts Eye and Ear Infirmary and 
McGee staying in the greater Detroit area. The Michigan Ear Institute would later 
be formed with Drs. Graham, McGee, Kartush, Bojrab, and LaRouere and Charles 
Stockwell, PhD, and Ken Bouchard, PhD.

All of these physicians, teachers, and researchers had the unrelenting desire to 
optimize patient care and spread knowledge through temporal bone laboratory 
teaching and fellowship training programs, thus allowing them to propagate the 
standard of care that will continue to carry on for years to come. In addition to the 
abovementioned physicians, we owe much of our understanding of clinical signs 
and diagnostic tests of the patient afflicted with vestibular disorders to such people 
as Hugh Barber, Vincente Honrubia, Robert Baloh, David Zee, John Leigh, and 
John Carey, to name a few.

We feel fortunate to have many esteemed colleagues from around the country 
willing to commit their tireless dedication to provide their insight and education to 
make this textbook better than we thought possible. To them we are grateful.

To study the phenomenon of disease without books is to sail an uncharted sea, while to 
study books without patients is not to go to sea at all. – Sir William Osler

Farmington Hills, MI, USA Christopher A. Schutt, MD
Farmington Hills, MI, USA Seilesh Babu, MD
Farmington Hills, MI, USA Dennis I. Bojrab, MD
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Chapter 1
Anatomy and Physiology  
of the Vestibular System

Ashley C. Zaleski-King, Wanda Lai, and Alex D. Sweeney

 Introduction

The human vestibular system facilitates proper balance by sensing and integrating 
movement. In general, vestibular anatomy and physiology can be divided into 
peripheral and central components. This chapter summarizes the structural organi-
zation and the physiological processes relevant to the functioning of the vestibular 
system in healthy individuals.

 Anatomy and Physiology of the Peripheral Vestibular System

The peripheral vestibular system contains five sensory structures: three semicircular 
canals (the horizontal, also termed lateral; anterior, also termed superior; and poste-
rior canals) and two otolith organs (the utricle and the saccule). Within each sensory 
organ, sensory hair cells are organized specifically to allow for transduction of head 
motion in different planes into neural impulses (Fig. 1.1).
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 The Inner Ear Labyrinths

The peripheral sensory apparatus of the vestibular system lies within the inner ear, 
laterally adjacent to the air-filled middle ear, medially bordered by the temporal 
bone, posterior to the cochlea. Within the inner ear, a bony labyrinth houses a mem-
branous labyrinth containing vestibular receptors. The two labyrinths differ in the 
type of fluid composition. The bony labyrinth contains perilymph, which is a sub-
stance with chemical composition similar to cerebrospinal fluid, with an increased 
sodium-to-potassium concentration ratio [30]. The cochlear aqueduct is thought to 
connect perilymph to the spinal fluid pathway. The oval window and the round win-
dow are two structures separating the middle ear and the perilymph of the inner ear.

The membranous labyrinth contains endolymph, a second type of inner ear fluid. 
Endolymph is composed of a higher potassium-to-sodium concentration ratio, similar 
to intracellular fluid [15]. Endolymph is generated in the stria vascularis in the wall of 
the cochlear duct [26]. The endolymphatic sac, a membranous structure within the 
inner ear, absorbs endolymph and connects to other endolymphatic spaces within the 
inner ear through the utricular duct and the ductus reuniens [8]. Separation of endo-
lymph and perilymph fluids is maintained through a tight junctional complex surround-
ing the apex of each cell [16]. Partitioning of the fluids is important for mechanical 
reasons, to allow semicircular canals to utilize endolymph fluid dynamics to transmit 
semicircular canal information, and also for biophysiological reasons, to provide an 
electrochemical gradient necessary for hair cell transduction [16]. Though outside of 
the scope of this chapter, it is also noteworthy that the structural integrity of this parti-
tion is also essential to the biological basis of auditory function in the inner ear.

Fig. 1.1 Anatomy of the labyrinth

A. C. Zaleski-King et al.
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 Inner Ear Sensory Hair Cells

Each vestibular structure contains specialized sensory hair cells. These hair cells 
function to transmit mechanical energy into neural activity generated as a result of 
head motion or as a result of gravitational changes [9]. Head motion occurs with 
linear and/or rotational acceleration forces that cause deflection of a specific subset 
of hair cell bundles in each receptor organ.

Vestibular receptor hair cells consist of cilia, the cell body, and nerve end-
ings (afferent and efferent). The cilia are rod-shaped sensory mechanorecep-
tors embedded in a membrane of neuroepithelium, forming a rigid bundle on 
top of each cell body. The basic structure of each hair cell includes a single, 
long hair kinocilium, and approximately 70–100 shorter hairs, stereocilia, on 
the apical end [27]. These hair cells are organized in rows and positioned based 
on length. The tallest stereocilia are positioned in the closest and the shortest 
in furthest proximity to the kinocilium. Tip links are filamentous structures 
that connect the tips of shorter stereocilia to the body of adjacent taller 
 stereocilia [3].

The vestibular epithelium consists of two different types of cell bodies: type I 
and type II. Type I hair cell bodies are shaped like a flask with a rounder base, wider 
middle, and narrower apex and base. The calyx, a large afferent nerve ending, sur-
rounds the type I hair cell body and makes contact with efferent nerve ending. Type 
I hair cells are associated with irregular afferent activity and high variability in rest-
ing discharge rate. Type II hair cells are the most abundant and are shaped like a 
cylinder with several afferent and efferent direct connections. Type II hair cells 
mostly synapse on regular afferents with low variability of resting discharge rate. 
Differences in type I and type II hair cell adaptation may be related to differences in 
attachment of afferent and efferent nerve endings [1].

Though structurally different, type I and type II hair cells share important func-
tional features. Both hair cell types generate a tonic, spontaneous neural firing 
rate averaging around 70–90 spikes per second [12] in the absence of any stimulus 
(Fig. 1.2). Both types of hair cells also exhibit excitatory and inhibitory responses, 
though only when the hair cell bends in a plane of polarization specific to that cell 
body. This directional polarization functions so that during excitatory responses, 
deflection of stereocilia causes bending toward the kinocilium. This movement 
toward the kinocilium shifts the tip links, causing a mechanical opening of the 
transduction channels and an influx of potassium ions. Depolarization of the hair 
cell stimulates neurotransmitter release into the synapses, causing an increase in 
firing rate. This excitatory activity increases neural firing rate from the tonic level 
to up to 400 spikes per second. The opposite occurs during inhibition, when ste-
reocilia are bent away from kinocilium, resulting in decreased tip link tension, 
mechanical closure of the channel, and a decrease in firing rate. In comparison to 
the change in neural firing rate during excitation, the change in neural activity 
during inhibition is significantly reduced from the tonic rate of around 90 spikes 
per second down to the disappearance of neural activity.

1 Anatomy and Physiology of the Vestibular System
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Fig. 1.2 Afferent firing rate in basal state, toward kinocilium and away from kinocilium

A. C. Zaleski-King et al.
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 Semicircular Canals

The three semicircular canals (SCCs) consist of the membranous labyrinth encased 
in bony canal structures, arranged in three mutually perpendicular planes. Together, 
the lateral (or horizontal), anterior (or superior), and posterior SCCs make up a 
unique arrangement that allows for a three-dimensional vector representation of 
rotational acceleration. Whereas the lateral canals are oriented in a 30° angle in the 
axial plane, the superior and posterior canals are oriented in a 45° angle to the sagit-
tal plane [22]. Each SCC is sensitive to movement in a specific vector, residing in 
approximate parallel planes to the SCC in the opposite ear (i.e., the left ear lateral 
and right ear lateral, left ear anterior and right ear posterior, and left ear posterior 
and right ear anterior).

All SCCs open into the utricle; the other end of each SCC opens to the ampulla, 
a dilated sac [23]. At the base, the ampulla contains sensory neuroepithelium, the 
crista ampullaris, which is comprised of approximately 7000 hair cells. These hair 
cells are embedded into the cupula, a gelatinous surrounding attached to the epithe-
lium at the base of the crista. The cupula can be thought of as a “plug” dividing the 
SCCs into two compartments [2]. Within the cupula, each hair cell makes synaptic 
contact with nerve endings to form the primary afferent nerve fiber of each SCC.

Within each SCC, hair cells are either oriented toward or away from the utricular 
sac, to generate either an excitatory or inhibitory response. In the lateral canal, for 
example, the kinocilia are positioned pointing toward the utricular sac. An excit-
atory response is generated when the cupula is bent toward the utricular sac, known 
as ampullopetal flow, and an inhibitory response is generated when the cupula is 
bent away from the utricular sac, termed ampullofugal flow. The opposite is true for 
hair cell orientation in the anterior and posterior SCCs: ampullopetal flow (i.e., 
cupula bending toward the utricular sac) results in inhibition and ampullofugal (i.e., 
cupula bending away from utricular sac) results in excitation.

The mechanics of SCC activation are related in part to the density and viscosity 
characteristics of the cupula and the surrounding endolymph [2]. The cupula and the 
surrounding endolymph are made up comparable densities [1]. Without head 
motion, hair cells embedded within the cupula remain at a neutral position as the 
cupula floats within the endolymph.

With head motion, rotational acceleration generates endolymph movement that 
displaces the cupula, bending hair cells in the opposite direction of rotation. The 
viscous makeup of endolymph causes fluid to lag behind, producing a current in the 
opposite direction of rotation. The cupula and the embedded stereocilia are then 
deflected and, based on the direction of rotation, produce either a sudden increase or 
decrease in neural firing rate of the afferent neuron (Fig. 1.3) [12]. When rotational 
velocity of the head becomes constant, the cupula returns to an upright position, and 
the synaptic potential of each cell normalizes [20]. The viscosity of the endolymph 

1 Anatomy and Physiology of the Vestibular System
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and the mass of the cupula dampen the neural firing rate, limiting the amount of 
head velocity information generated for low-frequency head motion. Canal 
responses are also limited in that they are asymmetrical at high frequencies due to 
the greater dynamic range of hair cells available during the excitatory response of 
hair cells [12].

 Otolith Organs

The two otolith organs, the utricle and the saccule, are housed within two cavities in 
the vestibule. The utricle is oval-shaped and contained within a swelling adjacent to 
the SCCs, the elliptical recess. The saccule is oriented perpendicular to the utricle 
and parallel to the sagittal plane within the spherical recess. Together, the otolith 
organs function to detect linear acceleration and static orientation of the head rela-
tive to gravity.

The sensory neuroepithelium is contained within the macula of each otolith organ, 
oriented horizontally in the utricle and vertically in the saccule. The striola is an area 
within the neuroepithelium dividing hair cells into two regions with different hair 
cell arrays. Unlike the SCCs, the stereocilia within the otolith organs are polarized in 
different directions: away from the kinocilium in the saccule and toward the kino-
cilium in the utricle. These hair cell bundles project into a gelatinous membrane, on 
top of which are calcium carbonate particles, or otoconia, embedded on the surface. 

Fig. 1.3 Rotary head motion resulting in excitation and inhibition of respective paired semicircu-
lar canals
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Linear acceleration generates forces on the otoconia and gelatinous membrane, 
resulting in deflection of hair cell bundles. The utricle is stimulated by movement in 
the horizontal plane (i.e., head tilt sideways and lateral displacement), while the sac-
cule is excited by movement in the vertical plane (i.e., sagittal plane upward, down-
ward, forward, and backward; [36]). This shearing motion between the layer of 
otoconia and the membrane displaces the hair cell bundles, opening mechanically 
gated transduction channels in the tops of the stereocilia to depolarize the hair cell 
and cause neurotransmitter release [36]. This neurotransmitter release generates an 
increase in afferent neural firing rate. For other hair cells with different orientations, 
the same shear force results in either a decrease in firing rate or no change to the tonic 
firing rate [2]. A subset of afferent nerves fire specifically when the head is upright, 
before increasing or decreasing based on direction of head tilt [13].

Though conceptual and theoretical understanding of peripheral end-organ inner-
vation is fairly straightforward, activation of these pathways is more complex and 
sometimes restricted. The otolith organs are limited in the capacity to distinguish 
between tilt with respect to gravity and linear translation [36]. In some cases, this 
inability to distinguish between translational accelerations and changes in head ori-
entation can be resolved using extra-otolith cues arising from either the SCCs or the 
visual system [38]. In most cases, human movement results in simultaneous excita-
tion and inhibition of both SCC and otolith receptor organs in both labyrinths.

 Anatomy and Physiology of the Central Vestibular System

Central vestibular connections facilitate interaction of inputs from each vestibu-
lar labyrinth, as well as other inputs from somatosensory and visual sensory 
systems [15]. For example, a tilt to one side of the head has opposite effects of 
the corresponding hair cells of the other side of the head [36]. In addition, there 
is a convergence of otolith and semicircular canal input at all central vestibular 
levels, from the vestibular nuclei (VN) to cortical centers processing vestibular 
information [24].

 The Vestibular Nerve

After peripheral end-organ excitation, labyrinthine sensory information is transmit-
ted by the eighth cranial nerve through the internal auditory canal, entering the brain 
stem at the pontomedullary junction [15]. Along with the vestibular nerve, the facial 
nerve, the cochlear nerve, and the labyrinthine artery also travel through the internal 
auditory canal. Starting from the periphery, the bipolar neurons of Scarpa’s (ves-
tibular) ganglion are activated by the hair cells of the crista ampullaris in the SCCs 
and the maculae in the otoliths [3]. The superior portion of Scarpa’s ganglion arises 
from the cristae of the lateral and anterior SCCs, the macula of the utricle, and a 
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branch of the saccular nerve. The inferior portion of Scarpa’s ganglion connects to 
the cristae of the posterior SCC and the macula of the saccule. These superior and 
inferior bundles of Scarpa’s ganglia merge with the cochlear nerve to form the 
eighth cranial nerve. Most vestibular nerve fibers connect centrally to the ipsilateral 
vestibular nuclei in the pons [5], though some innervate the cerebellum directly [2]. 
The central processing component begins as the eighth cranial nerve enters the brain 
stem, in the vestibular nucleus complex and in the cerebellum [15].

 The Vestibular Nuclear Complex

The vestibular nuclei are located at the fourth ventricle and extend in two columns 
from the pons to the medulla. As the primary recipients of vestibular input, the VN 
include four major nuclei, the medial, superior, lateral, and inferior [5], which func-
tion to process vestibular input before transmission to motor centers [19]. In each 
ear, the vestibular nerve connects directly the ipsilateral VN, as well as to the con-
tralateral side through several interconnecting neurons. The cerebellum, the reticu-
lar formation, the spinal cord, and the cervical junction all provide additional 
afferent information to the VN. Efferent information is relayed from the VN back to 
these same areas [2].

 Motor Outputs of Vestibular System

Movement generates a complex pattern of vestibular stimulation. Information 
regarding head and body movement is transmitted through the central nervous sys-
tem to motor centers such as the oculomotor nuclei and the spinal cord. The outputs 
of these systems allow individuals to walk while achieving a steady image on the 
retina through the vestibuloocular reflex (VOR) and to generate postural responses 
with respect to the external environments through the vestibulospinal reflex (VSR).

 The Vestibuloocular Reflex (VOR)

The vestibuloocular reflex consists of a three-neuron arc. The reflex originates through 
peripheral organ activation, before connecting directly to the VN through the medial 
longitudinal fasciculus (MLF), the tract that carries excitatory projections from the 
abducens nucleus to the contralateral oculomotor nucleus. Indirect projections also 
arise from the reticular formation to the oculomotor nuclei. The purpose of the VOR 
is to preserve the image on the center of the visual field. This is accomplished through 
transduction of physical acceleration of the head into biological signals directing eye 
movement in the equal and opposite direction of head movement (Fig. 1.4) [29].

A. C. Zaleski-King et al.
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The latency of the VOR pathway is only around 20 ms [6, 7, 18], allowing 
rapid and accurate stabilization of gaze without any blurring of vision during 
head movements. The VOR completes this reaction quickly, but imperfectly, 
lacking in sensitivity to slow rotations. The VOR also compensates poorly for 
sustained motion at constant speeds. When there is no longer vestibular input 
during prolonged motion in light, two overlapping visual pathways, the optoki-
netic and the smooth pursuit systems, supplement vestibular responses. The 
velocity storage system, a central phenomenon which extends the duration of 
rotational vestibular signals, also helps. This system improves the ability of the 
(rotational) VOR to transduce low-frequency components of sustained head 
movements [21].

Six extraocular muscles are innervated to preserve the retinal image through 
three distinct nuclei: the oculomotor nucleus, the trochlear nucleus, and the abdu-
cens nucleus. Each muscle is balanced in such a way that the contraction of one 

Fig. 1.4 Semicircular canal-ocular reflex
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occurs simultaneously with the relaxation of another. Each pair works synergisti-
cally and coincides approximately with the planes of the SCCs. The VOR can be 
organized into three different subtypes based on planar function: the horizontal (or 
rotational) VOR, which compensates for head rotation; the translational VOR, 
which compensates for linear head movement; and the ocular counter-roll, which 
compensates for head tilt [36].

The rotational VOR functions as the head turns, activating the SCC. During hori-
zontal rotation primary vestibular afferents from the horizontal SCC stimulate the 
ipsilateral medial and ventrolateral vestibular nuclei. These secondary vestibular 
neurons have axons that either decussate and ascend contralaterally to the abducens 
nucleus or ascend ipsilaterally to the oculomotor nucleus. The motor neurons from 
the abducens nucleus synapse at the lateral rectus muscle, whereas similar motor 
neurons from the oculomotor nucleus synapse at the medial rectus muscles. Some 
neurons also connect directly from the VN to the ipsilateral medial rectus through 
the ascending tract of Deiters. In addition to the excitatory projections, inhibitory 
projections also project to the ipsilateral lateral rectus and contralateral medial rec-
tus muscles to permit eye movement in the equal and opposite direction of head 
movement [36]. Vertical SCC activation functions similarly. Activation of the ante-
rior and posterior SCCs stimulates the VN which synapse on the oculomotor, troch-
lear, or abducens motor neurons. These synapses innervate the inferior and superior 
rectus and oblique muscles.

Relative to the rotational VOR pathway, less is understood about the transla-
tional VOR pathway, and specifically, the VOR pathway resulting in the ocular 
counter-roll response. Stabilization of an image when the head moves sideways, 
forward, or is tilted is thought to be due to the otolith-ocular pathway, connecting 
signals from the utricle and saccule to the oculomotor neurons [36]. During lin-
ear head translation, stimulation of the lateral portion of the utricle is mediated 
by polysynaptic connections to the lateral and medial VN. These VN synapses 
project to the abducens nucleus, bilaterally through the MLF to motor neurons 
directing eye gaze.

During head tilt, torsional or oblique eye movements produce an ocular 
counter- roll [25]. The ocular counter-roll consists of eyes moving in the opposite 
direction of the head tilt at a much smaller amplitude of the head tilt [28]. With 
head tilt, the medial portions of the utricle are excited, synapsing on the lateral 
VN. Through the MLF, the lateral VN connect to trochlear-oculomotor nuclei, 
which excite ipsilateral superior oblique and superior rectus and contralateral 
inferior oblique and inferior rectus muscles to generate ocular counter-roll. 
Ipsilateral projections from the VN also innervate polysynaptic inhibitory con-
nections to the ipsilateral inferior oblique [35]. Static ocular counter-roll com-
pensates for about 10–20% of the head roll in humans (with interindividual and 
intraindividual differences; [37]).

A. C. Zaleski-King et al.
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 Vestibulospinal Reflex (VSR)

The vestibulospinal reflex (VSR) is composed of a series of motor commands, 
initiated from the vestibular system to help maintain postural stability. Visual and 
proprioceptive sensory inputs are integrated with information from the VSR to 
maintain orientation of the body relative to the external environment [17]. The 
VSR is composed of the medial and lateral vestibulospinal tracts in addition to the 
reticulospinal tract.

The medial vestibulospinal tract (MVST) is primarily a contralateral pathway, 
originating in response to simulation from the SCCs, through the medial VN. This 
pathway descends through the MLF bilaterally and terminates no lower than the mid-
thoracic spinal cord [32, 33]. The MVST is thought to mediate head position by con-
trolling the muscles of the neck and shoulder. Another reflex controlling head position 
through neck muscles is the vestibulocollic reflex. The vestibulocollic reflex stabilizes 
the head by initiating head movement in the direction counter to the current head-in-
space velocity through activation of vestibular receptors [10]. Yaw rotation of the head 
typically involves SCC activation through vestibulocollic innervation to the medial 
VN, descending through the MLF to the upper cervical levels of the spinal cord [29].

The lateral vestibulospinal tract (LVST) includes ipsilateral excitatory pathways 
which originate in the lateral VN, descending through the inferior VN, to terminate 
on the anterior horn cells at various levels of the spinal cord and on proximal limb 
extensors. Simultaneous disynaptic connections inhibit contralateral proximal 
extensors [27]. The LVST is thought to control postural lower limb adjustments to 
movement. When the head is tilted, VN in both the canals and the otoliths are acti-
vated, transmitting impulses through the LVST and MVST to the spinal cord; this 
action induces extensor activity on the ipsilateral head side and flexor activity on 
the contralateral side [15]. The third pathway originating in the reticular formation 
descends to the spinal cord terminating in the mediate parts of the gray matter to 
influence limb and trunk movement. Both VN and the reticular formation provide 
information to the spinal cord to maintain compensatory feedback responses to 
postural instability.

 Vestibulocerebellum

The vestibulocerebellum is also known as the flocculonodular lobe and is composed 
of the nodule and the flocculus. Afferent projections from the VN connect directly 
to the vestibulocerebellum. Efferent projections from Purkinje cells within the ves-
tibulocerebellum send efferent information ipsilaterally to the VN and to the 
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fastigial nucleus. These pathways work to monitor vestibular activity and, when 
necessary, to support the vestibulocerebellar role as an adaptive processor. The ves-
tibulocerebellum, for example, modifies vestibular input by adjusting the gain and 
duration of the VOR [20] while processing afferent activity from the macula [15]. 
This area also plays a role in translating vestibular and proprioceptive inputs to 
regulate vestibulospinal reflexes.

 Vestibular Cortical Centers

In the primate brain, no isolated vestibular cortex has been identified [33]; how-
ever, the parietal insular vestibular cortex (PIVC) is one area of the cortex with 
a known concentration of vestibular inputs [34]. In macaques, neural activity in 
the PIVC has been recorded during head movement, in a position with the neck 
twisted and throughout motion of a visual target; similar PIVC activation is not 
associated with eye movement [34]. It is hypothesized that neurons in the PIVC 
may primarily be used as an index of movement in space to transform object 
movement from being self-referenced to being referenced to the 
environment [34].

Neurons in the PIVC also function to converge multisensory self-motion cues with 
external object motion information [31]. Vestibular inputs share cortical projections 
with other pathways processing visual and somatosensory information [11, 14]. 
Inhibitory vestibular-visual interaction has also been noted using large-field optoki-
netic visual displays inducing apparent self-motion perception, with an increase in 
parieto-occipital areas in the occipital cortex with a simultaneous decrease in the 
PIVC bilaterally [4]. In theory, this relationship allows the dominant sensorial 
weight to be shifted from one modality to the other, depending on which mode of 
stimulation predominates [4].
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Chapter 2
Mechanism of Compensation After 
Unilateral Loss

Si Chen and Eric Wilkinson

 Functional Changes in Vestibular Compensation

Vestibular compensation is a neurologic phenomenon of central nervous reorgani-
zation that allows functional recovery after a peripheral vestibular input loss. Three 
main mechanisms are responsible for vestibular compensation: adaptation, substitu-
tion, and habituation.

Adaptation is the change in central nervous system regulation of neuronal activi-
ties that enables reduced sensitivity and clinical response to a constant environment. 
After unilateral peripheral vestibular weakness, both static and dynamic deficien-
cies are created which must be overcome. Static deficiencies are due to a constant 
asymmetric firing rate of the vestibular nuclei. Presenting as acute rotary vertigo 
symptomatically and spontaneous nystagmus on exam, they often resolve over a 
short time period. Dynamic deficiencies occur with head movement and are mani-
fested as changes in the vestibular-ocular reflex (VOR). The normal VOR moves the 
eye during head movement in order to stabilize visual targets onto the fovea. Normal 
gain in VOR is 1; meaning the amplitude and speed of eye movement are exactly the 
opposite of head movement. With vestibular loss, the gain is reduced; thus patients 
experience retinal slip which is interrupted as a visual disturbance. Adaptation to 
dynamic vestibular loss is seen when the gain of VOR increases over time to regain 
stable gaze and visual focus during head movement [9].

Substitution occurs with sensory, behavior, and cognitive changes. Multiple 
inputs contribute to one’s sense of equilibrium: vestibular, visual, and propriocep-
tive inputs. When vestibular input is lost in a unilateral peripheral vestibular injury, 
the central nervous system gives more importance to sensory and proprioceptive 
inputs to reestablish equilibrium [18, 21]. This is known as sensory substitution. 
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Through behavioral substitution, patients develop behaviors that improve gaze 
 stability and dynamic visual acuity in the setting of abnormal VOR response to 
movement. These include saccadic eye movements and suppression of cortical 
visual motion processing [8, 28]. Other strategies are learned behavior such as clos-
ing the eyes during head movement to the lesion side, blinking with head move-
ment, or moving the whole body as a block [23]. Cognitive substitution describes 
the phenomenon when the patient moves the whole trunk and head in anticipation 
of head movement [9].

Some methods in vestibular rehabilitation apply the concept of habituation to 
ameliorate clinical symptoms. Habituation differs from adaptation in that it is a 
progressive reduction in response with repetition of stimuli. In benign paroxysmal 
positional vertigo (BPPV) patients who underwent Epley’s maneuver, additional 
vestibular rehabilitation has been shown to improve gait performance [6]. 
Rehabilitation with rotational movements in rotatory chair is also shown to reduce 
VOR gain discrepancies and treat visual disturbances [30]. With habituation, 
patients learn to tolerate or become desensitized to dizziness and vertigo.

All three mechanisms of vestibular compensation have complex interaction in 
the functional recovery of a patient. Each patient goes through a unique process of 
vestibular compensation with differential utilization of these mechanisms.

 Structural Changes in Vestibular Compensation

In addition to functional changes, structural alterations in the central nervous sys-
tem have been demonstrated in a series of elegant studies in the past decade. A 
cascade of molecular and cellular events can be seen from the brain stem to the 
cortex.

At the brain stem level, acute unilateral vestibular loss creates an asymmetric 
resting discharge of the vestibular nucleus complexes on both sides. The ipsilateral 
vestibular nucleus decreases the firing rate and sensitivity to inhibitory neurotrans-
mitters. At the same time after vestibular injury, the contralateral vestibular nucleus 
increases its firing rate and increases inhibitory activity. With vestibular compensa-
tion, the ipsilateral firing rate returns to normal within a week; however, the sensi-
tivity to head velocity does not return to normal [33, 35]. In the lesioned vestibular 
nuclei, animal studies demonstrate increased inflammatory markers, neuroprotec-
tive and neurotrophic factors, cellular metabolism, cell proliferation, and axonal 
growth [10, 19, 26, 32, 36].

The acute stress response is activated in acute vestibular loss [13]. Elevated cor-
tisol and ACTH levels are seen in Meniere’s and vestibular schwannoma patients 
[20]. In cat models of unilateral vestibular neurectomy, increase in stress hormone 
(vasopressin, corticotropin-releasing factor)-reactive cells is seen in paraventricular 
nucleus [37]. Stress hormones alter the milieu of neurotransmitters (glutamate, ace-
tylcholine, GABA, glycine) and neuromodulators (histamine, adrenaline, noradren-
aline). Clinically patients experience anxiety with acute vestibular loss, and poorly 
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compensated patients continue to suffer anxiety and depression [12]. Modulating 
neurotransmission with histaminergic ligands has been shown to improve vestibular 
compensation in cats. Neurochemical studies in vestibular compensation are an 
opportunity for pharmacological intervention to accelerate recovery.

New imaging modalities have improved our understanding of higher-level corti-
cal changes with unilateral vestibular loss and subsequent vestibular compensation. 
Alterations in the cortical structure, cerebral metabolism, and functional connectiv-
ity contribute to vestibular compensation.

Functional MRI of vestibular neuritis patients demonstrated gray matter volume 
(GMV) changes in the superior temporal gyrus, insula, inferior parietal lobe, middle 
temporal areas, and posterior hippocampus. In particular, the increase in GMV of the 
contralateral superior temporal gyrus and posterior insula (ascending vestibular 
pathway) correlated with the level of functional impairment [14]. GMV increase in 
somatosensory and visual cortex (middle temporal areas) was also noted, which cor-
roborates with clinical findings that patients rely on somatosensory and visual input 
when there is a loss of vestibular input [15]. In addition, the extent of functional 
recovery as measured by Dizziness Handicap Inventory also correlates with GMV 
increases in the visual cortex [17]. Together this imaging evidence suggests that 
vestibular compensation depends on the increased use of contralateral vestibular 
afferents and other sensory inputs in response to defective ipsilateral vestibular input.

Cerebral glucose metabolism is altered in animal models of unilateral labyrin-
thectomy (UL). FDG-microPET studies revealed asymmetric glucose metabolism 
in the vestibulocerebellum, thalamus, temporoparietal cortex, hippocampus, and 
amygdala following UL in rats [39]. With vestibular compensation, glucose metab-
olism is first re-balanced in the vestibular nuclei, thalami, and temporoparietal cor-
tices within 1–2 days. Bilateral glucose metabolism increases in the hippocampus 
and amygdala and later in vestibulocerebellum and hypothalamus in 7–9 days [39]. 
These support the neuronal plasticity and contribution of thalamocortical and limbic 
areas to vestibular compensation. Human studies of acute and chronic peripheral 
vestibular loss using FDG-PET demonstrate an activation pattern similar to periph-
eral vestibular stimulation on the contralateral side in healthy subjects. There is an 
increase in glucose metabolism in the contralateral thalamus and vestibular cortex, 
which is reversed within 3 months after peripheral vestibular nerve lesion [2, 3].

Studies using fMRI revealed that functional interregional connectivity (resting- 
state activity) is altered with unilateral vestibular loss. Vestibular signals are con-
veyed to multiple cerebral regions via distinct pathways in healthy subjects. In the 
acute phase of vestibular neuronitis, there is decrease in functional connectivity in 
contralateral parietal lobe (intraparietal sulcus and supramarginal gyrus) in human 
subjects, which participates in spatial orientation and multisensory integration. With 
vestibular compensation, functional connectivity is increased over 3  months. In 
addition, patients with little disability demonstrate larger increase in functional con-
nectivity on follow-up examination [16]. The changes in functional connectivity or 
resting-state activity reflect a shifting vestibular tone in cortical areas responsible 
for spatial perception and orientation that underlie the process of vestibular 
compensation.

2 Mechanism of Compensation After Unilateral Loss
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 Recovery of Static Versus Dynamic Vestibular Deficits

Vestibular compensation for static versus dynamic deficits occurs through different 
processes. Static deficits after unilateral vestibular loss generate symptoms when 
the patient is stationary. Dynamic deficits result in symptoms when the patient 
moves.

Static symptoms are subjective vertigo or tilting of the visual vertical axis while 
standing in place or sitting. Patients exhibit ocular motor and postural signs, such as 
spontaneous nystagmus, skew deviation, eye cyclotorsion, and tilting of head and 
body to the lesion side. Static symptoms are compensated within a short time period 
in animal models and human studies. In humans, full compensation may take 
3 months for the ocular motor and postural deficits and up to 1 year for the percep-
tive deficits [23, 25]. Static deficits are attributed to the imbalance of spontaneously 
resting discharges between the two vestibular nuclei. In response, neurons of the 
ipsilateral vestibular nuclei demonstrate increased excitability and decreased sensi-
tivity to inhibition by the contralateral side [7, 31, 38]. Recovery of static deficits 
correlates with restoration of symmetric firing rate of the vestibular nuclei [23].

Dynamic symptoms occur when the patient moves the head or body. It is demon-
strated by reduced gain, phase shift, and time constant of vestibular-ocular reflex 
(VOR). Recovery of dynamic function takes place slowly and some never fully 
compensate, as evidenced by little to no recovery of VOR in response to fast head 
movements. Catch-up saccades develop in response to lack of VOR recovery [23]. 
Dynamic deficits are compensated by complex neuronal processes. Increased neu-
ronal cell proliferation and differentiation in animal models of unilateral vestibular 
loss indicate structural remodeling by neurogenesis, astrogenesis, and synaptogen-
esis within the vestibular nuclei networks [10]. Sensory substitution and behavioral 
substitution are two additional learning processes through which vestibular com-
pensation takes place for dynamic deficits.

 Vestibular Compensation Is Idiosyncratic

Vestibular compensation is believed to differ depending on the nature of the injury 
to the peripheral vestibular system [25]. Sudden complete loss of unilateral periph-
eral vestibular function, such as vestibular neuronitis, has been studied using animal 
models of unilateral vestibular neurectomy (UVN). Gradual peripheral vestibular 
loss, such as slow-growing vestibular schwannoma or ototoxic medications, was 
studied using animal models of unilateral labyrinthectomy (UL). In surgical laby-
rinthectomy, the peripheral vestibular organs are removed, while Scarpa’s ganglion 
is preserved. This results in slow degeneration of vestibular nerve fibers which con-
tinues for many years after UL. Afferent tonic input continues to come from the 
resting discharge of Scarpa’s ganglion to vestibular nuclei neurons. Finally, tran-
sient vestibular weakness, such as Meniere’s disease and benign paroxysmal 
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positional vertigo, had been replicated by intratympanic tetrodotoxin (TTX). When 
comparing the time course of posture recovery in cat models, transient (TTX) and 
gradual (UL) losses of vestibular function were compensated faster than acute and 
sudden vestibular loss (UVN) [11]. In histopathologic studies of these cats, sudden 
complete loss of unilateral peripheral function (UVN model) elicited intense cell 
proliferation in the ipsilateral vestibular nuclei, which was not seen with transient 
(TTX) or gradual (UL) vestibular lesions [25]. This suggests that the mechanism of 
vestibular compensation in sudden unilateral vestibular loss is different from tran-
sient or gradual loss.

In addition to neuronal plasticity, behavioral plasticity in the vestibular system 
contributes to the time course and final outcome of vestibular compensation. For 
patients who suffer unilateral peripheral vestibular loss from the same pathology, 
individual differences in compensation are well described. Patients demonstrate 
interindividual variability in the utilization of behavioral strategies to compensate 
for vestibular loss. This is illustrated by studies of Meniere’s patients who under-
went UVN. There is a bimodal distribution of Meniere’s patients who swayed less 
in eye-open versus eye-closed conditions after UVN. Further examination explained 
why. Prior to UVN, posturography studies of the patients showed two distinct sub-
populations, those who are visual field dependent and those who are not. After 
UVN, visual field-dependent patients exhibited more subjective vertical deviations 
after UVN than visual field-independent patients [21, 27]. In response to unilateral 
vestibular loss, some patients had an innate reliance on visual cues versus other 
sensory input, such as proprioception. The idiosyncratic reweighing of sensory 
inputs is an important concept for therapeutic interventions that aims to augment 
vestibular compensation [25].

 Vestibular Rehabilitation

The concept of vestibular rehabilitation was developed by two British practitioners, 
Sir Terence Cawthorne and Harold Cooksey, during World War II. They observed that 
soldiers with head injury recovered their balance faster if they were mobilized early 
after injury instead of remaining bedbound [9]. We now understand that there is struc-
tural reorganization within the vestibular neuronal network during early vestibular 
compensation, which presents an opportunity window to augment recovery [23].

Animal studies have demonstrated that sensorimotor restriction following UVN 
significantly delays recovery of static and dynamic performance in monkeys and 
cats [22, 24]. Sensorimotor restriction at 1 week or 3 weeks after UVN had similar 
effects but, however, had no effect when applied to the animals 6  weeks after 
UVN. The authors argue that within 1 month after unilateral vestibular loss is a 
sensitive period, although the exact timing may differ for different etiologies of 
vestibular loss [22]. Early engagement in rehabilitation via active behavioral and 
physical training during this critical time can improve brain plasticity and functional 
recovery.
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Vestibular rehabilitation encourages the patients to learn sensory substitution by 
incorporating visual and somatosensory input early in the process. Strategies to 
reduce stress and anxiety through behavioral and cognitive therapies can help 
because excessive stress impairs vestibular compensation [12, 34]. In addition to 
addressing the location and extent of vestibular loss, successful vestibular rehabili-
tation requires assessment of the global function of a patient, which includes vision, 
proprioception, physical health, motor strength, cerebellar function, cognitive abili-
ties, and psychological disorders.

Specific methods in vestibular rehabilitation can augment mechanisms of vestibular 
compensation. Adaptation exercises are known to increase VOR gain and treat visual 
disturbances. An example is to ask the patient to keep a target in visual focus while 
performing head movements. Substitution exercises instruct the patients to stand with 
eyes closed or with moving platforms. These challenges aim to increase utilization of 
visual and proprioceptive cues for postural control. Habituation exercises such as 
Brandt and Daroff exercises are examples where repetitive vestibular stimulus can 
reduce clinical symptoms [4]. Newer techniques in vestibular rehabilitation utilize dual 
tasking, virtual reality, electrotactile stimulation, aquatic physiotherapy, and Tai Chi 
[9]. Standardized tests such as computerized dynamic posturography (CDP), dynamic 
visual acuity test (DVA), and gaze stabilization test (GST) are tools to document 
changes in postural control before, during, and after vestibular rehabilitation.

In cases of prolonged poor compensation of unilateral vestibular loss, vestibular 
rehabilitation can help by first identifying maladaptive strategies the patients have 
learned. Behaviors such as head and body movement restriction impede vestibular com-
pensation. With vestibular rehabilitation, the patient is encouraged to abandon the mal-
adaptive strategies and learn to use appropriate compensatory strategies [1, 22, 29]. 
In some cases, overreliance on sensory substitution also impairs the recovery of balance 
control. Patients experience imbalance because visual or proprioceptive- triggered 
responses were too large [5, 18]. Some patients report significant visual triggers, such as 
worsening dizziness in busy supermarkets or with scrolling of computer screen. 
Treatment of these cases requires detailed questioning of the patient’s symptom triggers 
and developing vestibular rehabilitation protocols that incorporate desensitizing maneu-
vers to target those triggers. In addition, decompensation is a known phenomenon 
induced by stressful situations. Partially or even completely compensated patients can 
have recurrence of vertigo and instability when stressed. This is worsened by alcohol 
consumption and use of sedative drugs [22]. Counseling the patients in the recognition 
and repeat rehabilitation for decompensation episodes can contribute to more stable 
long-term vestibular recovery.
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Chapter 3
History and Physical Examination 
of the Dizzy Patient

Daniel E. Killeen, Brandon Isaacson, and J. Walter Kutz Jr

 Introduction

The evaluation of patients presenting with vestibular complaints begins with a thor-
ough and structured history and physical examination, which is then augmented by 
audiologic, vestibular, and radiologic testing. While these ancillary tests are impor-
tant in establishing a definitive diagnosis, a complete and accurate history and phys-
ical exam is critical to narrowing down the differential diagnosis and results in 
cost-effective use of testing.

The first objective is to determine if the dizziness is from a peripheral or central 
cause. This can often be determined by a thorough and structured history of present 
illness. For instance, if the patient is experiencing vertigo (feeling of movement of 
self or environment) rather than other sensations such as imbalance, light-headed-
ness, disequilibrium, or near-syncope, a peripheral cause of vertigo is more likely. 
Other important questions include the ability to recall a first episode, duration of 
episodes, severity of episodes, associated symptoms such as hearing loss, inciting 
factors, and other medical conditions such as medications and history of migraines. 
By exploring these questions, the cause of the dizziness can often be determined or 
narrowed.

This chapter will discuss the important elements of the history and physical 
exam with discussion about how these key points will help to narrow down the dif-
ferential diagnosis. The chapter will conclude with a discussion of several common 
diagnoses and more specific history and physical exam findings that are suggestive 
of these conditions.
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 History

A thorough and structured history is especially important in the evaluation of the 
dizzy patient. History alone can correctly diagnose patients with vertigo in over 
60% of cases [1]. This may reduce or eliminate additional testing required for a 
diagnosis.

The character of the dizziness is important to establish. Vertigo is the sensation 
of self-motion, either linearly or rotating while stationary, or the sensation that the 
room or objects are moving. The presence of vertigo is concerning for vestibular 
dysfunction, either from a central or, more commonly, a peripheral source [2]. This 
is different than other sensations of dizziness that may be described as imbalance, 
disequilibrium, light-headedness, or near-syncope. Vertigo is usually caused by a 
peripheral vestibular disorder such as Meniere’s disease, benign paroxysmal posi-
tional vertigo (BPPV), or vestibular neuritis. Disequilibrium, light-headedness, 
imbalance, or near-syncope is associated with a much broader differential diagnosis 
and is often caused by a central vestibular disorder [3]. However, uncompensated 
vestibulopathy or other peripheral vestibular disorders will present with chronic 
imbalance and disequilibrium, but with careful questioning, these patients will often 
recall an initial event that was characterized by true vertigo. Asking patients if they 
can recall the first episode of dizziness is crucial. Patients that can recall a first epi-
sode can often recall the event with tremendous accuracy including the date of the 
event and specifics of the symptoms. In patients with central dizziness, they are 
often unable to recall an initial episode and feel their symptoms have an insidious 
onset and course.

The severity of the episodes is helpful to differential peripheral versus central 
causes of dizziness. Peripheral causes of vertigo are characterized by diaphoresis, 
nausea, and sometimes vomiting. The symptoms are usually severe enough that the 
patient cannot continue normal function and has to lie down until the episode sub-
sides. Patients with central causes of dizziness or uncompensated vestibulopathy are 
bothered by the symptoms but can usually continue with daily activities.

For patients with severe vertigo, two questions can lead to the correct diagnosis 
in 61.4% of patients [1]. The first important distinguishing factor is if the vertigo is 
constant or episodic. Constant vertigo may point to labyrinthitis or vestibular neuri-
tis. Episodic vertigo is concerning for Meniere’s disease or benign paroxysmal posi-
tional vertigo. The additional presence or absence of hearing loss further leads to the 
correct diagnosis. The presence of hearing loss with true rotary vertigo is concern-
ing for Meniere’s disease or viral labyrinthitis. The absence of hearing loss com-
bined with room-spinning vertigo is concerning for vestibular neuritis, vestibular 
migraine, or benign paroxysmal positional vertigo [1].

Another important detail of the history is the length of episodes. Benign paroxys-
mal positional vertigo has frequent episodes of vertigo associated with head move-
ment that last less than a minute [3]. Meniere’s disease is characterized by episodes 
lasting 20 minutes to 12 hours [4]. Vestibular migraine is similar to Meniere’s disease 
and tends to last hours, but unlike Meniere’s disease, it can last more than 24 h [3].  
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Viral labyrinthitis and vestibular neuritis have sudden onsets with room-spinning 
vertigo that is constant for several days with gradually improving disequilibrium for 
days to weeks after the inciting event [3]. PICA and AICA cerebrovascular accidents 
can have an onset similar to vestibular neuritis and viral labyrinthitis with sudden 
onset of vertigo with or without hearing loss lasting for days [5]. Anxiety is a com-
mon cause of dizziness that can cause symptoms lasting minutes to days.

Inciting events should be recognized to narrow the differential diagnosis. Vertigo 
with loud sounds and/or changes in pressure such as picking up a heavy object or 
nose blowing is consistent with superior canal dehiscence (SCD) [6–8]. Noise- or 
pressure-induced vertigo may also be concerning for perilymph fistula, Meniere’s 
disease, or syphilis [6]. Patients with SCD will often complain of hearing bodily 
noises such as eye or neck movement or hearing their heel strike the ground [6–8]. 
Brief episodes of vertigo with a specific head movement suggest BPPV, although 
patients with unilateral vestibular weakness will have vertigo with head movement 
[3]. Headaches occurring with episodes of vertigo are consistent with vestibular 
migraines, although the headaches can be remote from the vertigo episodes [9, 10]. 
The inability to walk in the dark suggests bilateral vestibulopathy, such as may 
occur with ototoxicity or other causes that result in bilateral loss of the peripheral 
vestibular function [11].

The interviewer should ask about associated symptoms. Unilateral fluctuating 
hearing loss, tinnitus, and aural fullness with episodes of vertigo lasting at least 
20 minutes are consistent with Meniere’s disease [12]. Sudden hearing loss and 
vertigo lasting for greater than a day are likely viral labyrinthitis [1]. Patients 
with a history of migraine headaches or headaches associated with dizziness sug-
gest vestibular migraines as the cause of their dizziness [9, 10]. Patients with 
vestibular migraines often complain of motion intolerance and worsening of 
symptoms with visual stimuli [9, 10]. Dizziness with associated neurologic defi-
cits such as dysarthria, hoarseness, or diplopia suggests a brainstem stroke and 
requires prompt identification so appropriate treatment can be given [3, 5]. Near-
syncope, shortness of breath, and palpitations suggest a cardiovascular cause [3]. 
Diaphoresis, dyspnea, and a sense of impending doom are consistent with a panic 
attack [13].

Once the character, onset, and length of dizziness have been established, obtain-
ing an accurate past medical history is important. Past medical history that could 
suggest a peripheral cause of vertigo includes a history of cholesteatoma, otologic 
surgery, temporal bone trauma, and history of ototoxic medications [3]. 
Cholesteatoma may result in a labyrinthine fistula that would be characterized by 
vertigo with pressure changes [3]. Head trauma may result in labyrinthine concus-
sion or fractures extending through the otic capsule [3]. The latter would result in 
profound hearing loss [3]. Whiplash injuries have also been associated with chronic 
imbalance and disequilibrium [3]. Neurologic disorders such as multiple sclerosis, 
migraines, cerebrovascular disorders, seizure disorder, and peripheral neuropathies 
can present with dizziness [14, 15]. Twenty-five percent of cases of vertigo are 
attributable to central causes [14]. Five percent of patients with multiple sclerosis 
present with vertigo as the initial presenting symptom, and 50% of patients with 
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multiple sclerosis have vertigo at some point in the disease course [15]. PICA and 
AICA cerebrovascular accidents can have an onset similar to vestibular neuritis and 
labyrinthitis with sudden onset of vertigo with or without hearing loss lasting for 
days [5].

Cardiovascular disease can present as dizziness but is often associated with 
palpitations, arrhythmias, or near-syncope [3]. Orthostatic hypotension is a com-
mon cause of dizziness that is characterized by dizziness and near-syncope when 
standing from sitting or lying down [3]. Vision problems can result in imbal-
ance and disequilibrium. Changes in prescription lenses or the use of bi- or tri-
focals should be elicited since these may cause imbalance and disequilibrium 
(Table 3.1).

Common medications that cause imbalance and dizziness include antihyperten-
sives, quinolones, neuroleptics, antidepressants, sedatives, and anticonvulsants [16]. 
A less recognized cause of chronic dizziness is polypharmacy, especially in elderly 
patients that already have age-related decrease in vestibular dysfunction [16]. 
Coordination of care with a geriatrician to decrease the number of medications can 
be helpful. Aminoglycoside use is one of the most common drug-related causes of 
chronic dizziness and bilateral vestibulopathy [16]. Damage to the peripheral ves-
tibular system is dependent on drug concentration, length of treatment, and renal 
clearance [17, 18].

 Physical Examination

Following an accurate and structured history with focused questions as demon-
strated above, the next step in the clinical evaluation of the dizzy patient is a focused 
physical examination based on the presenting history (Table 3.2).

 General Physical Exam

A complete physical exam begins by overall assessment of general nutrition status, 
alertness, orientation, and vital signs. Physical exam includes testing blood pressure 
while supine compared to blood pressure when standing. A difference in systolic 
blood pressure of 20 mm Hg may indicate orthostatic hypotension [3].

 Assessment of Eye Movements

Assessing eye movements in relationship to the vestibulo-ocular reflex (VOR) is 
crucial in the evaluation of the dizzy patient. When a unilateral vestibular weakness 
is present, the contralateral (normal) vestibular system remains active. The VOR 
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Table 3.1 Differentiating characteristics of conditions causing dizziness

Differentiating characteristics of conditions causing dizziness

Condition Episodic
Time 
course Hearing loss

Exacerbating 
factors

Associated 
symptoms

Benign 
paroxysmal 
positional 
vertigo

Yes <1 min No Position changes 
such as lying 
down, turning 
over in the supine 
position, or 
looking upward

None

Labyrinthitis No Constant, 
lasting 
days to 
weeks

Yes Head movement Nausea/vomiting

Vestibular 
neuritis

No Constant, 
lasting 
days to 
weeks

No Head movement Nausea/vomiting

Meniere’s 
disease

Yes 20 min 
−12 h

Yes, fluctuating None Aural fullness, 
hearing loss, 
roaring tinnitus

Persistent 
postural-
perceptual 
dizziness

Yes Hours for 
most days 
over 
3 months

No Upright posture, 
active or passive 
motion, and 
exposure to 
moving visual 
stimuli or 
complex visual 
patterns

None

Vestibular 
migraine

Yes Minutes to 
days

No Stress, sleep 
deprivation, 
visual stimuli, 
motion

Headache, 
photophobia, 
phonophobia, 
visual aura

Superior 
semicircular 
canal 
dehiscence

Yes Chronic 
with 
<1 min 
episodes

Yes, conductive 
with normal 
acoustic reflexes 
and 
suprathreshold 
bone line

Sound and/or 
pressure induced

Hearing loss, 
autophony, noise 
avoidance, hearing 
bodily sounds such 
as eye movement

Orthostatic 
hypotension

Yes <1 min No Standing up, 
bending over

Nausea, 
tachycardia, 
presyncope

Cerebral 
ischemia

No Constant, 
lasting 
days to 
weeks

Variable None Nausea/vomiting, 
dysarthria, facial 
anesthesia, 
hemiparesis, 
headache, 
diplopia, visual 
field defects, 
blindness, 
dysphagia, ataxia
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interprets head movement to the normal side, resulting in slow-phase eye movement 
toward the side of weakness [9]. The central processing system compensates for this 
eye movement with a fast saccade toward the normal side to correct eye deviation 
and keep the focus on the subject, resulting in nystagmus [19].

Nystagmus can occur spontaneously or evoked by maneuvers (i.e., Dix-
Hallpike maneuver). The direction of the nystagmus is also important as this can 
point to the source of the deficit. Direction is denoted by the fast phase of the 
nystagmus, and in the case of unilateral vestibular weakness, the fast-phase nys-
tagmus will be directed away from the affected ear. Nystagmus can be described 
as horizontal, vertical, or torsional geotropic (beating toward the ground) or apo-
geotropic (beating away from the ground) [19]. As stated by Alexander’s law, 
nystagmus will be significantly more noticeable when the gaze is directed toward 
the normal side relative to the unilateral weakness. The intensity of the nystag-
mus, reflecting the asymmetry of the difference in vestibular system signal, is 
denoted by degree. First-degree nystagmus entails nystagmus which is only pres-
ent when gaze is toward the fast phase of the nystagmus. Second degree describes 
nystagmus at mid-gaze and gaze in the direction of the fast phase. Third degree 
describes nystagmus occurring in all horizontal directions including toward the 
slow-phase side [19]. Additionally, nystagmus may be direction fixed or direction 
changing, which is more reflective of a central pathology, though this may also 
occur in benign paroxysmal positional vertigo [20]. Frenzel lenses are magnifying 
lenses that prevent fixation which can make the nystagmus more pronounced and 
may aid in diagnosis. Formal vestibular testing with recording devices in the form 
of electronystagmography or videonystagmography provides an objective evalua-
tion of vestibular function.

Table 3.2 Differentiating physical exam findings with conditions causing dizziness

Differentiating physical exam findings with conditions causing dizziness
Finding Possible diagnosis

Torsional/horizontal nystagmus Peripheral vestibular injury
Vertical nystagmus Central dizziness
Corrective saccades on head thrust Unilateral vestibular hypofunction
Abnormal finger to nose testing Cerebellar dysfunction
Blood pressure reduction of 20 mm Hg when 
moving from supine to standing

Orthostatic hypotension

Negative head thrust test with sudden onset of 
constant vertigo

Stroke

Hearing 256 Hz tuning fork on extremity Superior semicircular canal dehiscence
Positive fistula test (Hennebert sign) Superior semicircular canal dehiscence, 

labyrinthine fistula, perilymph fistula
Geotropic nystagmus on Dix-Hallpike Benign paroxysmal positional vertigo
Abnormal dynamic visual acuity Bilateral vestibular hypofunction
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 Fistula Test

The fistula test is performed by applying pressure to the tympanic membrane using 
pneumatic otoscopy. Patients may then have subjective vertigo (subjectively posi-
tive fistula test) or eye deviation (objective positive fistula test). A positive fistula 
test suggests oval or round window fistulae, post-stapedectomy perilymph fistula, 
semicircular canal dehiscence, labyrinthitis, or syphilis [21, 22]. Patients with a 
positive fistula test may also demonstrate nystagmus with the application of tragal 
pressure that may serve as an alternative to pneumatic otoscopy [6–8].

 Dix-Hallpike Maneuver

The Dix-Hallpike maneuver is used to detect benign paroxysmal positional ver-
tigo, with the posterior canal representing the most common variant [23]. The 
maneuver, as demonstrated in Fig.  3.1, is performed by turning the patient’s 
head 45° in the direction of the side being tested [23]. The patient starts in a 

a b

Fig. 3.1 Demonstration of the Dix-Hallpike maneuver. (a) Patient starts in the sitting position 
with their head held 45° in the direction of the examiner. (b) Patient is then rapidly laid supine with 
head turned and with slight neck extension
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seated position and is rapidly laid supine, while the head remains turned with 
slight neck extension [23]. A subjective positive test is denoted when this 
maneuver elicits subjective vertigo [23]. An objectively positive result is 
observed when torsional nystagmus in the direction of the affected ear occurs 
with the maneuver [23].

Lateral canal benign paroxysmal positional vertigo can be assessed with a supine 
roll test, in which a supine patient’s head is rotated to right-ear-down and left-ear-
down positions (the test ear is whichever ear is closest to the ground) [24]. A posi-
tive result occurs when geotropic nystagmus is elicited [24].

 Head Thrust Test

The head thrust test evaluates for vestibular hypofunction. The test, as demonstrated 
by Fig. 3.2, is performed by rapidly rotating the head to the left or right with the chin 
inclined 30° downward, while the patient is asked to keep their eyes focused on the 
examiner. A normal response shows normal eye fixation or one to two beats of 
catch-up saccades [25]. A notable contralateral catch-up saccade will appear imme-
diately following the rapid head turn in the direction of the weak ear [25]. 
Interestingly, this test is perhaps most important if it is negative than if it is positive. 
In patients presenting with acute onset vertigo, nausea, and vomiting with nystag-
mus and unsteady gait, 91% with a negative head thrust test had a stroke, while 
100% of patients with labyrinthitis or vestibular neuritis had a positive head thrust 
test [26]. However, 30% with a positive head thrust test had a stroke [26]. Therefore, 
a negative head thrust test is highly concerning for the presence of a stroke, but a 
positive head thrust test does not rule out a stroke, and further testing would be 
needed to ensure the vertigo is not central in origin.

 Head Shaking Test

The head shaking test is performed by rotating the head 20–30 times at a rate 
of 1–2 hertz 45° to either side with the head tilted forward 30° [27]. Following 
this examination, nystagmus not present at rest may be elicited and is usually 
associated with unilateral vestibular hypofunction [27]. This examination pre-
dicts unilateral vestibular hypofunction with sensitivity of 31%, specificity of 
96%, and positive predictive value of 97% [27]. Head shaking nystagmus is 
associated with higher scores on the Dizziness Handicap Index and Functional 
Level Scale [27].
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a b

c d

Fig. 3.2 Demonstration of the head thrust test, in which a patient’s head is moved from neutral 
position (a) rapidly to the right (b) with fixation on the target. The head is then moved rapidly to 
the left (c), and in the case of vestibular weakness, the gaze loses focus on the examiner, resulting 
in a catch-up saccade (d)
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 Dynamic Visual Acuity Testing

Dynamic visual acuity is tested by having patients read the lowest level on the 
Snellen chart with the head at rest followed by reading the lowest level on the chart 
while moving the head from side to side at 2 Hz rotation; the ability to read the chart 
should not differ by more than one line [28]. Abnormal dynamic visual testing is 
concerning for bilateral vestibular hypofunction [28].

 Cerebellar Testing

Cerebellar testing is important to perform in all patients with dizziness to better assess 
possible central causes. Examination may involve but is not limited to finger-nose-finger 
testing, heel-to-toe testing, rapid alternating movements, and tandem gait. Poor coordi-
nation on these exercises may point to cerebellar dysfunction, though consistently fall-
ing to one side may indicate a unilateral vestibular loss [19]. In Romberg’s test, patients 
stand still with closed eyes – falling to one side can be indicative of cerebellar disease, 
cerebellar stroke, or uncompensated unilateral vestibular loss [19]. Romberg’s test can 
be made more sensitive for vestibular hypofunction by having the patient stand in a 
tandem stance or on a foam pad, which alters proprioceptive sensation and leads to fur-
ther dependence on the vestibular system [28]. In the Fukuda step test, patients march in 
place with eyes closed and arms extended anteriorly. Deviation of greater than 30° after 
50 steps may indicate a vestibular lesion on the side of deviation [19].

 Tympanic Membrane

As with all otologic patients, careful inspection of the tympanic membrane (TM) 
and the scutum is necessary for thorough evaluation of the dizzy patient. With 
regard to dizziness, examination should focus on identification of signs concerning 
for possible cholesteatoma, which could in turn raise suspicion for labyrinthine fis-
tula. Tympanic membrane perforation should be noted, as these can lead to second-
ary cholesteatoma. Perforations extending to the osseous external canal are marginal 
and are the result of destruction of a portion of the TM annulus; these are thought to 
be associated with an increased risk of middle ear cholesteatoma formation [29]. 
Erosion of the scutum associated with an attic retraction pocket raises concern for 
the development of an epitympanic cholesteatoma [30].

 Tuning Fork Exam

The tuning fork exam is a simple and effective means for the assessment of hearing 
loss, which can help to narrow the differential diagnosis as hearing loss is more con-
cerning for labyrinthitis or Meniere’s disease, though audiometry is the preferred 
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method for assessing hearing loss [1]. The first test using the tuning forks is the Weber 
test, which assesses for laterality. This is performed by placing the vibrating tuning 
fork on the glabella or the central incisor and assessing patient sound localization. The 
normal response is midline. Lateralization to one side indicates possible conductive 
hearing loss in the ipsilateral ear or sensorineural hearing loss in the contralateral ear. 
To determine the degree of a conductive hearing loss, a Rinne test is performed, which 
compares the patient’s ability to hear a tuning fork through bone and air conduction. 
The tuning fork is first firmly placed against the mastoid bone, and the patient subjec-
tively compares it to that of air conduction with the tuning fork placed lateral to the 
entrance the auricle. The ability to hear the tuning fork more readily behind the ear 
points to the presence of a significant conductive loss.

 Cranial Nerve Exam

A thorough cranial nerve examination is indicated in all dizzy patients. Examination 
begins with assessment of visual fields for cranial nerve 2. Cranial nerves 3, 4, and 
6 are then assessed with gaze testing to evaluate extraocular motion. Cranial nerve 
5 is then examined by light touch or pinprick of the skin along the forehead, cheek, 
chin, and preauricular areas corresponding to V1, V2, and V3, respectively. 
Comparing contraction of the masseter and temporalis muscles bilaterally provides 
an assessment of the motor division of cranial nerve 5.

Cranial nerve 7 is assessed by evaluating facial function in all distal branch muscle 
groups. Facial nerve deficits are commonly graded with the House-Brackmann scale 
[31]. Cranial nerve 8 is examined with the tuning fork exam. Cranial nerve 9 is evaluated 
on gag reflex and palatal elevation. Cranial nerve 10 is determined by flexible laryngos-
copy with examination for vocal cord mobility. Cranial nerve XI is examined by abduc-
tion of arms above the head, shoulder shrug, and head turn. Cranial nerve XII is assessed 
by tongue protrusion with deviation of the mobile tongue toward the side of the deficit.

 Specific Disorders

The above section serves as an overview to review the general history and physical 
exam of a patient with dizziness in order to narrow down the differential diagnosis. 
Once a certain clinical entity is suspected, more specific questioning and testing tai-
lored to the suspected disorder is needed to determine the correct diagnosis. The rest 
of this chapter will summarize some important clinical entities that cause vertigo 
with elements of the history and physical exam that can help confirm a diagnosis.

 Benign Paroxysmal Positional Vertigo

Benign paroxysmal positional vertigo is a condition caused by otoconia dislodged 
from the otolith macula beds into a semicircular canal [20]. Subsequent position 
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changes cause otoconia movement and abnormal endolymph flow with deflection of 
the cupula, leading to brief vertiginous attacks with position changes and nystagmus 
[20]. The cumulative incidence of the disorder over the course of life is 10% with 
spontaneous resolutions, though 50% of patients have recurrences [20]. With regard 
to history, patients typically have recurrent attacks of vertigo lasting less than 1 min 
triggered by position changes such as lying down, turning over in the supine posi-
tion, or looking upward [20]. Physical exam is focused on utilizing certain move-
ments in an attempt to elicit vertigo or nystagmus, specifically the Dix-Hallpike 
maneuver, as described above, to examine the posterior and anterior semicircular 
canals, which are the most commonly affected semicircular canals, or the supine 
roll test, also described above, to examine the lateral semicircular canal [24]. The 
criteria for diagnosis are listed in Table 3.3 [20].

 Labyrinthitis/Vestibular Neuritis

Labyrinthitis and vestibular neuritis have the same vestibular presentation – sudden 
onset of intense vertigo that is constant for several days with gradual and slow 
improvement over the next few weeks and months [3]. If there is no hearing loss, 
patients with this history are diagnosed with vestibular neuritis, instead of viral 
labyrinthitis, which includes hearing loss [3]. Diagnosis is usually made through 
history with exclusion of other possible etiologies [3]. On physical exam, patients 
may have nystagmus at rest or demonstrate a corrective saccade on head thrust test 
when the head is turned toward the affected side.

 Meniere’s Disease

Meniere’s disease is a syndrome that is thought to be caused at least in part by the 
increased endolymph pressure in the cochlear duct and/or vestibular organs [4]. The 
syndrome is characterized by hearing loss, specifically low- to medium-frequency 
sensorineural hearing loss, tinnitus, and vertiginous episodes, which last 20 minutes 
to 12  hours [4]. The major criteria for diagnosis are described in Table  3.4 [4].  
Of note, the vertiginous episodes tend to be severe and can be accompanied by 

Table 3.3 Barany Society diagnostic criteria for benign paroxysmal positional vertigo [20]

Diagnostic criteria for posterior semicircular canalolithiasis

A Recurrent attacks of positional vertigo elicited by lying down or turning over in the supine 
position

B Duration of attacks is less than 1 min
C Positional nystagmus after a latency of a few seconds provoked by the Dix-Hallpike 

maneuver
D Not attributable to another cause
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nausea, vomiting, and diaphoresis [3]. In the early years of the disease, increases in 
tinnitus and aural fullness typically precede the vertiginous attacks [4]. Additionally, 
hearing loss can fluctuate but typically worsens within 24 hours of an attack [4]. 
Meniere’s disease typically affects only one ear but may be bilateral in 17% of cases 
[32]. With regard to physical exam, patients with Meniere’s disease may have normal 
bedside vestibular exams, but they may have positive fistula test or signs of unilateral 
vestibulopathy such as a positive head thrust test or head shaking nystagmus [22].

 Persistent Postural-Perceptual Dizziness

Persistent postural-perceptual dizziness (PPPD) is a relatively new term that is now 
used to describe chronic functional vestibular disorder that encompasses the previ-
ous diagnoses of phobic postural vertigo, space motion discomfort, visual vertigo, 
and chronic subjective dizziness [33]. This condition is characterized by symptoms 
of dizziness, unsteadiness, or non-spinning vertigo that are present on most days for 
at least 3 months, which are exacerbated by position changes or visual stimuli [33]. 
This condition is often precipitated with an initial event that disrupts balance, either 
centrally or peripherally, such as labyrinthitis, but can also occur as a result of other 
medical conditions or psychological stress [33]. The major criteria for diagnosis are 
listed in Table 3.5 [33].

 Vestibular Migraine

Vestibular migraine is a condition that affects approximately 1% of the population 
[10]. This condition is characterized by vertiginous symptoms of moderate to severe 
intensity that lasts 5 minutes to 72 hours [10]. Patients with this disorder typically 
have other accompanying migraine symptoms such as headache, photophobia, 

Table 3.4 Barany Society diagnostic criteria for Meniere’s disease [4]

Diagnostic criteria for Meniere’s disease

Definite Meniere’s disease

A Two or more spontaneous episodes of vertigo lasting 20 min to 12 h
B Audiometrically documented low- to mid-range sensorineural hearing loss in the one ear, 

defining the affected ear on at least one occasion before, during, or after a vertiginous 
attack

C Fluctuating symptoms of hearing loss, tinnitus, or aural fullness in the affected ear
D Not attributable to another cause
Probable Meniere’s disease

A Two or more episodes of vertigo or dizziness lasting 20 min to 24 h
B Fluctuating symptoms of hearing loss, tinnitus, or aural fullness in the affected ear
C Not attributable to another cause
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phonophobia, or visual auras [10]. The Barany Society has diagnostic guidelines for 
vestibular migraine and likely vestibular migraine, as demonstrated in Table 3.6 [10].

 Mal de Debarquement

This syndrome is characterized by a back and forth rocking sensation [34, 35]. This 
syndrome tends to occur in people following boat, air, or car travel but is particu-
larly common after water-based travel [35]. The swaying sensation subsides after 3 
days in most people [35]. In a small population of patients, this sensation may 

Table 3.5 Barany Society diagnostic criteria for persistent postural-perceptual dizziness [33]

Diagnostic criteria for persistent postural-perceptual dizziness

A One or more symptoms of dizziness, unsteadiness, or non-spinning vertigo are present on 
most days for 3 months or more. Symptoms last for prolonged periods (hours) and wax and 
wane in severity but do not need to be present continuously throughout the day

B Persistent symptoms occur without specific provocation but are exacerbated by three 
factors: Upright posture, active or passive motion without regard to direction or position, 
and exposure to moving visual stimuli or complex visual patterns

C The disorder is precipitated by conditions that cause vertigo, unsteadiness, dizziness, or 
problems with balance including acute, episodic, or chronic vestibular syndromes, other 
neurologic or medical illnesses, or psychological distress. If precipitant is acute, then 
symptoms settle into criteria A after the condition resolves. If precipitant is a chronic 
condition, symptoms develop gradually

D Symptoms cause significant distress or functional impairment
E Not attributable to another cause

Table 3.6 Barany Society diagnostic criteria for vestibular migraine [10]

Diagnostic criteria for vestibular migraine

Vestibular migraine

A At least five episodes with vestibular symptoms of moderate or severe intensity, lasting 
5 min to 72 h

B Current or previous history of migraine with or without aura
C One or more migraine features with at least 50% of the vestibular episodes

  Headache with at least two of the following characteristics: one-sided location, pulsating 
quality, moderate or severe pain intensity, aggravation by routine physical activity

  Photophobia and phonophobia
  Visual aura

D Not attributable to another cause
Probable vestibular migraine

A At least five episodes with vestibular symptoms of moderate or severe intensity, lasting 
5 min to 72 h

B Only one of the criteria B and C for vestibular migraine is fulfilled
C Not attributable to another cause
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persist for weeks to years [35]. There can be transient improvement in symptoms 
with re-exposure to the inciting activity (water travel, boat travel, etc.) [35].

 Orthostatic Hypotension/Presyncope

Patients with orthostatic hypotension may experience a sensation of non-vertig-
inous dizziness and light-headedness with changes in position, particularly 
when moving from sitting to standing [3]. Physical exam may include testing 
blood pressure while supine compared to blood pressure when standing  – 
patients with orthostatic hypotension may have a difference in systolic blood 
pressure of 20 mm Hg [3]. Additionally, orthostatic hypotension may present 
with the sensation that the patient is about to lose consciousness, termed presyn-
cope. Presyncope may be related to neural factors as in the case of vasovagal 
syncope or may be related to cardiovascular system, but usually, presyncope is 
not otologic in origin [2].

 Cervical Vertigo

Cervical vertigo, which results from strain of the cervical muscles, is characterized 
by constant disequilibrium and restricted neck movement [3]. It often occurs after 
trauma with involvement of cervical muscles, such as whiplash injury [3]. Palpation 
of the cervical muscles may replicate the sensation in cervical vertigo [3]. Cervical 
vertigo is a controversial disorder and should be a diagnosis of exclusion.

 Superior Semicircular Canal Dehiscence

Superior semicircular canal dehiscence syndrome was initially described by Minor 
in 1998, which occurs with dehiscence of the superior semicircular canal [6–8]. 
Patients with this condition present with vertigo induced by sound and/or pressure, 
hearing loss, chronic disequilibrium, autophony, and noise avoidance [6–8]. 
Physical exam is concerning for nystagmus induced by pressure to the tragus or 
with air pressure in the ear canal near the tympanic membrane [6–8]. Loud sounds 
can also induce tilting of the head in the plane of the superior semicircular canal 
[6–8]. Tuning fork test may demonstrate a conductive hearing loss with lateraliza-
tion to the affected ear with Weber and bone conduction greater than air conduction 
on Rinne [36]. Patients may also hear a 256 Hz tuning fork when placed on the 
lateral malleolus or other extremities [36].
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 Central Ischemia

AICA and PICA strokes can present in a similar fashion to labyrinthitis or vestibular 
neuritis with sudden onset of nausea, vomiting, and vertigo with or without hearing 
loss lasting for days [5]. The presence of dysarthria, numbness of the face, hemipa-
resis, headache, diplopia, visual field defects, blindness, dysphagia, and ataxia often 
aids in the diagnosis by raising further concern for a central cause [3]. However, 
10.4% of patients with CVA can present with solely vestibular symptoms similar to 
vestibular neuritis [5]. Physical exam can reveal abnormalities on finger-nose-finger 
testing, heel-to-toe testing, rapid alternating movements, and tandem gait. 
Additionally, vertical nystagmus is suggestive of a central cause. The combination 
of negative head thrust test, direction-changing nystagmus, and skew deviation may 
be used as an effective battery for early diagnosis of stroke [37]. The presence of 
one of these factors in patients presenting with acute onset vertigo, nausea, and 
vomiting predicts stroke with 100% sensitivity and 96% specificity [37].

 Conclusion

A thorough and structured history and physical examination can significantly nar-
row the differential diagnosis when evaluating the dizzy patient. The clinician can 
pursue appropriate confirmatory studies, including audiological, vestibular, and 
radiological tests, but the narrowed scope of possible diagnoses from a thorough 
history and physical exam can limit unnecessary testing. An effective history and 
physical exam can thereby allow one to work through the differential diagnosis of 
dizziness in both a time-efficient and a cost-effective manner.
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Chapter 4
Electronystagmography 
and Videonystagmography

Dennis I. Bojrab II, Wanda Lai, and Dennis I. Bojrab

 Introduction

Vestibular function tests are clinical techniques used to evaluate part of the vestibu-
lar system. Stimulation of the inner ear results in specific eye movement termed 
nystagmus, which are integral in the evaluation of the vestibular system. Nystagmus 
has a fast-phase and a slow-phase component and is named based on the fast phase. 
Electronystagmography (ENG), videonystagmography (VNG), and rotation testing 
measure nystagmus to provide objective assessment of the function of the vestibular 
system.

The interaction of the vestibular system with other organ systems helps maintain 
balance and posture. The brain acts as the central processor to produce motor 
reflexes that maintain posture and equilibrium and to stabilize gaze based on infor-
mation it receives from the inner ear (vestibular) system, the eyes (visual), and the 
muscle and joint receptors (proprioception). These systems are connected within 
the central nervous system (CNS) and are reflex pathways providing continuous 
information. The most important reflex pathways are the vestibulo-ocular reflex 
(VOR) which integrates information between the inner ear and the eyes (the extra-
ocular muscles) and the vestibulospinal reflex (VSR) which integrates information 
from the skeletal system. One system may be more dominant and override the other 
in certain situations. All eye movements are aimed at ensuring optimal visual acuity. 
Vestibular and optokinetic eye movements work to hold eye position in space (gaze) 
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constant by producing compensatory eye movements that keep images stable on the 
retina during head movements. Vestibulo-ocular reflexes (VORs) are responsible for 
maintaining binocular fixation and stabilizing binocular foveal images during head 
movements. The VORs are divided into two types: angular acceleration and gravita-
tion acceleration. Angular reflexes are initiated by activation of the semicircular 
canals. The canals are aligned with the pulling directions of the three pairs of extra-
ocular muscles. Activation of a single semicircular canal leads to motion of the eyes 
about an axis that aligns with the axis of the semicircular canal. Gravitational VORs 
are driven by otolith afferents and can be grouped into two categories: tilt responses 
that compensate for lateral head tilt with respect to gravity and translational 
responses, which produce eye movements compensatory for linear movements of 
the head [1, 2]. Saccadic, pursuit, and vergence eye movements change gaze so that 
images of objects of interest are brought to or kept on the fovea where visual resolu-
tion is highest. Saccades rotate the eye to bring an image onto the fovea. Pursuit 
maintains that image on the fovea as it moves across the visual field. Vergence 
movements are disjunctive, causing the eyes to move in the opposite directions to 
place the image of an object simultaneously on both fovea during movements of the 
head or object.

 Electronystagmography and Videonystagmography

Electronystagmography is the oldest method of monitoring eye movements and has 
been in clinical use for over 50 years. It has been widely used as a diagnostic tool to 
evaluate patients with dizziness or unsteadiness. The ENG is based on the fact that 
there are steady direct current (DC) potentials between the cornea and the retina, 
called corneal-retinal potentials (CRP). The retina possesses a negative charge rela-
tive to the cornea, due to its high metabolic requirements. These potentials create an 
electric field in the front of the head that rotates as the eyes rotate in their orbits. 
Rotation of this electric field produces a roughly linear change in the voltage 
between electrodes attached to the skin on either side of the eyes. Horizontal eye 
position is monitored by electrodes placed on the patient’s temples. Vertical eye 
position is monitored by electrodes place above and below on of the patient’s eyes. 
Eye movement causes deflection in the ENG recording that produces a characteris-
tic tracing (Fig. 4.1a, b). Nystagmus has a fast phase and a slow phase and is an 
involuntary movement. The velocity of the slow phase provides a sensitive and 
accurate measure of intensity. In the past, recordings were made with polygraph 
tracer. In the 1980s computerized ENG recording became available and provided 
the advantages of efficient storage and retrieval of actual eye movement tracings, 
eliminating cutting and pasting of strip chart recordings. Computerization also pro-
vided greater sophistication of analysis for saccade, tracking, and caloric tests and 
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allowed automatic comparison of individual eye movement recordings with statisti-
cal norms at a variety of different frequencies [3].

There are other methods of recording eye movements that do not use of skin sur-
face electrodes. The most commonly and cost-effective manner is use of video infra-
red recording goggles. Direct infrared oculography involves an array of tiny infrared 
lights reflected off the surface of the eye and uses the differential reflection between 
the iris and the sclera to track eye movement. Other research-oriented methods 
include scleral search coils, which are often limited by patient discomfort and cost.

One current trend in many vestibular laboratories is toward the use of computer- 
based video-recorded nystagmography (VNG) (Fig.  4.1c). This VNG technique 
determines eye position by locating the pupil and tracking its center. The internal 
computer program plots, measures, and analyzes the eye movement similar to tradi-
tional ENG.  An additional benefit of the technique is the ability to record eye 
images. This feature is helpful for later study and for teaching personnel and 
patients. Videonystamographic tracings are clean with no drift, improving the accu-
racy of analysis and interpretation. This technique is also easier and quicker than 
using electrodes, and only one calibration is necessary. Limitations of VNG include 
the expense of testing equipment, sense of confinement experienced by some 
patients with claustrophobia, and difficulty in testing patients with ptosis, 
 pupil- obscuring eyelashes, or other eye abnormalities [3].
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Fig. 4.1 Electrooculography (EOG) and videonystagmography (VNG). A-VNG. (a) Corneal- 
retinal potential with recording. In electrooculography, (EOG) the cornea has a relatively positive 
charge signal in comparison to the retina. An electric potential exists between the two. Electrodes 
are placed around the eyes; the movement of the eye brings the cornea closer to one electrode and 
the negatively charged retina closer to the other. (b) The relative voltage difference provides the 
basis for the tracing. Results are charted digitally with time plotted on the horizontal axis and eye 
movements recorded on the vertical axis. By convention, rightward eye movement is recorded as 
an upward deflection, and leftward eye motion is shown as a downward deflection. (c) 
Videonystagmography goggles contain video cameras that allow the patient’s eye movements to be 
recorded for viewing analysis. This allows for superior documentation of torsional nystagmus 
when compared with traditional EOG
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 Electronystagmography/Videonystagmography Test Battery

The ENG/VNG test battery generally consists of eight tests in most clinical settings 
though some centers may choose to use fewer. Five tests are primarily tests of ves-
tibular function, although they sometimes also reveal non-vestibular eye movement 
abnormalities as well. Three are tests of non-vestibular eye movements [4].

Vestibular Function Tests

 1. Presence of abnormal eye movements and whether the movements change with 
head position
 a. Positioning test (Dix-Hallpike maneuver)
 b. Positional test
 c. Gaze test

 2. Vestibular oculomotor function
 a. Bithermal caloric test
 b. Headshake test

Non-vestibular Tests

 3. Visual oculomotor function or non-vestibular (tracking) eye movements
 a. Saccade test
 b. Tracking test
 c. Optokinetic test

 Vestibular Function Tests

 Positioning Test (Dix-Hallpike Maneuver)

The patient is tested for two brisk movements, both beginning with the patient in the 
sitting position. The patient’s head is turned 45° toward one side. Then the exam-
iner, standing behind the patient, pulls them briskly backward so that the patient is 
lying supine with their head still turned to that side and hanging over the end of the 
examining table. The examiner holds the patient’s head in that position for at least 
20–30 s and monitors the patient’s eye movements. The patient is then returned to 
the sitting position. If a response was elicited, the examiner repeats the same maneu-
ver to determine if the response fatigues. The examiner performs the maneuver with 
the patient’s head turned 45° to the other side and repeats the maneuver sequence 
(Fig. 4.2a, b). For some patients with neck disease where the head-hanging position 
is not available, the Bojrab maneuver may be employed placing the posterior semi-
circular canal in the same position for testing (Fig. 4.2f).

During the backward movement, the Dix-Hallpike maneuver may induce a few 
beats of nystagmus. After the head has reached the hanging position, normal 
 individuals do not have nystagmus. Some patients with benign positional vertigo 
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display a burst of intense paroxysmal positioning nystagmus that is the hallmark of 
the disorder (Fig.  4.2e). Paroxysmal positioning nystagmus has three 
characteristics:

 1. Usually (but not always) delayed in onset by at least a few seconds. Some patients 
may have a delay of up to 30–45 s before onset.

 2. The nystagmus is transient being present for a number of seconds and then sub-
siding but may continue for 30–45 s.

 3. The nystagmus is accompanied by vertigo, which is often intense and follows the 
same time course as the nystagmus.

The response usually fatigues upon repetition of the maneuver. The direction 
frequently reverses when the person sits up. If the nystagmus lasts longer than 
1  min, a possible explanation is by cupulolithiasis in which the cupula remains 
deflected as long as the position is held. Positioning nystagmus that lasts longer than 
1 min, nystagmus that does not fatigue with repeated positioning, actively beating 
positional nystagmus not associated with vertigo, and conjugate vertical positioning 
nystagmus are signs of central nervous system disease [5, 6].
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Fig. 4.2 Positioning testing. (a, b) Dix-Hallpike positioning maneuver demonstrated. The 
patient’s head is first turned to the right. The patient is then rapidly brought into the head-hanging 
position. Patients with benign paroxysmal positional vertigo typically demonstrate a geotropic, 
torsional nystagmus with the affected ear down. (c) Corresponding labyrinth position which results 
in ampullofugal endolymphatic flow in the right posterior canal. (d) Stimulatory cupula deflection 
by right posterior canalithiasis. (e) VNG tracing representing right lateral canal electrode showing 
right-beating nystagmus which is seen with right posterior canal BPPV. (f) The Bojrab maneuver 
demonstrated as an alternative method for positional testing of the right posterior canal. The head 
is turned 45° to the left so that the pinna is perpendicular to the table surface. The examiner holds 
the head in that position as the patient is briskly lowered onto his/her shoulder with the head resting 
on the table. This position is held for at least 20 s, while eye movements are monitored. The patient 
is then returned to the sitting position. If nystagmus was elicited, the examiner repeats the same 
maneuver to determine if the nystagmus is fatigable
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Paroxysmal positional nystagmus can be readily appreciated by visual observa-
tion with the patient’s eyes open or with the patient wearing Frenzel’s lenses in a 
darkened room. The examiner sees primarily the torsional component of the nystag-
mus, with counter clockwise fast phases when the right ear is involved and clock-
wise fast phases when the left ear is involved. Another way to think of this is 
torsional nystagmus that is geotropic of turning toward the downward labyrinth or 
ear. Traditional ENG is insensitive to the torsional component of the nystagmus but 
does record the horizontal and vertical components. The horizontal component gen-
erally has fast phases away from the undermost ear, and the vertical component has 
upward fast phases. Paroxysmal positional nystagmus changes somewhat with the 
direction of the patient’s gaze. The torsional component is more prominent during 
gaze toward the undermost ear, and the vertical component is more prominent dur-
ing gaze toward the uppermost ear (Fig. 4.2e).

In 1985, McClure described a variant of BPPV that affects the horizontal or lat-
eral semicircular canal. In this condition which has been called horizontal canal 
BPPV, the positioning maneuver results in horizontal nystagmus that displays some 
of the characteristics as that of posterior canal BPPV (paroxysmal, accompanied by 
vertigo) [7, 8].

 Positional Test

The purpose of the positional test is to determine if different head positions, not 
head movements, induce or modify vestibular nystagmus. The patient’s eye move-
ments are monitored, while the head is located in at least four positions: sitting, 
supine, right head turn, and left head turn. Eye movements are recorded for at least 
30 s eyes open and eyes closed in each of these positions. If nystagmus appears or 
is modified in either of the latter two positions, the patent is tested again while lying 
on that side to determine if the effect was due to neck rotation. If this disappears in 
the lateral position, then it was caused at least partly by neck rotation (Fig. 4.3).

Positional nystagmus may be intermittent or persistent unlike positioning 
 nystagmus, which disappears if the head is still. Persistent positional nystagmus is 
sustained as long as the head position is held and may reflect the effect of changing 
otolithic influence. As with positioning nystagmus, the terms geotropic and ageotro-
pic may be used to describe the direction of the nystagmus. The nystagmus may be 
direction fixed (beating in the same direction in different head positions) of direc-
tion changing (beating in a different direction in different head positions). Both of 
these types of nystagmus occur most commonly with peripheral vestibular disorders 
but can also be a sign of a central lesion. Peripheral vestibular nystagmus usually 
stops with visual fixation. Positional nystagmus has little localizing value but is 
valuable indicator of vestibular system dysfunction. Other signs and clinical data 
must be used to localize the lesion. The most common abnormality seen with the 
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Fig. 4.3 Drawing of positional test. Positional test is to determine if different head positions 
induce or modify nystagmus. Nystagmus induced by positional testing is referred to as positional 
nystagmus or static positional nystagmus. During the positional tests, the patient’s eye movements 
are monitored, while the head is in at least four positions: sitting, supine, head right, and head left. 
If nystagmus appears or is modified in either of the latter two positions, the patient is tested again 
while lying on that side to determine if the effect is caused by neck rotation
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positional test is spontaneous nystagmus. When persistent nystagmus is found, it is 
important to observe it for at least 2 min because certain types of direction-changing 
nystagmus reverse direction every 2 min (acquired periodic alternating nystagmus). 
This type of nystagmus usually is caused by central nervous system lesions, but 
vestibular stimulation can reset the oscillation [9, 10].

 Gaze Test

The gaze test discloses nystagmus in the absence of vestibular stimulation. It may 
be the first step in identification of vestibular, central, or congenital disorders that 
present with nystagmus. The test is performed by recording the patient’s eye move-
ments first in the primary position with gaze straight ahead. Then eye movements 
are recorded while looking 30° to the right, to the left, up, and down. Eye positions 
should be held for at least 30  s. Vestibular spontaneous nystagmus occurs when 
there is an imbalance in the tonic input from the vestibular system. It is typically 
seen during and directly after unilateral vestibular dysfunction. The nystagmus usu-
ally has fast phase away from the site of the diseased labyrinth or nerve. An excep-
tion would be in Meniere’s disease when there could be in hyperactive or irritative 
response causing nystagmus to beat toward the disease side. Vestibular spontaneous 
nystagmus is seen at ENG as a horizontal nystagmus. The intensity of the spontane-
ous nystagmus may change with change in eye position, being stronger when the 
gaze is directed toward the direction of the nystagmus (Alexander’s law). Gaze 
deviation beyond 40° may cause end point nystagmus even among healthy persons. 
Spontaneous nystagmus that does not lessen or increases with visual fixation sug-
gests a central lesion (failure of fixation suppression) (Fig. 4.4) [11].

Alternatively, gaze-evoked nystagmus may be a side effect of a variety of medi-
cations including anticonvulsants, sedatives, and alcohol. It can also occur in such 
diverse conditions as myasthenia gravis, multiple sclerosis, and cerebellar atrophy. 
Dysconjugate gaze nystagmus is commonly present with medial longitudinal fas-
ciculus lesions, such as internuclear ophthalmoplegia [2, 12].

 Vestibular Oculomotor Function

 Bithermal Caloric Test

The caloric test is the most difficult, the most time-consuming, and the most impor-
tant test in the VNG test battery. This test is useful in lateralizing a vestibular lesion 
or identifying disorders of the labyrinth and vestibular nerve. It is an invaluable aid 
in the diagnosis of peripheral vestibular disorders such as Meniere’s disease, ves-
tibular neuronitis, labyrinthitis, and ototoxicity. It is the only test that allows stimu-
lation of each ear separately.
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The theory of the caloric stimulation was created by Viennese scientist, Robert 
Barany, who received the Novel Prize for Medicine in 1914 for his work on the 
vestibular system. Barany proposed that caloric irrigation induces endolymphatic 
flow in the lateral semicircular canal by producing a temperature gradient from one 
side of the canal to the other. The temperature change alters the density of the 
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Fig. 4.4 Gaze testing. The gaze test detects nystagmus that occurs without active vestibular stimu-
lation. (a) Demonstrates left gaze with fixation which suppresses the nystagmus. (b) Demonstrates 
left gaze without fixation, such as when Frenzel’s glasses are worn, unmasking left-beating 
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 endolymph on the lateral aspect of the canal closest to the temperature source. 
Gravity causes fluid to move, deflect the cupula, and stimulate or inhibit the vestibu-
lar nerve and the afferent pathway. Cold stimuli produce ampullofugal (away from 
the cupula) deviation and warm stimuli cause ampullopetal deviation (toward the 
cupula). We now know that this theory is incomplete because caloric responses are 
seen though diminished in monkeys even after occlusion of the horizontal semicir-
cular canal and in humans tested in microgravity (outer space) [13, 14]. The mecha-
nism of caloric stimulation probably involves endolymphatic convection and a 
direct effect of temperature change on the discharge rate of the superior vestibular 
nerve and end organ (cold temperature depresses the firing rate, and warm tempera-
ture elevates the firing rate) [15].

Many vestibular labs have changed to the usage of air. Caloric stimuli are uncali-
brated, that is, stimulus strength varies from person to person depending on the size 
and shape of the external ear canal and other uncontrollable variables. The basic 
assumption is that the two ears receive equal caloric stimuli. If both ears are normal 
and or similar, then the response from the two ears should be equal intensity. 
Therefore, the strength of the caloric responses of the two ears is compared. This 
current standard caloric test evolved from the bithermal caloric test introduced by 
Fitzgerald and Hallpike in 1942.

The patient is placed in the supine position with the head elevated 30°, thereby 
placing the lateral semicircular canal in the vertical plane. Each ear is irrigated 
twice: once with air (or water) at 7° above body temperature (44 °C) and then with 
air (or water) at 7° below body temperature (30 °C). In a healthy patient, irrigation 
with a warm stimulus provokes nystagmus with the fast phase directed toward the 
stimulated ear; irrigation with a cool stimulus evokes nystagmus with the fast phase 
directed away from the stimulated ear (Fig. 4.5a).

The caloric data are analyzed, and five characteristics of the nystagmus are cal-
culated: duration, latency, amplitude, frequency, and velocity. Of these parameters, 
the most important variable is the peak slow-phase eye velocity. In normal individu-
als, the slow-phase eye velocity should be equally strong in both directions as 
 measured with VNG (Fig. 4.5b). Comparing the peak slow-phase eye velocity of the 
cool and warm caloric responses of the right ear with those of the left ear, using the 
following formula, allows the examiner to determine whether a unilateral vestibular 
weakness exists [16].

 

RW RC LW LC

RW RC LW LC
UW

+( ) - +( )
+ + +

´ =100%
 

Where RW, RC, LW, and LC are peak slow-phase eye velocities of the responses 
to right warm, right cool, left warm, and left cool responses, respectively, and UW 
is unilateral weakness. In general, a unilateral caloric weakness (CW) of greater 
than 20–25% indicates peripheral vestibular dysfunction on the side of the weaker 
response.
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Fig. 4.5 Caloric testing. (a) The patient is positioned so that the head is elevated is 30°, aligning 
the lateral canal in a vertical position, perpendicular to the ground. Cold air/water is introduced 
into the right ear causing ampullofugal endolymph flow and corresponding nystagmus with the fast 
phase toward the opposite ear. (b) VNG tracing of caloric evaluation to cool and warm stimulation 
demonstrating normal bilateral responses. The upper panels plot the growth and decay of the right 
and left ears caloric responses over time. The lower right panel plots the peak velocity of the slow 
component of nystagmus for the right and left ear, respectively. The lower left panel reveals a 
unilateral weakness (UW) of 6%, which is less that the 20–25% seen in unilateral weakness and 
therefore in the range of normal
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Patients with labyrinthine hypofunction may demonstrate reduced or absent 
caloric responses to the initial bithermal stimuli. In this case, the test is repeated 
with ice water (approximately 0 °C) irrigations. However, one should keep in mind 
that the absence of a caloric response does not always imply absent peripheral func-
tion as the stimulus levels are below the level which the VOR generally functions.

The most common abnormality seen with caloric responses would be a unilateral 
lesion. Patients may also have both a unilateral weakness and spontaneous nystag-
mus. This pattern is typical of patients with acute sudden unilateral peripheral ves-
tibular lesions. Such a lesion causes a reduction in the resting input coming from the 
damaged ear, producing an asymmetry that induces nystagmus with slow phases 
toward the damaged ear (Fig. 4.6a).

Fig. 4.6 Unilateral and bilateral weakness. (a) A unilateral caloric weakness (CW) of greater than 
20–25% indicates peripheral vestibular dysfunction on the side of the weaker response. This is an 
example of a right-sided unilateral weakness, with no response in the right ear, and the calculated 
unilateral weakness (UW) is 100%. (b)This is an example of bilateral CW. It is important to pay 
attention to the scale on the x-axis. Caloric responses of both ears fall below 12°/s per side which 
is consistent with bilateral CW
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Whereas the bithermal caloric test is highly sensitive to unilateral peripheral ves-
tibular dysfunction, it is relatively insensitive to bilateral dysfunction. Even though 
the stimulus at the entrance to the external ear canal is the same for everyone, the 
stimulus reaching the inner ear shows great inter-individual variability owing to dif-
ferences in the size and shape of the ear canal and the status of the middle ear. 
Therefore, the range of normal absolute response intensities is extremely wide, and 
bilateral caloric weaknesses must be severe to fall below them. The usual rule of 
thumb is that a bilateral weakness exists if the caloric responses of both ears fall 
below 12°/s, per side (Fig. 4.6b) [1, 17–22].

 Headshake Test

A headshake test should also be included as part of the VNG battery. The test is 
performed with the patient in the seated position. The patient’s head is rapidly 
rotated in the horizontal plane with the head down about 30° for maximal 
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Fig. 4.6 (continued)
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stimulation of the lateral canals. The rotation must be performed at approximately 
1–2 Hz for about 30 cycles and then abruptly stopped. The patient may shake their 
own head as directed (autorotational) or may be assisted by the examiner, who 
grasps the head firmly and rotates it side to side (Fig. 4.7). If the head is rotated side 
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Fig. 4.7 Headshake nystagmus. (a) The head is held tilted down roughly 30° to bring the lateral 
canal into the horizontal plane. Rotation laterally 30–45° side to side at 1–2 hz is done for 10–15 s. 
The patient’s head is abruptly stopped and the patient’s eyes are observed. (b) If peripheral vestibu-
lar dysfunction is present, then a few beats of nystagmus are usually seen, typically away from the 
affected side. In this case there is left-beating nystagmus after the headshake
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to side in the horizontal plane in normal subjects, the velocity storage is charged 
equally on both sides. There is no post rotatory nystagmus as the stored velocities 
decay at the same rate on either side. However, nystagmus does occur after head 
shaking in subjects with unilateral vestibular hypofunction. This may persist for 
5–30 s. This pattern may even reverse after several seconds presumably because 
neurons affected by velocity storage adapt to the prolonged change in firing from 
their baseline rates [23–25].

 Non-vestibular Tests

 1. Visual oculomotor function or non-vestibular (tracking) eye movements
 a. Saccade test
 b. Tracking or pursuit test
 c. Optokinetic test

 Saccade Test

The saccade control system generates all voluntary and involuntary fast eye move-
ments. The purpose of the saccade system is to be able to capture visual targets in 
the periphery of the visual field and focus them onto the fovea. Saccade testing is 
performed at the beginning of the VNG while calibrating eye movements. The 
patient’s eye movements are compared to the target stimuli, and the analysis typi-
cally yields measurements of saccade accuracy, latency, and velocity. A variety of 
saccade paradigms exists from the various manufactures. The most common test is 
of horizontal and vertical eye movements during fixation on a computer- controlled 
visual target that goes back and forth in the horizontal plane in a random sequence 
(Fig. 4.8). The interpretation of saccade data must take into account patient vari-
abilities such as age, cognitive status, attention to task, visual acuity, sedation, sleep 
deprivation, comprehension level, and medications. Symmetrically inaccurate or 
slow saccades are often attributable to one or more of those variables. Characteristic 
saccade abnormalities can suggest relatively specific sites of lesion and can provide 
for differentiating between brain stem and posterior cerebellar vermis involvement. 
The conditions such as internuclear ophthalmoplegia (INO) results from a lesion in 
the medial longitudinal fasciculus that causes a reduction of the neural signal to the 
ipsilateral medial rectus muscle (adduction) and preserved lateral rectus mediated 
movements (abduction). The resulting saccades in INO demonstrate slow velocity 
of adduction eye movements and overshoot for the abduction eye movements. 
Errors of saccade accuracy include hypometric and hypermetric saccades and may 
suggest a cerebellar disorder, whereas abnormal saccade slowing may suggest an 
abnormality of the parapontine reticular formation of the brain stem [2].
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 Tracking Test

The smooth pursuit testing is conducted by having a patient follow a computer- 
controlled visual target that typically moves in a sinusoidal pattern that varies in 
frequency over time (Fig.  4.9). Patients’ variables can negatively impact perfor-
mance and interfere with interpretation. The most common abnormality is the 
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Fig. 4.9 (a) Standard setup for smooth pursuit. (b) Oculographic recording of smooth pursuit
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presence of “catch-up” saccades. Smooth pursuit is the most sensitive of ocular 
motor tests, but it provides poor lesion site localization with the multiple pathways 
involved in the pursuit generation. Abnormalities with pursuit are typically taken as 
an indication of possible vestibulocerebellar region involvement. Asymmetrically 
impaired pursuit is a more specific finding and suggests a unilateral hemispheric or 
asymmetrical posterior fossa lesion [3, 26].

 Optokinetic Test

The stimulus for the optokinetic test varies by laboratory. The specific methods and 
stimuli used in the optokinetic test vary according to testing laboratory. In one ver-
sion, the patient’s horizontal eye movements are monitored while following a series 
of visual targets that move to the right and then to the left. This stimulus evokes a 
nystagmus with the slow phase in the direction of target motion, periodically inter-
rupted by fast phases in the opposite direction. The optokinetic test, like the tracking 
test, is a test of eye pursuit pathways, and the results of the tracking and optokinetic 
tests show concordance with tasks of similar difficulty. In normal individuals, the 
slow-phase eye velocities approximately match target velocities for both rightward- 
and leftward-moving targets (Fig. 4.10).

Fig. 4.10 Optokinetic test set up from our laboratory. A train of dots is passed across the strip 
while the patient is asked to count the number of dots
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The production of true optokinetic nystagmus (OKN) involves a combination of 
the neurologic substrate involved with smooth pursuit tracking together with areas 
that respond to moving visual stimuli in a full-field format but do not respond to 
head movement, the so called optokinetic areas. When viewing a full-field stimulus, 
the initiation of the nystagmus is dominantly a result of smooth pursuit tracking 
with the OKN component added as the stimulus is continued requiring seconds to 
fully develop. The response then continues as a combination of both smooth pursuit 
tracking and optokinetics. Therefor to evaluate OKN function in the isolation from 
smooth pursuit, one must take advantage of a perseveration of nystagmus caused by 
stimulation of the optokinetic system when the person is suddenly put into the dark 
after a minimum of 30 s worth of stimulation called optokinetic after nystagmus 
(OKAN). As soon as the target has been extinguished for 1 s, the smooth pursuit 
system no longer has any influence, and the OKAN is a direct result of the activity 
of the optokinetic system reflected through the area of the brain stem referred to as 
the velocity storage system. Abnormal responses can reflect abnormal fast-phase 
velocity or abnormal slow-phase velocity. Abnormal OKN has a localizing value 
that is similar to smooth pursuit, although the sensitivity is poorer [1].

 Benefits of ENG/VNG

Although ENG has correlates with many portions of the physical examination, it is 
an important part of the evaluation of many patients with complaints of dizziness or 
balance disturbance. Electronystagmographic testing has a number of advantages: 
(1) the results of the test are quantified, and there are well-defined normal limits; (2) 
the bithermal caloric test cannot be done as accurately without the precise stimulus 
control and response quantification provided by ENG; (3) because ENG provides 
accurate documentation of results, it can be used to follow the patient with known 
vestibular disease; (4) standardized documentation is helpful in medical-legal and 
workers’ compensation cases; and (5) it is the only test that assesses each ear sepa-
rately and can give side-of-lesion localizing information.

 Limitations of ENG/VNG

It is important to recognize that caloric stimulation tests only the lateral semicircu-
lar canal and provides little information about the status of the posterior or superior 
semicircular canals, utricle, or saccule. Traditional ENG testing using electroocu-
lography is also relatively insensitive to torsional nystagmus because rotational 
movement of the eye about the axis of the pupil does not move the cornea with 
respect to any of the skin electrodes. However, this limitation is easily overcome 
using VNG.

4 Electronystagmography and Videonystagmography



64

The results of ENG testing may fluctuate in concordance with the patient’s dis-
ease process. Two of the more common illnesses seen in vestibular clinics are BPPV 
and Meniere’s disease. Both illnesses can be associated with a normal ENG despite 
“classic” symptomatology. For example, on the day of testing, a patient with com-
plaints consistent with BPPV, the response may have been fatigued, or the disease 
may have gone into remission. For that patient, the test results may be normal or 
indicate a unilateral vestibular weakness on the suspected side. Nevertheless, we 
maintain clinical suspicion of BPPV and ask the patient to return for retesting on a 
particularly “dizzy day.” Similarly, the patient suspected of having Meniere’s dis-
ease may have a normal ENG early in the course of the illness and only later will the 
caloric evaluation demonstrate a unilateral peripheral weakness, gaze-evoked nys-
tagmus, or even spontaneous nystagmus. It is best to have patients abstain from 
vestibular suppressant medications (e.g., diazepam) for at least 48–72 h prior to 
ENG testing as they can also cause a “false-negative” test or show abnormal central 
vestibular function.

Some patients may present with dizziness not related to vestibular system dys-
function, e.g., syncope or presyncope, vertebralbasilar insufficiency, migraine- 
associated dizziness, multiple sclerosis, ocular dizziness, motion sickness syndrome, 
or cardiovascular disease. In these patients, a unilateral weakness found on ENG 
does not necessarily implicate vestibular dysfunction as the cause of their symp-
toms. The ENG finding may be incidental and must be considered in light of the 
clinical history and physical examination.

 Summary

Electronystagmographic testing is an important tool in the management of the 
patient with dizziness. It is by no means a substitute for a thorough neurotologic 
history and physical examination, and the results should be interpreted in light of 
the clinical evaluation. Those who use ENG testing should have a thorough under-
standing of how the test is performed, what its components are, and the significance 
of the results. When used properly, ENG/VNG is the single most valuable test cur-
rently available in the vestibular laboratory.
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Chapter 5
The Vestibulo-ocular Reflex and Head 
Impulse Testing

Erika McCarty Walsh and Dennis I. Bojrab

The vestibulo-ocular reflex (VOR) is a vestigial reflex that serves to maintain visual 
focus on a target during head movement. The reflex arc includes the end organs of 
balance – the three paired semicircular canals and two paired otolith organs – the 
vestibular and oculomotor nuclei, and extraocular muscles; it is also under modula-
tory control by the cerebellum [1, 2]. VOR can be suppressed when desired, such as 
when reading in a moving vehicle, and it is most active with high-frequency head 
movements greater than 2 Hz. In fact, at slower frequencies, eye movements are 
under the control of a variety of reflexes, including optokinetics, smooth pursuit, 
and the cervico-ocular reflex. Therefore, high-frequency head movements specifi-
cally test VOR and, by proxy, the peripheral vestibular system [3].

Head movement stimulates the semicircular canal (or canals) ipsilateral and in the 
plane of the head movement; simultaneously, the contralateral semicircular canals 
are inhibited. First, this afferent signal travels to the ipsilateral vestibular nucleus. 
The signal then decussates, traveling to and stimulating the contralateral abducens 
nucleus. Internuclear neurons travel via the medial longitudinal fasciculus to the ipsi-
lateral oculomotor nucleus. The sum of these signals is a slow eye movement oppo-
site the head movement. For example, head movement to the left would result in an 
excitatory impulse to the right abducens nucleus and left oculomotor nucleus, creat-
ing contraction of the right lateral rectus and left medial rectus with resultant move-
ment of both eyes to the right. The eyes remain focused on their target, and the visual 
scene is not disturbed by head motion [3]. The particular set of semicircular canals 
and otolithic end organs stimulated by a head motion is determined by the location 
of the head relative to gravity, the rotation in x, y, and z axes, and the amount of pitch 
(rotation around an axis through the external auditory canals), yaw (rotation around 
a cranial caudal axis), and roll (rotation around an anterior to posterior axis) [2, 4]. 
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Results of VOR testing are often expressed in terms of gain – a numeric value derived 
from the ratio of the area under of the curve of eye velocity and the area under the 
curve of head velocity [3]. Gain of 1 suggests perfect compensation of eye move-
ments with head movement. When VOR fails, corrective saccades re-center the point 
of interest on the gaze; they are typically contralateral to the direction of stimulation. 
The movement of the target in the visual scene, known as retinal slip, targets visual 
re-fixation on the target [5]. Overt saccades are easily visible by an observer testing 
the vestibular system and are the basis of bedside head impulse testing (see below) 
[6]. In contrast, covert saccades are not readily detectable by a clinician and require 
objective, precise measurement of eye movement and head movement [7].

Described by Barany in his work on the vestibular system that ultimately won the 
Nobel Prize in 1914, caloric testing was long the gold standard test of peripheral ves-
tibular function [8]. However, caloric testing is generally a specific testing of the hori-
zontal semicircular canals and, by extension, the superior vestibular nerve. Therefore, 
interest grew in provocative tests that evaluate the VOR and, by extension, the function 
of any of the three paired semicircular canals and otolith end organs. In general, these 
provocative tests can be divided into whole body or head- only impulse testing. Whole 
body impulse testing in the form of rotary chair gained popularity in the 1980s as a way 
to evaluate the VOR. However, rotary chair testing is limited by the frequency a rotary 
chair can produce and the velocity patients can tolerate. Frequencies more than 1 Hz 
are technically infeasible, which confounds results given the non-vestibular reflexes 
that dominate eye movements at these frequencies [9]. In contrast, the head alone can 
be rotated rapidly to reach VOR-specific frequencies of greater than 2  Hz; this is 
referred to as head-only impulse testing. Head-only impulse testing can be classified 
into active and passive testing. In active testing, patients are in control of head motion; 
in passive testing, the examiner controls the patient’s head movements.

Halmagyi and Curthoys first described passive head impulse testing in 1988. In 
this testing paradigm, the head is rapidly turned by the examiner 15–20° from neu-
tral in one direction, while the patient is instructed to fix their gaze on a central 
midpoint. The patient is observed for overt catch-up saccades, suggestive of ves-
tibular dysfunction ipsilateral to the direction of the head turn [6]. If the vestibular 
end organs in the plane of the head thrust on the ipsilateral side are hypofunctioning, 
the VOR will fail and eyes will drift with head movement; therefore, a corrective 
saccade to the contralateral side will be necessary to re-center the visual scene. 
Scleral search coils have been used with this paradigm to provide objective data 
about eye movements; however, comfort and expense make this technique of lim-
ited clinical utility [3]. While bedside head thrust testing is appealing for its simplic-
ity, its sensitivity is too low to function independently as a test of peripheral 
vestibular function; it is, however, highly specific [10]. The position of the head 
during head thrust can be altered to more specifically test particular semicircular 
canals or otolithic end organs. Clinical evaluation of catch-up saccades has provided 
quick, simple bedside testing of peripheral vestibular function and can provide valu-
able evaluation about the semicircular canals and otolithic end organs [11].

In active head thrust or autorotational testing,  subjects rotate their heads while 
fixing their gaze on a central target. They are directed to rapidly rotate their heads in 
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response to auditory stimulation in the form of clicks or beeps; these sound cues 
result in headshake in the range of 2–6 Hz. Electrooculography with electrodes at 
the lateral canthi bilaterally is used to obtain objective measurements of eye move-
ment [12]. The gain measures in autorotational testing have proven valuable in a 
number of clinical scenarios. The use of this testing has revealed significant decrease 
in gain with cisplatin (vestibulotoxic chemotherapy) [13], increased gain in 
Meniere’s disease [14], and decreased gain in acoustic neuroma that positively cor-
relates in many cases to the size of the tumor [15]. Similarly, autorotational testing 
has been shown to pick up peripheral vestibular pathology that caloric testing may 
miss when compared head to head [16]. However, volitional head movements can 
still be confounded by secondary reflexes, such as the cervico-ocular reflex, even at 
high frequencies [2]. Therefore, autorotational testing has fallen out of favor.

Passive head-only impulse testing has taken a modern form in video head impulse 
testing (vHIT). vHIT testing involves high-impulse head movements combined with 
video software that measures pupil velocity. For patients, it is a relatively simple 
and noninvasive test; instead of electrooculography or scleral coils, a set of goggles 
that precisely track pupil movements are worn (Fig. 5.1). Data suggests that this 
tracking technology is equivalent to the precision seen with scleral search coils 

Fig. 5.1 The testing set up for video head impulse test. At left, neutral head position with video gog-
gles in place. Right: after thrust 15–20° lateral, patient continues to fix their eyes on a midline target
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while being more comfortable and cost-effective [17]. Two sets of data can be col-
lected with vHIT technology. In head impulse testing or HIMP testing, the patient 
fixes their gaze on a set target, while an examiner performs head thrust maneuvers. 
Eye and head velocity, along with overt and covert catch-up saccades, are recorded. 
Secondary data can be obtained with suppression head impulse or SHIMP testing. 
In this paradigm, the stimulus of rapid, passive, unpredictable head turns is 
unchanged; however, the visual target moves with the patient’s head. In contrast to 
HIMP testing, patients with normal vestibular function make the catch-up saccade 
as they overcome VOR to fix on the visual target [18]. In contrast, patients with 
vestibular dysfunction are able to track the moving target freely with rapid head 
thrust. SHIMP testing eliminates the need to monitor for overt saccades in patients 
with peripheral vestibular pathology, with easy interpretation of results [3, 19]. As 
with bedside head thrust testing, the position of the head during the examination can 
be manipulated to provide information more specific to certain portion of the periph-
eral vestibular system. These data sets are complementary and can provide signifi-
cant information for the examiner about the function of the peripheral vestibular 
system.

Some authors have suggested vHIT may replace caloric testing as the gold stan-
dard screen for peripheral vestibular system function, and it has shown significant 
promise (Figs. 5.2 and 5.3). vHIT has shown value in a number of clinical scenarios. 
In acoustic neuroma, vHIT shows ipsilesional decreased gain and presence of catch-
 up saccades. Similarly, decreases in gain have been shown to positively correlate 
with tumor size [20]. In acute vestibular neuritis, vHIT both can show unilateral 
weakness in terms of ipsilesional reduced gain and presence of catch-up saccades 
and improvement in ipsilesional gain that correlates with clinical recovery [21] 
(Fig.  5.4). In Meniere’s disease, outside of active vertigo, vHIT testing can be 
 variable and may be normal or gain may be decreased [22]. In Meniere’s disease, 
significant decrease in vHIT gain after ablative intratympanic gentamicin injection 
has been shown to correlate with symptom control [23]. Additionally, vHIT  provides 
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two complementary forms of data in calculations of gain and presence of saccades, 
and the presence of catch-up saccades in the presence of normal  calculated gain 
may still be of significant clinical importance in some scenarios [24, 25]. However, 
McCaslin et  al. found that mild unilateral peripheral weakness (<40% UW) 
 detectable on caloric testing may be missed with measurement of vHIT gain [26]. 
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Others have found that caloric testing is more sensitive than vHIT in detecting uni-
lateral weakness associated with acoustic neuroma [27]. vHIT continues to grow in 
clinical use and is a valuable complementary test in the peripheral vestibular test 
battery, but further research is needed to determine its utility in various clinical 
scenarios.
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Chapter 6
Rotary Chair Testing

Christopher K. Zalewski, Devin L. McCaslin, and Matthew L. Carlson

 Introduction to Rotational Testing

Similar to the auditory system, the vestibular system’s sensitivity range is signifi-
cantly broader than what is needed for daily life activities. Specifically, the vestibu-
lar system’s response characteristics are principally efficient and effective for a 
narrow range between 0.05 and 6 Hz. Figure 6.1 highlights the vestibular system’s 
effectiveness for the narrow frequency range where natural head movements occur. 
Within the frequency range of natural head movements, the responsiveness of the 
vestibular system can be characterized as linear, capable of operating with nearly 
perfect vestibular ocular reflex (VOR) gain and phase [2, 3]. This is ideal, insomuch 
that the operating range of the VOR is functionally matched to those activities that 
are most common during ambulation and particularly those active head movements 
that are associated with daily life activities.

Figure 6.1 also depicts the nonlinearity and lack of response unity (i.e., perfect 
gain) of the VOR for frequencies that occur above and below those associated with 
natural head movements. As can be seen, the efficiency of VOR gain and phase is 
significantly poorer for these frequencies. Unfortunately, the test stimulus that is 
most commonly used to clinically evaluate the vestibular system, the caloric stimu-
lus, falls within this highly inefficient range and is, therefore, neither truly ideal nor 
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representative of daily life activities. Moreover, the caloric stimulus is a relatively 
nonfunctional stimulus, being one of thermal convection rather than one of true 
motion. Rotational testing is uniquely situated to address both of these clinical 
shortcomings. First, the rotational stimuli are significantly closer in frequency to 
those encountered during daily life activities, and second, the rotational nature of 
the stimulus is more natural, being one of angular rotation. That being said, rota-
tional testing may be best suited to evaluate vestibular physiology and subsequently 
best suited to identify vestibular pathology.

 Principles of Rotational Testing

Rotational testing delivers a repeatable, reliable, consistent, precise, and tolerable 
stimulus, which makes it an excellent clinical test for investigating the physiological 
response of the vestibular system. Because rotational stimuli are so precisely deliv-
ered across a broad frequency range, it has been suggested that rotational assess-
ment should be the primary test of vestibular function, with videonystagmography 
(VNG) reserved as a complementary test [4].
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In response to angular rotations in the yaw plane, the VOR is precisely 
recorded through electrooculography (EOG) or via high sampling-rate video-
graphic (VOG) methods. Testing is conducted using a rotational chair housed in 
a lightproof enclosure, or at least conducted under vision denied conditions, so 
as not to allow for any visual or optokinetic contribution when measuring the 
VOR (Fig. 6.2). Precise rotational paradigms have been well established and are 
applicable to a wide range of populations from very young patients to nonage-
narians. Most commonly, rotational testing is usually comprised of a series of 
back-and-forth accelerations (oscillations), in addition to a series of abrupt, 
stepwise, accelerations followed by persistent rotations. Rotations are delivered 
to a seated patient via a computer- controlled torque-driven chair that can be 
finely tuned to apply exacting accelerations and velocities. With the head tilted 
downward by approximately 30° so as to place the horizontal semicircular canal 
in the horizontal plane for maximal stimulation (Fig. 6.3), the body and head 
can be precisely rotated at exacting frequencies from as slow as 0.003 Hz (that 

Fig. 6.2 Earth-vertical 
axis rotational chair
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of the caloric stimulus) to as quick as 2.0  Hz. In addition, constant velocity 
stimuli as fast as 400–600°/s, and accelerations as quick as 1000°/s2 can also be 
delivered [5].

 Rotational Test Protocols

There are two principal test protocols that are essential to a basic, or routine, clinical 
rotational vestibular assessment: sinusoidal harmonic acceleration (SHA) testing 
and velocity step testing (VST). Additional rotational tests are available but may not 
be routinely performed during a standard clinical assessment. Such additional tests 
include fixation suppression, visual-vestibular enhancement, subjective visual verti-
cal, subjective visual horizontal, unilateral centrifugation (UCF), off-vertical axis 
rotation (OVAR), and chair head impulse testing (crHIT) (Table 6.1).

 Sinusoidal Harmonic Acceleration

When performing rotational testing, the primary test most often performed is SHA 
testing. Sinusoidal acceleration testing provides critical data regarding the respon-
siveness of the vestibular system across a broad frequency range (Fig. 6.1). This is 

Table 6.1 Rotational test protocols

Test Protocol Stimuli parameters

Calibration 10° gaze right, left, up, 
and down

Smooth pursuit between gaze positions or 
saccades

Ocular motor Routinely performed Saccades, smooth pursuit, gaze, optokinetic 
pursuit, spontaneous testing

Sinusoidal harmonic 
acceleration (SHA)

Routinely performed 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64 Hza 
(higher frequencies optional)

Velocity (trapezoidal) 
step (VST)

Routinely performed Low (60°) velocity step testing
High (240°) velocity step testing

VOR suppression Routinely performed 0.08, 0.16, 0.32, 0.64 Hz (no higher than 
1.0 Hz)

Visual-vestibular 
enhancement

Perform when clinically 
indicated (central/
cerebellar/migraine)

0.08, 0.16, 0.32, 0.64 Hz (no higher than 
1.0 Hz)

Unilateral 
centrifugation

Perform when clinically 
indicated (otolith)

SVV or SVH during static, on-center 
rotation, UCF-R and UCF-L eccentric 
rotations; generally high velocity 300°/s

Off-vertical axis 
rotation (OVAR)

Perform when clinically 
indicated (otolith)b

VOR gain, VOR phase, VOR symmetry

aMinimum of 2 cycles performed for 0.01–0.02 Hz, 4 cycles for 0.04–0.08 Hz, and 8–10 cycles for 
0.16–0.64 Hz
bCurrently limited by the FDA to IRB approved research only
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essential when considering the role of the rotational testing in a comprehensive 
vestibular assessment, insomuch that vestibular lesions often impact the effective-
ness of the vestibular system for detecting and transducing low-frequency move-
ments (<0.1 Hz). Because of this, a bilateral vestibular lesion will often yield absent 
caloric responses (0.003 Hz), even though residual and even normal vestibular reac-
tivity can objectively be measured for higher frequency stimuli (>0.1 Hz) like those 
conducted during SHA testing.

During SHA testing, a vertically upright individual is rotated (or oscillated) 
back and forth in the horizontal (or yaw) plane, while the responsiveness of the 
vestibular system to such rotations (i.e., the VOR) is determined across a known 
frequency range of stimuli. Rotational stimuli are most commonly presented as 
sinusoids, with the chair first accelerating in one direction until a peak target veloc-
ity is achieved (usually 50°/s or more commonly 60°/s), after which the chair slows 
and reverses to the same peak velocity in the opposite direction. This periodic 
motion, whereby the chair (head) oscillates about a centric position, is known as 
sinusoidal acceleration testing. Provided the rotational frequencies being adminis-
tered are simple harmonics of one another, this form of stimulation is known as 
SHA testing [7]. The frequencies most commonly administered are harmonic or 
octave frequencies between 0.01 and 0.64 Hz, specifically, 0.01, 0.02, 0.04, 0.08, 
0.16, 0.32, and 0.64 Hz.

Due to the constant varying acceleration and deceleration stimuli during SHA 
testing, the cupulae are subjected to omnipresent (acceleration and deceleration) 
deflection forces that are commensurate with the target velocity stimulus. This is 
eloquently described by the pendulum model of cupular deflection, which offers the 
reasoning for the alternating nystagmus provoked during SHA testing (Fig. 6.4). 
According to the pendulum model, the degree of cupular deflection is dependent 
upon the frequency of angular rotation (acceleration force), and the resulting VOR 
nystagmus will similarly crescendo and decrescendo in relation to the acceleration 
and deceleration of the angular stimulus.

 Sinusoidal Harmonic Acceleration Analysis Parameters

Analysis of the VOR in response to sinusoidal chair rotations produces three salient 
response parameters: gain, phase, and symmetry ([8, 9]) (Fig. 6.5). Comparison of 
the peak ocular response to that of peak chair rotational velocity can be easily deter-
mined. This ratio of peak eye velocity to peak chair velocity is known as the sensi-
tivity, or gain, of the vestibular system, and, through a series of rotations 
(accelerations), the gain of the vestibular system can be effectively determined 
across a wide range of frequencies during SHA testing.

In addition, as the chair begins to accelerate in one direction and the eyes begin 
to slowly deviate in the opposite direction due to the vestibular response, the timing 
relationship between the exact moment chair rotation begins and the exact moment 
the eyes begin to move in the opposite direction can also be determined. This timing 
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relationship is known as the phase of the VOR response and describes the temporal 
movement of the eyes in relation to the movement of the chair (Fig. 6.5).

Finally, the degree of peak eye response can be compared from rotations in the 
clockwise direction to those from the counterclockwise direction. The ratio between 
these two peak responses is known as the symmetry of the VOR. Therefore, three 
primary measures are specifically analyzed during rotational testing: VOR gain, 
phase, and symmetry (Fig.  6.5). Each parameter has unique characteristics, 
strengths, and limitations [10].

 Sinusoidal Harmonic Acceleration Interpretation

 Normal Sinusoidal Harmonic Acceleration Response

Although VOR gain in the absence of any visual stimuli is not perfectly compensa-
tory, nor is VOR phase for frequencies below 1.0 Hz, responses can be compared 
against normative reference ranges for determination of vestibular function in asso-
ciation with the rotational stimulus frequency range delivered. Figure 6.6 illustrates 
VOR response parameters from a patient during a normal rotational examination.

 Unilateral Peripheral Impairments

Unilateral peripheral labyrinthine disorders can generate a varied pattern of SHA 
results depending on the severity and acute nature of the impairment. In cases where 
a lesioned end organ is only mildly impaired, the results of rotational testing may be 
completely normal due to central compensation. In instances where there is more 
severe dysfunction in one of the labyrinths, the most commonly observed abnormal-
ity is increased phase in lower frequencies. Results can, therefore, vary depending 
on the severity and acute nature of the unilateral peripheral vestibulopathy.
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When assessing patients that have incurred an acute peripheral vestibulopathy, 
there are a number of characteristic findings that can be expected. Figure 6.7 illus-
trates such an example. First, VOR gain is often reduced and phase prolonged 
immediately after the event. Secondly, findings often reveal a significant asymmetry 
that is biased in the direction of the spontaneous nystagmus. Symmetry is calculated 
using the slow-phase eye velocities and indicates a bias in VOR responses during 
rotation. A right asymmetry corresponds to left-beating nystagmus and left asym-
metry corresponds to right-beating nystagmus. A significant asymmetry is a non- 
localizing finding that can be indicative of central or peripheral dysfunction. 

a b

c

Fig. 6.6 Normal sinusoidal harmonic acceleration (SHA) results for VOR gain (a), VOR phase 
(b), and VOR symmetry (c) from 0.01 to 2.0 Hz. Abnormal response regions are indicated by the 
gray regions for each results graph

a b

c

Fig. 6.7 Common sinusoidal harmonic acceleration (SHA) results for an acute unilateral labyrinthine 
hypofunction. Results for VOR gain (a), VOR phase (b), and VOR symmetry (c) from 0.01 through 
0.32 Hz. Abnormal response regions are indicated by the gray regions for each results graph
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Asymmetry measures can be isolated and also found in the presence of phase and 
gain abnormalities. Significant asymmetries are commonly found in patients with 
acute or uncompensated unilateral vestibular dysfunction. In rare cases, significant 
asymmetry may indicate the presence of a lesion in the central pathways.

Figure 6.8 illustrates rotational findings from a patient with a compensated com-
plete unilateral peripheral vestibulopathy. In patients such as this, vestibular gain 
has been centrally compensated; however, phase abnormalities continue to persist. 
The persistence of phase abnormalities is a result of impairment in the velocity stor-
age mechanism. This centrally distributed system acts as a neural integrator to 
enhance the low-frequency performance of the vestibular system beyond what 
would be expected based on cupular mechanics. Significant unilateral vestibular 
impairments disrupt the normal functioning of the velocity storage mechanism and 
consequently reduce the efficiency of the VOR for low frequencies [2]. This loss of 
velocity storage has the effect of increasing VOR phase leads, generally for low-
frequency stimuli below 1.0 Hz. In cases where the unilateral peripheral vestibu-
lopathy is severe or complete, VOR phase abnormalities may be more inclusive of 
frequencies greater than 1.0 Hz.

 Bilateral Peripheral Impairments

SHA testing is extremely useful in describing and quantifying the severity of bilateral 
vestibular loss. Figure 6.9 shows rotational results from a patient with partial bilateral 
vestibular dysfunction. As can be seen, there is significantly reduced gain at 0.01 Hz 
and 0.02 Hz with recovery of function at higher frequencies. At the frequencies where 
gain is significantly low, phase and symmetry measures should be interpreted with 
caution. This pattern of partial bilateral loss at low frequencies is a relatively common 

a b

c

Fig. 6.8 Common sinusoidal harmonic acceleration (SHA) results for unilateral labyrinthine 
hypofunction. Results for VOR gain (a), VOR phase (b), and VOR symmetry (c) from 0.01 through 
0.64 Hz. Normal VOR gain and symmetry in the presence of abnormal low-Hz VOR phase provide 
good evidence for effective compensation
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finding and will often be accompanied by reduced caloric responses. In these cases, 
abnormally low but measurable VOR responses are often accompanied by correspond-
ing prolonged phase at the same frequencies. Symmetry measures obtained from 
patients with bilateral peripheral impairments in the absence of spontaneous nystag-
mus are typically within normal limits. Patients manifesting a complete vestibular loss 
or labyrinthine areflexia (i.e., no response at any frequency) are relatively uncommon 
(Fig. 6.10). Finally, it is important to keep in mind that, because VOR phase and sym-
metry measures are calculated from VOR gain, in cases where VOR gain is below 
10–15%, such measures of phase and symmetry should be performed with caution.

a b

c

Fig. 6.9 Common sinusoidal harmonic acceleration (SHA) results for bilateral labyrinthine hypo-
function. Results for VOR gain (a), VOR phase (b), and VOR symmetry (c) from 0.01 through 
2.0 Hz. Abnormal response regions are indicated by the gray regions for each results graph

a b

c

Fig. 6.10 Common sinusoidal harmonic acceleration (SHA) results for bilateral labyrinthine are-
flexia. Results for VOR gain (a), VOR phase (b), and VOR symmetry (c) from 0.01 through 2.0 Hz. 
Since VOR phase and symmetry are calculated from VOR, these parameters should be interpreted 
with caution under such conditions
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 Central Impairments

Pure central lesions are often difficult to isolate using SHA testing. More com-
monly, mixed lesions will be suggested, as both a reduction of peripheral afferent 
vestibular input and central lesions can produce the more common SHA abnormali-
ties of abnormal VOR phase lead and VOR asymmetry. Mixed lesions are often 
suggested when concomitant central findings are identified, such as abnormal ocu-
lar motor findings. There are, however, specific SHA response patterns that have a 
greater proclivity secondary to a central lesion. First, abnormal VOR phase leads 
that are isolated to the mid-to-high frequencies suggest an inappropriate recruitment 
of the central neural integrator mechanism (velocity storage) that would normally 
not require recruitment of such processes during higher frequency head movements. 
Second, VOR asymmetries in the absence of any peripherally induced spontaneous 
nystagmus may suggest a central pathology, similar to that of an isolated caloric 
directional preponderance. Such a SHA result may suggest a lack of central com-
pensation mechanisms for a unilateral peripheral vestibular insult, particularly when 
VOR gain remains uncompensated. Finally, significantly increased VOR gain, most 
commonly for low rotational frequencies, may be associated with a central lesion, 
similar to that of hyper-reactive caloric responses. Although not ubiquitously pres-
ent with increased VOR gain, a decrease in VOR phase lead, or even a phase lag, 
may be present in such cases, as problems involving uncontrolled cerebellar modu-
lation of VOR gain cause concomitant problems with central velocity storage mech-
anisms and tend to shorten low-frequency VOR phase leads (Fig. 6.11).

a b

c

Fig. 6.11 Central sinusoidal harmonic acceleration (SHA) pattern for VOR gain (a), VOR phase 
(b), and VOR symmetry (c) from 0.01 through 0.64 Hz. Borderline hyper-labyrinthine VOR gain 
for 0.01 Hz with a concomitant decrease in VOR phase is identified
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 Sinusoidal Harmonic Acceleration Clinical Summary

Overall, the SHA provides the examiner with a number of useful applications. This 
includes documenting the degree of bilateral vestibular loss, tracking compensation 
when caloric testing is impossible, monitoring vestibular function in patients being 
administered vestibulotoxic medications, and assessing young children. However, 
SHA is best utilized in the context of other tests, including ocular motor and veloc-
ity step testing, as well as other vestibular function testing (e.g., videonystagmogra-
phy, vestibular evoked myogenic potentials, video head impulse test, and/or dynamic 
posturography).

 Velocity Step Testing

Velocity step testing is one the oldest of all clinical vestibular tests, initially intro-
duced to the vestibular clinic by Róbert Bárány in 1907. It consists of a quick accel-
eration of the chair to a sustained constant velocity rotation before an equally quick 
deceleration of the chair brings the chair back to a full stop. The test is then repeated 
in the opposite direction. Depending on the intensity of the target angular velocity, 
the velocity step test can either give unique insight into the central functioning of 
the vestibular system or can offer valuable insight into lateralizing a peripheral ves-
tibular lesion.

 Velocity Step Stimuli

During velocity step testing, abrupt computer-controlled accelerations of 120–200°/
s2 are precisely delivered to an upright seated patient in the yaw (horizontal) plane 
until a predetermined constant velocity is achieved and can be subsequently main-
tained for a given period of time. Sustained step target velocities usually fall into 
one of two categories: low-velocity target step stimuli and high-velocity target step 
stimuli. Low-velocity step stimuli are usually performed at 60° per second, while 
high-velocity step stimuli are performed at 240–300° per second [8, 5].

 Physiologic Vestibular Ocular Reflex Response

The pendular model of cupular dynamics once again predicts the degree of cupular 
deflection during VST, which is in direct relationship to the degree of acceleration 
in accordance with the target angular velocity [12]. During such time of acceleration 
step stimuli, afferent neural asymmetry and subsequent VOR response can be 
expected as long as the horizontal cupulae remain deflected. In short, the longer the 
cupulae remain under the influence of an acceleration or deceleration force, the 
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greater the deflection of the cupulae and the stronger the resultant afferent neural 
response. The duration of acceleration force is, therefore, dependent upon the target 
angular velocity, with higher target velocities producing a longer period of accelera-
tion and a subsequent greater afferent vestibular response than lower target veloci-
ties. As a result of the step stimuli, a right-beating nystagmus is generated in 
response to rightward acceleration and post leftward deceleration. Conversely, a 
left-beating nystagmus is generated in response to leftward acceleration and post 
rightward deceleration (Fig. 6.12). In general, VST is performed using both low and 
high target velocities.

 Low-Velocity Step Testing

The primary purpose of a low VST is to measure the rate of nystagmus decay in 
response to an abrupt angular acceleration and deceleration to the right (clock-
wise) and left (counterclockwise) [8]. Target step velocities of 60° per second are 
often considered standard for low VST, largely because normative reference data 
for nystagmus decay have been determined for this velocity. Figure 6.12 depicts a 
60° per second test rotational paradigm. A step velocity to the right is followed by 
a step velocity to the left. Each period of per-rotation and post-rotation contains a 
60 s interval during which the nystagmus response is recorded. The low VST is 
primarily concerned with the rate of nystagmus decay, specifically the time, in 
seconds, for the nystagmus response to deteriorate by 63% from the peak slow-
phase eye velocity (or alternatively said, the time, in seconds, for the response to 
decline to 37% of its peak value) [7]. This is referred to as the VOR time decay 
constant.

241.2 s

60
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Right-Beating Nystagmus
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Fig. 6.12 60°/s step velocity paradigm showing each 60 s per and post, rightward and leftward 
step stimuli. Time (in seconds) is plotted on the x-axis and velocity (in degrees/second) is on the 
y-axis. Acceleration and deceleration stimuli are held constant at 200°/s2, which produce an accel-
eration and deceleration period equal to 0.3s. Total test time including the acceleration, decelera-
tion, and constant velocity stimuli periods of 60s each equals 241.2s. Resulting nystagmus from 
each acceleration/deceleration is shown for each segment
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The cupular pendulum model would dictate an afferent neural response and 
resultant VOR nystagmus by as much as 6–7  s due to cupular mechanics alone. 
However, the central vestibular velocity storage mechanism extends the enduring 
nystagmus VOR response well beyond the 6–7 s [13] (Fig. 6.13). The persistence of 
the VOR response is dependent upon a sufficient peripheral afferent drive as well as 
an intact commissural pathway between vestibular nuclei. The persistence and 
decaying of the VOR response beyond cupular mechanics alone (i.e., VOR time 
decay constant) is of significant clinical interest. The general consensus for a nor-
mal time decay reference range (±2SD from the mean) across studies is between 10 
and 30 s [14]. A normal propagation of VOR nystagmus in response to both accel-
eration and deceleration stimuli to the right and left is shown in Fig. 6.14. VOR time 
decay constants that are below 10 s are usually considered abnormal.
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Fig. 6.13 Illustration of a 60°/s step velocity stimulus and theoretical VOR response to a leftward 
acceleration and constant velocity angular step rotation. Top chart depicts a 60°/s step velocity 
stimulus. Bottom graph depicts the theoretical plotting of a progressively decreasing (decaying) 
slow-phase eye velocity (SPEV) nystagmus response over time. Response is parsed and identified 
by the peak response and by one time constant, or TC (i.e., depiction of the cupular response and 
extension of the nystagmus response by the velocity storage mechanisms). One VOR TC is equal 
to the decaying of the SPEV nystagmus response to 37% of its peak eye velocity response. Light 
gray dashed line represents the decay of the nystagmus response in the event of a loss of velocity 
storage, where the propagation of the VOR response is lost, and the VOR TC is essentially no 
longer than what is provided by cupular mechanics alone
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 High-Velocity Step Testing

The primary purpose of high VST is to lateralize unilateral vestibular lesions. This 
directly addresses the primary limitation of rotational testing. Administration pro-
cedures for high VST are equivalent to the 60° step test with the exception of select-
ing a higher target step velocity (Fig. 6.15). As opposed to the low-velocity step 
stimulus, use of a high target velocity stimulus can now effectively saturate the 
inhibitory response of the trailing ear due to maximal cupular displacement and 
subsequent saturation of the afferent response to 0 spikes/s. Concomitantly, the 
ipsiversive cupulae have a similar maximal cupular displacement and theoretical 
maximal afferent excitatory response of the leading ear (Fig. 6.16). Consequently, 
the resultant VOR response is, theoretically, a reflection of the excitatory response 
from the leading ear, although the trailing ear provides the excitatory response dur-
ing abrupt decelerations. In theory, such high-velocity step stimuli allow for iden-
tification and quantification of the excitatory response from each labyrinth and 
subsequently offer a measure of labyrinthine symmetry, much like that of the 
caloric stimulus.

Nystagmus fully abates
by approximately 50
seconds

Fig. 6.14 Normal 60°/s velocity step test. Top chart shows raw nystagmus VOR response and plot 
of decaying nystagmus. Bottom chart shows relative response parameters (e.g., peak slow-phase 
eye velocity, decay time constants, and VOR gain) for each stimulus condition
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A response symmetry ratio is calculated from the peak VOR response produced 
during each acceleration and deceleration stimulus, much like the Jongkees formula 
applied during caloric irrigations. Specifically, the equation for high VST is written 
as such:
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Fig. 6.15 240°/s step velocity paradigm showing each 60 s per and post, rightward and leftward 
step stimuli. Time (in seconds) is plotted on the x-axis and velocity (in degrees/second) is on the 
y-axis. Acceleration and deceleration stimuli are held constant at 200°/s2, which produce an accel-
eration and deceleration period equal to 1.2 s. Total test time including the acceleration, decelera-
tion, and constant velocity stimuli periods of 60 s each equals 244.8 s
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Fig. 6.16 Cartoon comparing the cupular mechanics and subsequent afferent neural firing rate of 
a low-velocity step paradigm (e.g., 60°/s) versus a high-velocity step paradigm (240°/s). Green 
arrows and small black arrows represent direction of endolymph force against the cupulae during 
a rightward angular rotation like a step stimuli. Degree of cupular deflection is commensurate with 
the velocity of angular rotation such that the high-velocity stimuli (right image) depict the dis-
placement of the cupular stereocilia near maximum displacement. Respective neural firing rates 
are depicted beneath each image for both the inhibitory and excitatory labyrinths
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Figure 6.17 depicts an example of a normal high-velocity step response pattern 
and corresponding VOR peak eye responses to each step stimuli.

 Clinical Response Patterns for Velocity Step Testing

VST can offer valuable insight into a patient’s underlying vestibular impairment, 
particularly when used in conjunction with SHA testing. The horizontal VOR, neu-
ral integrator, and the velocity storage mechanisms can all be effectively evaluated 
during velocity step testing, thereby making it possible to identify peripheral asym-
metries (i.e., lateralize peripheral lesions), as well as monitor or confirm vestibular 
central compensation.

 Low-Velocity Step Response Interpretation

Abnormalities from low VST are manifested as reduced VOR time constants and inter-
preted in association with other vestibular test abnormalities when lateralizing and dif-
ferentiating site of lesion. In isolation, a reduced VOR time constant is a non- localizing 

Right Excitation
166.87 + 201.87 = 368.74

Left Excitation
166.95 + 154.90 = 321.85

= 0.0679 (6.79%)
690.59

46.89

368.74 + 321.85

368.74 – 321.85
=

Fig. 6.17 Normal 240°/s velocity step test (after correcting/deleting for noise). Asymmetry calcu-
lation is shown
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finding as both peripheral and central lesions can deleteriously impact the functioning 
of the neural integrator and the velocity storage mechanisms. That is, a reduction in 
peripheral afferent drive or a damaging impact on the central neural integrator can 
reduce the effectiveness and efficiency of the velocity storage mechanism. Time con-
stants below 10 s are generally considered abnormal. Figure 6.18 depicts an example 
of an abnormal low VST. In general, reduced VOR time constants, in association with 
concomitant peripheral vestibular pathology, can lateralize to the affected side, 
although exceptions to this can exist. Therefore, using abnormal low VST results to 
definitively lateralize peripheral vestibulopathies should be performed cautiously.

 High-Velocity Step Response Interpretation

Abnormalities from high VST are manifested as reduced peak VOR eye velocity 
and interpreted similar to that of the Jongkees formula during caloric irrigations. A 
comparison of peak eye velocity response secondary to rightward cupular deflection 

TC

TC TC

TC

Fig. 6.18 Abnormal corrected 60°/s velocity step test results. Abnormally shortened decay time 
constants are identified for each stimulus interval. Notice the sharp decline of each decaying nys-
tagmus in the slow-phase eye velocity plots. TC equals one time constant
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is compared against peak eye velocity response secondary to leftward cupular 
deflection. Labyrinthine asymmetry is determined from the asymmetry peak eye 
velocity ratio. A VOR asymmetry greater than 20%, similar to a significant caloric 
asymmetry, is generally agreed upon as significant for unilateral dysfunction [15], 
with the weaker labyrinthine response appropriately assigned by the weaker peak 
eye velocity response. Figure 6.19 depicts an example of an abnormal high VST. In 
general, greater sensitivity and specificity for identifying labyrinthine asymmetry 
are often commensurate with higher step stimuli and greater unilateral labyrinthine 
damage [16]. Therefore, in the presence of normal high VST symmetries, the pres-
ence of a slight or mild unilateral labyrinthine lesion may not also be ruled out, 
which may require a more comprehensive vestibular assessment.

 Chapter Summary

Collectively, SHA and VST are often performed together during rotational 
assessments. Jointly, their data can provide invaluable diagnostic insight into 

Right Excitation
99.82 + 83.10

= 182.92

Left Excitation
178.58 + 190.63

= 369.21

= -0.3374 (-33.74%)
552.13

-186.29

182.92 + 369.92

182.92 – 369.21
=

Fig. 6.19 Abnormal 240°/s velocity step test (after correcting/deleting for noise). Asymmetry 
calculation is shown. VOR gain is greater than 20%. Labyrinthine hypofunction is assigned to the 
weaker excitation conditions (right ear)
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peripheral and central vestibular function that no other test can equally deliver. 
Table  6.1 details the clinical test protocols that should be performed during a 
standard or routine rotational assessment, as well as the typical stimuli that 
should be conducted for each test. In addition, various specialized rotational test 
protocols are listed, which should be performed when clinically indicated. A 
clinical summary of abnormal results during SHA testing is detailed in Tables 6.2 
and 6.3. Finally, a clinical summary of abnormal results during VST is detailed 
in Table 6.4.

Table 6.2 Abnormalities associated with SHA testing

Sinusoidal harmonic acceleration (SHA) test abnormalities
Parameter Abnormal result Possible interpretation Rule out

Gain Low VOR gain for 
low Hz’s 
(<0.04–0.08 Hz)

•  With concomitant abnormal phase lead at 
low Hz and asymmetry – uncompensated 
UVL on side of asymmetry

•  With no phase abnormalities but abnormal 
symmetry, possible irritative or stable 
lesion (side uncertain)

•  No other abnormalities and normal spectral 
purity; compensated UVL is likely

Insufficient 
alerting

Low VOR gain for 
all Hz’s

•  BVL given eyes open during test 
(symmetry and phase cannot be 
interpreted)

•  Vestibulotoxic medication, aging  
(usually >65–70 years), rare degenerative 
disorders of the brainstem and/or 
cerebellum (especially if caloric data 
are normal)

Insufficient 
altering, 
restricted EOM, 
fixation

High VOR gain for 
all or most

•  Cerebellar lesion (associated ocular motor 
abnormalities)

•  Has been observed in migraine and hydrops

Medications; 
stimulants

Phase ↑ Low Hz phase 
lead

•  Peripheral vestibular end-organ lesion/
vestibular nuclei lesion

•  With concomitant asymmetry, 
uncompensated UVL (on side of asymmetry)

•  Acute vestibular end-organ lesion; 
vestibular hydrops

Compare with 
step tests and 
calorics

↑ High Hz phase 
lead

•  CNS lesion (look for associated ocular 
motor abnormalities)

Lateral 
medullary 
syndrome

↓ Low/high Hz 
phase lead/lag

•  CNS lesion (associated ocular motor 
abnormalities); consider lesions involving 
brainstem or posterior cerebellum; 
cerebellar nodulus

Symmetry Asymmetric SPV •  Two or more consecutive abnormal Hz’s; 
similar to DP on caloric testing  
(non-localizing with respect to site  
of lesion unless secondary to spontaneous 
nystagmus)

•  With low Hz phase lead, uncompensated 
peripheral lesion on side of asymmetry

Unstable lesion 
with normal 
phase findings
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Table 6.3 SHA abnormalities associated with site of lesion

Sinusoidal harmonic acceleration (SHA) test abnormalities
Site of lesion Possible response Rule out

Peripheral Unilateral •  Initial loss of VOR gain can involve low, 
mid, and high frequencies with a greater 
impact toward the lower frequencies

•  VOR gain can return to normal and often 
does for the higher frequencies over days or 
months

•  Increased low-frequency phase leads that 
remain even following compensation 
(secondary to a permanent change in central 
integrator processing)

•  Asymmetrical “bias” often is present due to 
afferent asymmetry. At first, fast-phase 
components of the vestibular nystagmus are 
ipsilesional but may change over time and 
are, therefore, a poor indicator of laterality 
of lesion

•  The severity of the abnormal response will 
often covary with the severity of the 
peripheral lesion

•  SHA gain and symmetry may be entirely 
within normal limits with an isolated 
low-frequency VOR phase lead suggesting a 
compensated unilateral pathology

Decreased spectral 
purity is often 
associated with the 
onset of a unilateral 
lesion, which may 
contribute to the initial 
decrease in overall 
gain; rule out 
anti-dizziness 
medication effects if 
patients remain on 
pharmacology 
treatment

Bilateral •  Low, mid, and high frequency gain is 
reduced below normal limits

•  When gain is within normal limits, it almost 
is always confined to the higher frequencies 
suggesting an incomplete bilateral vestibular 
loss

•  Phase leads are often randomly distributed, 
particularly at low frequencies

•  Phase and symmetry data should be 
interpreted with caution when gain falls 
below 0.15 (15%)

•  Spectral purity is often poor, particularly for 
frequencies where gain is poor

Insufficient altering, 
restricted EOM, 
fixation; differentiate 
peripheral and central 
with concomitant 
results (ocular motor, 
etc.)

Central •  Hyperactive gain may involve any frequency 
but often occurs in the low frequencies 
where central control (velocity storage) is in 
higher demand (i.e., cerebellar site of lesion)

•  Hypoactive gain with no concomitant 
peripheral indicators (rare)

•  Isolated mid-to-low frequency phase leads 
(or sometimes involving the entire frequency 
range), suggesting an inappropriate 
processing of central velocity storage 
mechanisms for frequencies where the 
neural integrator is not required

•  Bias (asymmetry) may or may not be present

Compare with step test 
and caloric data; 
central pathologies 
rarely cause 
abnormalities isolated 
to a single test – 
identify concomitant 
abnormalities across 
tests (ocular motor, 
etc.)

Adapted from Wall 1990 [16]
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Chapter 7
Dynamic Posturography

Tristan J. Allsopp and John L. Dornhoffer

 Introduction

Postural response and subsequent balance have always been difficult to analyze and 
isolate. Initial attempts involved testing somatosensory input under eyes-closed and 
eyes-open conditions to look for postural sway [1]. This involved the patient stand-
ing on a force plate to quantitatively measure the center of vertical forces exhibited 
by the patient and, thereby, the patient’s center of gravity (COG). Using the COG 
and the center of vertical force, characteristics of the patient’s sway and functional 
compensation can be examined to look for postural disturbance [2]. However, test-
ing via this method can be consciously manipulated and is highly dependent on 
patient cooperation.

Further attempts have aimed to provide diagnostic information independent of 
the patient’s willingness by measuring discrete evoked postural responses. This is 
usually achieved by causing periods of stability alteration by rotating the standing 
surface. Measurements from these toes-up or toes-down positions give valuable 
information about the latency, strength, and pattern of the neurological response.

Computerized dynamic posturography (CDP) is a method that aims to combine 
the results from the static conditions of performance testing with those from the 
dynamic postural responses. Typically CDP has four main functional protocols: the 
posture-evoked response (PER), the motor control test (MCT), the adaptive proto-
col (ADP), and the sensory organization test (SOT).
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 Posture-Evoked Response (PER)

 Description of Test

The PER utilizes support surface rotations to cause gastrocnemius and anterior tibi-
alis muscle stretch bilaterally [3]. Muscle response to these actions is then measured 
via surface electromyography (EMG). With rapid dorsiflexion of the ankle (toes 
up), the gastrocnemius muscle is stretched, stimulating an EMG response. When 
rapid plantar flexion occurs (toes down), the anterior tibialis muscle provides a 
response [1]. Testing with toes-up and toes-down movements occurs randomly at 
high velocity and is usually repeated up to 20 times.

Under normal circumstances, after a support surface rotation, short-latency and 
medium-latency responses in the above muscles initially exaggerate the sway dis-
turbance. In a non-dizzy patient, loss of balance is then prevented by the stabilizing 
long-latency component. EMG readings can identify the presence of these responses 
and be analyzed. PER testing gives qualitative leg- and muscle-dependent informa-
tion about the presence, duration, and onset of each of these responses.

 Depiction of Results

Averaged responses from multiple attempts will usually be shown as a graph with 
SL, ML, and LL marked, corresponding to the short-latency, medium-latency, and 
long-latency responses, respectively. In addition, the responses will often be anno-
tated with the numbers 1 (onset of the response) and 2 (the end of the response). 
Abnormal responses will be illustrated by delayed onset or absence.

 1. SL: Corresponds to the monosynaptic stretch reflex system [4] and are not seen 
after stretching the anterior tibialis muscles [1]. Normal latencies of the SL 
response are 32 ms [1].

 2. ML: Can be absent in non-dizzy patients but, when present, will represent the 
polysynaptic segmental reflex mechanisms [5]. These are present in both mus-
cles and typically activate around 80 ms [1].

 3. LL: Origin remains controversial, but the response usually occurs at 110 ms in 
both muscles [1, 6, 7].

 Motor Control Test (MCT)

 Description of Test

The MCT involves a patient standing on a force plate that is displaced anteriorly or 
posteriorly at different velocities to elicit autonomic postural responses. Under nor-
mal conditions, when the standing surface is moved horizontally, the patient’s COG 

T. J. Allsopp and J. L. Dornhoffer



101

will initially be stationary, and the patient will rotate at the ankles, (i.e., the patient 
will lean forward or backward) [7]. Stretch of the gastrocnemius muscle (when the 
baseplate is moved backward and the patient leans forward) or anterior tibialis mus-
cle (when the force plate moves forward and the patient leans backward) [1] elicits 
compensation to remain upright [7].

Autonomic postural responses are examined by testing a range of conditions by 
varying the velocity, displacement of the footplate, and timing. This random testing 
decreases the chances of biasing the results. Each specific condition is repeated 
three times for an average result. Typically, responses of both legs to movement 
forward and backward are analyzed separately to localize which part of the indi-
vidual pathways may be affected. Compensatory forces and the proportion of total 
body weight distributed by each foot can also be recorded.

 Depiction of Results

Graphical results such as those in Fig. 7.1 will be seen for backward and forward 
movement in addition to each leg, typically COG sway, horizontal shear force, and 
left and right center of vertical force responses. Three plots for each of the above 
conditions are provided, with normal results falling in the unshaded areas. Typical 
results include:

 1. Weight symmetry: Indicates the percentage of total body weight on each leg dur-
ing the postural response. A score of 100 means the weight is distributed equally 
between both legs, while a score of 0 or 200 means none or all of the weight is 
borne by that leg, respectively [1].

 2. Active force latency: Measures the time it takes for the postural responses to be 
enacted after medium or large displacements of the support surface. Typically, a 
latency score (2–4) will also be displayed, with 4 representing the most consis-
tent results. Latency increases with age and during the medium displacement [1].

 3. Active force strength: Measures the force exerted to restore the patient to an 
upright position. Typically, each leg will be measured separately, and results 
between the two legs and anterior and posterior direction will be similar.

 Adaptive Protocol (ADP)

 Description of Test

The ADP is similar to PER testing except the toes-up and toes-down movement of 
the support surface is at a much slower rate. The slower velocities enable the auto-
nomic nervous system to enact adaptive responses that are not witnessed during the 
MCT.  Response testing is repeated five times to look for adaption. Initially, the 
patient is not expecting the first toes-up/toes-down rotation and is unable to stabilize 
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the COG by swaying at the ankle. Patients with normal postural control may show 
large variances in COG sway during this first displacing movement but will usually 
not fall over. By the fifth toes-up/toes-down movement, non-dizzy patients will be 
able to anticipate the rotation [8]. During these last rotations, autonomic responses 
are enacted to increase the resistance of the ankles and overall stability.

 Depiction of Results

COG is expressed as sway energy scores during the adaptive periods following a 
rotation. Scores typically decrease from the first to the fifth rotation as can be seen 
in the example in Fig. 7.2. Graphs of sway energy will also illustrate shaded areas, 
which represent responses outside the normal distribution. Impairment of central 
processing, reduced muscle strength, or limited mobility at the ankles may be 
responsible for abnormal adaptive responses.
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 Sensory Organization Testing (SOT)

 Description of Test

SOT aims to evaluate the patient’s ability to utilize information provided by the 
visual, vestibular, and somatosensory systems to maintain posture. Testing is per-
formed by a method called sway referencing, where somatosensory and/or visual 
inputs are disrupted. Sway referencing is accomplished by tilting the support sur-
face and/or visual surround to follow the anteroposterior (AP) sway of the patient 
[9]. Although information is still received from these senses, the body perceives no 
change in position relative to gravity due to the altered conditions and inputs. The 
non-dizzy patient ignores this “inaccurate” information provided by the sway-ref-
erence sense and maintains balance via other senses [1].

During the testing protocol, patients are exposed to six sensory conditions with 
increasing difficulty for adaptation [9]:

 1. Eyes open and support surface fixed.
 2. Eyes closed and support surface fixed.

(Both of the above conditions provide baseline measurements.)
 3. Visual input is sway referenced, and support surface is fixed.
 4. Eyes open and support surface is sway referenced.
 5. Eyes closed and support surface is sway referenced
 6. Both visual input and support structure are sway referenced.

This protocol is repeated three times for each condition to improve reliability 
and identify if the patient can compensate for altered conditions. In addition to the 
COG sway, another measure of stability, the equilibrium score, is measured for 
each trial. The equilibrium score is found by comparing the peak amplitude of AP 
sway to that experienced by the matched non-dizzy population. This is expressed 
as a percentage, with 100 representing perfect balance and 0 indicating loss of 
balance.
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Fig. 7.2 Adaptive test
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 Depiction of Results (Fig. 7.3)

The first graph typically shows the equilibrium scores for each trial under the six 
sensory conditions. Results that are below the fifth centile of an age-matched sam-
ple are seen as the notched aspect of the graph. The final column in the graph shows 
the composite equilibrium score, which is the best representation of a patient’s per-
formance. This composite score places more emphasis on the results of conditions 
3 through 6 than 1 and 2.

Sensory organization analysis characterizes the specific cause of the patient’s 
balance disturbance, with results indicating the contribution of particular senses. 
This is identified by analyzing the averaged equilibrium scores of one condition 
compared to that of another condition.

 1. The somatosensory ratio quantifies the effect of balance when eyes are closed on 
a stationary platform by comparing conditions 1–2.

 2. The visual ratio compares conditions 4 and 1 by removing the somatosensory input.

(For both of the above ratios, if the vestibular input is used, instead of the somato-
sensory or visual input, the sway ratio would remain large. Therefore, an abnormal 
[lower than normal] ratio would indicate an abnormality of the mentioned senses [1].)
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 3. The vestibular ratio compares conditions 5 and 1 and occurs when both the visual 
and somatosensory inputs are disrupted.

 4. The vision preference compares conditions 3 and 6 with the sum of conditions 2 
and 5. This compares the balance with eyes open and closed when the visual 
input and platform is sway referenced.

Strategy analysis examines the contribution of the hip and ankle to the sway and 
movement of the patient. Normal results are found within a diagonal area of the 
graph. Typically, when the sway is small, ankle movement will be used to compen-
sate, with hip movement used prior to loss of balance.

COG is also illustrated by plotting the AP and lateral COG positions of all trials. 
Points located superior to the center of the plot indicate a COG forward on the sup-
port structure, while those inferior reflect a more posterior position on the platform. 
Points left or right correspond to lateral displacement of the COG.

 Conclusion

CDP can give the physician objective information about a patient’s postural control 
by examining their motor control, sensory input, and adaption. Results can be used 
to examine a patient’s functional impairment or localize the areas contributing to 
loss of balance. Together with clinical acumen, they may help diagnose postural 
instability and tailor treatments for individual patients.
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Chapter 8
Vestibular Evoked Myogenic Potentials

Jameson K. Mattingly, William J. Riggs, and Oliver F. Adunka

 Vestibular Evoked Potentials

The use of evoked potentials plays a vital role in diagnosing site of lesion in patients 
with vestibular impairments. The most common form of vestibular evoked poten-
tials is vestibular evoked myogenic potentials (VEMPs). VEMPs are a part of the 
standard vestibular testing battery and when combined with other vestibular testing, 
such as caloric or head-impulse testing, allow assessment of the entire peripheral 
vestibular system.

Testing is relatively easy to perform and is highly reproducible. Collectively, 
they assess the function of the otolithic organs (saccule and utricle) and vestibular 
nerve (inferior and superior divisions). Their use has become paramount in the diag-
nosis of conditions such as superior canal dehiscence syndrome (SCD) and for a 
variety of vestibular, otologic, and neurotologic pathologies.

 Cervical VEMPs

cVEMPs are inhibitory (muscle relaxation) myogenic responses that are measured 
from the sternocleidomastoid (SCM) muscle in response to auditory stimulation. 
cVEMPs measure the vestibulo-collic reflex, where ipsilateral auditory stimulation 
results in inhibition of tonic contraction of cervical muscles, such as SCM [1]. This 
response is thought to be primarily due to stimulation of the saccule and thus the 
inferior vestibular nerve [2].
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Testing involves having the patient turn away from the side of the stimulus to 
create tonic contraction of the SCM, which is needed to produce the response [1]. 
Measurements of interest include the amplitude and latency of an initial positivity 
or the p13 response (approximately 13  ms following stimulation) followed by a 
negativity or the n23 response (approximately 23 ms) (Fig. 8.1) [2]. In the normal 
scenario, a response is obtained with a 500 Hz air-conducted tone burst stimulus 
between 75 and 90 dB nHL. The values are then used to create an amplitude asym-
metry ratio between the two ears, with an asymmetry greater than 33–47% consid-
ered abnormal [3]. Threshold can also be measured and becomes more important 
when evaluating for third window disorders, mainly SCD [1]. VEMP thresholds in 
normal patients cannot be elicited below 70–75 dB nHL unlike SCD patients, mak-
ing it a useful measure when suspicion for these disorders is high.

 Ocular VEMPs

Ocular VEMPs (oVEMPs) are excitatory (muscle contraction) myogenic responses 
that are measured from the muscles, mainly the inferior oblique, in response to audi-
tory stimulation. The response can be seen bilaterally but is measured contralateral 
to the stimulus ear, as this response is larger due to crossing of the neural pathway 
[4, 5]. oVEMPs represent the vestibulo-ocular reflex, primarily evoked from stimu-
lation of the utricle and thus the superior vestibular nerve [1, 4].

In clinical testing, oVEMPs can be elicited by either air- or bone-conducted stim-
ulation, typically using a 500  Hz stimulus. The patient is instructed to look up, 
which brings the inferior oblique closer to the measurement electrode and increases 
the tonic activity of the muscle itself [5, 6]. The value of interest is the magnitude of 
the n10 amplitude (Fig. 8.2). Due to the variation from patient to patient, this value 
is compared to the contralateral measurement to obtain an asymmetry ratio [5, 7], 
identically to that performed during cVEMP testing.
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Fig. 8.1 Cervical vestibular evoked myogenic potential (cVEMP) response recorded from the left 
sternocleidomastoid muscle in response to a 500 Hz tone burst stimulus at 90 dB nHL
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 Clinical Use of VEMPs

VEMPs can be used in a variety of clinical scenarios, specifically when measure-
ment otolith function is needed, as it allows assessment of the otolithic organs and 
divisions of the vestibular nerve and afferent pathway. In combination with other 
testing in the vestibular battery, the entire peripheral vestibular system can be 
assessed, aiding in the localization of a lesion. An amplitude asymmetry of greater 
than 33–47% generally indicates a weakness on that side, except in the case of SCD 
[3] (see below).

When VEMPs are abnormal, lesions along either the o- or cVEMP neural path-
way should be considered [1]. Vestibular neuritis is an example of this, where the 
nerve or nerves of origin can be isolated. It can also be useful in other peripheral 
vestibular abnormalities, such as a vestibular schwannoma or Meniere’s disease, 
where the site of origin can be further delineated when the clinical picture is other-
wise complicated. In Meniere’s disease, there may be initial increase in VEMP 
amplitude due to increase saccular sensitivity with later decrease or absence depend-
ing upon the stage of the disease [2, 8]. VEMPs can also be abnormal in central 
pathologies (e.g., multiple sclerosis), usually demonstrating increased latency or 
decreased amplitudes, but these findings are non-specific.

The main use of VEMPs is to aid in the diagnosis of SCD. SCD is a disorder 
characterized by vertigo and oscillopsia to sounds or pressure, along with a vari-
ety of other auditory symptoms (e.g., autophony). The pathologic third window is 
thought to create a low-impedance system resulting in enhanced vestibular sensi-
tivity [2]. VEMPs can be used in the evaluation for SCD by measuring both the 
threshold and amplitude. VEMP thresholds in normal patients are not present 
below 70–75 dB nHL, whereas thresholds in patients with SCD are typically seen 
10  dB lower. Lastly, patients with SCD may demonstrate a low-frequency air-
bone gap, but with the continued presence of VEMPs in the affected ear, which 
would be unusual if the air-bone gap was present due to a middle ear abnormality 
[2, 9]. Therefore, along with symptomatology and imaging, findings such as 
lower thresholds and increased amplitudes on VEMP testing can aid in the diag-
nosis of SCD.
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 Considerations/Limitations

Testing restraints involved with VEMP testing are usually specific to the type of 
VEMP. However, both responses are elicited by high-intensity acoustic signals and 
are typically abolished when a conductive hearing loss exists. It should be noted that 
VEMPs are unaffected by cochlear hearing loss and can be evoked in patients with 
severe to profound sensorineural hearing loss, contrary to the effect of conductive 
hearing losses [10–12].

Additional limitations include contraction of the various muscles, specifically 
related to cVEMPs. Patients who are physically incapable due to cervical injury or 
cannot cause a SCM contraction for an extended amount of time limit completion 
of cVEMP testing. This is of particular concern when evaluating the elderly popula-
tion. To allow calculation of the valid asymmetry ratios, it is of utmost importance 
that the contraction of the SCM is equal when testing each ear. Response amplitude 
is proportionate to amount of SCM contraction, and if not equal between sides, the 
interaural amplitude comparison will appear to be asymmetric due to technical 
error, not pathologic. Constraints for oVEMPs are in general far less compared to 
cVEMPs. The main limitation includes any condition which prevents the patient 
from being able to move the eye in the vertical direction for an extended period of 
time. Congenital nystagmus, although an issue for other vestibular testing, does not 
appear to affect the oVEMP procedure [13].

It is important to keep in mind that both VEMP pathways involve the central 
nervous system tracts, thus various neurologic disorders can influence the VEMP 
responses. Central disorders can affect both latency and the amplitude. Caution 
should be given when testing patients with hyperacusis, as the stimulation intensity 
is at equipment maximums and can cause extreme discomfort in these patients. 
Finally, although rare, sudden hearing loss has been reported following VEMP test-
ing, possibly as a result of loud stimulus intensity [14].

 Summary

Vestibular evoked potentials of both cervical and ocular origin complement the tra-
ditional vestibular test battery. With the variety of audiovestibular pathologies that 
can affect the balance organ, VEMPs provide the clinician with a sensitive tool to 
assess and evaluate the involvement of the otolithic system when evaluating patients 
with balance disorders.
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Chapter 9
Electrocochleography

Alexander L. Luryi and Christopher A. Schutt

 Introduction

In response to acoustic stimuli, cochlear inner and outer hair cells produce electrical 
impulses which propagate through the cochlear nerve to the central nervous system, 
resulting in perception of sound. The integrity and characteristics of these impulses 
provide valuable information about cochlear functioning in patients with hearing 
loss. The first measurements of cochlear electrical activity were obtained in 1930, 
from the ear of a cat [1]. Five years later, these impulses were observed in a human 
patient during ear surgery [2]. In 1947, the first clinical application for these mea-
surements was described to assess cochlear reserve in patients with otosclerosis [3]. 
As clinical interest continued to increase over the following decades, measurement 
methods improved yielding increasingly favorable signal-to-noise ratios. The devel-
opment of computer averaging algorithms led to further improvements in signal 
quality and clinical viability, and the first measurements of cochlear electrical activ-
ity in awake patients were accomplished in the 1960s and 1970s [4].

Electrocochleography (ECOG) is the measurement of the electrical responses of 
the cochlea and acoustic nerves to acoustic stimuli. Three primary electrical signals 
are detected: the cochlear microphonics (CM), thought to represent instantaneous 
deflection of the cochlear partition in response to noise; the summating potential 
(SP), thought to represent overall distortion of the basilar membrane; and the com-
pound action potential (AP), thought to represent currents produced by simultane-
ous firing of auditory nerve fibers [5].

A. L. Luryi 
Department of Surgery, Yale University School of Medicine, New Haven, CT, USA
e-mail: alexander.luryi@yale.edu 

C. A. Schutt (*) 
Department of Neurotology, Providence Hospital, Michigan Ear Institute, Farmington Hills, 
MI, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97858-1_9&domain=pdf
mailto:alexander.luryi@yale.edu


114

Currently, ECOG is most often used as an adjunct tool in the diagnosis of 
Meniere’s disease [6]. However, other indications, including real-time intraopera-
tive monitoring in cochlear implantation [7–9] and diagnosis of superior semicir-
cular canal dehiscence [10], have been described, and additional applications 
continue to develop. This chapter describes the technical aspects of ECOG, its 
relevant electrophysiology, and its clinical applications with emphasis on support-
ing evidence.

 ECOG Procedure

 Electrode Placement and Design

Electrode location is a critical variable in ECOG. For comparison, a stimulus at 
90 dB sound-pressure level (SPL) signal generates an AP signal of approximately 
1 μV to the ear canal, 3 μV to the tympanic membrane, and 10 μV to a transtym-
panic electrode on the promontory [11]. For three decades following its inception, 
ECOG was exclusively measured intraoperatively with electrodes on the round win-
dow or promontory [4]. Transtympanic measurement using a needle electrode was 
first proposed in 1947 but was not accomplished until 1960 [3, 12] (Fig. 9.1). As 
measurement techniques continued to improve, extratympanic approaches, includ-
ing electrodes in the external auditory canal [13, 14] and later on the tympanic 
membrane [15], were developed. Measurements from more distal locations, includ-
ing the lobule and the occipital scalp, failed to detect CM and SP signals but did 
reveal higher-latency waveforms originating in the central nervous system, which 

Fig. 9.1 Transtympanic 
electrocochleography. A 
needle electrode is affixed 
to the patient and inserted 
through the tympanic 
membrane onto the 
promontory. (Adapted with 
permission from 
Eggermont, 1976 [4])

A. L. Luryi and C. A. Schutt



115

formed the basis for auditory brainstem response (ABR) testing [16, 17]. More 
recently, ECOG measurements have been obtained through cochlear implants; these 
have very high fidelity as they are measured directly from the inner ear.

Despite its higher fidelity, transtympanic ECOG has largely fallen out of favor 
due to patient discomfort and the potential for complications, including tympanic 
membrane perforation and otitis media [18, 19]. ECOG measured from the surface 
of the tympanic membrane is typically accomplished using an insulated wire with a 
bare tip, which is inserted into the external auditory canal until the patient reports 
the tip touching the tympanic membrane [20]. Other authors perform a similar pro-
cedure with a probe against the external auditory canal skin or free in the canal [21].

 Stimuli

ECOG measurements are taken immediately following acoustic stimuli. The first 
ECOG measurements were obtained following wideband “clicks,” which incorpo-
rate a wide range of frequencies simultaneously. This method is a rapid and simple 
evaluation of cochlear functioning and can yield a reasonable threshold estimation 
for flat hearing loss [22]. Additionally, some authors argue that click stimuli gener-
ate the best synchronization of AP firing [23]. Narrowband stimuli, including fil-
tered clicks or pure tones, were developed later and carry the advantage of frequency 
specificity [24, 25]. Nevertheless, wideband 100 ms clicks remain the most popular 
stimuli in current practice [20]. Extended-duration wideband tone-burst stimuli are 
sometimes used for improved resolution of the CM and SP, which last for the dura-
tion of the stimulus [26].

 Measurements

 Cochlear Microphonics

In the normal cochlea, the CM is directly proportional to the instantaneous displace-
ment of the basilar membrane [27]. This signal occurs immediately at the onset of 
stimulus and is generated by the outer hair cells, although the inner hair cells do 
produce a similar signal of approximately 30–40 dB lower intensity [28]. Due to 
proximity, the hair cells at the base of the cochlea are primarily represented [29]. 
The CM is an alternating current signal in phase with the stimulus. It can be difficult 
to distinguish from stimulus artifact and has limited clinical utility [11]. As a result, 
early authors strove to silence the CM to better reveal the AP and SP; this was 
accomplished using stimuli of successively alternating polarity, leading to destruc-
tive interference [30] (Fig. 9.2). The CM has recently been shown to be useful in the 
diagnosis of auditory neuropathy [31].
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 Summating Potential

The SP, also generated by the outer hair cells, represents the baseline shift in posi-
tion of the basilar membrane during an acoustic stimulus [28]. Complex nonlinear 
relationships govern the movement of the basilar membrane in response to stimu-
lus, leading to an overall displacement of the average position of the membrane 
independent of the phase of the stimulus [32]. This shift generates a direct current 
potential beginning approximately 0.8 ms following stimulus onset (at 90 dB HL; 
this varies with stimulus intensity) and lasting the duration of the stimulus 
(Fig. 9.3). The direction of this potential (positive or negative) is inconsistent and 
is based on the stimulus and the position of the electrode.

Stimulus

Response

A
m

pl
itu

de

Time

1 msec

AP CM

Fig. 9.2 Elimination of cochlear microphonics. Stimuli are presented in opposite phase (top), 
yielding responses with similar AP but CM of opposite phase (middle). Averaging these responses 
eliminates the CM, yielding the AP (bottom left), whereas subtraction eliminates the AP, yielding 
the CM (bottom right). Summating potentials are not visible in this example. AP, compound action 
potential; CM, cochlear microphonics. (Adapted with permission from Eggermont, 1976 [4])
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 Compound Action Potential

The AP represents the combined firing of cochlear nerve fibers. This produces a 
short alternating current signal which occurs only at the onset of the stimulus. 
The AP consists of peaks N1 and N2 (Fig. 9.3), which correspond to peaks I and 
II in ABR testing, thought to represent the firing of distal and proximal auditory 
nerve fibers. The N1 latency, measured from stimulus onset to the N1 peak, 
ranges from approximately 1 to 2 ms and depends on the stimulus as well as the 
measurement hardware. The amplitude of the AP (measured by the N1 peak) 
increases with increasing stimulus intensity, while its latency decreases with 
increasing stimulus intensity (Fig. 9.4) [11]. The AP N2 peak has limited clini-
cal use.

0.80 [uV/div]
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N2
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Fig. 9.3 Normal ECOG 
tracing in response to 
broadband click stimulus 
(0.0 ms) with SP/AP ratio 
of 0.35
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 SP/AP Ratio

The ratio between the intensity of the SP and the AP N1 peak is the most utilized mea-
sure obtained from ECOG. Normal values for this ratio vary between institutions but 
range from approximately 0.1 to between 0.35 and 0.5 for stimuli between 125 and 
8000 Hz [21, 32, 33]. Levels higher than 0.5 are abnormal and typically represent inner 
ear pathology. A normal ECOG tracing is shown in Fig. 9.3, and abnormal ECOG trac-
ings with elevated SP/AP ratios are shown in Fig. 9.5. Significant inter-interpreter vari-
ability exists for ECOG interpretation, complicating attempts at standardization [34].

 Applications of ECOG

Many uses have been proposed for ECOG since its inception, although no strict 
indications exist for its use in any condition. Endolymphatic hydrops is by far the 
most studied application. However, over recent years, ECOG has been found to be 
useful in the evaluation of other inner ear disorders as well as in certain intraopera-
tive scenarios.
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Fig. 9.4 Variation of AP 
latency with stimulus 
intensity (wideband click 
stimulus, normal ear). 
(Adapted with permission 
from Eggermont, 1976 [4])
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 Meniere’s Disease/Endolymphatic Hydrops

Endolymphatic hydrops is associated with an elevated SP and, more specifically, an 
increased SP/AP ratio [35–42]. These findings are conserved in the presence and 
absence of clinical Meniere’s disease. SP elevation is thought to be due to the dila-
tion of the scala media in the hydropic cochlear apex, leading to thinning of the 
basilar membrane and increased displacement in response to stimuli [28, 42]. 
However, the exact mechanism is unknown, and various mechanical, electrical, bio-
chemical, and ischemic/vascular mechanisms have been proposed [39, 43, 44].

With adequate clinical suspicion, an elevated SP/AP ratio is specific but not sen-
sitive for the diagnosis of Meniere’s disease. Reported specificities of ECOG for 
Meniere’s disease range from 92% to 100%, whereas sensitivities range from 30% 
to 70% [21, 32, 33, 40, 42, 45]. Higher sensitivities have been achieved in more 
recent studies by using other measurements obtained from ECOG (such as SP/AP 
area ratio or total SP/AP area; sensitivity 80%) [38, 41] or by combining ECOG 
measurements with pure tone audiometry findings. One report demonstrated 
 sensitivity and specificity of 94% and 98%, respectively, by combining the SP 
amplitude at 4000 Hz with air-conduction thresholds at 125 and 8000 Hz in binary 
logistic regression [46]. Elevated SP alone is neither sensitive nor specific for 
Meniere’s disease.

Debate exists regarding the reliability of ECOG in patients with severe hearing 
loss, with some authors arguing that the integrity of SP and AP waveforms deterio-
rates in patients with hearing loss greater than 60 dB [6]. These authors advocate 
ECOG use only in early Meniere’s disease. However, more recent data suggest that 
ECOG findings are conserved in severe hearing loss, with some data suggesting that 
the sensitivity of ECOG improves for more advanced Meniere’s disease [44, 47, 
48]. Recent consensus is that ECOG is applicable to Meniere’s disease in all stages.
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Fig. 9.5 Abnormal ECOG tracings in response to broadband click stimuli (0.1 ms) in patients with 
Meniere’s disease. Left, SP/AP = 0.65; right, SP/AP = 1.00
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ECOG can be useful to confirm a diagnosis of Meniere’s disease or to distinguish 
it from other possible diagnoses, including benign positional vertigo or vestibular 
migraine. However, it is a poor screening tool in patients with nonspecific symp-
toms. Despite its favorable and improving reliability, there is currently no role for 
ECOG in routine diagnosis of Meniere’s disease by American Academy of 
Otolaryngology – Head and Neck Surgery guidelines [49].

 Use in Cochlear Implantation

Speech perception following cochlear implantation is a critical outcome and is 
highly variable. Intraoperative ECOG immediately prior to cochlear implantation 
has been shown to predict postoperative word recognition scores with higher accu-
racy than common clinical factors, such as duration of deafness or degree of resid-
ual hearing [8, 50]. Although these data were obtained using electrodes on the round 
window, they suggest that extratympanic ECOG could be used in a clinical setting 
to assess candidacy for cochlear implants and to set realistic expectations for hear-
ing outcomes. This remains an area of active study.

Furthermore, most modern cochlear implants allow for direct intra-cochlear 
electrocochleography [51]. This ability confers several notable advantages. As mea-
surements are taken directly from the inner ear, the signal fidelity is significantly 
improved compared with all other measurement methods. In addition, the need for 
invasive transtympanic monitoring is completely eliminated. Finally, this allows for 
real-time monitoring of ECOG during cochlear implantation. This can be used to 
direct surgical technique, both in guiding implant insertion and in monitoring resid-
ual hearing for hybrid implants or “soft” cochlear implantation [52, 53]. Postoperative 
monitoring of cochlear function is also possible and has generated valuable infor-
mation concerning the pattern of loss of native hearing following cochlear implanta-
tion [54].

 Other Surgical Applications

ECOG can be used for intraoperative monitoring of hearing during hearing preser-
vation surgery for tumors of the cerebellopontine angle [9, 55, 56]. This is usually 
accomplished using a transtympanic electrode, and the AP signal is monitored, 
reflecting the function of the eighth cranial nerve. The primary disadvantages of this 
approach are the invasiveness and technical difficulty involved in the placement of 
the electrode and the instability of the transtympanic probe. To address the latter 
issue, stabilized probes placed through the tragus or extratympanically in the ear 
canal have been used [57, 58].

Alternative methods of intraoperative nerve monitoring include ABRs and direct 
nerve measurement (using recording electrodes placed directly on the exposed 
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eighth cranial nerve). Because it is noninvasive, ABR is the most widely used 
method. However, several studies have shown ECOG to be more reliable in moni-
toring eighth nerve integrity, which is expected as ECOG measures the same elec-
trophysiologic signals at closer range [57, 59]. Direct nerve measurement is very 
reliable when properly executed but requires identification of the eighth nerve and 
placement of electrodes intraoperatively, increasing operative time. Furthermore, 
the electrode must be placed on the nerve at the proximal extent of the surgical field, 
as it will not detect more proximal injuries. This may be difficult in the setting of 
very large tumors or unfavorable anatomy [60, 61].

ECOG has also been used during stapedectomy to monitor for cochlear damage 
and to fine-tune ossicular reconstruction. However, it was not found to prevent sen-
sorineural hearing loss during stapedectomy but only to predict it postoperatively 
[62, 63]. Monitoring of hearing during vestibular nerve section using ECOG has 
also been reported [64].

 Superior Semicircular Canal Dehiscence and Perilymph Fistula

Because ECOG measures electrical signals created by physical deflections within 
the cochlea, changes in the fluid dynamics of the scala media have profound impact 
on the measured potentials. In the case of superior semicircular canal dehiscence, an 
elevated SP/AP ratio is a specific but insensitive finding, with sensitivity and speci-
ficity of approximately 70% and 90%, respectively [10, 65]. This finding likely 
reflects the increased deformability of the scala media compartment, similar to the 
changes seen in endolymphatic hydrops. These changes are reversed when the 
dehiscence is surgically corrected [65].

Likewise, SP/AP ratio is elevated in some patients with perilymph fistula. This ele-
vation does not occur with the creation of a fistula but only when significant volume of 
endolymph is lost [66–68]. ECOG may be useful in intraoperative monitoring for peri-
lymph fistula, or as an adjunct test in the evaluation of patients with signs or symptoms 
concerning for perilymph fistula or superior semicircular canal  dehiscence, particularly 
in concert with vestibular evoked myogenic potential testing (see Chap. 8).

 Evaluation of Auditory Neuropathy/Dyssynchrony/Synaptopathy

Auditory neuropathy/auditory dyssynchrony (AN/AD) is a relatively newly 
described disorder which is broadly defined by normal cochlear outer hair cell func-
tion and abnormal brainstem responses. It occurs in all age groups and has a wide 
range of etiologies, including hereditary, infectious, metabolic, immune, and devel-
opmental [69]. AN/AD is traditionally diagnosed using three criteria: absent or seri-
ously impaired ABRs, normal otoacoustic emissions, and absent or reduced 
stapedial reflexes [70].
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Several ECOG patterns have been identified in patients with AN/AD, corre-
sponding to theoretical sites of dysfunction. Patients with normal SP and absent AP 
signals likely have presynaptic dysfunction of inner hair cells. Those with intact SP 
and AP likely have postsynaptic dysfunction of the proximal auditory nerve. Finally, 
those with no distinct SP or AP but an overall prolonged neural potential may have 
dysfunction in producing action potential (“synaptopathy”) [71]. However, some 
authors have been unable to reliably isolate these groups [72].

Apart from these findings, ECOG in AN/AD typically reveals a greatly increased 
CM and an abnormal positive SP, at least at higher frequency [73]. CM and SP 
thresholds are frequently low, both in comparison to CM and SP thresholds in the 
healthy ears and to AP thresholds in the affected ears. Furthermore, the SP/AP ratio 
is significantly higher in patients with AN/AD when compared with patients with 
comparable SNHL of other origin, which is a sensitive and specific finding [72]. 
ECOG can be used as an adjunct test for AN/AD in patients meeting diagnostic 
criteria, and future study may reveal a role for ECOG in the determination of spe-
cific subtypes of AN/AD.

 Conclusions

ECOG has been of considerable and evolving interest to otologists and neurotolo-
gists for over 80  years. Its utility in the diagnosis of Meniere’s disease is well- 
known and continues to develop. At the same time, novel intraoperative and 
diagnostic applications of ECOG continue to be discovered. Further study of ECOG 
in the context of various inner ear conditions will likely yield more powerful appli-
cations in coming years.
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Chapter 10
Cost-Effective Evaluation  
of the Dizzy Patient

Neal M. Jackson and Seilesh Babu

 Introduction

As the authors have explained in great detail in the preceding chapters, the  evaluation 
of the vestibular patient can be challenging, multifaceted, and complex. Evaluation 
can include dedicated history, extensive physical exam, electrophysiologic testing 
of the vestibular system, and specific imaging protocols to evaluate anatomy of the 
vestibular and central nervous system.

Because of the multitude of subspecialty physicians and evaluation techniques 
available, there is a risk of high utilization and high costs. The purpose of the  chapter 
is to review current literature and expert opinions from a variety of fields of  medicine 
to study cost-effectiveness in evaluation of the vestibular patient.

 The Challenge of the Dizzy Patient

It is well known that the dizzy patient interview can be very challenging for even the 
most experienced clinicians. This is multifactorial as balance includes multiple 
organ systems, and patients may describe the same sensation in various ways. A 
dizzy patient may have a great difficulty in describing the precise feeling or details 
of his or her dizzy symptoms [1]. For example, in one study, when dizzy patients 
were asked a series of questions to classify their type of dizziness and then reasked 
the same questions 10 min later, over half of the patients changed their dizziness 
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type. Patients may often endorse multiple dizziness categories (light-headed, room 
spinning, head swimming, etc.) [2]. Even patients with confirmed BPPV with 
observed nystagmus and assumed room-spinning vertigo sensation may often 
endorse light-headedness (and not vertigo), and over one-third of patients with car-
diovascular causes may endorse vertigo (and not light-headedness) [3].

Because of patients’ difficulty in describing symptoms, primary care and acute 
care providers may seek consultative referral to a neurologist, cardiologist, or oto-
laryngologist/neurotologist. Sometimes, patients end up seeing multiple specialists 
for the same dizziness symptoms. When the diagnosis is unclear or potentially mul-
tifactorial, patients might be referred to a panel of specialists to “rule out” each 
involved organ. A recent evaluation of patient experience showed that many patients 
are sent to multiple specialists, experience a delay in diagnosis, incur greater costs, 
and are sometimes not confident in the ultimate diagnosis [4].

Rates of true vestibular pathology in patients with dizziness can vary. One par-
ticular study utilizing multimodality assessments (Dizziness Handicap Index (DHI), 
rotational chair, and head thrust dynamic visual acuity) examined elderly dizzy 
patients and concluded that only 38% of patients truly have peripheral vestibulopa-
thy and 1% had central vestibulopathy. Of those with peripheral vestibulopathy, 
BPPV was the etiology in 63% [5].

Some patients experience their dizziness acutely and therefore present to 
acute care providers in the emergency department. In fact, there are increasing 
annual costs of dizziness evaluation in the emergency departments in the USA; 
this is due to both an increased number of visits and increased rates of testing 
(e.g., imaging) [6]. Therefore, a section of this chapter will address evaluation 
of the acute vestibular syndrome in the emergency department and the role of 
neuroimaging.

 Cost-Effectiveness

Cost-effectiveness in healthcare pertains to the relation of monetary expenditure to 
perceived health gain. This can be done utilizing various methods of analysis to 
answer specific questions. For example, when a new but more expensive technology 
occurs, a cost-effective analysis can be done to assess the measured expenditure of 
a new test or treatment in light of the standard practice. If the new test is more 
expensive and less effective, there is little reason to favor it. If the new test is less 
expensive and more effective, then likely it will gain favor. When the new interven-
tion is more expensive and seems more effective, a cost-effective analysis may be 
done to determine if the new intervention is “worth” the added cost—and this 
 perceived value is based on funds available, cultural attitudes, etc.

Multiple formulas and philosophical approaches exist to evaluate cost- 
effectiveness. A cost-effective ratio is typically a ratio between monetary cost 
 (typically measured in US dollars) and some measure of health gain. Monetary 
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costs may vary significantly based on contracts, insurance status, etc. Additionally, 
health gains can be very difficult to quantify.

Whereas objective outcome measures like HbA1C levels in diabetic patients may 
be more straightforward to calculate, health gains with respect to dizziness are not 
as objective. Given the variety of dizziness etiologies, there is no true gold standard 
of diagnosis or treatment outcome. Quality of life, patient satisfaction, and quality- 
adjusted life years (QALYs) are just a few of the measurements used to quantify 
effectiveness.

While cost-effectiveness is important to avoid wasteful utilization of limited 
resources, there are caveats to consider. First and foremost, there can be biases in 
cost-effective evaluations, as in other scientific literature. Selection bias in choosing 
which health gains outcomes to include may unfairly set the standard too high or too 
low. Second, a cost-effectiveness study referencing actual monetary costs is usually 
not true costs but instead assumed averages or ranges based on costs as a specific 
institution at a specific time for one specific test; the specific costs often vary based 
on complex and evolving contracts, insurance deductibles, and market forces which 
can modulate prices. Also, one must consider the value of the intervention to the 
individual patient as well as the value of the intervention to the population as a 
whole. Therefore, cost-effectiveness should be critically considered in clinical care, 
and any guidelines on cost-effectiveness should be interpreted carefully [7].

With regard to specific cost-effective evaluation of dizziness, there is limited litera-
ture to guide the interested clinician. Most studies are from single institutions and 
examine only the cost-effectiveness of one intervention in one specific clinical scenario. 
However, expert opinions from emergency medicine, neurology, and otolaryngology 
about clinical appropriateness may be combined with a fundamental understanding of 
relative costs to gauge some degree of cost-effectiveness. For example, a Dix-Hallpike 
test has minimal costs, whereas an MRI costs thousands of dollars.

 Evaluation of Dizziness in the Acute Care Setting

As mentioned previously, the presentation of dizziness in emergency departments is 
becoming more common and more costly in the USA. About 1–3% of all ED visits 
pertain to dizziness [6]. Most causes are not otologic but instead cardiovascular or 
due to other medical pathologies. Nevertheless, in the acute care setting, dizzy 
patients have been found to have longer stays and more resource utilization includ-
ing imaging, and yet many patients did not receive an actual diagnosis (e.g., vestibu-
lar neuritis, BPPV) beyond their stated symptom (i.e., dizziness) [8].

In the acute care setting, it is important to determine if the dizzy patient is expe-
riencing acute vestibular syndrome (AVS) or another form of dizziness. AVS can be 
defined as acute, sudden-onset, non-remitting, and persistent dizziness that resolves 
over days to weeks. The use of the words like “vertigo” or “light-headedness” is 
irrelevant to diagnose AVS.

10 Cost-Effective Evaluation of the Dizzy Patient
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For the patient with AVS, the most critical outcome of an emergency department 
visit is to either diagnose or confidently rule out posterior circulation stroke.

Initial evaluation begins with chief complaint and history. As discussed earlier, 
dizzy patients have difficulty in precisely describing their symptoms, so a clear his-
tory is not considered essential. In the elderly dizzy population in the ED, the use of 
the term “vertigo” as opposed to “dizziness” or “light-headedness” does not corre-
late with a stroke diagnosis [2]. And patients in the acute setting may have even 
greater difficulty in describing the exact feelings of their dizziness as they may be 
experiencing extreme anxiety, nausea, or vomiting.

For the acute care provider, it is necessary to consider the differential diagnosis 
which includes benign conditions (such as BPPV, vestibular neuritis, labyrinthitis, 
multiple sclerosis, vestibular migraine, temporal bone fracture with otic capsule 
injury, Meniere’s attack) and more emergent conditions (posterior circulation 
stroke). It is frequently necessary to evaluate for cardiac and neurologic causes of 
imbalance.

On physical examination, vital signs are essential to rule out orthostatic hypoten-
sion or signs of any cardiovascular disease. Next, a neurologic exam including cra-
nial nerve exam and cerebellar and gait testing is critical to rule out focal deficits. 
Otoscopy can be done to investigate for less likely causes of dizziness such as sup-
purative otomastoiditis, erosive cholesteatoma, or recent otic capsule trauma. 
Neuro-otologic assessment includes examining for spontaneous nystagmus, gaze- 
evoked nystagmus, or ocular misalignment.

In patients without focal neurologic deficit, positional maneuvers such as the 
Dix-Hallpike test should be performed. For patients with sudden onset dizziness, 
one of the most common etiologies is benign positional vertigo (BPV). Interestingly, 
the Dix-Hallpike maneuver requires no addition costs but is surprisingly rarely per-
formed in dizzy patients. According to one study looking at patients presenting to 
the ED with dizziness, in those diagnosed with BPPV, the Dix-Hallpike exam 
maneuver was only documented in 21.8% of cases, and the canalith repositioning 
maneuver (CRP) was only done in 3.9% of patients diagnosed with BPPV [9]. This 
may be related to the fact that there is limited confidence among ED providers in 
performing the Dix-Hallpike maneuver, the Epley canalith repositioning maneuver, 
and HINTS (Head Impulse, Nystagmus, Tests of Skew) compared to cranial nerve 
testing or ABCD2 [10]. A retrospective study of patients who ultimately underwent 
the Epley CRP found that delayed diagnosis caused the average patient to spend 
over $2000  in medications, multiple doctor visits, and other ineffective interven-
tions [11].

Special attention has been paid in the EM literature with regard to the importance 
of the physical exam in the evaluation of patients with acute vestibular syndrome. 
An excellent primer by Edlow and Newman-Toker is recommended to understand 
nuances of evaluation of the vestibular system during AVS as compared to during 
the non-acute setting [12].

The ABCD2 (age, blood pressure, clinical features, duration of symptoms, dia-
betes) is a clinical prediction tool used to estimate the chance of a stroke after CVA 
and is based on factors including age greater than 60 years, elevated blood pressure, 
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clinical features like unilateral weakness or speech disturbance, duration of symp-
toms, and diabetes. However, its accuracy has been questioned, and a recent study 
suggests that HINTS (Head Impulse, Nystagmus, and Tests of Skew) may be more 
diagnostic [13].

HINTS is a combination of different oculomotor exam maneuvers that includes 
the head impulse test (HIT); observation of nystagmus in primary, left, and right 
gaze; and assessment for skew deviation. The HIT relies on the vestibulo-ocular 
reflex (VOR) in which head movements are sensed by the inner ears and used to 
guide the oculomotor reactions to keep the eyes fixated on a target. The VOR 
requires that the examiner watch the patients’ eyes as the upright head is quickly 
rotated horizontally, and the patient is instructed to maintain gaze on the examiner’s 
nose. In a “normal” patient without any vestibulopathy, with sudden horizontal rota-
tion of the head, the eyes should continue to fixate on the examiner’s nose. However, 
if the head is turned and the VOR fails, then there a corrective saccade is observed—
this would indicate a peripheral vestibulopathy. It is important to understand that for 
patients with AVS, a “normal” HIT with intact VOR suggests the vestibular system 
is intact and therefore, this clinical combination of AVS with intact VOR is actually 
concerning for central stroke. It is important to note that the HIT with an intact VOR 
will only be “positive” with saccades in patients with acute vestibulopathy due to 
peripheral causes and will be “negative” in patients with central dizziness.

Nystagmus testing involves close observation of eye motion in all nine visual 
fields. Most patients with acute vestibular syndrome with nystagmus will show hori-
zontal nystagmus with a fast phase in one direction. Nystagmus due to peripheral 
vestibulopathy will beat more quickly when looking in the direction of fast phase 
and beat more slowly when looking in the opposite direction. If the direction of the 
fast phase changes with eccentric gaze, this is strongly suggestive of a central lesion 
such as stroke.

Skew deviation refers to a disconjugate vertical gaze and is suggestive of central 
lesion. It results from disruption of the vestibular input, especially the otolithic 
inputs, to the oculomotor nuclei through the brain stem.

A recent systemic review examined the importance of distinguishing benign 
peripheral process (vestibular neuritis or labyrinthitis) from a more treacherous pos-
terior circulation ischemia. Vertebrobasilar ischemic stroke does not always have 
obvious focal neurologic deficits. CT has poor sensitivity, and MRI with diffusion- 
weighted imaging (DWI) will not reliably show stroke in posterior fossa in the first 
24–48 h, having sensitivity around 80% [14]. In a review of vascular risk factors for 
patients with suspected posterior circulation ischemia who underwent computer 
tomography angiography (CTA) and neurology consultation, the risk factors for 
posterior circulation ischemia in dizzy patients were increasing age, increasing 
blood pressure, and focal neurologic deficits. CTA did not yield significant diagnos-
tic information [15].

In a population-based analysis, TIA/CVA was considered rare (3%) among 
patients complaining of dizzy symptoms. The use of the word vertigo or other 
descriptors did not correlate with presence of a TIA/CVA [16].

10 Cost-Effective Evaluation of the Dizzy Patient
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As opposed to classifying dizziness predominantly on the patient’s descriptors, 
another line of thought has been to distinguish four separate vestibular syndromes 
based on timing and causative factors: acute vestibular syndrome, chronic vestibular 
syndrome, episodic vestibular syndrome, and triggered vestibular syndrome. In this 
paradigm, acute vestibular syndrome is sudden onset with persistent symptoms last-
ing days to weeks (vestibular neuritis/labyrinthitis vs. posterior circulation CVA). 
Chronic vestibular syndrome includes prolonged dizziness lasting weeks to months; 
consider medication side effects or slowly growing posterior fossa lesions. Episodic 
vestibular syndrome is mainly intermittent, may arise spontaneously, and can last 
minutes to days. This could be Meniere’s disease, migraine-associated vertigo, or 
posterior circulation TIA.  Finally, triggered vestibular syndrome lasts less than 
1 min and is elicited by change in body/head position, suggestive of BPPV or ortho-
static hypotension.

Analysis of imaging for dizziness in the acute care setting suggests that CT head 
scans have a very low yield. A recent study at a metropolitan teaching hospital 
showed <1% sensitivity with CT head scan for dizziness. The use of CT scan can 
also lead to prolonged ED stay times due to time spent waiting for the scanner, 
radiologic interpretation, etc. and also lead to increased costs. There is low dose but 
certain radiation exposure. For these reasons, patients presenting with dizziness or 
syncope may not benefit from CT unless they have recent head trauma, focal neuro-
logic deficit, or advanced age [17]. In a 2015 study, Canadian physicians who 
ordered CT scans for stroke evaluation may have been falsely reassured by negative 
head CT, as patients who were discharged after a false-negative CT scan were actu-
ally twice as likely to have a stroke compared to patients not scanned [18].

MRI scans may have a role in acute vestibular syndrome patients. A large study 
reviewing the characteristics of central lesions detected by diffusion-weighted MRI 
in the ER showed a 3.6% prevalence of central lesions. Risk factors were age 
>50 years, hypertension, non-whirling dizziness, and any focal findings.

A large study by Ahsan et al. showed that CT brain/head only had a yield of 0.74% 
(6/1028). Of the patients who had positive CT findings, associated symptoms included 
vomiting, facial droop, altered vision, ataxia, and blurred vision; none had isolated 
dizziness. MRI had clinically significant pathology on 11/90 scans (12%) [19].

With regard to the role of neurology consult and neuroimaging in the emergency 
department, there are various practice patterns that currently exist. Headache and 
focal neurologic deficit were associated with neurology consult and imaging, 
whereas greater age (>60 years) and prior stroke predicted use of only neuroimag-
ing. Interestingly, positional symptoms prompted neurology consultation and not 
imaging. Twenty-one percent of neurology consultations were retrospectively asso-
ciated with a serious neurologic diagnosis (stroke, tumor, MS, etc.). Seven percent 
of neuroimaging had significant findings pertaining to dizziness [20]. Therefore, it 
would seem that neurology consults are more diagnostic and less costly than 
MRI.  However, timeliness and availability of dedicated neurologists may be 
limited.

A study examining the costs attributable to dizziness evaluations in the USA in 
2011 showed that while otogenic and vestibular diseases were the most common 
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causes of dizziness, cardiac causes of dizziness were much more costly overall to 
evaluate.

Overall, the cost-effective evaluation of the dizzy patient in the acute care setting 
should include history and physical examination with close attention paid to vital 
signs, neurologic exam, dedicated oculomotor exam, and neurotologic maneuvers 
(HIT, Dix-Hallpike maneuver). If focal neurologic deficits or truly positive Dix- 
Hallpike provocation are observed, then the diagnosis may be streamlined. HINTS 
requires essentially no additional cost and may be more accurate than DWI MRI for 
stroke diagnosis. If imaging is pursued, head CT has very low yield. MRI scan may 
be helpful in elucidating other central pathologies (CVA, MS, mass lesion, etc.) but 
may miss acute ischemic stroke in the first 24–28 h.

 Cost-Effective Evaluation in the Otolaryngology/ 
Neurotology Clinic

In the otolaryngology/neurotology clinic, patients typically do not present with 
acute vestibular syndrome. The differential diagnosis most commonly includes 
peripheral causes (BPPV, Meniere’s disease, vestibular neuritis/labyrinthitis, etc.) 
and central causes (migraine dizziness, multiple sclerosis, etc.). Mass of the IAC/
CPA should also be considered.

Muelleman et al. recently reviewed the epidemiology of dizzy patients who vis-
ited a neurotology clinic at an academic institution [21]. Only 57% of the patients 
ultimately were diagnosed with a peripheral vestibular etiology. Overall, the most 
common causes were Meniere’s disease (23%), vestibular migraine (19.3%), BPPV 
(19.1%), and non-migraine central causes (16.4%). Some patients had multiple 
diagnoses (migraine plus BPPV or migraine plus Meniere’s disease).

At some institutions, the patient’s self-reported symptoms are obtained prior to 
the clinic visit. In one interesting study, a simple question assessment asking about 
association of hearing loss, duration of vertigo, and if vertigo is “true vertigo” or an 
alternative feeling of disequilibrium suggested a correct basic categorization of 
BPPV, Meniere’s disease, VN, and labyrinthitis in 60% of patients [22]. Another 
study requiring patients to complete a 37-question survey dedicated to the patient 
experience of dizziness was able to accurately predict the cause of dizziness in 
about 78.5% of the time [23]. While history is not completely diagnostic, it may be 
a very inexpensive way to categorize the dizziness and potentially initiate 
treatment.

The physical examination of the dizzy patient should include vital signs, otos-
copy, cranial nerve exam, and standard neurotologic maneuvers such as Dix- 
Hallpike maneuver, head impulse test (HIT), Fukuda step test, Romberg balance 
test, and others. Frenzel goggles can aid in suppressing visual fixation and visually 
magnifying nystagmus for the observer.
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As BPPV is one of the most common peripheral vestibulopathies and its exami-
nation maneuver is seemingly straightforward, special attention has been paid to its 
diagnosis. In fact, the American Academy of Otolaryngology-Head and Neck 
Surgery recently updated its guidelines on BPPV, which is diagnosed with the Dix- 
Hallpike test. The cost-effective management of BPPV with CRP has also been 
studied. A retrospective study of patients who ultimately underwent the Epley CRP 
found that delayed diagnosis caused the average patient to spend over $2000  in 
medications, multiple doctor visits, and other ineffective interventions [11].

Some patients whose symptoms or exam findings are not sufficiently diagnostic 
may undergo additional evaluation of the vestibular system. A typical vestibular 
battery includes close monitoring of the eyes for nystagmus using either videonys-
tagmography (VNG) or electronystagmography (ENG). The eyes are observed at 
rest, tracking visual objects, when the head is in certain positions, and with caloric 
stimulation of the horizontal semicircular canal. Testing requires VNG goggles, a 
computer with software, and time with a trained audiologist. It is the most widely 
utilized vestibular test. It can be very effective in confirming the laterality of a ves-
tibulopathy in cases of unilateral Meniere’s disease.

Critics of the VNG may state that the only part of the inner ear that it tests is the 
horizontal semicircular canal at a low-frequency stimulation through caloric stimu-
lation and does not provide information about the rest of the vestibular function of 
the one inner ear. A 2011 paper shows that vestibular testing does have costs and 
may not necessary alter management significantly [24].

There can be significant variation in the use of vestibular diagnostic testing for 
patients presenting to otolaryngology clinics [25].

Rotational chair can be helpful in evaluating both inner ears at various frequen-
cies, including higher frequencies compared to low-frequency caloric stimulation 
with VNG. However, rotational chair can be very expensive to purchase and requires 
space in the office.

Other electrophysiologic testing of the inner ear discussed in greater detail in 
other chapters (e.g., ABR, ECOG) is generally considered not as sensitive or spe-
cific as MRI for retrocochlear pathology.

VEMP testing is not routinely employed for vestibular patients. One of its great-
est utilities is in the diagnosis of superior semicircular canal dehiscence (SSCD), 
although thin slice CT imaging with images in the plane of the canal is considered 
the best single test.

 Imaging for Dizziness

If vestibular testing is not helpful in evaluation, imaging can play a role in evalua-
tion of dizzy patients. Due to relatively higher costs compared to physical exam or 
vestibular testing, imaging is often used to confirm a suspected diagnosis (e.g., con-
firmation of SSCD in patients with suspected third window disorder) or to rule out 
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other lesions (e.g., posterior fossa mass lesion in patient with asymmetric hearing 
loss and vestibulopathy).

CT imaging of the temporal bone can be helpful in diagnosis of a fistula of the 
inner ear such as horizontal semicircular canal erosion due to cholesteatoma, 
 superior semicircular canal dehiscence, or temporal bone fracture. Otherwise, CT of 
the head or temporal bones is not very diagnostic in the evaluation of much more 
common causes of vestibulopathy (BPPV, Meniere’s disease, migraine dizziness, or 
central causes). There is cost, radiation exposure, and limited yield; therefore, it is 
not very cost-effective.

MRI is a more sensitive test for dizziness. It is considered the gold standard for 
evaluation of retrocochlear pathology such as acoustic neuromas, which are known 
to cause hearing loss as well as dizziness. With regard to acoustic neuromas, there 
is a precedent for MRI to be more sensitive and specific over ABR. An analysis of 
cost-effectiveness of MRI scan in patients with abnormal VNG/ENG was published 
in 2015 by Gandolfi et al. [26]. The study examined patients with unilateral weak-
ness >20%, abnormal oculomotor testing, or nystagmus on positional testing who 
underwent MRI to rule out retrocochlear pathology; the positive detection rate was 
5.5% for electrophysiologic testing (ABR) for patients with asymmetric hearing 
loss [27].

The American College of Radiology has published guidelines regarding expert 
panel recommendations on appropriateness of imaging for specific indications [28]. 
For isolated vertigo, MRI with and without contrast is preferred over MRI without. 
MRI with and without contrast is more sensitive to acoustic neuroma/vestibular 
schwannoma, meningioma, multiple sclerosis plaques (hyperintense plaques on 
fluid-attenuated inversion recovery or T2-weighted images), as well as acute/
chronic ischemic disease.

For patients with either episodic or persistent vertigo, MRI with and without is 
slightly preferred over MRI without contrast in evaluation of dizzy patient. However, 
some studies have shown a low yield from MRI for audiovestibular dysfunction. 
One study looking at 52 consecutive patients with audiovestibular dysfunction who 
underwent MRI found that 0% had any pathology [29].

Due to the relatively high cost of standard MRI with contrast and relatively low 
yield, there has been interest in the utility of less expensive non-contrasted scans. 
The concept of using SSFP (steady-state free precession) sequences such as CISS 
(constructive interference in steady state) or FIESTA (fast imaging employing 
steady-state acquisition) to detect mass lesions can be done without the cost and 
potential allergic risk from administration of gadolinium contrast.

The cost-effectiveness of non-contrast MRI for vestibular schwannoma in 
patients with asymmetric hearing loss has been recently studied [30]. In this particu-
lar study, a “screening” MRI utilizing non-contrast T1 axial and coronal images as 
well as axial SSFP sequence of the IACs and posterior fossa was employed. Scans 
with filling defect in the IACs or CPA were considered suspicious for mass and 
therefore received a more thorough imaging evaluation. A “full” MRI of IACs 
included the same sequences as the “screening” MRI plus post-contrast axial and 
coronal T1 sequences of posterior fossa as well as whole brain axial T2, FLAIR, and 
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DWI sequences. The cost of a contrasted MRI was around $4000, and non-contrast 
MRI costs were around $2872. While this particular study was focused on patients 
with asymmetric hearing loss, further study of a “screening” MRI might be interest-
ing for asymmetric vestibulopathy.

 Conclusion

Cost-effective evaluation of the dizzy patient begins with a dedicated cost-free his-
tory of the duration, trigger, and associated symptoms of the dizziness. For patients 
with vestibulopathy, a dedicated cost-free physical exam including neurologic 
exam, oculomotor exam, Dix-Hallpike maneuver, and head impulse test is essential. 
The use of Frenzel goggles, which have limited up-front costs, is encouraged to 
enhance observation of nystagmus. Weber and Rinne tuning fork tests are also mini-
mally costly and can quickly suggest if sensorineural or significant conductive hear-
ing loss is present. Vestibular testing including videonystagmography with caloric 
stimulation and rotational chair requires special equipment and trained audiology 
personnel; testing can help detect subtle oculomotor abnormality, confirm laterality 
of vestibulopathy, and provide a relative degree of remaining vestibular function. 
CT scans of the head and temporal bones are usually low yield for dizziness, 
whereas MRI scan may detect some central pathologies as well as tumors of the 
IAC/CPA.  It is unclear if the recent interest in “screening” MRIs with T2 non- 
contrasted CISS for IAC/CPA masses will be effective for evaluation of vestibular 
patients.

In general, cost-effectiveness calculations can be challenging. The costs of eval-
uation are difficulty to capture, and the gained health from diagnosis and treatment 
of dizziness is difficult to quantify. A review of the expanding literature from the 
fields of Emergency Medicine, Neurology, Physical Therapy, Otolaryngology, and 
Otology/Neurotology indicates there is a growing interest in cost-effectiveness with 
an emphasis on accurate physical exam and a focus on avoiding misdiagnosis of 
posterior circulation strokes and intracranial lesions.
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Chapter 11
Pathophysiology and Diagnosis of BPPV

Benjamin Campbell, Kyle Kimura, Robert Yawn, and Marc Bennett

 Introduction

Benign paroxysmal positional vertigo (BPPV), a disorder of the inner ear character-
ized by sudden, repeated episodes of positional vertigo, is the most common of the 
peripheral vestibular disorders and is believed to be the leading cause of vertigo 
worldwide. It has a favorable prognosis for recovery, with approximately 50% of 
cases resolving spontaneously within 3 months, and is rarely associated with any 
serious underlying CNS disorder [1–3].

 Epidemiology and Burden of Disease

BPPV is responsible for an estimated 5.6 million clinic visits annually, with a life-
time prevalence of 2.4% and an incidence that increases with age [4–6]. The average 
age of onset is approximately 50 years, and the cumulative incidence by age 80 
approaches 10% [5]. BPPV is more commonly seen in women, with a female-to- 
male ratio approaching 2:1 [7]. In 2007, researchers from Germany and Switzerland 
created the REVERT registry in an attempt to quantify the disease burden of ver-
tigo. In their study, they evaluated more than 4000 patients with diagnoses of ver-
tigo and found that nearly one third were subsequently diagnosed with BPPV [8].

In 2011, BPPV was associated with approximately $750 million in emergency 
department costs in the United States with total healthcare costs approaching 
$2  billion per year [9]. The estimated cost of diagnostic work-up for a single 
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patient has been reported at approximately $2000 [6, 10]. A major factor contribut-
ing to the high costs of diagnostic work-up is the use of unnecessary testing in 
evaluating a patient with vertigo. According to a recent study, greater than 65% of 
patients with BPPV received some form of unnecessary testing, imaging, or ther-
apy related to their diagnosis and treatment [10]. While not all imaging modalities 
are unnecessary, the vast majority of patients will receive a scan at some point 
during their evaluation. In fact, 70% of patients will have magnetic resonance 
imaging (MRI), and 45% will receive computed tomography (CT) [11]. Despite 
the prevalence and economic burden of BPPV, these reported costs may still 
underestimate the true disease burden by their inability to assess quality of life 
reduction in patients with BPPV as evidenced by increased levels of depression 
and anxiety [5].

 Etiology and Risk Factors

While BPPV is most frequently idiopathic in nature, it has been linked to incidents 
of head trauma, vestibular neuritis, and other underlying vestibular disorders such 
as Meniere’s disease [12]. Recent ear surgery, thought to be linked to utricular dam-
age and release of otoconia, has been described as an independent risk factor, and as 
mentioned previously, increasing age is also a risk factor [13]. Intubation has been 
proposed as another potential inciting incident in that it allows for the entrance of 
detached otoconia into the posterior canal when the patient is supine with an 
extended neck [1]. Comorbidities associated with BPPV include hypertension, 
hyperlipidemia, and migraines [5]. Given that all of these comorbidities are vascular 
in nature, it is hypothesized that there could be underlying labyrinthine ischemia in 
BPPV patients that facilitates detachment of the otoconia [5]. Other studies have 
found that osteopenia and osteoporosis are associated with BPPV independent of 
patient age and gender [14]. More rarely, there have been case reports that cite cer-
tain types of swimming or diving as having an association with the development of 
BPPV [15].

 Pathophysiology

There are currently two existing theories that attempt to explain the pathophysiol-
ogy of BPPV, the canalithiasis theory and the cupulolithiasis theory (Fig. 11.1). The 
inciting event in both of these theories is the detachment of calcium carbonate oto-
conia from the macula of the utricle [16]. In the canalithiasis theory, the free- floating 
dislodged otoconia enter the endolymph of the semicircular canal and shift when 
the head moves relative to gravity. The inertial drag of the otoconia displaces the 
cupula and causes vertigo. This vertigo resolves when the otoconia settle. 
Alternatively, the cupulolithiasis theory suggests that the detached otoconia adhere 
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to the cupula of the semicircular canal itself, which displaces the cupula during head 
position changes relative to gravity. While this theory would explain some of the 
more permanent forms of positional vertigo, it fails to explain the transient nature of 
BPPV or the torsional nystagmus that occurs during episodes [6].

Within the vestibular system, BPPV most commonly affects the posterior canal, 
which is seen in 85–95% of cases. The posterior canal is thought to be most com-
monly affected because of its most gravity-dependent position [17]. BPPV of the 
lateral canal is much less common and is responsible for 5–22% of cases [6, 17, 18]. 
When compared to posterior canal BPPV, the lateral canal variant tends to produce 
shorter yet more severe episodes of vertigo; however, it also tends to spontaneously 
resolve more rapidly [19]. Lateral canal BPPV may even result from the treatment 
of posterior canal BPPV with canalith repositioning procedures in a process called 
canal conversion [6]. The final variant, superior (or anterior) canal BPPV is quite 
rare, reported in about 1% of cases of BPPV [17, 18, 20].

 Presentation, Diagnosis, and Physical Exam

BPPV usually presents as episodes of brief positional vertigo, brought on by sudden 
head movements, which resolve in seconds to minutes. Patients usually notice that 
these episodes occur during specific daily activities, such as rolling over in bed, 
standing up, bending forward, or looking upward. These vertiginous episodes may 
be associated with nausea and light-headedness, but it is important to note that they 
are not associated with any hearing loss or tinnitus. Even though BPPV is character-
ized as an episodic disease, up to 50% of patients report feeling off-balance between 
episodes of vertigo which can last for hours to days [5].

Canalithiasis

Ampulla
Cupula Saccule

Macula
Utricle

Cupulolithiasis

Fig. 11.1 Two 
pathophysiologic theories 
of BPPV – canalithiasis 
and cupulolithiasis
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The diagnosis of posterior canal BPPV can be made solely with an appropriate 
history and physical exam. The official diagnostic criteria of BPPV have two com-
ponents: a history of repeated episodes of vertigo with head changes relative to 
gravity and a positive Dix-Hallpike maneuver (Table  11.1) [6]. A positive Dix- 
Hallpike maneuver is one that reproduces the patient’s vertigo and causes a tor-
sional, upbeating nystagmus that begins 2–20  s after the maneuver, increases in 
amplitude, and then resolves within 60 s of its onset [6]. Vestibular testing and imag-
ing are not required if the two diagnostic criteria above are met; however, an atypi-
cal response to the Dix-Hallpike maneuver or persistent and continuous episodes of 
vertigo may merit additional work-up.

Proper performance and interpretation of the Dix-Hallpike maneuver is of utmost 
importance, as the maneuver is currently the gold standard in diagnosis of posterior 
canal BPPV [6]. When performed by specialty clinicians, the Dix-Hallpike maneu-
ver has an estimated 82% sensitivity and 71% specificity for posterior canal BPPV 
[21]. Testing by primary care physicians may have slightly lower sensitivity and 
specificity, necessitating repeat testing or referral to specialists if suspicion for 
BPPV is high [22].

To perform the Dix-Hallpike maneuver, the clinician must have the patient 
seated on an examination table (Fig.  11.2). The clinician will then assist the 
patient in moving from an upright position to a supine position while the patient’s 
head is turned 45° to one side. Ideally, the patient’s neck should be extended 20° 
after the patient reaches the supine position. This may be accomplished by hang-
ing the patient’s neck off of the examination table. The transition from upright to 
supine should be done relatively quickly, and the patient should be instructed to 
keep his or her eyes open. This should be repeated with the patient’s head turned 
to the opposite side. In a positive test, the patient will experience symptoms of 
vertigo when the affected ear is downward, and the clinician will observe upbeat-
ing, torsional nystagmus that begins 2–20 s after reaching the supine position. 
The torsional component of the nystagmus should be toward the downward ear 
[6]. The nystagmus will gradually increase before eventually decreasing and 
resolving altogether over approximately 1  min time [23]. The nystagmus and 
symptoms of vertigo associated with the Dix- Hallpike maneuver lessen with 
each subsequent maneuver; however, repeated maneuvers are not necessary in 
making the diagnosis, as the fatiguable nature of the nystagmus is not one of the 
diagnostic criteria for BPPV [6]. Because this maneuver requires quick patient 

Table 11.1 Diagnostic criteria for posterior canal BPPV

History Repeated episodes of vertigo with changes in head position 
relative to gravity

Dix-Hallpike maneuver 
(requires all three)

Provokes vertigo and torsional, upbeating nystagmus
Latency period between completion of the maneuver and onset 
of vertigo and nystagmus
Vertigo and nystagmus increase and then resolve within 60 s 
of their onset

Adapted from Bhattacharyya [6]
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movement and neck e7xtension, patients with physical  limitations, such as cervi-
cal spinal cord injury, severe rheumatoid arthritis with cervical involvement, ver-
tebrobasilar ischemia, back pathology, or reduced fitness, may not be able to 
undergo the maneuver or may require the expertise of a physical or balance ther-
apist [24].

Most commonly the positive Dix-Hallpike maneuver elicits the classic crescendo- 
decrescendo, upbeating, torsional nystagmus, which is characteristic of posterior 
canal BPPV. Other forms of nystagmus seen during the maneuver may indicate the 
presence of a different variant of BPPV including lateral canal BPPV which will 
cause pure horizontal nystagmus and superior canal BPPV which will cause down-
beating nystagmus [6, 26–28]. If either of these types of nystagmus is elicited, 

Gravity

Gravity

Sagital Plane

45º

Fig. 11.2 Dix-Hallpike maneuver. (Adapted from Furman [25])
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 further examination with the supine head roll test is indicated (Fig. 11.3). This test 
is the preferred method of diagnosing the lateral canal variant of BPPV [17, 27, 29, 
30]. To perform the supine head roll test, the patient should begin by lying supine 
on the examination table while looking toward the ceiling. The patient’s head will 
then be turned rapidly to one side, stopping at 30° to horizontal, while the clinician 
observes for nystagmus. The head is then returned to the neutral position, and after 
nystagmus has ceased, the maneuver is repeated again by turning the head to the 
opposite side [31].

In a patient with lateral canal BPPV, the supine head roll test will cause a purely 
horizontal nystagmus that is more intense with the head turned toward one side [27, 
30, 32, 33]. The nystagmus of lateral canal BPPV changes direction with alterations 
in head position and can be one of two types: geotropic or apogeotropic [29, 30, 34, 
35]. Geotropic nystagmus is downbeating (i.e., toward the ground). It is the most 
common form of lateral canal BPPV. For a patient with geotropic nystagmus, the ear 
affected by lateral canal BPPV is the one that is down during the greatest intensity 
nystagmus as determined by the patient. Conversely, apogeotropic nystagmus is 
upbeating, and the affected ear is the one that is up during the greatest intensity 
nystagmus [6]. It has been suggested that canalithiasis is the mechanism underlying 
geotropic nystagmus, while cupulolithiasis is the mechanism underlying apogeotro-
pic nystagmus [16].

Real-time interpretation of nystagmus in either the Dix-Hallpike maneuver or 
the supine head roll test may be difficult to observe due its transient nature and 
potential inability of the patient to keep their eyes open. In these scenarios, 
video- oculographic recordings of the nystagmus, or videonystagmography 

30º 30º

Fig. 11.3 Supine head roll test. (Adapted from Fife [31])
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(VNG), may be helpful, as it allows for the eye to be enlarged on screen, replayed 
at various speeds, and recorded to facilitate collaboration with other specialty 
physicians [6] (Fig. 11.4).

 Differential Diagnosis and Additional Testing

In most cases, when a patient meets diagnostic criteria for BPPV, no further radio-
graphic imaging or vestibular testing is necessary. However, if symptoms or testing 
is inconsistent with BPPV, radiology and vestibular testing may help with diagnosis. 
Radiographic imaging, in the form of a head CT with contrast or a brain MRI, 
should be obtained in patients who suffer from episodic vertigo with visual distur-
bances, severe headaches, or abnormal cranial nerve findings on physical examina-
tion to search for signs of ischemia, demyelination, or intracranial mass lesions [6]. 
Imaging can also be very helpful in patients that experience multiple recurrences. 
Vestibular testing should be considered for patients who have atypical nystagmus on 
either the Dix-Hallpike maneuver or the supine head roll test [6]. Patients who have 
failed treatment with canalith repositioning procedures or those who suffer from 

History of repeated episodes
of positional vertigo

Perform
Dix-Hallpike Maneuver

Torsional upbeating
nystagmus

Horizontal
nystagmus

Perform Supine
Head Roll Test

Consider additional imaging,
vestibular testing, or other

diagnoses

Atypical or no
nystagmus

Apogeotropic lateral
nystagmus

Lateral canal BPPV

Geotropic lateral
nystagmus

Meets diagnostic criteria
for posterior canal BPPV

Downbeating
nystagmus

Atypical or no
nystagmus

Fig.11.4 Diagnostic flowchart for BPPV
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frequent recurrences of BPPV may also benefit from vestibular testing [6]. Finally, 
vestibular testing is also useful if the patient is suspected of having additional ves-
tibular pathology aside from BPPV, which has been estimated to occur in 31–53% 
of patients with BPPV [1, 36, 37].

The differential diagnosis for BPPV contains many otologic and neurologic dis-
orders. However, BPPV can often distinguished by its self-resolving nature and incit-
ing events prior to episodes of vertigo [6]. Other disorders may present with chronic 
symptoms of vertigo or symptoms that occur spontaneously without an identifiable 
trigger. While BPPV is not associated with hearing loss, Meniere’s disease, which 
presents in a similar manner to BPPV with spontaneous, sustained episodes of ver-
tigo, will often have associated aural fullness, tinnitus, or hearing loss [1]. Compared 
to BPPV, the episodes of vertigo in Meniere’s disease are not brought on by posi-
tional changes but rather occur spontaneously without an identifiable source [1]. 
Acute peripheral vestibular syndromes, such as vestibular neuritis and labyrinthitis, 
can also cause vertigo, but these episodes are often more insidious in nature, develop-
ing over the course of hours and lasting for days to weeks. In these syndromes, ver-
tigo may also occur at rest [38]. Superior canal dehiscence syndrome and perilymph 
fistulas may also produce acute episodes of triggered vertigo; however, this vertigo is 
induced by inner ear pressure changes, such as loud sounds or Valsalva maneuvers 
rather than from changes in position [39]. Central nervous system (CNS) pathologies 
such as vestibular migraine, posterior circulation transient ischemic attacks (TIAs) or 
strokes, vertebrobasilar insufficiency, infratentorial lesions, and central positional 
vertigo can also present with episodes of vertigo [6]. Of these CNS pathologies, 
vestibular migraine is the most common, causing roughly 14% of vertigo cases, with 
a lifetime prevalence of 3.2% [38, 40]. Findings that suggest a neurologic cause of 
vertigo include downbeating nystagmus without a torsional component during the 
Dix-Hallpike maneuver, direction-changing nystagmus without change in head posi-
tion, or nystagmus at rest [6]. Posterior circulation TIAs or strokes may be suspected 
when episodes of vertigo are accompanied by focal neurologic signs such as dysar-
thria or dysphagia [41]. Cervicogenic vertigo is triggered by head movements, but 
these head movements occur when the head is upright and are not positional changes 
relative to gravity. Other disorders on the differential for BPPV include anxiety 
attacks and panic disorder, medication side effects, and postural hypotension [6].

 Summary

BPPV is a relatively common disorder of the inner ear that causes sudden episodes 
of positional vertigo and is one of the leading causes of vertigo worldwide. It is most 
frequently idiopathic and is believed to be caused by the presence of detached oto-
conia within the semicircular canals. While the differential diagnosis for vertigo is 
broad, BPPV can often be diagnosed solely through history and physical exam, 
consisting of the Dix-Hallpike maneuver or the supine head roll test. Treatment of 
BPPV will be discussed in a separate chapter of this text.
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Chapter 12
Medical and Surgical Treatment of BPPV

Peng You, Sumit K. Agrawal, and Lorne S. Parnes

 Introduction and Background

Benign paroxysmal positional vertigo (BPPV) is the most commonly encountered 
peripheral vestibular disorder. While Barany first described the presentation in 1921 
[1], the term benign paroxysmal positional vertigo was not coined until 1952 by Dix 
and Hallpike [2]. The name of the disorder eloquently summarized its salient features 
that include sudden but brief episodes of vertigo elicited by certain head positioning.

In the context of BPPV, the symptoms of vertigo reflect inadvertent activation of 
the inner ear which leads to an illusory sense of motion. Studies have found that 
17–42% of patients with vertigo are eventually diagnosed with BPPV [3]. The 
majority of BPPV occurs without a known cause (primary BPPV). In comparison, 
secondary BPPV is thought to be related to closed head injury, otologic and non- 
otologic surgery, or inner ear diseases such as sudden sensorineural hearing loss, 
Meniere’s disease, vestibular neuronitis, and even migraine [4]. The peak onset of 
primary BPPV is between the fifth and sixth decade of life with a female to male 
ratio of 2–3 to 1 [5]. This gender difference is not observed in younger patients or 
those with an onset of BPPV following trauma [6].

The prevalence of the BPPV equates to a high healthcare burden, estimated to 
approach $2 billion per year [6]. However, delay in diagnosis and treatment is fre-
quent, with cost and quality of life implications for patients and caregivers [6, 7]. 
For instance, in the elderly, it has been estimated that 9% of patients have unrecog-
nized BPPV [8]. Furthermore, some authors have found that only 10–20% of 
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patients with BPPV seen by physicians receive appropriate treatment [9]. Fortunately, 
BPPV is usually easily diagnosed through the history and physical exam. Moreover, 
the majority of patients can be treated using effective, noninvasive means.

Understanding of the pathophysiology and available treatment options is essen-
tial for clinicians tackling this common affliction. The pathophysiological mecha-
nism of BPPV has been attributed to cupulolithiasis (particles adherent to the 
cupula) or canalithiasis (floating particles within a semicircular canal). The theory 
of canalithiasis is supported by in vivo discovery of endolymph particles by Parnes 
and McClure in 1992 [10]. A recent scanning electron microscopy study demon-
strates that canaliths are displaced fragments from the utricular otolithic membrane 
[11]. On the other hand, the theory of cupulolithiasis describes particle or debris 
being adherent to the cupula and may represent the more chronic form of BPPV [4]. 
Details of pathophysiology and diagnosis of BPPV will be elaborated in another 
chapter. Once the clinician arrives at an accurate diagnosis of BPPV, appropriate 
nonsurgical and surgical management can be arranged.

 Management

 Nonsurgical Management

BPPV is an eminently treatable inner ear disease. In the vast majority of cases, clini-
cians can offer noninvasive means to correct what is essentially a mechanical prob-
lem within one or more semicircular canals. Note that in BPPV associated with 
vestibular neuronitis, Meniere’s disease, head trauma, and even the idiopathic type, 
there may be other concurrent vestibulo-pathologies in conjunction with the BPPV, 
most notably affecting the otolith organs. Clinicians should be mindful that treat-
ment for the latter with vestibular rehabilitation therapy (VRT) can coincide with or 
follow the treatment for BPPV.

A crucial component of BPPV management is education and reassurance. BPPV 
is ultimately a benign condition, and patients should be made aware of its favorable 
prognosis. Left untreated, 25% of patients have spontaneous resolution by 1 month 
and up to 50% at 3 months [12]. While observation is an option, effective treatment 
can help avoid discomfort and possible injury associated with episodic vertigo [6]. 
Unfortunately, relapse and remissions can occur unpredictably in both treated and 
untreated patients [5]. Thus, education also helps patients anticipate and cope with 
recurrences.

The treatment of choice centers around appropriate repositioning maneuvers. 
The in-office techniques have been shown to be more efficacious than rigorous ves-
tibular habituation therapy such as that introduced by Brandt and Daroff [13]. 
Furthermore, studies have shown labyrinthine sedatives to be less efficacious than 
repositioning maneuvers or vestibular training [14]. Therefore, based on current 
evidence, clinicians should refrain from treating BPPV with vestibular suppressant 
medications [6, 14].
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 Posterior Canal BPPV

The Semont (aka liberatory) maneuver was first described in 1988 and was based 
on the theory of cupulolithiasis [15]. Through rapid, stepwise changes in head 
position, the maneuver aimed to free stuck debris from the cupula. In time, the 
cupulolithiasis theory was supplanted by the canalithiasis theory, but as it turned 
out, the Semont maneuver still proved useful through its repositioning of the 
canaliths into the utricle. The patient is first seated upright with the head turned 
away from the affected ear (Fig. 12.1). Then, the patient quickly adopts a side-
lying position to the affected side with the head angled up. After 5 min, the patient 
is moved to the opposite side- lying position with the head angled down. The 
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Fig. 12.1 Semont maneuver (right ear). The effect of the sequential movements on the labyrinth 
is depicted in the top panel. The transition from position 2 to 3 must be rapid. (Reprinted from 
Parnes et al. [4] (Fig. 7). © Canadian Medical Association 2003. This work is protected by copy-
right, and the making of this copy was with the permission of the Canadian Medical Association 
Journal (www.cmaj.ca) and Access Copyright. Any alteration of its content or further copying in 
any form whatsoever is strictly prohibited unless otherwise permitted by law)
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patient remains this way for 5–10 min before slowly being brought back to the 
sitting position. Most, if not all, clinicians now perform these steps much more 
quickly than originally described, perhaps 1 min for each. Overall, the Semont 
maneuver has been shown to be efficacious, safe, and advantageous compared to 
a sham control [16]. The reported response rate ranges from 70% to 90% with a 
recurrence rate of approximately 29% [16, 17]. This maneuver may be considered 
for patients with cervical spine or vascular conditions as it does not require hyper-
extension of the neck. Unfortunately, due to its rapid pace, the Semont maneuver 
can be difficult in elderly, obese, and infirm patients.

In the 1980s, based on the canalithiasis theory, Dr. John Epley devised a set of 
controlled head movements called the canalith repositioning procedure (CRP), 
now known colloquially as the Epley maneuver [4]. The premise was to return the 
canaliths, under the influence of gravity, from the posterior semicircular canal 
back into the utricle. Over time, the CRP has been simplified and has become the 
mainstay treatment for posterior canal BPPV. One modified form of CRP is the 
particle repositioning maneuver (PRM). First introduced by Parnes and Price-
Jones, PRM offers a more simplistic three-position maneuver and obviates the 
need for sedation and mastoid vibration described in the original CRP [4]. 
Currently, the terms CRP, PRM, and Epley maneuver are used interchangeably. 
The procedure has been shown to be efficacious with 70–85% success rate after a 
single maneuver [18]. A Cochrane review of 11 relevant studies representing 745 
participants concluded that the Epley maneuver and its modifications are safe and 
effective [19].

The steps of the PRM are as follows [4] (Fig. 12.2):

 1. Place the patient lengthwise on a table or stretcher in a sitting position.
 2. Move the patient into the supine Dix-Hallpike position with head turned toward 

the side being treated. Place the neck in extension, hanging the head back over 
the edge of the stretcher. For those who cannot tolerate neck extension, tilt the 
stretcher back into Trendelenburg position.

 3. Maintain this position for 1–2 min while observing for nystagmus.
 4. While keeping the neck in full extension, turn the head 90° toward the opposite 

ear.
 5. Continue to roll the patient another 90° until the head is diagonally opposite to 

the first Dix-Hallpike position. This step should be done in less than 3 s in order 
to generate a nystagmus response. The latter results from the gravitational pull 
on the canaliths which induces an endolymph current and in turn induces cupular 
displacement and the resulting nystagmus.

 6. Observe for “secondary-stage” nystagmus. Ideally, this secondary-stage nystag-
mus should beat in the same direction as the primary-stage nystagmus.

 7. After 30–60 s, the patient resumes a seated position. With a successful maneuver, 
there should be no nystagmus or vertigo when the patient returns to the sitting 
position.
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Practitioners should pay careful attention to the patient’s nystagmus during the 
PRM. Reversed/absent secondary stage nystagmus or a reversed nystagmus at the 
conclusion of PRM suggests that the canaliths have not returned to the utricle. The 
PRM should then be repeated after a short interval. While the original Epley maneu-
ver described posttreatment activity limitations and mastoid vibration, neither has 
been shown to enhance the rate of success [20, 21]. However, on occasion, mastoid 
oscillation may be helpful in cases resistant to conventional repositioning.

Emerging evidence supports the utility of treating subjective BPPV. This is the 
term used for patients with convincing clinical histories but no nystagmus during 
Dix-Hallpike testing [4]. Proposed theories for this include subclinical nystagmus, 
a fatigued response, and less severe BPPV that activates the sensation of vertigo but 
not the vestibulo-ocular reflex. Studies have shown repositioning maneuvers in 
those with subjective BPPV are nearly as effective as they are for patients with 
objective BPPV [22].
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Fig. 12.2 Particle repositioning maneuver (right ear). Sequential movements and the correspond-
ing position of the utricle and semicircular canals. (a) The patient is seated as viewed from the right 
side. (b) First step of particle repositioning maneuver and the same position assumed during nor-
mal Dix-Hallpike. This position is maintained for 1–2 min. (c) The patient’s head is rotated toward 
the opposite side, while the neck remains extended. (d) In a steady motion, the patient is rolled 
onto the opposite side. Position D is maintained for another 1–2 min before the patient sits up to 
position A. D, direction of view of labyrinth; dark circle, position of particle conglomerate; open 
circle, previous position. (Reprinted from Parnes et al. [4] (Fig. 8). © Canadian Medical Association 
2003. This work is protected by copyright, and the making of this copy was with the permission of 
the Canadian Medical Association Journal (www.cmaj.ca) and Access Copyright. Any alteration 
of its content or further copying in any form whatsoever is strictly prohibited unless otherwise 
permitted by law)
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 Horizontal Canal BPPV

The choice of repositioning technique of horizontal canal BPPV differs depend-
ing on whether the presenting nystagmus is geotropic or apogeotropic. The former 
suggests canalithiasis and is more clinically responsive and well-studied [6] 
(Table 12.1).

When horizontal geotropic nystagmus is encountered with lateral supine head 
turns, barbecue roll or barrel roll can be used to rotate patients in the plane of the 
horizontal semicircular canal [23]. Starting in a supine position, the head is first 
turned toward the affected ear. The head and body are then turned away from the 
affected side in 90° increments. The patient holds each position for about 1 min 
until a full 360° rotation is completed before they are returned to the seated position. 
An alternative strategy is the Gufoni maneuver [24]. The patient begins by lying 
sideways on the unaffected side for 1–2 min. The head is then rapidly turned 45° 
toward the ground where the patient holds the position for 2 min before sitting up. 
A randomized control trial showed comparable success between Gufoni (response 
rate of 60.9%) and barbecue roll (69.1%) [25].

In the event of apogeotropic nystagmus, suggesting the likely mechanism to be 
cupulolithiasis, the Gufoni maneuver begins with the patient lying sideways on the 
affected side before turning the head rapidly toward the ground [6]. Similarly, the 
patient holds each position for 1–2  min before sitting up. Whereas the Gufoni 
maneuver depends on linear acceleration and positive inertia to move the canalith, 
Vannucchi and colleagues proposed forced prolonged positioning which relies on 
gravitational sedimentation [26]. In forced prolonged position, the patient assumes 
a lateral decubitus position on the unaffected side for 12 h (affected side if nystag-
mus is apogeotropic). A prospective observational study found the effectiveness of 
forced prolonged position to be similar to that of Gufoni maneuver after a single 
application (with success rates of 76% and 89%, respectively) [27]. Practically, 
due to the time commitment, the forced prolonged positioning is not typically 
performed.

 Superior Canal BPPV

In contrast to the posterior and superior canal variants, the data is sparse for 
effective therapeutic maneuvers for superior canal BPPV. Two commonly pub-
lished maneuvers for the superior canal are the reverse Epley and Yacovino, with 

Table 12.1 Characteristic nystagmus associated with horizontal canal BPPV

Direction of nystagmus

Intensity of nystagmus Ageotropic Geotropic
Stronger on the left side Right cupulolithiasis Left canalithiasis
Stronger on the right side Left cupulolithiasis Right canalithiasis

Table reproduced from Parnes et al. [4]
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a mean success rate of 75.9% and 78.8%, respectively [28]. The reverse Epley is 
effectively a PRM of the unaffected side, thus isolating the contralateral and 
affected anterior canal. In comparison, the Yacovino maneuver is sequential head 
positioning where the patient starts in a supine 30° head-hanging position, then 
a supine 30° head- inclined position, and lastly a sitting head 30° forward 
position.

 Recurrences, Complications, and Failed Treatment

Spontaneous recurrence following the successful treatment of BPPV is high and 
should not be a deterrent for the clinician. Repositioning maneuvers are usually 
safe and can be repeated at the time of follow-up. While the follow-up after 
canal repositioning has not been standardized, a typical interval is 1 month [6]. 
Follow-up is also crucial in the event of bilateral BPPV. For bilateral BPPV, the 
more symptomatic side should be treated first with plans to address the other 
side in follow-up. The contralateral side is not repositioned during the initial 
visit given the theoretical risk of re-displacing the canaliths on the initially 
treated side.

Overall, repositioning maneuvers have very few associated side effects. The 
most frequent sequela is nausea, which is found in 16.7–32% of the cases [19]. 
In susceptible patients, prophylactic antiemetics and/or vestibular suppressants 
may be necessary. During repositioning for posterior canal BPPV, canaliths may 
be displaced from the posterior canal into the horizontal canal. This is termed 
canal conversion and occurs in less than 5% of the cases [29]. In the event of 
canal conversion, appropriate treatment of horizontal canal BPPV should ensue. 
Lastly, clinicians should be mindful of patients with vascular disease or C-spine 
disorders as the diagnostic maneuvers and treatments have the potential, albeit 
very rarely, to cause injury to the vertebral arteries or C-spine structures, respec-
tively [30].

In instances of multiple failed repositioning maneuvers, a tertiary center referral 
should be considered [6]. Recently developed repositioning chairs including the 
Epley Omniax rotator and the TRV hold a great promise for refractory cases, multi- 
canal involvement, or patients with high-risk necks [31]. Because of high cost, they 
will be limited to tertiary care centers. In the event of refractory disease, surgical 
intervention may be considered.

 Surgery

BPPV is highly amenable to repositioning maneuvers. As such, operative interven-
tion is reserved for intractable cases or patients with severe and frequent recurrences 
that significantly impact the quality of life. Overall, less than 1% of BPPV patients 
require surgical intervention [32]. Aside from sporadic cases reports and small 
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series of canal occlusion for horizontal or superior canal BPPV, virtually all surgical 
interventions have been for intractable posterior canal BPPV.

Given the associated operative risk for this “benign” disorder, preoperative plan-
ning is critical. Surgeons should precisely confirm the affected canal and its side. 
Preoperative testing should include audiometry given the possible complication of 
hearing loss from inner ear surgery. Vestibular testing including videonystagmogra-
phy (VNG), video head impulse testing (vHIT), and/or vestibular-evoked myogenic 
potentials (VEMP) is encouraged to establish baseline function in the operative ear 
and ensure normal vestibular function in the contralateral ear. Imaging with CT and 
or MRI should also be arranged for surgical planning and to rule out central lesions 
that may mimic BPPV.

 Singular Neurectomy

The singular neurectomy for posterior canal BPPV was popularized by Gacek and 
involves transection of the posterior ampullary nerve within the singular canal [33]. 
To gain access to the singular canal, the surgeon begins with the exposure of the 
round window through a trans-canal approach. Some of the posterior canal wall and 
the bony overhang of the round window niche are drilled to expose the entire round 
window membrane. The singular canal lies 1–2 mm below the posterior-inferior 
margin of the round window membrane. After the singular nerve is exposed in its 
canal, it can be transected with a pick or small right-angled hook. The neurectomy 
removes the resting input from the affected posterior canal ampulla, creating both a 
dynamic and static vestibular asymmetry. Over time, compensation occurs by cen-
tral adaptation that can be expedited by VRT.

Large case series of singular neurectomy showed favorable success in com-
plete resolution of vertigo between 80% and 97% [34, 35]. However, with the 
necessary surgical exposure placing the vestibule at risk, singular neurectomy car-
ries a significant risk of sensorineural hearing loss (SNHL). Smaller series 
reported complication rates of SNHL at 12%, 29%, and 41% of cases among 8, 7, 
and 12 neurectomies, respectively [36–38]. By comparison, Gacek’s updated 
series of 252 neurectomies reported the rate of SNHL at 3.7% [34]. Therefore, 
surgeon’s experience is crucial to the success of this technically challenging 
procedure.

 Posterior Semicircular Canal Occlusion

Posterior semicircular canal occlusion was first introduced by Parnes and McClure 
in 1990 as a treatment for intractable BPPV [39]. They proposed that occluding the 
canal would render the cupula unresponsive to any kind of stimulation, be it from 
natural head movements or gravitational pull on the canaliths/cupuliths. While this 
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creates a dynamic vestibular asymmetry, central adaption relieves the initial postop-
erative imbalance over time.

Exposure of the posterior semicircular canal is done through a standard postau-
ricular incision and limited mastoidectomy [40] (Fig. 12.3). Following the identifi-
cation of the posterior canal otic capsule, the bone is blue-lined. After that, a 1 mm 
diamond burr is used to create a 1 by 3 mm endosteal island. The endosteal island is 
removed using a fine 90° pick, revealing the perilymph (Fig. 12.4). The perilymph 
can then be wicked away to expose the membranous labyrinth. A variety of materi-
als can be used for canal plugging including bone dust or fascia. The option  preferred 
by the originator of this technique is to fashion the plug from dry mastoid cortex 
bone chips mixed with fibrinogen sealant (Fig. 12.5). The plug is inserted through 
the fenestra with the intention of occluding the canal lumen and collapsing the 
membranous labyrinth (Fig. 12.6). A blunt 45° probe can then be used to pack the 
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Fig. 12.3 Surgical exposure of posterior semicircular canal. (a) Exposure of posterior semicircu-
lar canal otic capsule using limited mastoidectomy. (b) Creating 1X3 mm endosteal island with a 
small diamond burr. (c) Cross-section view. (Reproduced with permission. This figure was pub-
lished in Otologic Surgery 4th edition by Brackmann, Shelton, and Arriaga, in chapter 
“Transmastoid semicircular canal occlusion for benign paroxysmal positional vertigo and other 
disorders,” page 408–416, Copyright Elsevier (2015) [40])
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Fig. 12.4 (a) Lifting out 
the endosteal island with a 
fine 90° pick. (b) 
Magnified lateral view. 
(Reproduced with 
permission. This figure 
was published in Otologic 
Surgery 4th edition by 
Brackmann, Shelton, and 
Arriaga, in chapter 
“Transmastoid semicircular 
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paroxysmal positional 
vertigo and other 
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Fig. 12.5 Creating a plug 
with two-component 
fibrinogen glue and 
mastoid cortex bone chips. 
(Reproduced with 
permission. This figure 
was published in Otologic 
Surgery 4th edition by 
Brackmann, Shelton, and 
Arriaga, in chapter 
“Transmastoid semicircular 
canal occlusion for benign 
paroxysmal positional 
vertigo and other 
disorders,” page 408–416, 
Copyright Elsevier (2015) 
[40])
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plug tightly in the canal. Afterward, the fenestra and surrounding bone are covered 
with temporalis fascia and more fibrinogen glue to prevent postoperative perilymph 
fistula (Fig. 12.7). With time, the bone chips within the canal ossify resulting in a 
permanent occlusion of the canal.

Initial experience of Parnes and McClure and subsequent case series found 
posterior semicircular canal occlusion to be effective in abolishing BPPV while 
preserving hearing [41]. Furthermore, canal occlusion is not limited to the poste-
rior semicircular canal as authors have reported cases of successful horizontal and 
anterior semicircular occlusion for treating the corresponding canal’s intractable 
BPPV [42, 43]. Other variations include the use of argon laser for blue lining the 
posterior canal or CO2 laser to produce canal fibrous occlusions [40]. Compared 
to singular neurectomy, this surgical approach carries fewer risk and less technical 
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Fig. 12.6 (a) Tamping 
plug through the fenestra 
into the canal. (b) A 
cross-section of the canal 
shows the intact but 
occluded membranous 
canal. (Reproduced with 
permission. This figure 
was published in Otologic 
Surgery 4th edition by 
Brackmann, Shelton, and 
Arriaga, in chapter 
“Transmastoid semicircular 
canal occlusion for benign 
paroxysmal positional 
vertigo and other 
disorders,” page 408–416, 
Copyright Elsevier (2015) 
[40])
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challenges. Of 74 posterior canal occlusions, Parnes and Agrawal showed only 
one case with a significant postoperative sensorineural hearing loss, which 
occurred 3 months postoperatively and was believed to be a result of labyrinthitis. 
This patient had also undergone two prior unsuccessful singular neurectomies in 
the same ear [40].
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Chapter 13
Pathophysiology and Diagnosis 
of Meniere’s Disease

Alexander L. Luryi, Elliot Morse, and Elias Michaelides

 Introduction

In 1861, Prosper Meniere described a disease that consisted of episodic vertigo and 
fluctuating hearing loss. He hypothesized that the disease arose from the inner ear 
peripheral end organ. Over the following century, knowledge of the mechanics of 
the inner ear was refined and consensus gradually built that endolymphatic hydrops 
was likely causative of Meniere’s disease (MD) [1]. MD has been estimated to 
affect between 10 and 150 out of every 100,000 individuals, although the true preva-
lence is difficult to determine due to variable diagnostic criteria. It typically presents 
between ages 35 and 60 and occurs slightly more frequently in females [2]. This 
chapter discusses the underlying pathophysiology, clinical features, and diagnosis 
of MD.

 Clinical Features

 Clinical Presentation

Classically, MD consists of a triad of recurrent vertigo, tinnitus, and sensorineural 
hearing loss, usually accompanied by aural fullness. As there is no definitive test for 
MD, the diagnosis is primarily clinical and requires a thorough history and physical 
examination. The American Academy of Otolaryngology-Head and Neck Surgery 
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(AAO-HNS) diagnostic guidelines historically included categories of “certain,” 
“definite,” “probable,” and “possible” Meniere’s disease dependent on the presence 
of certain clinical features and test results. The 2015 update of the guidelines, shown 
in Table 13.1, simplified these into “definite” and “probable” MD based only on 
history, physical examination, and pure tone audiometry [3].

Although definite Meniere’s disease is not diagnosed until both cochlear and 
vestibular symptoms manifest, patients often initially present with episodic hear-
ing loss or vertigo alone [4, 5]. Most patients have unilateral disease, although 
approximately 25–35% develop contralateral symptoms during their disease 
course [6–9]. Longitudinal studies have shown that the incidence of bilateral dis-
ease is higher in patients with a family history of MD and earlier disease onset [7]. 
Simultaneous onset of bilateral disease is uncommon and occurs in approximately 
1% of cases.

Even in patients with clinically unilateral disease, some degree of sensorineural 
hearing loss is frequently detected in the contralateral ear, suggestive of subclinical 
bilateral disease [4]. Additional testing, including auditory brain stem responses and 
electrocochleography, has revealed bilateral involvement in up to 50% of patients 
[10]. This becomes significant as bilateral disease can affect surgical treatment algo-
rithms (see Chap. 15).

 Vertigo

The frequency of vertigo attacks varies significantly between patients, ranging from 
one to two attacks per year to nearly continuous vertigo. These attacks are described 
as spinning or motion sensations and are usually not positional in nature. While 
diagnostic guidelines allow a wide range of attack durations, attacks usually last 
between 1 and 4 h, and most patients rate their attacks as moderate in severity. With 
follow-up over 10 years, vertiginous symptoms resolve to some degree in the major-
ity of patients, with approximately half reporting complete resolution [11, 12]. In 
patients in whom vertigo persists, there does not appear to be any association 
between disease duration and attack duration, frequency, or intensity, although find-
ings vary [7].

Table 13.1 2015 AAO-HNS guidelines for diagnosis of Meniere’s disease

Definite Two or more spontaneous episodes of vertigo, each lasting 20 min–12 h
Audiometrically documented low- to mid-frequency sensorineural hearing loss in one 
ear, defining the affected ear, on at least one occasion before, during, or after one of 
the episodes of vertigo
Fluctuating aural symptoms (hearing, tinnitus, or fullness) in the affected ear
Not better accounted for by another vestibular diagnosis

Probable Two or more spontaneous episodes of vertigo or dizziness, each lasting 20 min–24 h
Fluctuating aural symptoms (hearing, tinnitus, or fullness) in the affected ear
Not better accounted for by another vestibular diagnosis
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 Hearing Loss

MD typically causes a low-frequency sensorineural hearing loss. In the early stages 
of the disease, hearing may recover between attacks, but permanent deficits are seen 
with disease progression. Fourteen years after diagnosis, approximately 50% of 
patients have completely absent hearing in the affected ear [13]. Audiometric find-
ings will be discussed later in this chapter (see section “Diagnosis”).

 Tinnitus

Most MD patients experience tinnitus. In the early stages of disease, tinnitus occurs 
primarily with vertiginous episodes, becoming more intense immediately before 
attacks. Over time, tinnitus becomes persistent even between attacks, mirroring the 
development of hearing loss. Tinnitus in MD is typically low-frequency (125–
250 Hz), matching hearing loss, and is described as “roaring” or “ringing” [13].

 Other Symptoms

Most MD patients also report aural fullness in the affected side. Patients may 
describe a feeling of “pressure” or a “clogged sensation” in the ear. This sensation 
is typically rated as moderate to severe and usually peaks in intensity immediately 
prior to attacks [14]. Aural fullness usually does not resolve over time [11].

Many patients also report some degree of audiologic distortion during attacks. In 
particular, MD patients often report binaural pitch diplacusis, most commonly 
affecting lower-frequency tones. This is attributed to asymmetric hearing loss in 
these patients [15–17].

Drop attacks (otolithic crises of Tumarkin) are infrequent but potentially danger-
ous events in MD, reported in approximately 5% of patients [18–20]. During attacks, 
patients experience a sudden loss of balance often likened to the sensation of being 
pushed, resulting in a fall without loss of consciousness [21]. These attacks usually 
occur later in the course of disease. The number of attacks experienced by patients 
ranges widely from 1 to greater than 10 and these most often all occur within 1 year 
of each other, with subsequent spontaneous remission [18, 19, 21, 22].

 Variants

AAO-HNS guidelines previously defined variations of MD for patients presenting 
with isolated cochlear or vestibular symptoms. A significant proportion of these 
patients eventually progress to definite MD [23]. Some evidence exists that these 
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isolated cochlear and vestibular symptoms are associated with EH isolated to the 
respective labyrinth organ [24]. Data on these atypical variants are sparse, and they 
are not included in current diagnostic guidelines [3].

 Pathophysiology of Meniere’s Disease

MD is associated with the overaccumulation of endolymph in the scala media, 
known as endolymphatic hydrops (EH) [25]. Evidence of this association is abun-
dant, and most authors further believe that EH causes MD. However, many theories 
exist regarding the etiology of EH as well as the mechanisms through which EH 
causes the clinical features of MD.

 Temporal Bone and Anatomic Studies

In the 1930s, Hallpike and Yamakawa independently reported EH in the temporal 
bones of MD patients [26, 27]. In addition to gross dilation of the endolymphatic sys-
tem and obliteration of perilymph spaces, certain characteristic changes in temporal 
bone morphology and histology were found. These findings were confirmed by mul-
tiple groups in the following decades, and the gross and microscopic features of the 
temporal bone in MD are now well-known. Gross findings include abnormally small 
size of the endolymphatic duct and sac, decreased mastoid and petrous pneumatiza-
tion, anteromedial displacement of the sigmoid sinus, and frequent jugular bulb abnor-
malities including high-riding jugular bulbs and diverticula [28–32]. Three-dimensional 
modeling of the endolymphatic drainage system further reveals decreased volume and 
a reduced external aperture of the vestibular aqueduct. Approximately half of speci-
mens exhibit an abnormal, constitutively open utriculo- endolymphatic valve [33].

Microscopic inner ear changes associated with MD are also well-characterized. 
These include dilation of the scala media of the cochlea with partial obliteration of 
the scala vestibuli by Reissner’s membrane (Fig. 13.1), degeneration of the organ of 
Corti, hypoplasia of the endolymphatic duct and sac, decreased afferent synapses 
and nerve endings to inner and outer hair cells, and decreased vascularity of the stria 
vascularis [34–37]. Dilation of the scala media affects the pars inferior more than 
the pars superior and the cochlear apex more than the base. Overall number of hair 
cells is usually conserved [38].

Imaging of MD was first accomplished in 2007 using transtympanic injection of 
gadolinium contrast, allowing visualization of obliterated perilymph spaces [39]. 
Further advances allowed for similar visualization using intravenous contrast 
(Fig. 13.2), although with lower intensity [40]. High-resolution magnetic resonance 
imaging (MRI) has revealed the nearly ubiquitous presence of EH in patients with 
MD with a strong correlation between degree of hydrops and severity of auditory 
and vestibular symptoms [41]. The integrity of the blood-labyrinth barrier was also 
found to deteriorate with increasing severity of EH, allowing higher concentrations 
of intravenous contrast in perilymph [42].
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Fig. 13.1 Cochlear histopathology in a patient with MD. Reissner’s membrane shows marked 
distension without significant changes in the organ of Corti. (Adapted with permission from 
Nomura, 2013 [177])

a

b

Fig. 13.2 T2-weighted 
3D-FLAIR images with 
gadolinium with hybrid 
subtraction technique. (a) 
Normal inner ear with 
enhancement of 
perilymphatic space. (b) 
Meniere’s disease with 
endolymphatic hydrops 
and partial obliteration of 
perilymph spaces (arrows). 
(Adapted with permission 
from Nomura, 2013 [177])
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Temporal bone and imaging studies have shown that virtually all patients with 
MD exhibit EH [43–45]. However, the converse is not true, and EH is not uncom-
mon in asymptomatic individuals. While this has led some authors to argue that EH 
is merely a marker of MD, data supporting a causative relationship is compelling. 
Most experts currently believe that EH is necessary but not sufficient for the devel-
opment of MD.

 Evidence that EH Causes MD

Animal models provide insight into the relationship between EH and MD. Surgical 
obliteration of the endolymphatic sac in guinea pigs (Fig.  13.3) yielded the first 
animal model for EH in the 1960s [46]. Similar models were created in the follow-
ing decades with injected antigen-induced immune destruction of the endolym-
phatic sac or exogenous aldosterone-induced endolymph overproduction [47–49]. 
Following these interventions, guinea pigs developed a predominantly low- 
frequency hearing loss and were found to have increased apoptosis and degenera-
tion of the spiral ligament and stria vascularis [48, 50]. Interestingly, vertigo was 
absent in these animals. These early models demonstrated that the induction of EH 
alone resulted in inner ear dysfunction similar to what is seen in MD.

Recently developed mouse models resemble the pathologic state of MD more 
closely. Mice containing a germline mutation of the Phex gene causing X-linked 
hypophosphatemic rickets were found to develop EH in adulthood [51]. These mice 
also developed a predictable loss of hearing and vestibular function. Pathologic 
examination was consistent with MD, with spiral ganglion cell loss in the setting of 
preserved hair cells and a patent endolymphatic duct [52]. In addition, the Phex 
mouse validated the electrocochleography and vestibular-evoked myogenic poten-
tial findings in MD, which will be discussed later in this chapter [53].

The actions of diuretic medications also support a causative relationship between 
EH and MD. MD symptoms improve with acetazolamide, a diuretic and carbonic 
anhydrase inhibitor, which is thought to reduce endolymph volume by inhibiting the 
release of aqueous HCO3

− into the endolymphatic space [54, 55]. Likewise, glyc-
erol, an osmotic diuretic, temporarily improves hearing in early MD [56]. Thiazide 
diuretics, whose action is specific to the kidney, do not have as clear an effect on EH 
[57]. They are used to treat MD based on results from several small studies, and 
their benefit may be due to whole-body fluid shifts [58].

 Etiology of Hydrops

The etiology of EH in MD is likely multifactorial. Many mechanisms have been 
proposed, including genetic, infectious, traumatic, mechanical, autoimmune, aller-
gic, and vascular etiologies. None is capable of explaining all of the pathologic and 
clinical findings in MD, and findings in support of each have been conflicting.
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a

b

Fig. 13.3 Obliteration of the endolymphatic duct in the guinea pig. (a) Normal structure of guinea 
pig cochlea. (b) Marked distension of Reissner’s membrane (arrows) into the perilymphatic space. 
(Adapted with permission from Nomura, 2013 [177])
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 Genetic

Familial MD is a well-known entity which affects approximately 5% of MD patients 
[59, 60]. These patients tend to have earlier onset of disease (fourth decade rather 
than fifth) and are more likely to have bilateral disease. Transmission usually fol-
lows an autosomal dominant pattern, and genetic anticipation is typical [59, 61]. 
However, some evidence suggests MD may have a genetic component beyond 
Mendelian inheritance in familial cases. For example, prevalence of MD varies 
widely by ethnicity, with significantly more Caucasians affected than people of 
Asian, Hispanic, or African ancestry [62].

A number of genes have been studied and may have a role in the pathogenesis of 
MD based on limited data. Examples include KCNE1 and KCNE3 [63–65], COCH 
[66, 67], FAM136A [68], certain major histocompatibility complex (MHC) genes 
[69, 70], and genes coding for aquaporin proteins [71–73]. However, no specific 
mutations have been conclusively identified to lead to MD, even in known familial 
cases [70].

Aquaporin proteins are of special interest due to their potential direct relation-
ship with fluid shifts in the inner ear. The expression of aquaporin 2 is mediated by 
vasopressin, which has been associated with MD in multiple studies. Plasma vaso-
pressin levels are elevated in MD and are even higher during MD attacks [74, 75]. 
High serum concentrations of vasopressin are known to worsen MD symptoms [71, 
76], and lifestyle modifications to reduce vasopressin (increasing water intake, 
sleeping in total darkness, etc.) improve symptoms [77]. Furthermore, vasopressin 
has been shown to induce EH at concentrations similar to those observed during 
MD attacks [78]. These data, combined with the facts that MD symptoms respond 
to diuretic medications and that ion channel defects have been implicated in 
 congenital deafness, suggest that a channelopathy may underlie the development of 
MD [54, 57, 79, 80].

 Infectious

Multiple viral infections have been implicated in MD; however, conclusive evi-
dence is lacking. In situ hybridization studies have revealed DNA from multiple 
herpesviruses in the endolymphatic sac, including varicella zoster virus (VZV), 
Epstein-Barr virus (EBV), and cytomegalovirus (CMV) [81]. While herpes sim-
plex viruses 1 and 2 (HSV1 and HSV2) were not detected, one study revealed a 
higher rate of HSV1 and HSV2 DNA in singular nerve specimens from patients 
with MD compared with the general population, although this is an inconsistent 
finding [82, 83].

In prior decades, syphilis was thought to be the cause of MD in at least 5% of 
cases [84]. However, reported MD attributed to syphilis exhibited several distinct 
clinical features, including responsiveness to steroid therapy and early reduction of 
caloric responses [85]. Endolymphatic hydrops seen in otosyphilis was thought to 
be due to osteitic changes surrounding the endolymphatic duct, although recent 
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temporal bone analyses do not support this theory [86]. While otosyphilis can pro-
duce a Meniere’s-like syndrome, the vast majority of cases of MD are unrelated to 
syphilis, and the existence of a common pathogenic pathway is questionable.

Likewise, MD was historically theorized to occur as a consequence of severe 
acute or chronic otitis media [87]. The evidence for this was mostly anecdotal 
with several case series of patients who developed MD following middle ear 
infection. More recent data has not supported any relationship between otitis 
media and MD [88].

 Autoimmune and Allergic

Autoimmunity is thought to account for between 5% and 30% of cases of MD [89, 
90]. These patients are more likely to present with severe, bilateral disease. An auto-
immune etiology for MD has been postulated since the 1980s, when a subset of MD 
patients was shown to have certain immunologic abnormalities [91]. A significantly 
increased prevalence of autoimmune [92] and allergic conditions [93, 94] has been 
documented in the MD population, and adequate medical control of allergies has 
been shown to improve symptoms of MD [95]. In conjunction with the possible 
association between MD and MHC genes, these trends have led some authors to 
believe in a significant if not dominant immunologic etiology for MD.

Immunologic evidence for an autoimmune etiology in MD is abundant but not 
conclusive. The endolymphatic sac is regarded as the site of immune function in the 
inner ear, and inflammatory cytokines have been reported in the endolymph [96, 
97]. Patients with MD exhibit increased levels of autoantibodies and circulating 
antigen-antibody complexes [98, 99]. Their serum has been shown to react with 
unknown autoantigens, some of which are expressed in the inner ear [100, 101]. 
Small studies have revealed antibodies to type II collagen in patients with MD, and 
exogenous type II collagen administration has been shown to induce EH with spiral 
ganglion degeneration in animal models [102, 103]. Elevated antiphospholipid anti-
bodies have also been described in MD [104].

Despite these data, no specific antigen or antibody has been detected in any sig-
nificant subpopulation of patients with MD [105]. Studies which have detected anti-
bodies, HLA subtypes, or MHC polymorphisms associated in MD patients have 
been conflicting. While it does appear that the immune system may play a role in the 
pathogenesis of MD, further study, perhaps on a population level, is necessary to 
elucidate this.

 Vasospastic/Vascular

MD is strongly associated with migraine, and the two conditions may share a com-
mon pathophysiology [106–110]. Since migraines are thought to be associated 
with cerebral vasospasm, vasospasm may play a role in MD as well [106, 111]. The 
stria vascularis is rapidly susceptible to ischemia, immediately resulting in loss of 

13 Pathophysiology and Diagnosis of Meniere’s Disease



174

cochlear potential and eventually to strial atrophy [112]. One theory states that in 
patients with EH, the inner ear’s venous outflow resistance is elevated, rendering 
cochlear structures, specifically the stria vascularis, additionally susceptible to 
vasospasm-mediated ischemia as well as to other vasculopathic processes includ-
ing atherosclerosis, vasculitis, or hyperviscosity [111]. In this model, MD attacks 
are caused by acute ischemia, and cumulative ischemic damage and reperfusion 
injury eventually lead to stromal atrophy and permanent cochlear and vestibular 
dysfunction.

 Mechanical

Dislodged utricular otoconia have been established as the cause of vertigo in benign 
paroxysmal positional vertigo (BPPV). BPPV is common in patients with MD, and 
the same ear is usually affected leading some authors to speculate about a relation-
ship between the two conditions [113–115]. Dislodgement of saccular otoconia has 
been theorized to obstruct the endolymph drainage pathway, leading to EH. Three- 
dimensional CT imaging of patients with MD reveals loss of continuity and oblit-
eration of the ductus reuniens, saccular duct, and endolymphatic sinus in the affected 
ear only, consistent with otoconial deposits [116]. Patients with MD also have 
increased otoconial deposits in the semicircular canals compared with age-matched 
controls [117]. The reported success of alternating middle ear pressure therapy in 
MD also supports this theory, as this may help move otoconia back to the vestibule 
[118]. However, otoconial obstruction of the endolymph drainage system has never 
been demonstrated in patients with MD, and this remains an area of active study. 
Trauma is thought to cause secondary EH via deposition of otoconial and other 
debris into the endolymph; however, evidence for a traumatic etiology for true MD 
is lacking [119, 120].

 Pathophysiology of Symptoms in MD

 Acute Symptoms

MD attacks were traditionally believed to be triggered by sudden increases in endo-
lymphatic pressure, resulting in rupture of Reissner’s membrane and endolymphatic 
potassium excitotoxicity [121]. This was thought to lead to loss of the endolym-
phatic ion gradient and cause global labyrinthine dysfunction [50]. However, in vivo 
studies have shown Reissner’s membrane rupture to have only minor effects on 
endocochlear potential and to cause nystagmus inconsistent with that of MD attacks 
[122, 123]. While the membrane rupture theory is no longer believed, the true 
pathophysiology underlying symptoms in MD remains unknown. Vasospasm- 
mediated ischemia or otoconial obstruction of endolymph drainage may play a role 
(see section “Etiology of Hydrops”).
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One theory of MD attacks purports that excess endolymph which was stored 
in the apical cochlea forces open the utriculo-endolymphatic valve due to high 
pressures and an obstructed endolymphatic duct, resulting in fluid entry into the 
vestibule [124]. This causes severe vertigo, while hearing loss results from the 
accompanying cochlear fluid shifts. A similar mechanism has been proposed for 
drop attacks, which may occur when these sudden changes in endolymphatic 
fluid dynamics cause cochlear and vestibular end-organ stimulation [125]. 
Alternatively, vestibular-evoked myogenic potential (VEMP) testing suggests 
that drop attacks may be caused by damaged and unstable otolithic organs (see 
section “Diagnosis”) [126].

 Chronic Symptoms

Long-term damage to inner ear structures in MD appears to be mediated by oxida-
tive stress. Nitric oxide (NO), generated by nitric oxide synthase (NOS), binds with 
hyperoxide to form peroxynitrite (ONOO−), a highly reactive and unstable molecule 
which causes DNA degradation and disrupts mitochondrial and cell membranes 
[50]. NOS II, the inducible isoform of NOS, has been found to be overexpressed in 
the hydropic cochlea and vestibule in animal models [127–129], suggesting that 
damage to these organs is mediated by reactive oxygen species. Ultimately, this 
damage leads to atrophy of the stria vascularis and progressive denervation of the 
labyrinth.

 Diagnosis

Diagnosis of MD relies chiefly on history, physical exam, and audiometry [3]. More 
advanced testing may be helpful to rule out other common inner ear, central nervous 
system, and systemic pathologies. A 2005 survey of American Neurotology Society 
members showed that one third of providers relied solely on history, physical exam, 
and audiometry for diagnosis of MD, while the remaining two thirds pursued 
adjunct tests [130]. Exam findings and results of adjunct tests differ depending on if 
the patient is seen during or between attacks.

 During Attacks

At attack onset, patients exhibit spontaneous nystagmus beating toward the 
affected ear (“irritative” nystagmus), followed by reversal away from the affected 
side in the following hours (“paralytic” nystagmus) [131–133]. A third phase of 
nystagmus has also been reported, termed “recovery” nystagmus, in which the 
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nystagmus reverses direction for a second time as the patient’s vertigo resolves 
[131, 134]. However, these reports are inconsistent, and doubt exists regarding 
the existence of this third phase [135–137]. Head-shaking nystagmus (HSN) is 
observed in 60–70% of MD patients during attacks and also has irritative and 
paralytic phases [138]. The patterns of both spontaneous and head-shaking nys-
tagmus are consistent with increased vestibular inputs from the affected ear early 
in an attack, causing nystagmus toward that ear, and diminished inputs later in 
the attack, reversing the direction of the nystagmus [139]. This may be due to 
rupture of the hydropic endolymphatic space leading to potassium excitotoxicity, 
although this theory has been challenged in recent years (see section 
“Pathophysiology of Meniere’s Disease”). Patients rarely present during acute 
MD attacks, and therefore clinicians cannot rely on findings during attacks for 
diagnosis.

Head impulse tests (HIT) can also be used to evaluate patients during attacks. 
Most reports show that HIT testing is abnormal during attacks in most patients, with 
some patients showing exaggerated, and others decreased, vestibulo-ocular reflexes 
[140].

 Between Attacks

Abnormal findings are minimal between attacks. Spontaneous nystagmus is 
typically absent. HIT is often normal in early stages of MD but may remain 
abnormal between attacks in patients with advanced disease. HSN is observed 
in approximately 40% of patients between attacks and does not appear to have a 
directional predominance [141]. The presence of HSN between attacks is related 
to caloric function and increases in later stages of disease as caloric function 
declines [139].

 Audiologic Testing

Audiometry typically reveals a sensorineural hearing loss, initially affecting low 
frequencies. Hearing loss in MD has been classified into stages based on the 
degree of hearing impairment between attacks, defined as stages 1 (four-tone 
threshold average ≤ 25 dB HL), stage 2 (26–40 dB HL), 3 (41–70 dB HL), and 4 
(>71 dB HL). In one cross-sectional study of 115 patients, the average time from 
diagnosis in patients meeting criteria for stages 1–4 were 21, 27, 36, and 
60 months, respectively [142]. With longitudinal follow-up, an evolution from an 
upsloping audiogram to an inverted “V” and finally to a downsloping configura-
tion may be seen (Fig.  13.4). However, the sensitivity and specificity of these 
findings are poor [143, 144].
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Fig. 13.4 Characteristic 
audiometry findings at 
various stages of right- 
sided MD. (a) Early MD: 
isolated low-frequency 
sensorineural hearing loss 
is seen. (b) Moderately 
advanced MD: “inverted 
V” audiogram. (c) Late 
MD: downsloping severe 
to profound sensorineural 
hearing loss affecting all 
frequencies
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 Electrocochleography

Electrocochleography (ECoG) measures the electrical activity generated by the 
cochlea and vestibulocochlear nerve in response to stimuli. The main potentials 
recorded from ECoG are the summating potential (SP), which reflects hair cell 
activity, and the compound action potential (AP), which reflects activity of the 
cochlear nerve fibers. Thorough discussion of the physiology of ECoG in MD is 
found in Chap. 9; briefly, endolymphatic hydrops causes dilation of the scala media 
at the cochlear apex, which allows for greater displacement of the basilar membrane 
and greater electrical signals from outer hair cells without increased nerve firing. 
This leads to an elevated SP/AP ratio; an SP/AP ratio greater than 0.5 is suggestive 
of MD, although cutoffs range from 0.35 to 0.50 in the literature [145, 146]. The SP/
AP ratio is specific but not sensitive for MD, with reported specificities between 92 
and 100% and sensitivities generally under 70%. Efforts have been made to improve 
the sensitivity of ECoG using the SP/AP area, SP absolute value, or incorporating 
audiometric findings, and it remains a useful adjunct tool particularly in cases where 
the diagnosis of MD is unclear [147–150].

 Videonystagmography

Videonystagmography (VNG) is not necessary for diagnosis of MD but is often used 
to rule out central causes of vertigo. As described above, most MD patients do not have 
spontaneous nystagmus and have largely normal vestibular exams between attacks. 
Caloric testing, which is reliably abnormal during MD attacks, remains abnormal 
between attacks later in the disease course. This may be due to neuronal atrophy or 
thermal insulation related to the diameter of the hydropic endolymphatic system [151]. 
The remainder of VNG findings, including saccades, smooth pursuit, gaze, optokinet-
ics, and positional maneuvers, is typically normal [140, 142, 151–153]. Abnormalities 
in these assessments of central function should prompt neurologic investigation.

 Vestibular-Evoked Myogenic Potentials

Vestibular-evoked myogenic potentials (VEMPs) record otolith-mediated electro-
myographic reflexes from sternocleidomastoid (cVEMPs) or intraocular (oVEMP) 
muscles in response to high-intensity auditory or vibratory stimuli. cVEMPs princi-
pally evaluate saccular function, while oVEMPs evaluate the utricle (Chap. 8). 
VEMPs are often normal and occasionally increased in early-stage MD but become 
decreased or absent later in the course of disease. This is thought to be due to atro-
phy of the utricular and saccular maculae as disease progresses. VEMPs have low 
sensitivity for MD but may be useful to evaluate for certain other disease entities in 
questionable cases [154, 155].
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 Otoacoustic Emissions

Otoacoustic emission (OAE) testing refers to the detection of sounds produced by 
the inner ear by sensitive microphones placed within the ear canal. Transiently 
evoked OAE (TEOAEs) are OAEs produced in response to acoustic stimuli and 
have been shown to have attenuated frequency and amplitude in ears affected by 
MD. This can occasionally be reversed with the administration of osmotic diuretics 
[156, 157]. Distortion product OAEs (DPOAEs) are OAEs generated when pure 
tone stimuli at neighboring frequencies elicit combined outer hair cell motion. 
Multiple studies have shown that DPOAEs in patients with MD exhibit an exagger-
ated phase shift with changes in intracranial pressure induced by diuresis or tilt- 
table testing [158, 159].

 Imaging

Imaging is not routinely indicated for MD diagnosis but may be used to rule out 
intracranial mass lesions and for research purposes. The perilymph spaces, which 
are obliterated in MD, are easily visualized on heavily T2-weighted fluid-attenuated 
inversion recovery imaging with gadolinium-based contrast [160]. Subtraction tech-
niques can further improve the visibility of the endolymphatic space (Fig.  13.2) 
[161]. High-resolution MRI is sensitive but non-specific for MD. Although cochlear 
hydrops is frequently seen in normal-hearing healthy patients, vestibular hydrops 
may be a more sensitive predictor of MD [162, 163].

 Other Tests

Plasma antidiuretic hormone (ADH) levels have historically been used to aid in 
the diagnosis of MD.  ADH levels are typically elevated between attacks and 
increase further during attacks, a phenomenon that has been linked to the pres-
ence of endolymphatic hydrops (see section “Pathophysiology of Meniere’s 
Disease”). However, plasma ADH level is neither sensitive nor specific for MD 
[164–166].

Glycerol testing is the measurement of audiometry before and after administra-
tion of glycerol, an osmotic diuretic. Glycerol is thought to reduce the fluid burden 
of the cochlea through osmosis leading to a partial and temporary improvement in 
hearing loss. However, this test is also neither sensitive nor specific. Furthermore, in 
the early stages of MD, this must be performed during attacks to capture patients 
with hearing loss, and in the later stages, hearing loss may be permanent regardless 
of the degree of hydrops. This limits the utility of this test, which is mentioned prin-
cipally for historical purposes [164, 167].
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 Differential Diagnosis

The diagnosis of MD requires ruling out other common pathologies. Vestibular 
migraine (VM) is the most common cause of episodic vertigo and is diagnosed 
based on patient report of recurrent episodic vestibular symptoms with associated 
migrainous features and a personal history of migraines [168]. VM may be diffi-
cult to distinguish from MD, particularly in the early stages of MD when cochlear 
symptoms may be absent and hearing recovers fully in between attacks. 
Furthermore, concomitant aural symptoms (hearing disturbances, tinnitus, and 
aural pressure) are frequently seen in VM patients, and evidence exists that 
migraines are more prevalent in MD patients than in the general population [169].

Efforts have been made to establish accurate criteria to differentiate MD and 
VM. VM patients may have VEMPs and audiometric abnormalities that mimic 
those found in MD and may even exhibit EH [170]. There is debate whether the 
hydrops seen in VM patients is due to neurogenic inflammation in the inner 
ear, some patients suffer from both disorders simultaneously, or some MD 
patients are misdiagnosed with VM. Hearing loss is helpful in distinguishing 
MD and VM, as permanent unilateral hearing loss is relatively infrequent in 
VM patients compared to MD patients [169]. Multiple studies have worked to 
identify distinguishing features on VEMP testing and have suggested that dif-
ferences in 500 Hz oVEMP responses may be useful [171–173]. In addition, 
caloric weakness is more common and more severe in MD than in VM patients 
[169, 174].

Some authors advocate for prophylactic anti-migraine medications in cases of 
diagnostic uncertainty. Medication response can help to differentiate between the 
disorders. However, a significant proportion of MD patients also respond to medica-
tions used for VM, and the two disorders may share a common pathogenesis (see 
section “Pathophysiology of Meniere’s Disease”) [175, 176].

Other diagnoses to consider include vestibular neuritis, labyrinthitis, perilym-
phatic fistula, otosclerosis, mass lesions, transient ischemic attacks, noise-induced 
hearing loss, and systemic disorders. These conditions tend to be easier to distin-
guish from MD based on history, audiometry, and imaging.

 Conclusion

Meniere’s disease is a complex disorder whose etiology continues to be elucidated. 
Diagnosis of MD requires a thorough history, physical exam, and audiometric eval-
uation, with additional audiologic testing in uncertain cases. As understanding of 
the pathophysiology of EH and MD advances in the coming decades, more reliable 
diagnostic tools and treatments will likely develop.
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Chapter 14
Medical Management of Meniere’s Disease

Stephen P. Cass, Maria C. Machala, and Emily C. Ambrose

 Introduction

Meniere’s disease refers to the clinical syndrome of fluctuating sensorineural hearing 
loss, tinnitus, aural pressure, and episodic vertigo [1]. While the principle underlying 
pathological finding in Meniere’s disease is endolymphatic hydrops, the cause of 
endolymphatic hydrops and the mechanisms of hearing loss and episodes of vertigo 
remain unknown. The acute vertiginous attack characteristic of Meniere’s disease is 
severe and incapacitating, lasting 20  min to several hours. Because no permanent 
changes initially occur in the function of the vestibular neuroepithelium and vestibular 
nerve, in-between the acute episodes of vertigo, most people feel their balance is nor-
mal. Recurrent episodes of vertigo occur with highly variable frequency. There may 
be days, weeks, or years between attacks. Overtime there is a tendency for the senso-
rineural hearing loss to become fixed and no longer fluctuate back to normal. Tinnitus 
and aural fullness often become permanent and vestibular hypofunction ensues.

Meniere’s disease most often presents as a unilateral disorder, but the contralat-
eral ear can also become involved (bilateral Meniere’s disease). The exact incidence 
of bilateral Meniere’s disease is unknown, but a reasonable estimate is that about 
20% of patients with unilateral Meniere’s disease will eventually have bilateral 
involvement within 5 years [2].

As the exact cause of Meniere’s disease has yet to be elucidated, there are no 
definitive curative therapies available. Medical treatment is available however and is 
aimed at (1) treating endolymphatic hydrops and managing possible Meniere’s dis-
ease cofactors, (2) reducing symptoms associated with acute vertigo, and (3) in 
cases of persistent disabling vertigo, reducing vestibular function in the affected ear 
(vestibular function ablation).
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 Treating Endolymphatic Hydrops and Managing Meniere’s 
Disease Cofactors

It is widely accepted that a structural inner ear abnormality, endolymphatic hydrops 
(excess endolymph within the scala media), is a necessary but not sufficient condi-
tion leading to the symptoms of Meniere’s disease. Since it has been shown that 
endolymphatic hydrops can exist without ever producing symptoms of Meniere’s 
disease, it is believed that endolymphatic hydrops alone is not sufficient to cause 
Meniere’s disease. There must be an additional factor(s) combining with endolym-
phatic hydrops to give rise to the symptomatic disease [3]. Therefore, medical treat-
ment can be directed at both the formation of endolymphatic hydrops itself and 
possible cofactors that “activate” the disease.

Commonly accepted treatments for endolymphatic hydrops include a low-salt 
diet and diuretic therapy (discussed further below). Potential Meniere’s disease 
cofactors include chronic cerebrovascular disease, episodes of reduced blood flow, 
and/or activation of the inflammatory processes within the inner ear. Possible con-
tributors to these cofactors include migraine, sleep apnea, hypertension, atheroscle-
rosis, autoimmune disease, immunologic dysfunction, and food and environmental 
intolerances and allergy. A primary goal of medical treatment should be identifying 
and treating these underlying conditions. This requires a team approach that includes 
primary care providers and medical specialists who can help to ensure optimal 
assessment and management of cardiovascular risk factors and any immunologic 
abnormalities.

 Lifestyle Changes

Some triggers of Meniere’s attacks include caffeine, chocolate, stress, visual stim-
uli, and dropping barometric pressure. Trigger avoidance is recommended through 
dietary modifications with strong recommendation for low-salt (daily sodium less 
than 1500 mg) diet, limiting stimulants including caffeine, and regular sleep cycle 
with adequate sleep [4]. Food intolerances should be considered, and a trial of elim-
ination diets can be beneficial. Food and environmental allergies can be investigated 
and treated.

 Diuretic Therapy

It is well accepted that excess endolymph within the scala media plays a major role 
in the development in Meniere’s disease. Consequently, initial treatment is aimed at 
reducing excess fluid by means of a diuretic and a low-sodium diet. Medical therapy 
directed at the underlying endolymphatic hydrops carries the potential advantage of 
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affecting the level of sensorineural hearing, tinnitus, fullness, as well as recurrent 
vertigo. Furstenberg (1934) popularized the notion that endolymphatic hydrops 
could be modified by controlling sodium and water metabolism and recommended 
inducing a general dehydration of the extracellular fluid space using a regimen of a 
low-salt diet and diuretic [5]. In 1941, Furstenberg and colleagues reported on the 
results of 35 patients with Meniere’s disease treated with a low-salt diet and diuretic 
[6]. Satisfactory control of vertigo was reported in 83% of patients, while hearing 
loss stabilized in 65% but worsened in 26%. In a subsequent report of 125 patients 
treated with the Furstenberg regimen, good to excellent relief of vertigo was reported 
in 86% of severe, 94% of moderate, and 100% of mild cases of Meniere’s disease. 
Hearing loss in these patients appeared to stabilize within the first 5 years of disease 
in the moderate to severe range of pure tone and speech audiometry [7].

Klockhoff and Lindblom (1967) also studied the effect of diuretic therapy in 
patients with Meniere’s disease [8]. In the first 20 patients studied, patients with 
advanced disease (non-fluctuating sensorineural hearing loss) demonstrated no dis-
tinct improvement. But in all patients with fluctuating hearing loss, variable 
improvement of symptoms was noted. To answer the question whether the use of a 
diuretic truly had a positive effect or whether the improvements simply reflected the 
spontaneous course of the disease, Klockhoff and Lindblom selected an additional 
30 patients with Meniere’s disease and fluctuating hearing loss and studied them in 
a double-blind fashion using a diuretic and placebo. A significant positive effect 
during diuretic treatment was noted for hearing loss and vertigo, and no effect was 
found during use of a placebo. From this study, Klockhoff and Lindblom concluded 
that diuretics have a positive effect on vertigo and hearing loss but that the effect 
was partial, in that worsening of symptoms can still occur during treatment and 
longer follow-up of the study group suggested that hearing loss progressed in many 
patients while the severity of vertigo subsided.

In a study of 192 patients with Meniere’s disease, Corvera and Corvera (I989) 
substantiated the clinical experience of Klockhoff and Lindblom [9]. They found 
that while diuretics are useful in managing vertigo and fluctuating hearing loss in 
the early stages of Meniere’s disease, they have no effect on preventing the long- 
term deterioration of hearing.

A recent meta-analysis published in 2016 concluded that multiple low-level evi-
dence studies support potential benefit of diuretic therapy in the medical manage-
ment of Meniere’s disease [10]. Improvement in frequency of vertigo was most 
often reported, but improvement in hearing outcomes was less often reported. 
Overall, however, there are insufficient high-quality studies to clearly support the 
efficacy of diuretics in Meniere’s disease [11]. It is our view that until a definitive 
study can be performed, diuretic therapy provides, at a minimum, a safe and inex-
pensive opportunity for patients to exert control over the disease, thereby enhancing 
non-specific treatment effects.

The thiazide diuretic hydrochlorothiazide combined with the potassium-sparing 
diuretic triamterene is the most widely used diuretic in Meniere’s disease given low 
cost and relatively low side effect profile. It should be avoided in patients on lithium 
therapy or those with sulfonamide allergies. It should be avoided or used cautiously 
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in patients with hypotension, renal disease, diabetes mellitus, and gout. Standard 
dosing is 25 mg–37.5 mg. For acute flare-ups, the dose can be doubled temporarily 
until symptoms are under control.

Other commonly used alternatives to triamterene-hydrochlorothiazide include 
acetazolamide and spironolactone. We often use acetazolamide for patients with 
Meniere’s disease who have underlying migraines and in patients with bilateral 
Meniere’s disease. The rationale behind this is that acetazolamide is not only a 
diuretic, but it also causes cerebral vasodilation and carbonic anhydrase inhibition. 
Both of these mechanisms are thought to play an important role in migraine prophy-
laxis. It should also be avoided in patients with sulfonamide allergies. Typical side 
effects include paresthesia and increased risk for kidney stones. Spironolactone can 
be safely used in patients with a sulfonamide allergy. Loop diuretics such as furose-
mide can also be used but require close monitoring of serum sodium and potassium 
levels from the start of therapy and renal function if used long term.

 Betahistine

Betahistine is a vasodilator, a mild H1 histamine agonist, and a potent H3 histamine 
antagonist. The mechanism of action in Meniere’s disease is unknown, but theories 
include reducing the endolymphatic pressure through improved circulation in the 
stria vascularis or inhibiting activity in the vestibular nuclei. It has been found to be 
a safe drug with a very low side effect profile. Betahistine was FDA approved for 
Meniere’s disease in the US market for a short period of time in the 1970s, but 
approval was then rescinded due to lack of evidence supporting its efficacy. However, 
based on clinical experience and several observational studies, it is still widely used 
elsewhere in the world.

A Cochrane review of betahistine in Meniere’s disease by James first published 
in 2001 and updated in 2011 included seven trials involving 243 patients [12]. Most 
trials suggested a reduction of vertigo with betahistine, and some suggested a reduc-
tion in tinnitus, and none showed an effect on hearing. However, this Cochrane 
review concluded that these trials were of low quality, and bias in the methods could 
have affected the results. In 2016, a carefully designed and executed trial of the 
medical treatment of Meniere’s disease with betahistine (BEMED) was published 
[13]. This was a prospective, multicenter, double-blind, randomized, placebo- 
controlled trial to assess the long-term effects of betahistine dihydrochloride in two 
different doses and a placebo. The BEMED trial found a significant decline of 
 vertigo attack rates in all three treatment arms over time and no difference in the 
number of vertigo attacks after 9 months of treatment with betahistine at a daily 
dose of 48 mg or 144 mg, compared with a placebo.

Despite the uncertainty over efficacy, betahistine appears to remain frequently 
prescribed for Meniere’s disease in Europe. In the USA, betahistine is not approved 
by the Food and Drug Administration but can be obtained through US compounding 
pharmacies with a prescription.
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 Episodic Treatment of Acute Symptoms

The severity of acute vertigo and vegetative symptoms (nausea, vomiting, etc.) 
associated with attacks of Meniere’s disease can be blunted using vestibular sup-
pressant and/or antiemetic medications. Effective vestibular suppressants include 
anticholinergics (i.e., scopolamine), antihistamines (i.e., meclizine), phenothiazine 
(i.e., promethazine), benzodiazepines (i.e., diazepam), and Zofran.

Thus, patients should be provided medications to be used to abort or lessen the 
severity of symptoms associated with episodes of acute vertigo in the form of fast- 
acting vestibular suppressants and an antiemetic medication. These medications not 
only reduce the intensity of the vertigo and reduce symptoms of nausea and vomit-
ing, but they give patients a form of control over their disease that is known to 
improve their well-being.

Vestibular suppressants include antihistamine and benzodiazepine medications. 
Given the sudden onset of vertigo with duration up to 24 h, medications with short 
onset and short half-life should be used. Commonly used antihistamine agents 
include meclizine and dimenhydrinate due to their ability to cross the blood-brain 
barrier and likely due to their anticholinergic properties. The exact mechanism of 
vestibular suppression is unknown. The primary adverse effect is sedation which 
can lead to falls and memory dysfunction. Use cautiously in elderly patients and in 
patients on concomitant sedating medications. Other side effects include dry 
mouth, dry eyes, blurry vision, constipation, and difficulty with urination due to 
anticholinergic properties. Commonly used benzodiazepines include diazepam, 
lorazepam, and clonazepam due to short onset of action. They cause central ner-
vous system inhibition via GABA modulation. In addition to sedative effects, 
additional risks of benzodiazepines include tolerance and dependence. They 
should be avoided or used cautiously in patients with a history of drug or alcohol 
addiction.

Antihistamine Dose Onset of action (min) Peak (h) Half-life (h)

Meclizine 25–50 mg every 4–6 h 60 Unknown 4–6
Dimenhydrinate 50 mg every 4–6 h 15–60 1–2 Unknown
Benzodiazepines
Lorazepam 0.5–1 mg BID 15–60 1–6 10–20
Clonazepam 0.5 mg BID 20–60 1–2 20–50
Diazepam 2–4 mg BID 30–60 1–2 20–50

It is important to emphasize that vestibular suppressants should only be used to 
decrease the intensity of acute vertigo or nystagmus. They are not to be used for 
general imbalance or disequilibrium that can be associated with advanced Meniere’s 
disease in older people, as suppressing the vestibular system will only magnify 
these symptoms. The chronic use of vestibular suppressants is not appropriate since 
these medications do not affect the formation of endolymphatic hydrops or reduce 
the frequency of vertiginous episodes in Meniere’s disease. Furthermore, vestibular 
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suppressants delay the adaptive mechanisms that function to reduce any residual 
vestibular imbalance following an acute episode of vertigo.

Nausea and vomiting are often associated with acute Meniere’s attacks and can 
lead to dehydration and weakness. Antiemetics should be prescribed for the patient 
to have on hand in addition to vestibular suppressants. Common medications are 
rapidly dissolving ondansetron and rectal promethazine to mitigate the chance of 
vomiting the medication. Standard dose for rapidly dissolving ondansetron is 4 mg 
every 8 h. Onset of action is within minutes and is typically well tolerated. There is 
a concern for prolonged QT syndrome and serotonin syndrome with high doses. 
The standard dose for a promethazine suppository is 12.5–25 mg every 6 h, and side 
effects include sedation and anticholinergic effects.

 Oral Corticosteroids

The mechanism of action of steroids on the inner ear is not well understood, but 
these medications decrease damage from an inflammatory response, regardless of 
the etiology. Oral corticosteroids are often used for symptom exacerbations though 
this is done based primarily on expert option because evidence of benefit is limited. 
Short-term treatment protocols vary using either oral Decadron, methylpredniso-
lone, or prednisone for several days up to 2 weeks. Longer-term treatment proto-
cols are sometimes used when immune-related inner ear disease is suspected. Use 
of oral steroids is based on expert opinion as no clinical trials have been 
performed.

 Migraine

Migraine has been suggested as an associated factor in Meniere’s disease since 
Prosper Meniere first described the condition in 1861. The pathophysiology of the 
relationship between the two has yet to be established; however, several studies 
have shown the higher incidence of migraine in patients with Meniere’s disease 
compared to the normal population [14, 15]. We see this frequently at our institution 
and initiate migraine treatment early on.

The first line of treatment is conservative with avoidance of common migraine 
triggers, dietary changes, and dietary supplementation. These measures should be 
trialed for at least 4–6 weeks. Common triggers include hormonal changes, sleep 
deprivation, stress, visual motion, and barometric pressure changes. Common 
dietary triggers include monosodium glutamate (MSG), tyramine, and phenylethyl-
amine. Supplements recommended by the American Academy of Neurology and 
the American Headache Society are magnesium (600 mg daily), riboflavin (400 mg 
daily), and feverfew (50–300 mg twice daily) with level B evidence and coenzyme 
Q10 (100 mg three times daily) with level C evidence [16].
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When conservative measures fail to reduce vertigo spells in patients with 
migraine and Meniere’s disease, migraine prophylaxis should be considered. 
Common prophylactic medications include amitriptyline, verapamil, propranolol, 
and topiramate. We often see that patients with migraine experience medication side 
effects with higher intensity and frequency than in patients without migraine. For 
this reason, we will often start migraine prophylaxis at sub-therapeutic levels and 
gradually increase the medication based on the patient’s tolerability. Patients should 
remain on each medication at optimal dose for at least 4–6 weeks before the trial is 
complete to accurately assess response. If no benefit is noted, medication should be 
gradually weaned off. For partial response, increased dosing or addition of another 
migraine prevention medication should be considered. If patients fail to show a 
response with a trial of each of these medications, we recommend a neurology 
referral.

 Allergy Treatment

Allergy has been associated with symptoms of Meniere’s disease beginning with the 
observations of Duke in 1923 [17]. Throughout the intervening decades, several 
observers noted in case reports the role that both inhalant and food allergy can play 
in patients with hearing loss, tinnitus, aural fullness, and dizziness. The observed 
role of allergy in Meniere’s disease has been strikingly demonstrated by Viscomi 
who demonstrated significant changes in ECOG SP/AP ratios in five patients given 
a food provocation allergen challenge [18]. The ECOG changes also correlated with 
skin wheal reaction and subjective symptoms.

Several outcome studies of allergy treatment of Meniere’s disease are also avail-
able. Outcome studies by their nature are uncontrolled, non-placebo studies but can 
provide insight in the question at hand. In the 1970s, both Powers and Shaver 
reported that 32% of their patients with Meniere’s disease responded to allergy 
treatment for vertigo or fluctuating hearing loss due to Meniere’s disease [19, 20]. 
In 2000, Derebery reported favorable outcomes of allergy treatment with 82% feel-
ing better subjectively, 48% with vertigo absent or substantially improved, and 61% 
with hearing stable or improved [21].

The prevalence of allergy in Meniere’s disease may be greater than in compari-
son controls. Derebery reported that the prevalence of airborne and food allergy in 
patients with Meniere’s disease (42% reported known airborne allergy and 27% 
reported known food allergy) was greater than control patients [22]. Keles measured 
cytokine profiles, allergic parameters, and lymphocyte subgroups in Meniere’s dis-
ease patients and a matched control group of healthy volunteers (N = 92) [23]. They 
found a history of allergy in 31/46 (67%) of Meniere patients and 16/46 (35%) in 
the control group. Elevated total IgE levels were found in 41% of Meniere patients 
and in 20% of the control group.

In summary, there is a long history of a suspected connection between Meniere’s 
disease and allergy. Most evidence of a connection are clinical observations and uncon-
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trolled case series, and scientifically robust evidence is not available. Basic science 
information regarding immunology of the inner ear is supportive, but pathophysiology 
remains unknown. Nevertheless, allergy evaluation and treatment should be consid-
ered whenever there is a suspected relationship between ingestion of a particular food 
and seasonal variation of symptoms in a patient with a known history of allergy.

 Vestibular Physical Therapy

Vestibular physical therapy is a specialized exercise-based intervention for manage-
ment of dizziness and imbalance. In patients with peripheral vestibular disorders 
such as Meniere’s, vestibular physical therapy seeks to adapt to vestibular insult via 
vestibular ocular reflex (VOR) adaptation, habituation, and substitution. VOR adap-
tation exercise produces retinal slip through eye/head exercises which involve mov-
ing the head while focusing on a stationary target. Habituation exercises focus on 
exposure by and desensitization to provoking stimuli. Substitution involves other 
eye movements (saccade modification or enhancing smooth pursuit) to effectively 
cancel the vestibular deficit and prevent the patient from perceiving smeared retinal 
images during head movements. Vestibular exercises have demonstrated efficacy in 
fall reduction, improved balance, decreased dizziness, and improved quality of life 
in patients with unilateral peripheral vestibular dysfunction [24]. However, this 
trend does not persist when isolated to Meniere’s disease which can be attributed to 
the fluctuating nature of the disease in its early stages [25]. Guidelines for use of 
vestibular physical therapy in patients with peripheral hypofunction (typically 
patients with advanced Meniere’s disease) are available [26].

 Hearing Loss and Tinnitus Management

As Meniere’s disease progresses, functional hearing including pure tone thresholds 
and word recognition decline. End-stage Meniere’s disease is associated with a flat, 
severe sensorineural hearing loss around 60–70 dB with fair to poor word recogni-
tion. Hearing aids can be difficult to fit a fluctuating loss, though patients who have 
preserved word recognition can adjust the hearing aid as needed. For a flat loss at 
end-stage Meniere’s disease, a Contralateral Routing of Signals (CROS) aid may 
provide the best benefit as poor word recognition typically prevents any benefit 
from a traditional hearing aid.

In addition to hearing loss, many patients experience tinnitus. Given the hetero-
geneous nature, varying emotional response, and the uncertainty of the neural basis 
for tinnitus, patient-specific treatment remains challenging; however, the goal of 
therapy is to reduce the tinnitus sound and emotional distress associated with it. 
Sound therapy options include hearing amplification, tinnitus maskers, and white 
noise generators. Other treatments include counseling, cognitive behavioral therapy, 
and mindfulness-based stress reduction [27].
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Chapter 15
Surgical Treatment of Meniere’s Disease

Neal M. Jackson and Michael J. LaRouere

 Introduction

Meniere’s disease was first described by Prosper Meniere in 1861 [1]. The classic 
disease description includes the tetrad of hearing loss, tinnitus, aural fullness, and 
vertigo spells. The disease tends to fluctuate and can be said to be predictably unpre-
dictable. The spells can last from minutes to hours. Attacks can be associated with 
nausea, vomiting, headache, and fatigue. Medical management is sufficient for a 
majority of patients, but those who are recalcitrant may be a candidate for surgical 
intervention. Currently, a variety of surgical techniques are employed for patients 
with Meniere’s disease who have failed medical treatment.

 Historical Perspective/Evolution of Surgical Technique

The first surgery for Meniere’s disease was vestibular nerve section which was pop-
ularized by neurosurgeon Walter Dandy [2, 3]. The transmastoid labyrinthectomy to 
remove the neuroepithelium of one side of the vestibular system was described in 
1904 by Lake and came into fashion for otologists in the 1940s thanks to Cawthorne’s 
influential endorsement of the procedure [4, 5]. Transmastoid endolymphatic sac 
decompression was described in the 1920s by Portmann and popularized in the 
1960s [6, 7].
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Approaches to the vestibular nerve in the internal auditory canal (IAC) and cer-
ebellopontine angle (CPA) such as the translabyrinthine approach and the retrolaby-
rinthine approach became popular in the 1980s. The development of a retrosigmoid 
approach to the vestibular nerve became preferred due to lower cerebrospinal fluid 
(CSF) leak rates and better facial nerve outcomes.

The middle cranial fossa craniotomy approach for vestibular nerve section has 
been described but now is used much less due to a higher risk of facial nerve injury 
compared to other approaches. It does, however, offer the only approach that allows 
individual sectioning of either the inferior or superior vestibular nerve before they 
join to form the common vestibular nerve.

A cochleosacculotomy/labyrinthotomy has also been described as a transcanal 
technique which can be performed under local anesthesia. After lifting a tympano-
meatal flap, the round window is entered with a pick with the goal of fracturing the 
osseous spiral lamina and cochlear duct. This results in complete loss of hearing in 
the ear [8]. This technique is not performed at our institution. We will focus this 
chapter on the techniques currently in use at our institution in the sections below.

 Clinical Evaluation

The basic pathophysiology of Meniere’s disease is postulated to be endolymphatic 
hydrops causing high fluid pressure in the inner ear endolymph. Multiple etiologic 
theories have been proposed, and thus far the exact pathophysiologic mechanism 
has remained elusive. Surgical techniques aimed at treating Meniere’s disease work 
to either reduce pressure in the endolymphatic sac or to destroy the function of the 
vestibular apparatus completely.

Clinical evaluation includes pure tone audiometry which classically shows a 
low-frequency sensorineural hearing loss which may later involve the high frequen-
cies. Repeated audiograms may show fluctuation and possibly even normalization 
of this low-frequency loss once the patient has been optimized. Videonystagmography 
(VNG) may show vestibular hypofunction or hyperfunction depending on when the 
test is obtained. Electrocochleography (ECOG) can be used to compare the sum-
mating potential (SP) to the action potential (AP), and if this SP/AP ratio exceeds 
50%, then it is suggestive of Meniere’s disease [9]. While ECOG does have good 
sensitivity, the specificity is poor, so the clinician must be wary of false negatives.

The differential diagnosis may include acoustic neuroma, benign positional ver-
tigo, migraine-associated vertigo, endolymphatic sac tumor, autoimmune inner ear 
disease, and Lyme disease. It is important to rule out other diagnoses, especially 
when considering a surgical intervention for Meniere’s disease.

As discussed in the previous chapter, the mainstay of treatment is medical. 
Preventive measures include avoiding dietary exacerbations (salt, caffeine), avoid-
ing stress, and promoting adequate sleep. Pharmacologic interventions to lower the 
frequency and intensity of a Meniere’s attack include diuretic therapy (triamterene- 
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hydrochlorothiazide/Dyazide, furosemide/Lasix, etc.). Oral steroids have been 
shown to reduce the frequency of vertigo attacks and improve hearing in Meniere’s 
disease patients; however, their effect is not long lasting [10].

While a majority of patients do respond to lifestyle modifications and medical 
therapy, there are some patients who continue to face life-threatening or debilitating 
vertigo attacks as well as extremely bothersome ringing, fullness, and hearing loss. 
These patients who fail to respond to medical therapy are candidates for a more 
aggressive treatment such as surgical intervention.

Many factors go into the decision to pursue surgical treatment for Meniere’s 
disease. Some are the frequency and severity of the Meniere’s episodes, the patient’s 
age and overall health, the hearing and vestibular status of both ears, and the patient’s 
occupation. It is also essential to confirm the laterality of the problematic ear. The 
status of the contralateral ear must be taken into account, especially if a vestibular 
ablative technique is being considered, as up to 40% of patients with Meniere’s 
disease develop it bilaterally [11].

Surgical intervention for Meniere’s disease can be divided into two categories: 
vestibular preservation techniques (intratympanic steroid perfusion and endolym-
phatic sac decompression) and vestibular ablation techniques (intratympanic genta-
micin perfusion, intramuscular streptomycin, labyrinthectomy, and vestibular nerve 
section via the middle cranial fossa, translabyrinthine, retrolabyrinthine, or retrosi-
gmoid approach). Of note, labyrinthectomy and translabyrinthine vestibular nerve 
section permanently destroy the hearing in the operated side.

 Vestibular Preservation Techniques

 Intratympanic Steroid Perfusion

One of the simplest invasive procedures is intratympanic/transtympanic injection of 
steroid. The goal is to place a steroid solution in the middle ear around the round 
window so that the medication may be absorbed into the inner ear and reduce 
inflammation within the inner ear [12]. There is evidence to show that intratympanic 
administration yields much higher concentrations of steroid in the labyrinth when 
compared to systemic administration [13, 14].

Intratympanic steroid perfusion has been shown to be effective in the treatment 
of symptoms in Meniere’s disease [15]. In our institution, patients who are familiar 
with their disease will often know that their threshold for vertigo attacks has been 
recently lowered due to stress, environmental changes (e.g., aeroallergens), and 
medical metabolic issues. These patients may be effectively treated with oral ste-
roids or intratympanic steroids. Patients with Meniere’s disease who experience a 
sudden drop in hearing are also offered intratympanic steroids. We have found that 
the hearing drop associated with Meniere’s disease appears to respond quite well to 
IT steroid therapy.
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Patients who do not tolerate systemic steroids including diabetic patients or the 
immunocompromised may prefer a steroid injection as the risk of hyperglycemia 
and other side effects is much lower. All patients treated with intratympanic steroids 
must remain on continued medical management (salt avoidance, caffeine limitation, 
diuretic therapy, etc.). Injections may need to be repeated on an as needed basis.

This procedure can easily be performed in the office with the use of a microscope 
and 27-gauge needle. A typical agent is 10–24 mg/ml of dexamethasone.

Technique: With the patient in a reclined position in the examination chair, the 
microscope is used to visualize the tympanic membrane. A small area of the tym-
panic membrane is anesthetized with a minimal amount of topical phenol. The area 
of the drum should blanch white almost immediately, and this indicates that anes-
thesia has been achieved. A 27-gauge spinal needle is used due to its length to pen-
etrate into the middle ear space and its small caliber size to minimize the chance of 
a long-term perforation. Approximately 0.2–0.5 cc of the steroid solution is infil-
trated. The surgeon should see the fluid level rise within the middle ear space as the 
solution is injected. The patient is asked to lie in this turned position and not swal-
low or speak to minimize Eustachian tube opening for 30 min.

The possible complications of the procedure are tympanic membrane perforation 
from insertion of the spinal needle, possible infection, and transient sensation of 
vertigo due to caloric stimulation of the room temperature steroid solution filling the 
middle ear space. It is not uncommon to repeat injections if symptoms of vertigo 
and hearing loss return.

 Endolymphatic Sac Decompression Surgery

Surgery of the endolymphatic sac is done to reduce the endolymphatic pressure 
within the endolymphatic sac and the rest of the system. The objective of an endo-
lymphatic sac decompression (ESD) is to remove the bony covering on the lateral 
aspect of the endolymphatic sac, which in theory allows the endolymphatic sac to 
expand more freely. Additionally manipulation of the sac intraoperatively may, 
through hydraulic action, free sludge or loose otoconia from the endolymphatic 
duct. An alternative to simple sac decompression is to open the endolymphatic sac 
and insert a shunt into the endolymphatic sac and allow drainage of excess endo-
lymph into the mastoid or subarachnoid space [7]. This procedure does not destroy 
the hearing in the operated ear. While the symptoms of hearing loss, tinnitus, and 
aural fullness may be improved, the main goal of patients who elect to have the 
procedure is to reduce the frequency and intensity of the vertigo attacks while not 
destroying the hearing. Patients will still be vulnerable to Meniere’s attacks in the 
operated ear and need to continue lifestyle modifications and medical therapy.

Endolymphatic sac decompression surgery was first described in 1926 by 
Portmann and since then has been met with both endorsement and skepticism [6]. 
Part of the skepticism stems from a report in 1981 by Thomsen and colleagues who 
compared endolymphatic sac decompression with sham mastoidectomy surgery 
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and concluded that the two procedures were equivalent [16]. In 1989, Glasscock and 
colleagues stopped using sac decompression due to a low rate of vertigo control 
[17]. However, at some other institutions, including ours, we have seen impressive 
results. Pillsbury et al. published in 1983 an alternative analysis of Thomsen’s sham 
study in which 71% of the decompression patients improved and only 47% of the 
placebo group improved [18]. Welling and Nagaraja also reevaluated the data of the 
Thomsen sham study and determined that endolymphatic sac surgery is effective 
[19]. A 1993 study by Telischi and Luxford found that 80% of patients who undergo 
endolymphatic sac decompression never required more aggressive procedures and 
93% reported little to no dizziness subsequently [20].

Endolymphatic sac surgery can be either a simple decompression to remove the 
bony covering over the sac or can include placement of a shunt from the sac either 
into the mastoid or into the subarachnoid space. Our preference is a simple decom-
pression as opening the sac has been associated with sensorineural hearing loss in 
up to 4% of our patients. In a study by Kato et al., 87% of patients reported signifi-
cant improvement in QOL after decompression without shunting [21]. In a recent 
systematic review, sac decompression and mastoid shunt surgery were both effec-
tive in controlling vertigo in at least 75% of patients who failed medical manage-
ment. It was noted that mastoid shunt with the use of Silastic sheeting was associated 
with a greater risk of hearing loss than mastoid shunt without the use of Silastic 
sheeting [22].

If patients improve after sac surgery and years later redevelop symptoms in the 
same ear, one option to consider is revision sac decompression surgery [23]. The 
most common finding at the time of revision surgery is a small but significant amount 
of bony regrowth over the sac, which can be removed using standard microsurgical 
techniques discussed below [24]. The surgeon must be meticulous to dissect scar 
tissue and bony regrowth over the endolymphatic sac while trying to leave surround-
ing dura intact. At our institute, we have found that if patients redevelop symptoms 
within 2 years of the original sac decompression, revision surgery has been unlikely 
to control symptoms. However, if symptoms recur greater than 2 years after the orig-
inal operation, then revision surgery can be effective in controlling the vertigo spells.

Technique: An endolymphatic sac decompression is essentially a decompression 
of a portion of the pre-sigmoid posterior fossa dura. Facial nerve monitoring is uni-
versally employed at our institution. This decompression is accomplished by a stan-
dard postauricular incision and periosteal dissection down to mastoid cortex. No ear 
canal incisions or tympanomeatal flap needs to be raised as the dissection is com-
pletely postauricular. A standard cortical mastoidectomy using six and four cutting 
burrs is executed. Particular focus is made on identification of the sigmoid sinus, 
lateral and posterior semicircular canals, and posterior bony ear canal wall. The 
sigmoid sinus is decompressed inferiorly toward the jugular bulb. The bony ear 
canal does not need to be excessively thinned. Once the bony horizontal and poste-
rior semicircular canals are identified, the surgeon’s mental conceptualization of 
Donaldson’s line (posterior from the horizontal canal and perpendicular to the 
 posterior semicircular canal) is useful to approximate the likely location of the 
endolymphatic sac, which is always inferior to this imaginary line.
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The retrofacial air cells are drilled away, and the pre-sigmoid dura is decom-
pressed with a diamond burr. It is our practice to remove the bone over the sigmoid 
sinus and over the pre-sigmoid dura. Using a high-speed drill with either a five or 
three diamond burr and “flicking” off the bone with otologic instruments such as a 
Freer and a Gimmick, the last layer of the bone is then removed. This dissection 
proceeds in a lateral to medial direction (from the sigmoid sinus toward the sac). It 
is important to identify the bony posterior semicircular canal as it can have an irreg-
ular position in the temporal bone. Entering into it with a drill could result in com-
plete and permanent hearing loss in the ear. The endolymphatic sac is a duplication 
of the posterior fossa dura and thus appears and feels more dense than the surround-
ing posterior fossa dura. A crossed striped pattern due to increased vascularity is 
many times seen. Once the bone over and around the sac has been removed, the 
decompression is complete [see Fig. 15.1]. The wound is irrigated with saline solu-
tion to remove bone dust, and the layers of soft tissue and skin are closed in the 
surgeon’s standard fashion after mastoidectomy.

A variation of this procedure is to incise the sac with microinstruments and place 
a small permanent drainage tube into the sac to allow egress of excessive  endolymph 
into either the subarachnoid space or the mastoid. Because of the increased risk of

sensorineural hearing loss and possible fibroproliferative response, we do not 
open the endolymphatic sac at our institution.

Posterior
semicircular
canal

Endolymphatic
sac

Dura

Sigmoid sinus

Fig. 15.1 Endolymphatic sac depicted in a left ear between the sigmoid sinus and posterior 
 semicircular canal
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 Vestibular Ablative Techniques

Vestibular ablative techniques are indicated in patients who have failed medical 
management and vestibular preservation techniques. The goal of vestibular ablative 
techniques in Meniere’s disease is to destroy all remaining vestibular function in the 
diseased ear. These procedures include vestibular nerve section and labyrinthec-
tomy. In recent years, intratympanic injection of gentamicin has been used to either 
partially or totally destroy vestibular function in the diseased ear.

Although all vestibular ablation techniques destroy vestibular function, some 
(vestibular nerve section and intratympanic gentamicin) preserve hearing, while 
others (labyrinthectomy) destroy all remaining hearing in the operated ear. Thus, it 
is important to analyze both hearing status and vestibular status in both ears prior to 
proceeding with ablative techniques.

 Intratympanic Gentamicin Perfusion

Intratympanic injection of an aminoglycoside can be performed to destroy vestibu-
lar function. Also known as a chemical labyrinthectomy, this technique generally 
uses clinically available gentamicin as it is the most vestibulotoxic aminoglycoside. 
The drug must reach the inner ear via intratympanic injection, tympanostomy tube, 
or MicroWick. At our institution, we prefer intratympanic injection.

Systemic administration of a related aminoglycoside, streptomycin, was first 
described in 1948 by Fowler [25]. Among the aminoglycosides, streptomycin and 
gentamicin have been the most studied for their ototoxicity. Gentamicin is preferred 
for clinical use for its preferential vestibulotoxicity and commercial availability. 
Several mechanisms explain the toxicity of aminoglycosides to the inner ear hair 
cells including (1) competitive inhibition of the calcium ion binding on calcium- 
receptor- dependent plasma membrane transport channels, (2) accumulation in the 
hair cells by irreversibly entering through one-way channels in the cell membrane, 
(3) reducing the integrity of the hair cell plasma membrane, and (4) disruption of 
downstream intracellular messengers [26–28].

Use of ototoxic aminoglycoside therapy has evolved considerably since its intro-
duction. In the 1950s, Schuknecht utilized high-dose streptomycin to treat Meniere’s 
disease [29]. In the 1980s, Graham and colleagues introduced titration of strepto-
mycin therapy for bilateral Meniere’s disease [30]. In 1991, Magnusson and Padoan 
described a rationale for low-dose intratympanic gentamicin [31]. Nedzelski et al. 
reported in 1993 that installation of gentamicin could lead to vertigo control in 83% 
of patients. In the study, in patients who had complete ablation of the vestibular 
system, there was over a 25% rate of sensorineural hearing loss, with 10% being 
profound in nature. Patients with normal hearing had a very low risk (5%) of hear-
ing loss after treatment. However, about 30% of patients with preexisting sensori-
neural hearing loss experienced a worsening loss after treatment [32].
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There also seems to exist a small portion of patients who experience hearing loss 
after one treatment. This may be due to limited outer hair cell reserve as well as a 
mutation in a 12S ribosomal RNA [33]. It is therefore important to warn all patients 
of the potential risk of hearing loss with gentamicin injection.

There is no defined best protocol for administration of gentamicin. There are 
various successful methods that vary in treatment frequency, drug dosage, and clini-
cal treatment endpoint criteria (e.g., total loss of caloric response on VNG, initiation 
of sensorineural hearing loss, or abatement of symptoms). A common practice 
today with gentamicin injection is serial low-dose injections every 2–4 weeks until 
vestibular symptoms abate or sensorineural hearing loss develops.

It is important to know that the vestibulotoxic effects of gentamicin are cumula-
tive; thus, patients need to understand they may need multiple treatments. Also, the 
effects are not immediate but may take 3–5 days. Patients will report subjective 
dizziness as the vestibular injury occurs. Vestibular rehabilitation therapy can be 
effective to aid in compensation.

Our technique for gentamicin injection is similar to the technique described 
above for steroid injection. With the patient in the supine position in the examina-
tion chair, the eardrum is visualized with the microscope and a minimal amount of 
phenol is used to achieve anesthesia of the ear drum. Using a 27-gauge needle, 
0.2–0.5 cc of a buffered 27.5 mg/mL gentamicin solution is injected into the middle 
ear space just superior to the round window. The patient is asked to stay in this posi-
tion and not speak or swallow for the next 30 min to minimize drug loss into the 
Eustachian tube.

Intratympanic gentamicin administration can be repeated on a serial basis to 
gradually reduce vestibular function in the diseased ear. It is prudent to obtain pure 
tone audiometry to identify the occurrence of sensorineural hearing loss as this may 
affect the decision to perform additional gentamicin treatments.

In Minor’s protocol using transtympanic injection of gentamicin 40  mg/mL 
buffered with sodium bicarbonate to a final concentration of 26.7  mg/mL, over 
90% of patients reported complete or substantial improvement in vertigo control. 
Hearing outcomes revealed 36% of patients saw improved hearing, 32% stayed the 
same, and 32% experienced a worsening of hearing. Three percent had profound 
SNHL [34].

Nedzelski et al. administered gentamicin 26.7 mg/mL via a tympanostomy tube 
with catheter three times per day over a 4-day period. They reported over 90% com-
plete or substantial improvement in vertigo. Hearing outcomes revealed that 26% 
improved, 51% were unchanged, and 25% worsened. Overall 16% experienced a 
profound SNHL [35].

Because of the risk of hearing loss, we prefer to offer endolymphatic sac decom-
pression over gentamicin injection as our initial treatment of Meniere’s disease in 
patients who have failed maximal medical treatment.
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 Vestibular Nerve Section/Vestibular Neurectomy

Vestibular nerve section has been the time-tested procedure which provides relief 
from vertigo attacks for Meniere’s disease patients with good hearing. This tech-
nique requires a craniotomy which offers the ability to access and transect the ves-
tibular nerve between the labyrinth and the brain stem.

The evolution of vestibular nerve section has been fascinating. The first surgeon 
to perform regular transection of the cochleovestibular nerve and then selective 
vestibular nerve section was Walter Dandy, who performed over 600 procedures 
via a retrosigmoid approach in the 1930s–1940s [36, 37]. However, this was prior 
to the introduction of the surgical microscope, and the risk of facial nerve injury 
was 10%.

With the advent of the field of neurotology, a middle cranial fossa approach was 
developed [38]. Due to a higher risk of facial nerve injury and sensorineural hearing 
loss, the retrolabyrinthine approach was adopted [39]. Each approach had excellent 
vertigo control rates (over 90%). However, drawbacks to the retrolabyrinthine 
approach were found. These included a high rate of CSF leak and occasional diffi-
culty with access due to a contracted mastoid. This led to the retrosigmoid approach 
being adopted as the most preferred method of vestibular nerve section in unilateral 
Meniere’s disease. Vertigo control rates are excellent (96–97%) [40–43].

Complications of this procedure are low and include facial weakness (1%), hear-
ing loss (1%), CSF leak (<5%), and headaches (10%). To minimize headaches, 
either fat or artificial bone is placed between the skin and the dura at closure 
[43–46].

 Technique

Vestibular nerve section (VNS) is performed in conjunction with a neurosurgeon. 
The patient is positioned supine, and the head is turned away in the standard oto-
logic position. Standard lateral skull base perioperative steps include facial nerve 
monitoring, lowering of PaCO2, and administration of mannitol.

A standard curvilinear retrosigmoid incision is made behind the auricle and cen-
tered at the height of the root of the zygoma. Soft tissue dissection is performed 
down to the galea and attachments of the splenius capitis and sternocleidomastoid 
muscles. The root of the zygoma is an approximation for the level of the transverse 
sinus and takeoff of the sigmoid sinus. The bone in this retrosigmoid area is exposed, 
and soft tissue is held by self-retainers. The bone around the sigmoid and lateral 
sinus is drilled away using a large cutting burr, followed by diamond burrs and 
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ample irrigation. The surgeon may choose to perform a craniotomy with a retrosig-
moid bone flap or a craniectomy with complete removal of the retrosigmoid bone.

Some otologic surgeons prefer to drill away some of the pre-sigmoid mastoid air 
cells to assist in identification of the sigmoid sinus before drilling retrosigmoid. If 
this is done, it is important to bone wax these air cells to prevent CSF leak. Others 
perform drilling only posterior to the sigmoid sinus with careful drilling techniques 
to avoid damage to the sinuses. Large diamond burrs are used around the sinuses to 
avoid injury.

The dura is incised about 1 cm posterior to the sigmoid sinus and about 1 cm 
inferior to the lateral sinus in a curvilinear fashion to allow egress of clear CSF and 
relaxation of the intracranial contents. The arachnoid is opened deeper and followed 
along the petrous dura to the suprameatal tubercle and then to the vestibulocochlear 
complex which lies between the brain stem and porus acusticus. Facial nerve stimu-
lation is useful in confirmation of facial nerve position deep to the cochleovestibular 
complex. Gentle separation of the cochlear (inferior) and vestibular (superior) fibers 
is performed using a small probe in a motion parallel to the nerve. Many times there 
is a small blood vessel at the separation point. It is paramount to realize that vestibu-
lar nerve fibers are anatomically superior, the cochlear fibers are inferior, and the 
facial nerve fibers are “deep” out of the surgeon’s view. Once the separation of 
cochlear and vestibular fibers is accomplished, the vestibular nerve is transected 
using microscissors [see Fig. 15.2].

Another technique of VNS is that of a translabyrinthine VNS. This involves a 
labyrinthectomy (described later) followed by opening of the internal auditory canal 
(IAC) and transecting the entire eighth nerve. In our experience, we have not found 
the results of the procedure to exceed those of a standard transmastoid labyrinthec-
tomy. In addition, there is an added risk of CSF leak compared to a standard laby-
rinthectomy. However, some surgeons have found that tinnitus control rates may be 
better with a translabyrinthine VNS [47].

Cochlear n.

Facial n.

Vestibular n.
sectioned

Fig. 15.2 Vestibular nerve 
section as seen through an 
endoscopic retrosigmoid 
approach. The facial nerve 
is seen deep to the cochlear 
and vestibular nerves
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 Labyrinthectomy

The most definitive procedure for the treatment of Meniere’s disease is a labyrin-
thectomy, which destroys the inner ear and therefore prevents that patient from ever 
having Meniere’s spells in that ear again. Patients with poor hearing who have uni-
lateral Meniere’s disease with disabling symptoms are considered ideal candidates. 
The procedure is effective because it removes the neuroepithelium on one side of 
the vestibular system. Control of vertigo has been reported to be as high as 99% 
following transmastoid labyrinthectomy and over 90% following transcanal laby-
rinthectomy [48–50].

One of the downsides of labyrinthectomy is the loss of natural hearing in the 
operated ear. However, there are hearing rehabilitation options including a contra-
lateral routing of sound (CROS) hearing aid or a bone-anchored hearing aid 
(BAHA). Recently, some authors have been advocating for the role of concomitant 
labyrinthectomy and cochlear implantation (CI) in some patients with intractable 
Meniere’s disease [51, 52].

Transcanal labyrinthectomy can be performed under local anesthesia. After the 
tympanomeatal flap is raised, the middle ear is evaluated, and landmarks such as 
horizontal segment of facial nerve, entire stapes footplate, and round window niche 
are identified. After cutting the stapedial tendon, the stapes and incus are removed. 
A drill is used to expose the vestibule by drilling between the oval and round win-
dows. A right-angle hook can be used to remove the neuroepithelium from the 
ampullae of the semicircular canals. The contents of the utricle and saccule are 
removed. Gentamicin-soaked pledgets are placed in the labyrinth at the conclusion 
of the procedure because of the risk of retained neuroepithelium.

The major benefit of a transcanal labyrinthectomy (as opposed to the transmas-
toid labyrinthectomy) is that it can be performed swiftly and under local anesthesia 
with mild sedation. Thus, in the elderly or infirmed patient, the technique has appeal. 
Elimination of vertigo spells has been reported to be over 90% [48].

Transmastoid labyrinthectomy offers Meniere’s disease patients the best control 
of vertigo symptoms (99%). As mentioned, there is complete loss of hearing in the 
operated ear, and thus the procedure is usually used for patients with poor hearing 
in the diseased ear. The advantage of a transmastoid labyrinthectomy is that all the 
vestibular neuroepithelium can be removed from all five areas of the labyrinth (three 
ampullated ends of the semicircular canals, saccule, and utricle) under direct vision. 
Vestibular compensation, which generally takes 1–2 months, is usually excellent.

 Technique

Under general anesthesia, the ear is prepped in the standard fashion with facial 
nerve monitoring employed. A standard postauricular incision is made. Soft tissue 
dissection is performed to expose the temporalis fascia and periosteal tissue. 
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Periosteal incisions are made in “T” or “7” configuration from the temporal line to 
the mastoid tip. Next, a standard mastoidectomy technique is employed, starting 
with a large cutting burr and large suction-irrigator. The goals of initial dissection 
are identification of tegmen tympani, posterior ear canal wall, and sigmoid sinus. 
The next areas to be identified are the antrum, horizontal semicircular canal, the 
incus in the epitympanum, and second genu of facial nerve (confirmed by using a 
facial nerve monitor with dissecting stimulator). Once the bony labyrinth has been 
exposed, there are different techniques for dissection. We prefer to initiate dissec-
tion of the superior half of the horizontal semicircular canal such that the lumen is 
encountered and the inferior portion of the canal is left to protect the facial nerve 
which is inferior. The arc of the superior canal is then exposed and can be followed 
to its ampullated end. The horizontal semicircular canal’s ampullated end can then 
be opened inferior and lateral to the superior semicircular canal ampulla. The supe-
rior semicircular canal can then be followed posteriorly and then inferiorly until it 
connects with the posterior semicircular canal at the common crus. From the sur-
geon’s perspective, the entire length of the SSC can be visualized during dissection, 
and it appears C-shaped. Surgeons in training can be instructed to “stay in the bowl” 
to find the superior canal. In contrast, the posterior canal lumen is seen on end and 
therefore appears as a dot. Surgeons in training are instructed to “follow the dot” of 
the posterior canal lumen from the common crus to the ampullated end and then to 
the vestibule. Of note, the two instances when the facial nerve is at risk of drill dam-
age are when drilling the horizontal canal as the nerve lies just inferior to the hori-
zontal canal and when the posterior canal proceeds posteriorly toward the facial 
nerve. The surgeon should shift the operating view more inferiorly and have the 
patient tilted away to facilitate following the canal while being mindful of the facial 
nerve. Once the vestibule is reached, the spherical recess of the saccule and the 
elliptical recess of the utricle are identified. The neuroepithelial contents of these 
two recesses, as well as the neuroepithelium of the ampulla of each semicircular 
canal, are removed with suction and a small weapon. Complete removal of the five 
sources of vestibular neuroepithelium (the ampulla of each semicircular canal, 
 utricle, and saccule) is necessary to rid the inner ear of any remaining vestibular 
function [see Fig. 15.3].

 Current Treatment Protocols

Patients who are diagnosed with Meniere’s disease should be treated medically with 
low-salt diet, low caffeine intake, and daily triamterene-hydrochlorothiazide 
(Dyazide). This is effectively applied in the majority of Meniere’s disease patients. 
Patients who have occasional vertigo spells or drops in the hearing can be treated 
with oral steroids or transtympanic steroid injection. Patients who persist with 
symptoms despite maximal medical therapy may be candidates for additional ther-
apy. Patients with excellent hearing may be offered either gentamicin therapy as 
they are at low risk of sensorineural hearing loss or endolymphatic sac 
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decompression. However, patients with preexisting hearing loss are offered endo-
lymphatic sac decompression as these patients would be at a higher risk of hearing 
loss if gentamicin were administered. If the sac surgery fails and if good hearing 
remains, then intratympanic gentamicin injection or vestibular nerve section is 
offered as these techniques may preserve hearing. In patients with poor hearing and 
unilateral Meniere’s, transmastoid labyrinthectomy is offered.

 Challenging Clinical Scenarios

There are many situations which result in therapeutic dilemmas. For example, a 
patient may present with medically recalcitrant Meniere’s disease in his or her only 
hearing ear. Thus, hearing preservation is strongly preferred. If this patient’s 
Meniere’s disease causes disabling symptoms, the sequential options of steroid 
therapy, endolymphatic sac decompression, and vestibular nerve section can be 
offered. Gentamicin must be carefully considered due to the risk of hearing loss, 
and labyrinthectomy would only be performed as a last resort of truly disabling 
vertigo.

Another difficult management decision occurs in patients with bilateral Meniere’s 
disease and disabling vertigo spells. After testing (which includes an audiogram, 
VNG, and MRI), subjective symptoms seem to offer the most information concern-
ing which ear is causing the symptoms. In general, if conservative treatment has 
failed, oral and/or intratympanic steroids are used. If the patient continues to have 
vertigo spells, then endolymphatic sac decompression surgery can be used possibly 
in both ears (not simultaneously however). Gentamicin can also be used but with 
caution as it is ablative. Rarely have we used VNS or labyrinthectomy in patients 
with bilateral MD.  We have, however, used these techniques unilaterally upon 
clearly demonstrating that one ear is primarily the cause of the patient’s severe 
 vertiginous symptoms.

Fig. 15.3 Labyrinthectomy 
depicted in a left ear with 
delineation of each 
semicircular canal and the 
otolith organs
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Chapter 16
Pathophysiology and Diagnosis of Superior 
Canal Dehiscence

Gerard J. Gianoli and James Soileau

 Introduction

SCD can be defined as both an anatomic anomaly found on CT scan and/or at 
 surgical exploration (Figs. 16.1 and 16.2) and as a syndrome that frequently accom-
panies this anatomic deviation. When SCD was first described in 1998 [1], it was 
felt to be a rare disorder. However, over the past 20 years, it has been recognized 
more frequently as the varying clinical presentations have been elucidated. SCD has 
been called the great otologic mimicker. This is due to the myriad of clinical presen-
tations that may be identical to other major otologic disorders such as patulous 
eustachian tube, otosclerosis, Meniere’s disease, perilymph fistula, acute vestibular 
neuritis, and vestibular migraine [2]. This variety of presentations may lead to a 
delay in diagnosis, misdiagnosis, and in some cases inappropriate treatment. The 
correct diagnosis is important since relief of symptoms can be attained among the 
majority of SCD patients with appropriate treatment.

Included in the spectrum of SCD is the asymptomatic patient, which presumably 
includes all SCD patients prior to the onset of their symptoms. There are many patients 
with anatomic dehiscence of the superior canal that have no symptoms. Due to this, 
simply noting the anatomic presence of SCD does not signify causation for the 
patient’s symptomatology. It has been recognized since the initial description of the 
problem in 1998 that a “second event” is suspected to be the root cause of the onset of 
the symptoms of SCD. The leading suspected “second events” are head trauma and 
major pressure-altering events – affecting middle ear or intracranial pressure. This is 
the presumed reason why SCD syndrome is seen rarely in the  pediatric population.
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Arcuate Eminence with SCD

Fig. 16.1 Intraoperative view of the middle fossa floor exploration demonstrating SCD at the 
arcuate eminence

Fig. 16.2 CT scan demonstrating SCD
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 Incidence and Etiology

An anatomic dehiscence of the bone overlying the superior semicircular canal at its 
interface with the middle cranial fossa dura has been proposed to be a developmen-
tal abnormality [1]. In utero between 32 and 40 weeks’ gestation, which is beyond 
the time of the labyrinth reaching adult size, the incidence of SCD approaches 89% 
[3]. The bone overlying the middle fossa floor (or, conversely, covering the tegmen 
mastoideum and tegmen tympani) thickens progressively in utero and throughout 
early childhood, such that a 1-year-old with CT findings of SCD may see it “disap-
pear” by the time they are 3 or 4 years old [4]. Sugihara and colleagues [5] in a 
review of 1006 temporal bone CT scans demonstrated progressive thickening of 
superior semicircular canal (SSC) bone throughout the first 8 years of life with a 
concomitant progressive lower incidence of SCD during that time period. At this 
age, the incidence of the anatomic finding of SCD is believed to be relatively stable, 
rendering 0.5% with frank dehiscence and 1–2% of the general population with 
exceedingly thin bone (≤0.1 mm thickness) in this area [6]. Either frank dehiscence 
or thin bone of the superior semicircular canal (SSC) theoretically places these indi-
viduals at risk for developing SCD syndrome later in life.

The thickness of the calvarium and the area of the middle fossa floor overlying 
the SSC very slowly thins throughout the course of our lives [7]. This has been sub-
mitted as evidence pointing toward an acquired etiology for SCD as opposed to the 
“congenital or developmental etiology” [7]. This is undoubtedly true for some SCD 
patients but is unlikely to account for the majority of SCD patients. Additionally, a 
small number of patients have been identified who acquire SCD from erosive pro-
cesses such as arachnoid granulations, cholesteatomas, other tumors, and fractures. 
The authors have also identified a few cases of iatrogenic SCD acquired due to skull 
base approaches for tumor resections. More recently, the CDH23 gene (associated 
with Usher syndrome and non-syndromic hearing loss) has been found to be a 
genetic risk factor for the development of SCD [8].

The prevalence of SCD has been found to be much higher in series of analyzed 
CT scans than on temporal bone histology. Carey et al. identified complete absence 
of bone over the superior canal histologically in 0.5% of 1000 vertically sectioned 
adult temporal bones [6]. There was an additional 1.4% with very thin (≤0.1 mm) 
bone covering the superior canal. Added together, the prevalence of thin or dehis-
cent superior canals approached 2%. This study also reported that 50% of the SCD 
cases had bilateral involvement. Carey and colleagues [6] also analyzed 36 infant 
temporal bones and concluded that the thickness of the bone overlying the superior 
canal was consistently thin. The thickness of the bone covering the superior canal 
gradually thickened with age, reaching adult levels by age 3 years. Further support-
ing the theory of a congenital/developmental origin for the anatomic defect of SCD 
is a study by DeJong and colleagues [9] demonstrating significantly less temporal 
bone volume among SCD patients compared to controls.
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Roberto et al. [10] used tetracycline staining to investigate the deposition of the 
bone in the dog model at 10, 25, and 50 days of age. This study demonstrated pro-
gressive deposition of endochondral and endosteal bone at the superior semicircular 
canal postnatally. The bone deposition decreased with age. These findings are in 
agreement with the observations in the study by Carey et  al. In a related study, 
Hirvonen and colleagues [11] reported a CT study of the thickness of the superior 
canal in a group of patients with SCD and those without SCD. Among those with 
SCD, the contralateral superior canal bone was thinner (or dehiscent), compared to 
those patients without SCD. This finding supports the notion of SCD as arising from 
a bilateral process which may be represented in the form of intracranial hyperten-
sion or developmental anomaly related to bony deposition in early life.

Several observations may point to an SCD as a developmental anomaly with a 
“second event” required to produce symptoms. Among these observations are:

 1. The above studies demonstrating the development of the bone over the superior 
semicircular canal occurring later (postnatally) than other parts of the inner ear.

 2. The clinical observation of the presence of asymptomatic SCD noted during 
intraoperative exploration of the middle cranial fossa for encephalocele repair 
(Fig. 16.3).

 3. Symptoms from SCD rarely present in the pediatric population, in spite of a 
higher incidence of the anatomic dehiscence in children than among adult 
patients.

Encephalocele at
Tegmen Tympani

Malleus Head with
impinging
encephalocele and
CSF leak

Superior
Semicircular Canal
Dehiscence at the
Superior Petrosal
Sinus

Fig. 16.3 CT scan demonstrating an encephalocele in a patient with an asymptomatic SCD
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These observations support the notion that a second event is required in addition 
to the congenital anomaly of thin or absent superior canal bone in order to produce 
clinical symptoms. Roughly 25–50% of patients report an event they attribute to 
symptom onset for SCD [12, 13]. This “second event” is typically noted to be either 
head trauma, a Valsalva-type episode, or some other type of pressure-altering event 
that affects either middle ear or intracranial pressure.

Case 1
In 1998 (shortly after we started treating SCD), an 8-year-old female was referred 
to the author for tympanomastoidectomy for left chronic suppurative otitis media 
and suspicion of cholesteatoma. A preoperative CT scan demonstrated right 
SCD. She had no complaints of vertigo/dizziness, autophony, or Tullio’s phenome-
non and specifically denied these complaints upon questioning. No vestibular evalu-
ation was performed because she was asymptomatic, and no surgical treatment was 
directed toward the right SCD at that time. She underwent successful left tympano-
mastoidectomy and was lost to follow-up.

In 2010, she returned to see the authors because of the new onset of right pulsa-
tile tinnitus, episodic vertigo, dizziness, and near constant unsteadiness. The vertigo 
spells were provoked by straining. Work-up revealed an abnormal right cVEMP and 
an abnormal right fistula (pressure) test. MRI scan was normal, and a CT scan per-
formed at that time reconfirmed the right SCD.

Comment: This case illustrates three important points: (1) SCD can be asymp-
tomatic, and the authors would argue that almost all symptomatic SCD patients are 
asymptomatic initially. (2) Most pediatric SCD patients are asymptomatic. (3) This 
case supports the notion that SCD is congenital/developmental with symptoms 
acquired later in life.

 Clinical Presentation

SCD was first reported by Minor et al. [1] in eight patients who exhibited the symp-
toms of short-lived vertigo spells in response to certain sounds or activities that 
would cause transient increases in intracranial or middle ear pressure (Valsalva, 
coughing, sneezing, nose-blowing, autoinsufflations). These activities would pro-
duce a torsional nystagmus, which directly implicated stimulation of the superior 
semicircular canal. Activities causing increased middle ear pressure (sound, posi-
tive pressure in the ear canal, autoinsufflations) induce nystagmus with the slow 
phase upward and the superior pole of the eye directed away from the affected ear. 
Activities causing a transient elevation in intracranial pressure (Valsalva against a 
closed glottis, jugular venous compression) or negative pressure in the ear canal 
resulted in the slow phase of nystagmus directed downward and the superior pole of 
the eye torqueing toward the affected ear. The clinical findings of Tullio’s phenom-
enon and pressure-induced nystagmus associated with SCD have been termed 
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Minor’s syndrome. Although the vertigo caused by SCD is most characteristically 
reported as short-lived, other characterizations of vestibular symptoms have been 
reported as well, including more prolonged vertigo spells, chronic disequilibrium, 
and even possible rare drop attacks [14].

In the second publication [15] on SCD in 1999, we reported the next three SCD 
patients who had very disparate symptoms. One patient was asymptomatic and had 
middle fossa exploration to repair an encephalocele. Another patient had “symptoms 
that mimicked” Meniere’s syndrome that resolved with SCD resurfacing. The last 
patient had symptoms of straining-induced and positional vertigo which was also 
resolved with resurfacing. Since these first reports of SCD, other variations on clinical 
presentations have been identified. In a review of their experience with SCD, Zhou 
et al. [2] described SCD as the “great otologic mimicker” because of the variety of 
presentations and the variety of other diagnoses from which SCD can be confused.

Case 2
A 74-year-old male was referred after a fall from a ladder 2 years prior. The head 
injury resulted in an intracranial bleed and a prolonged hospital stay. After regaining 
consciousness, he began to note left hearing loss, Tullio’s phenomenon, autophony, 
chronic imbalance, and strain-induced vertigo spells. None of these symptoms had 
been present prior to the head trauma. Audiometry demonstrated left low-frequency 
mixed hearing loss with a large conductive component and intact acoustic reflexes. 
Fistula (pressure) test, Valsalva test, and cVEMP were abnormal on the left side. 
MRI scan demonstrated no CP angle, IAC, or brainstem pathology. CT scan dem-
onstrated a very large left SCD and a much smaller right SCD. Left SCD repair 
alleviated his symptoms.

Comment: This case illustrates a “classic” presentation of SCD with an obvious 
second event (the head injury) as the provocateur of the onset of symptoms. The 
very large left SCD noted on CT scan was almost certainly present prior to the head 
injury but was asymptomatic before then.

Although the presentation for SCD can be varied, the most recognizable presen-
tation will include Tullio’s phenomenon, pressure-induced vertigo (transient 
increases in intracranial or middle ear pressure), and autophony. While these are the 
most characteristic presentation of SCD, they are certainly not present in all SCD 
patients, and their absence cannot be used as a means to exclude the diagnosis of 
SCD. The more nonspecific symptoms of a vestibulopathy such as head movement- 
induced disequilibrium are much more common, but not particularly helpful in 
making the diagnosis of SCD. Pressure and aural fullness are common. Complaints 
of hearing loss, distorted hearing, and hyper-acute hearing are also common. SCD 
patients may have been given a variety of other diagnoses prior to presenting in the 
office. The biggest tip off to a misdiagnosis is nonresponse to prior treatments. This 
should always prompt the clinician to reassess the prior diagnosis.

Vague cognitive and neurobehavioral symptoms are also frequently reported by 
SCD patients. While these have been reported in SCD patients, they are not specific 
to SCD patients and can be seen in other chronic vestibular syndromes such as 
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potentially comorbid vestibular migraine. These include depression, “brain fog,” 
short-term memory problems, and difficulty with concentration. These symptoms 
have been documented as present and improved after surgical repair of SCD by 
Wackym et al. [16].

 Physical Exam

Routine head and neck exam in addition to microscopic otoscopy is typically nor-
mal in the SCD patient. The vestibular component of the physical exam should 
include evaluation with infrared video goggles. This may be unremarkable but, if 
there has been any vestibular loss, may reveal spontaneous nystagmus and head 
thrust or headshake abnormalities. In some extreme cases, one can identify a spon-
taneous torsional nystagmus that is synchronous with the pulse. Tuning fork testing 
in locations (such as the malleolus) not normally used to stimulate the ear can some-
times show positive results in SCD patients.

 Testing

Much of the literature discusses vestibular evoked myogenic potentials (VEMP) 
and high-resolution CT scan as the extent of testing for SCD. While the CT scan is 
imperative and the VEMP is often helpful, we feel this limited testing is inadequate 
for patients presenting with SCD. Since SCD is a disorder that can mimic many 
other otologic disorders, can cause many secondary pathologies, and may require 
invasive surgery to resolve, we feel a full audiovestibular test battery is warranted.

CT scan slices should be performed at the submillimeter level, preferably 
0.24 mm thickness but not thicker than 0.6 mm. The thinner slice scan gives a more 
accurate portrayal of the defect. Thicker scans are prone to high levels of inaccuracy 
[17]. MRI should be performed to evaluate for concomitant intracranial abnormali-
ties but not for confirmation of SCD.  One of the more frequent finding in SCD 
patients is Chiari Malformation [18]. Additionally, MRI findings suggestive of ele-
vated intracranial pressure should be sought (i.e., empty sella, vertical tortuosity of 
the optic nerves, prominent arachnoid spaces around the optic nerves, flattening of 
the globe, slit-like ventricles, venous sinus abnormalities, Chiari/cerebellar ecto-
pia). MRI, however, is used by some postoperatively to determine whether surgical 
occlusion of the SSC has been successful.

Audiometric testing may be normal, show some degree of sensorineural hearing 
loss in the affected ear, or, more characteristically, demonstrate a low-frequency 
conductive loss (or, more appropriately, bone scores at suprathreshold levels). To 
distinguish the low-frequency conductive loss patient who has SCD from an oto-
sclerotic patient or other patient with middle ear pathology, impedance testing is 
warranted. The SCD patient should typically have a normal tympanogram and intact 
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acoustic reflexes, whereas the patients with otosclerosis will show absent acoustic 
reflexes [19].

Case 3
A 45-year-old female was diagnosed with otosclerosis and underwent middle ear 
exploration. No stapes fixation was noted at the time of surgery. She was referred 
for further evaluation. The patient reported a progressive hearing loss and no signifi-
cant vestibular symptoms. The patient, however, did report autophony to heartbeat, 
voice, and eye movement. The audiogram demonstrated a low-frequency conduc-
tive loss with elevated bone scores, but acoustic reflexes were normal. Further test-
ing demonstrated that cVEMP was abnormal, as was fistula (pressure) test. MRI 
scan was unremarkable, and CT scan demonstrated a large SCD.

Comment: This case illustrates another variation for SCD presentation, princi-
pally hearing loss mimicking otosclerosis and lacking vestibular symptoms. 
Clinicians should maintain a high index of suspicion and evaluate prospective sta-
pedectomy patients with acoustic reflex testing. An otosclerotic patient should have 
absent reflexes, while an SCD patient usually has intact acoustic reflexes.

VEMP, both cervical and ocular, may show reduced threshold responses compared 
to lab norms, may show an asymmetric result in unilateral cases, or may be completely 
normal. Additionally, elevation of the amplitude of response has also been suggested as 
an indication of SSCD, particularly in ocular VEMP. In cases with vestibular loss, the 
VEMP response may be absent [2]. Electrocochleography is frequently abnormal in 
SCD patients, which will often normalize after successful surgery [20].

The authors feel a full vestibular evaluation should also be performed on anyone 
who is to undergo SCD surgery. Abnormalities identified are helpful in the consulta-
tion of (1) whether to proceed with surgery, (2) outcome expectations, and (3) docu-
mentation of vestibular status akin to preoperative audiometry. Patients with SCD 
have varied vestibular test profiles including the possibilities of severe unilateral 
vestibular hypofunction and occasionally severe bilateral vestibular hypofunction. 
In this setting, successful surgical treatment of SCD will result in continued vestibu-
lar symptoms from these deficits. Additionally, BPPV is a frequent secondary 
pathology that may need treatment along with SCD.

Case 4
A 31-year-old male was referred for evaluation of suspected bilateral SCD.  His 
chief complaint was constant imbalance/oscillopsia punctuated by short-lived spells 
of rotary vertigo induced by certain sounds and straining. He particularly had trou-
ble with balance in the dark. Prior work-up included an audiogram demonstrating a 
symmetric high-frequency sensorineural loss beyond 6 kHz, CT scan demonstrating 
SCD bilaterally, and cVEMP within normal threshold stimulation and normal 
amplitudes on the left side with an absent response on the right side. No other ves-
tibular evaluation had been performed.

Vestibular evaluation at our office demonstrated electrocochleography, Valsalva 
testing, fistula testing, and Tullio’s testing that were all abnormal and strongly sug-
gestive of SCD.  However, there was also significant bilateral caloric weakness, 
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severely reduced gains on rotary chair, and high-frequency VOR testing indicating 
significant loss of vestibular function bilaterally. Further, on posturography, the 
patient would free-fall on SOT 5 and 6.

Comment: The limited test battery of CT scan, audiometry, and VEMP did not 
completely describe this patient’s pathology and missed important information – 
bilateral vestibular loss. The more extensive testing clearly explains why VEMP 
testing was not typical of SCD patients (i.e., reduced threshold response or large 
amplitude response). When there is global vestibular loss, we should expect a 
reduced or absent VEMP response as in this case. Knowing the severe bilateral loss 
allows the clinician to better counsel the patient on expectations if surgery is per-
formed. In this case, surgery could resolve Tullio’s phenomenon and the strain- 
induced vertigo spells but is unlikely to improve his chronic disequilibrium to any 
measurable degree since his bilateral vestibular loss will persist. Without preopera-
tive testing, postoperative vestibular weakness will likely be attributed to the surgi-
cal intervention exposing the surgeon to the possibility of litigation.

Video head impulse testing (VHIT) has been introduced to several labs recently. 
However, because clinical experience with this testing technology has not yet been 
widespread and has only been available for a limited time, we recommend caution 
when using this as a means to determine “normal” semicircular canal function. 
Recent studies have shown poor correlation of VHIT with caloric irrigation studies 
[21]. Due to this we cannot recommend using this in place of caloric irrigation. 
However, in the context of SCD, VHIT may prove to be invaluable in determining 
superior canal function preoperatively and postoperatively. In patients who have 
undergone SCD occlusion, VHIT may be helpful in determining whether the poste-
rior semicircular canal has also been occluded.

 Pathophysiology

The most commonly espoused theory for the pathophysiology of SCD is the “third 
mobile window theory.” This theory posits that the flexible nature of the SCD allows 
for egress of endolymph in/out of the superior canal resulting in abnormal stimula-
tion of the superior canal cupula. Additionally, low-frequency sound energy trans-
mitted through the inner ear is allowed to dissipate through this bony defect resulting 
in the conductive gap noted in some SCD patients. Merchant and Rosowski [22] 
proposed that SCD could be classified among a number of lesions that produce a 
third mobile window on the scala vestibuli side of the cochlea. Included among 
these are lateral or posterior canal dehiscence, enlarged vestibular aqueduct, dehis-
cence of the internal auditory canal, carotid dehiscence (into the cochlea), diffuse 
dehiscence (such as in Paget’s disease), and other congenital anomalies of the inner 
ear. The hearing loss in these pathologic third mobile window cases exhibits poor 
air conduction thresholds and good bone conduction thresholds.

However, the third mobile window theory does not completely explain all of the 
clinical findings of SCD. Certain situations still elude explanation. These include 
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the presentation of SCD patients with only auditory and no vestibular findings or 
vice versa, Ménière’s-type vertigo spells (prolonged vertigo lasting several hours) 
[15], and SCD symptoms in patients who have “near dehiscence” (i.e., thin bone 
without dehiscence).

Gianoli and Soileau [23] proposed the theory that alteration of intracranial pres-
sure may result in increased compliance at the round and oval windows and, if pres-
sure changes were extreme, potential disruption of the windows resulting in a frank 
middle ear perilymph fistula. This theory could explain the above exceptions to the 
third mobile window theory and why a second event of head trauma or pressure- 
altering event frequently brings on symptoms. It also explains why round window 
reinforcement has been noted in some patients to resolve SCD symptoms (at least 
temporarily). Gianoli and Soileau further proposed a staging system for SCD which 
can be referenced in separate article [26].

 Other Dehiscences

Among patients who present with symptoms and testing consistent with SCD, there 
are some who do not have SCD. These patients may be found to have dehiscence of 
labyrinthine bone in other areas. Among these are posterior semicircular canal 
dehiscence at the posterior fossa dura or at the jugular bulb, horizontal canal dehis-
cence (usually due to erosive processes such as cholesteatoma), cochlear dehiscence 
at the labyrinthine segment of the facial nerve (Fig. 16.4), cochlear dehiscence at the 

FCD

FHSCD

Fig. 16.4 CT scan demonstrating dehiscence of the cochlea at the region of the labyrinthine seg-
ment of the facial canal (FCD) and suspicious for dehiscence of the horizontal semicircular canal 
at the tympanic segment of the facial canal (FHSCD)
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carotid artery, and horizontal canal dehiscence near the second genu of the facial 
nerve (Fig. 16.4). Each of these has minor variations from the typical presentation 
of SCD, but the most common uniting symptom seems to be pressure-induced diz-
ziness/vertigo from either internal or external sources, although some may have 
autophony and Tullio’s phenomenon. These dehiscences are more commonly found 
among SCD patients and may be clinically identical in their presentation. Finally, 
patients may present with a syndrome identical to SCD but have no radiographically 
visible dehiscence. The collection of patients presenting with this syndrome has 
been named otic capsule dehiscence syndrome by Wackym et al. [24]

Case 5
A 23-year-old male was referred for vertigo, dizziness, and unilateral hearing loss 
after being struck by an industrial cable the previous year. The patient also had con-
comitant facial fractures and closed head injury. The patient reported that the ver-
tigo was provoked by straining and possibly sound. He also noted autophony to 
heartbeat and voice. Evaluation demonstrated an abnormal cVEMP, fistula (pres-
sure) test, and Valsalva test. MRI scan demonstrated no CPA, IAC, or brainstem 
pathology. CT scan demonstrated a posterior semicircular canal dehiscence at the 
junction of a high-riding jugular bulb. Surgical decompression of the jugular bulb 
with repair of the dehiscence resolved the patient’s symptoms.

Comment: Many patients will present with SCD symptoms that do not have 
SCD. The clinician should look for other defects of the labyrinth which could pos-
sibly explain the symptomatology.

 Near Dehiscence

Many clinicians have noted patients with SCD symptoms and no bony defect of the 
SSC or any other place in the labyrinthine bone. Some of these patients will have 
extreme thinning of the SSC bone to the point where the bone itself is flexible 
enough to transmit pressure to the inner ear. These so-called near dehiscences share 
many features but typically do not have reduced thresholds on VEMP testing. They 
also have a generally favorable outcome with SCD surgery [25].

 Tegmen Dehiscence and Ossicular Head Impingement

Among the anomalies frequently seen with SCD are multiple dehiscences of the teg-
men tympani and tegmen mastoideum as well as dehiscence of the geniculate gan-
glion [26]. Usually these are of no significance unless there has been dural herniation 
through the dehiscence resulting in an encephalocele and possible CSF leak. An 
encephalocele with prolapse onto the ossicular heads can cause a conductive hearing 
loss and autophony, which can accompany SCD. Similarly, a large tegmen tympani 
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dehiscence may allow impingement of the ossicular heads without a prolapsing 
encephalocele (Fig. 16.5). If SCD repair does not include repair of this type defect, 
some residual symptoms of autophony and conductive loss are sure to persist.

 Conclusions

We continue to learn about SCD and its implications since its first description in the 
literature 20 years ago. The pathophysiology is likely due to a combination of a third 
mobile window, increased round/oval window compliance, and concomitant inter-
mittent PLF likely due to fluctuations in middle ear and/or intracranial pressure. The 
diagnosis of SCD requires a high degree of suspicion due to its varying presentation 
but must include (1) symptoms consistent with SCD, (2) physiologic testing consis-
tent with SCD, and (3) high-resolution CT scan demonstrating SCD. None of these 
three elements are sufficient alone. Lastly, a comprehensive audiovestibular test bat-
tery is warranted for appropriate management of these complex patients.
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Chapter 17
Surgical Treatment of Superior 
Semicircular Canal Dehiscence Syndrome

Francis X Creighton and John P. Carey

 Background

Superior canal dehiscence syndrome (SCDS) was first described by Minor in 1998 
[1]. It is a disease characterized by the clinical findings of sound-induced vertigo 
and eye movements, chronic disequilibrium, conductive hearing loss (CHL), and 
decreased hearing thresholds for bone-conducted sounds. Conductive hyperacusis 
may lead to autophony (hearing their own voice) and pulsatile tinnitus or hearing 
their eye movements. The presence of a dehiscence creates a mobile third window 
within the labyrinth, leading to physiologic stimuli causing excitatory ampullofugal 
or inhibitory ampullopetal deflection of the cupula [1].

Symptoms caused by abnormal openings into the labyrinth have been known for 
decades. Fenestration of the semicircular canals was known to produce eye move-
ments in response to sound in animals as early as 80 years ago [2]. The Tullio phe-
nomenon, or eye movements in response to loud sound, was initially identified in 
humans suffering from advanced syphilis secondary to gummatous osteomyelitis 
and labyrinthine fistulae [3]. Subsequent reports have identified the Tullio phenom-
enon in perilymphatic fistula [4], head trauma [5], and cholesteatoma with semicir-
cular canal erosion and fenestration [6]. The Hennebert sign (eye movement induced 
by pressure in the external auditory canal) is also often present in cases of abnormal 
openings into the labyrinth. These symptoms can be present in SCDS and helped to 
lead to the understanding of the constellation of symptoms encompassing this 
syndrome.

The exact mechanism for which SCDS causes its audiological and vestibular 
symptoms is still under investigation, but it is generally accepted that the dehiscence 
of the superior semicircular canal functions as a mobile “third window” in the bony 
labyrinth. This third window allows a low-impedance outlet for fluid waves in the 
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labyrinth to shunt flow from the cochlea to the labyrinth, which both activates the 
vestibular system and decreases pressure driving the traveling fluid wave in the 
cochlea. Cadaveric and animal models have supported this, showing measurable 
fluid velocities across the dehiscence, a decrease in intracochlear pressures in the 
scala tympani and scala vestibuli, a decrease in cochlear differential pressure, and a 
decrease in round window velocity, most notably in lower frequencies [7–9].

 Epidemiology

The anatomic prevalence of superior canal dehiscence within a temporal bone library 
consisting of 1000 specimens revealed a 0.5% prevalence of complete dehiscence of 
the superior canal into the middle fossa or superior petrosal sinus [10]. In 1.4% of 
specimens, the bone was 0.1 mm or thinner. The prevalence of SCDS is not known 
with certainty, but it is likely that only a subset of patients with SCD actually experi-
ence symptoms. Re et al. found a SCD prevalence rate of 5.8% on temporal bone CT 
in a series of 191 consecutive patients scanned for all causes. Individuals identified 
with SCD then underwent otoneurological examinations. Of those identified with 
SCD on CT imaging, only 0.5% had symptoms or signs consistent with SCDS [11].

The effect of dehiscence size on the clinical manifestation of SCDS is currently 
debated in the literature. Small case series have found dehiscences greater than or 
equal to 2.5 mm often present with both vestibular and cochlear symptoms, whereas 
those less than 2.5 mm often present with either vestibular or cochlear symptoms, 
but not both [12]. However, in multivariate analysis, the length of the dehiscence 
was only shown to correlate with the size of the air-bone gap [13]. Assessments of 
the surface area of SSCDs have shown that larger dehiscences are associated with 
larger cVEMP and oVEMP amplitudes [14] Cadaveric models of SSCD have shown 
that larger dehiscences decrease intracochlear pressure and decrease the cochlear 
drive at low frequencies. This effect seems to saturate around 3  mm in length. 
Paradoxically at higher frequencies, pinpoint dehiscences appear to cause a decrease 
in the cochlear drive, while larger dehiscences do not appear to effect at these fre-
quencies [7, 15]. Cadaveric studies have also shown that the location of the SSCD 
along the arc of the canal does not have a major effect on intracochlear pressures. 
This is consistent with clinical studies showing that the location of the SCD did not 
correlate with the amount of hearing loss, although dehiscences located closer to the 
ampulla were found to be commonly seen in patients with auditory symptoms [16].

 Diagnostic Evaluation

Patients with SCDS generally present with a primary complaint of dizziness, and when 
evaluating a patient with this complaint, a thorough history is the most effective diag-
nostic tool. Vertigo symptoms related to SCDS are usually induced by loud sound or 
pressure changes and are brief in duration. Dizziness or oscillopsia induced by loud 
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sound are present in 90% of SCDS patients [17]. Vestibular symptoms induced by pres-
sure changes such as coughing or straining are present in 73% of patients, with 67% 
exhibiting both pressure- and sound-related symptoms [17]. Chronic disequilibrium 
and cognitive impairment (“brain fog”) may also be attributed to SCDS.

In addition to dizziness, auditory symptoms are also a common feature of SCDS. 
Autophony, defined as the hyperperception of one’s own voice, breathing, or other 
internal sounds, is present to varying degrees in up to 60% of patients [17]. 
Hyperacusis for bone-conducted sound [18] is present in 52% of SCDS patients [17]. 
Hyperacusis symptoms include patients hearing their own pulse, eye movements, or 
the impact of the feet during walking. Patients with SCDS can occasionally hear in 
the affected ear a 512 Hz tuning fork placed against the foot or ankle [19]. Pulsatile 
tinnitus is present in about one-third of patients seen at our institution.

Evoked eye movements in the plane of the superior canal are the hallmark of 
SCDS [20]. The eyes should be examined under Frenzel lenses, infrared video gog-
gles, or by some other means to eliminate the effect of visual fixation. Using an 
audiometer, pure tones at levels up to 110 dB nHL should be delivered in one ear at 
a time covering the frequency range of 125–4000  Hz. Sound-evoked eye move-
ments at one or more frequencies were noted in 82% of SCDS patients using such 
stimuli [17]. Among our patient population, eye movements can also be induced 
with Valsalva maneuvers (34%) or pressure in the external auditory canal (23%).

Depending on the type of stimulus, either excitation or inhibition of the superior 
canal may occur as shown in Fig. 17.1. Valsalva against pinched nostrils, pressure 
in the external auditory canal (e.g., tragal compression), or sound will produce 

Fig. 17.1 Route of excitatory and inhibitory pressure changes causing stimulation of the superior 
canal ampulla in SCDS. Superior canal excitation is caused by ampullofugal displacement of the 
cupula (green arrow) typically by positive external auditory canal pressure, nasal Valsalva, or 
sound. Superior canal inhibition is caused by ampullopetal displacement of the cupula (red arrow) 
from negative external auditory canal pressure or glottic Valsalva maneuver, which transiently 
increases intracranial pressure
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excitatory affects (ampullofugal deflection of cupula). Valsalva against a closed 
glottis, jugular venous compression, or negative external canal pressure will pro-
duce inhibitory secondary to ampullopetal cupula deflection. Pressure- or sound- 
evoked eye movements almost always occur in the plane of the superior canal as 
shown in Fig. 17.2. In the case of larger dehiscences, eye movements may be shifted 
out of the superior canal plane [21]. However if eye movements are not in this direc-
tion, the diagnosis of SCDS should be questioned, and alternative diagnoses of pos-
terior canal dehiscence [22] or horizontal canal fistula [23] must be considered.

The audiogram (Fig. 17.3) is an important part of the SCDS evaluation. A minor-
ity of patients have auditory symptoms in the absence of any vestibular signs or 
symptoms [17, 19, 24, 25]. Conductive hearing loss and bone conduction thresholds 
less than 0 dB nHL (conductive hyperacusis) are often greatest at lower frequencies 
[24, 25]. It is important to consider SCDS in patients with CHL and normal otologic 
exam, as case reports exist of SCDS being misdiagnosed as otosclerosis [19]. The 
key differences between SCDS and otosclerosis are (1) that conductive hyperacusis 
does not occur in otosclerosis and (2) that the acoustic stapedial reflex, which is 
often normal in superior canal dehiscence should be absent in an ear affected with 
otosclerosis.

Fig. 17.2 Direction of the slow phase of eye movements with superior canal excitation. Eye 
movement occurs in the plane of the superior canal regardless of the direction of gaze. There are 
both vertical and torsional components when the patient is looking directly ahead (center gaze). 
The torsional and vertical components can be separated by having the patient look to the right or 
left during stimulation
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Electrocochleography (ECochG) has been used in the past for diagnosing 
SCDS.  Initial studies of ECochG showed elevated summating potential (SP) to 
action potential (AP) ratios >0.4 which were reported in all (n = 21) patients with 
unilateral SCDS, with normalization of the SP/AP ratio postoperatively [26]. More 
recent studies though have failed to reproduce the postoperative results [27].

Cervical vestibular-evoked myogenic potentials or cVEMPs are inhibitory elec-
tromyographic (EMG) signals measured over the contracted sternocleidomastoid 
muscle (SCM) ipsilateral to the ear being stimulated by multiple loud clicks or tone 
bursts (Fig. 17.4). It is thought that cVEMPs are activated through the stapes foot-
plate to the saccule and vestibular nerve [28]. In SCDS, abnormally low thresholds 
and enlarged peak-to-peak amplitudes are demonstrated [4, 17]. The theory is that a 
dehiscent semicircular canal lowers the impedance of the vestibular system, resulting 
in a lower resistance for pressure and sound transmission [18, 19]. Thus, cVEMP 
signals are enhanced with lower thresholds in patients with SCDS. For air- conducted 
500  Hz tone bursts, for example, we have found that cVEMP thresholds were 
80–95  dB SPL for 13 patients with SCDS (83.85  ±  1.40  dB SPL, mean  ±  SD), 
20–30 dB lower than in normal control subjects (110.25 ± 1.28 dB SPL) [29]. It has 
been argued that cVEMP is better with 90% sensitivity and specificity for SCD [30], 
while other series have found the sensitivity and specificity closer to 80% [31]. The 
cVEMP is not measurable in all patients and is especially likely to be absent in 
patients who have had previous middle ear surgery. The cVEMP threshold may also 
be decreased in other conditions such as enlarged vestibular aqueduct syndrome [32].

Ocular VEMP (oVEMP) is also used for the diagnostic evaluation of suspected 
SCDS.  An excitatory EMG response is obtained from the contralateral inferior 
oblique muscle with the pathway thought to be a result of utricular activation. We 
have demonstrated oVEMP results in response to air-conducted sound provide 

Fig. 17.3 Typical 
audiogram in a patient with 
right-sided SCDS. Circles 
represent air conduction, 
and brackets represent 
bone conduction. Note that 
there is a negative bone 
conduction threshold at 
250 and 500 Hz, and the 
air-bone gap is largest at 
low frequencies. X-axis: 
kilohertz (k). Y-axis: 
decibel (dB)
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Fig. 17.4 Typical cervical vestibular-evoked myogenic potential (cVEMP) results in a patient 
with right-sided SCDS and an intact left side. The cVEMP is initially measured with clicks at 
95 dB nHL, and the stimulus amplitude is decreased until the response is no longer measurable. In 
the left ear, the patient has a cVEMP response at 95 dB but not with lower amplitude stimuli. In the 
right ear, the amplitude of the cVEMP is much larger at 95 dB, and the response continues to be 
detectable at amplitudes as small as 60 dB. Thus, in this example, the cVEMP threshold is 95 dB 
nHL on the left and 60 dB nHL on the right

greater sensitivity and specificity than cVEMP for diagnosing SCDS [33]. In 29 
patients with surgically confirmed SCDS, a peak-to-peak amplitude greater than 
17.1 μV corresponded to 100% sensitivity and 98% specificity. The performance of 
oVEMP is also less time-consuming compared to cVEMP. oVEMPs may also be a 
good screening test for SCDS.  In a prospective study, SCDS patients were more 
likely to have abnormal oVEMPs when compared to healthy controls [34].

For the diagnosis of SCD to be considered, imaging of the temporal bone using 
computed tomography (CT) must show the absence of bone over the superior canal. 
If the superior canal appears surrounded with bone on CT, the diagnosis of SCDS is 
effectively excluded; however, the appearance of a dehiscence on CT does not rule 
out thin bone covering the SC below the resolution of the scanner. Thus, CT is a 
highly sensitive test for SCD, but it is not specific [31].

Optimal imaging uses high-resolution CT (HRCT) formatted in the plane of the 
superior canal [31, 35]. Unfortunately, the term “high-resolution” has been applied 
to a wide variety of CT scanning parameters which continue to change as technol-
ogy is updated. In a review of temporal bone CT scans done in the general popula-
tion, 9% of scans had apparent SCD with one observer calling as many as 12% [36]. 
Many of these are likely false dehiscences caused by the limits of resolving thin 
bone. In scans with greater than 1 mm thickness, thin structures are subjected to 
partial volume artifacts. Furthermore, with bone structures less than 0.1 mm thick-
ness, volume artifacts can give the impression bone is absent thus leading to a higher 
rate of dehiscence [11].

A properly done scan should have a resolution near 0.2 mm. This requires atten-
tion to a number of parameters. The most important of these is slice thickness. 
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Collimation of the x-ray beam to 0.5 mm allows the data to be represented by nearly 
isotropic voxels, so that the images can be reformatted in any plane without 
distortion.

Helical CT scanning, in which the table moves along the z-axis while the gantry 
rotates and scans, may lead to some loss of resolution. The “step, scan, and repeat” 
mode is preferred. The field of view used to reconstruct the images of the inner ear 
should be of the smallest size possible, so that the labyrinth is displayed to maximal 
resolution over the fixed size of the image matrix (usually 512 × 512 pixels). Image 
filters should be set for bone edge detection, as those filters producing less “noisy” 
images are likely to filter out a thin layer of bone that might remain over the canal. 
Images should be reconstructed in the plane of the superior canal as well as orthogo-
nal to it so that any dehiscence can be definitively demonstrated (Fig. 17.5). Parallel 
(Pöschl position) and perpendicular (Stenver) reformatted planes can allow for 
more accurate assessment. In 1 study of 850 patients (1700 temporal bones), the 
prevalence of any semicircular canal dehiscence decreased from 7% to 2.5% when 
use of HRCT was combined with a semicircular canal evaluation whereby 
 dehiscence was confirmed in two perpendicular planes [19]. However, even opti-
mized scans are not without the risks of false-positive findings, so the diagnosis of 
SCD must never be based on a CT scan alone. The authors cannot stress enough that 
a finding of SCD on CT should be considered in the context of findings on physical 
exam, cVEMP or oVEMP, audiogram, and the patient’s symptoms before conclud-
ing that the patient has SCDS.

 Differential Diagnosis

In assessing a patient with possible SCDS, it is important to consider other possible 
diagnoses, such as otosclerosis, Meniere’s disease, patulous Eustachian tube, peri-
lymphatic fistula, and vertiginous migraine.

a b c

Fig. 17.5 CT scan demonstrating SCD. Panel A: CT image is reformatted in the plane of the 
superior canal. An area of dehiscence between the superior canal and middle fossa is present. Panel 
B: Orthogonal reconstructions are performed at 3 degree intervals for 180° around the superior 
canal. These planes of reconstruction are shown as white lines. Panel C: An orthogonal reconstruc-
tion demonstrating SCD. The region of the reconstruction is shown in small view in the lower left
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The CHL component of SCDS can appear similar to otosclerosis because both 
occur in adulthood in ears that appear normal on physical exam [19]. The audio-
grams differ in that SCDS patients often have conductive hyperacusis, and if there 
is no previous history of middle ear surgery, the acoustic reflex is often intact. 
Otosclerosis is also not associated with decreased cVEMP or oVEMP thresholds, 
vertigo symptoms, or CT findings of SCD.

Meniere’s disease is characterized by the triad of low-frequency hearing loss, 
vertigo, aural fullness, and tinnitus [37]. Although the hearing loss in Meniere’s 
disease is classically sensorineural hearing loss, CHL has also been described [38]. 
The attacks of vertigo associated with Meniere’s disease usually are severe and last 
hours with normal periods between attacks. The dizziness associated with SCDS 
can be chronic, but distinct vertigo attacks are often shorter and associated with 
exposure to noise or pressure changes.

Autophony is often the predominant symptom in patients with a patulous 
Eustachian tube [39], but it can also be the most disturbing symptom in SCDS. One 
distinguishing feature between the two conditions is that patients with patulous 
Eustachian tube typically have autophony for their own breath sounds, whereas 
patients with SCDS usually do not [39]. A history of vertigo symptoms and hyper-
acusis of bone-conducted sound is not typical of a patulous Eustachian tube. The 
audiogram, VEMP testing, and CT will typically differentiate a patulous Eustachian 
tube from SCDS.

A perilymphatic fistula, along with fenestrations of other semicircular canals, is 
often considered in the differential diagnosis of SCDS [40]. A perilymphatic fistula 
is a leak of perilymph within the vestibular labyrinth and generally is used to 
describe a fistula involving the round or oval window. The leak creates an abnormal 
compliance that allows fluid to move and stimulate the vestibular end organs in 
response to sound or pressure changes. The diagnosis of a perilymphatic fistula 
diagnosis should be considered in the context of a recent stapes surgery, temporal 
bone fracture, or barotrauma injury. In these cases acute vertigo is usually accompa-
nied by a sensorineural hearing loss. A fistula in the horizontal canal can be acquired 
in cases of cholesteatoma or prior mastoidectomy [41]. Spontaneous perilymphatic 
fistula is a controversial diagnosis and should be considered as a diagnosis of 
 exclusion [42].

One of the most common causes of spontaneous (non-positional) vertigo is 
migraine-associated vertigo and should be considered in the differential with SCDS 
[43]. The incidence of migraine is 17.6% of females and 5.7% of males [44], and 
approximately 25% of migraine patients report some vertigo [45]. Thus migraine is 
much more common than SCDS, and inevitably we have found some patients with 
radiographically apparent SCD whose symptoms were non-specific and better 
explained by migraine. Particularly challenging are those patients who have specific 
symptoms of both SCDS and migraine. For example, it may be difficult to deter-
mine if their sound sensitivity is due to one more than the other. Their chronic dis-
equilibrium may be related to migraine, or it may be due to the constant transmission 
of intracranial pressure pulsations through the dehiscence to the labyrinth. Moreover, 
the physiological disturbances of the labyrinth caused by SCDS could serve as 
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 triggers to exacerbate migraine in susceptible individuals. However, the neurotolo-
gist must also consider that failure to recognize and treat coexistent migraine can 
lead to disappointing results in SCDS surgery.

 Preoperative Decision-Making

The decision to undergo surgery for SCD plugging is often more difficult than set-
tling on the diagnosis. The physician must help the patient weigh the severity of 
symptoms against the risks and benefits of surgery. In the authors’ institution, 
approximately 72% with SCDS opt to have surgical SC plugging, with the remain-
ing patients opting to live with their symptoms or making lifestyle changes to avoid 
situations which exacerbate the symptoms like loud noise. This number may be a 
reflection of the referral pattern of patient seeking care at our institution.

The dizziness handicap inventory (DHI) [46] is an instrument which may be 
helpful in gauging vestibular symptom severity. This questionnaire grades dizziness 
symptoms on a scale from 0 to 100. It has previously been validated for surgical 
treatment of benign paroxysmal positional vertigo (BPPV) [47], acoustic neuroma 
surgery [48, 49], and ablative procedures for Meniere’s disease [50]. We measured 
the DHI in 19 patients with SCDS before they underwent SCD repair via a middle 
fossa approach. The average pre-op DHI score was 44 ± 24 (mean ± SD) [51]. This 
compares with the handicap caused by untreated primary benign paroxysmal posi-
tioning vertigo, in which the DHI score averaged 38.5 in one series [52], and with 
the handicap caused by active Meniere’s disease, in which the DHI score averaged 
39.6 ± 21.1 in another series [53]. The comparisons indicate a high degree of dizzi-
ness handicap for SCDS patients who seek surgical treatment.

Auditory symptoms are the primary complaint in a significant number of 
SCDS patients [25]. Autophony or conductive hyperacusis can often be quite dis-
abling, especially in patients for whom singing or speaking is important. There is 
no medical treatment for autophony symptoms due to SCDS, as the sound trans-
mission is via bone, not the Eustachian tube. Thus, for SCDS patients who are 
significantly disturbed by autophony or conductive hyperacusis, surgery is the 
only option for relief.

CHL is a common symptom in SCDS [54]. It is often limited to low frequen-
cies and usually only affects one ear, so many patients do not have a significant 
disability. In most patients, the CHL improves with surgery [54], and resolution 
of a large sensorineural hearing loss has even been reported [55]. However, plug-
ging of SCD does carry a risk of hearing loss, and this risk is greater in patients 
who have had previous inner ear surgery, including stapes surgery [54]. In a ret-
rospective review of 43 cases of SCDS who underwent repair via middle fossa 
approach with plugging, 25% developed a mild high-frequency hearing loss [56]. 
Long-term follow-up of 242 patients who have undergone repair at our institu-
tion shows 2.5% of patients ultimately developing a profound sensorineural 
hearing loss [57]. Patients should be carefully counseled on these risks, and those 
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with hearing loss as their primary symptom of SCDS should strongly consider 
nonsurgical options such as a hearing aid.

As part of the preoperative decision-making process, it is important to provide 
patients counseling on their likely postoperative course and possible complications 
of SCD. Although dizziness symptoms are often the motivation for surgery, it is 
common for imbalance symptoms to be worse during the immediate postoperative 
period. At the author’s institution, all patients are evaluated by inpatient physical 
therapy postoperatively to determine if continued inpatient or outpatient therapy is 
required.

In the initial postoperative period, there are often decreased VOR gains in all 
ipsilateral canals. Whether this is due to labyrinthine inflammation or loss of peri-
lymph is not clear [58]. This is typically transient in the horizontal and posterior 
canal, but plugging of the superior canal will cause a permanent vestibular sensory 
deficit due to the hydrodynamic insufficiency of the canal. This can be seen as 
decreased VOR in the superior canal plane (rotating the head to align the superior 
canal in the vertical orientation and quickly thrusting the patients head down in that 
vertical plan) [3]. However, patients can adapt very well to this single-canal insuf-
ficiency. Low-frequency, low-acceleration head movements will generate useful 
inhibitory signals from the contralateral posterior canal, and recent studies of video 
head impulse testing postoperatively have shown evidence of central compensation 
within 1 week [58]. Vestibular physical therapy can take advantage of the contralat-
eral posterior canal’s function and of other gaze-stabilizing mechanisms in promot-
ing compensation for the loss caused by SCD plugging. In our experience, the 
compensated state after SCD plugging allows the patient to lead a much more active 
lifestyle than did the SCDS condition.

Complications of SCD plugging are rare but can be serious. The most common 
complication is postoperative BPPV, which occurs in 4–24% of all patients [57, 59]. 
It is important to monitor for this in the early postoperative period, as it is easy to 
dismiss as normal vestibular hypofunction. A Dix-Hallpike maneuver looking at the 
posterior and horizontal canal should be performed in patients with abnormal bouts 
of vertigo with head positioning. As mentioned above, hearing loss is a real risk of 
SCD repair. As noted above, one-fourth of patients undergoing MFC repair at our 
institution developed mild high-frequency SNHL [56]. While fortunately, this hear-
ing loss is mild, profound SNHL does occur in 2–3% of patients at our institution 
[57]. Surgery for SCD via a middle fossa approach shares the risk of perioperative 
complications common to any craniotomy [60]. Cerebrospinal fluid (CSF) leak may 
occur if the dura is violated, especially if air cells into the mastoid are exposed dur-
ing surgery or if there is a tegmen dehiscence. Intracranial hematoma is a rare post-
operative complication that can occur after any middle fossa surgery. In 220 primary 
middle fossa approaches at our institution, epidural hematoma occurred 1.4% of the 
time [57]. The patient’s mental status should be closely monitored during the acute 
postoperative period, and the onset of unusually severe pain should also be a warn-
ing sign. If this complication occurs, the patient must be quickly returned to the 
operating room for hematoma evacuation to prevent more serious sequela.
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The age and general state of health of the patient should also be considered in the 
decision to undergo surgery. In older patients it is more difficult to elevate the mid-
dle fossa dura without tearing the dura and causing CSF leak [61]. Language impair-
ment due to damage of the dominant temporal lobe must be considered. Postoperative 
vestibular adaptation and recovery can be a longer and more difficult process in 
older patients.

 Outcomes

In the properly selected patient, the vast majority of patients have improvement of 
symptoms following surgical repair. In a study of 93 postoperative patients, 95% of 
patients reported that their symptoms had improved postoperatively. Importantly 
this reported benefit did not seem to decrease the further outpatients were from 
surgery, implying that patients can expect longevity of their surgical repair. It was 
also noted in this study that auditory symptoms, such as tinnitus, autophony, and 
sensitivity to sound were noted to have the greatest improvement in patient-reported 
outcomes. Symptoms such as headaches, imbalance, dizziness, and cognitive 
impairment were noted to have a lower reported improvement by patients. This is 
important to consider when managing patient expectations preoperatively. For 
patients with headache or cognitive impairment as a major symptom, we routinely 
treat patients for migraine-related imbalance prior to consideration of any surgical 
intervention [62].

 Bilateral Dehiscences

At our institution 38% of individuals diagnosed with SCDS have the appearance of 
bilateral SCD on high-resolution CT scan. Fortunately, one side is usually respon-
sible for most of the symptoms and can be readily identified by the patient. In some 
cases, symptoms and signs can be elicited from both ears, including decreased 
VEMP thresholds, conductive hyperacusis, and sound- or pressure-induced eye 
movements. In such patients that do have bilateral SCDS, every effort should be 
made to identify the more symptomatic ear and operate on that side first. In most 
cases, symptoms will either resolve after operating on the more symptomatic side or 
abate to the point that contralateral surgery is not required. While exceedingly rare, 
some patients do ultimately require bilateral surgery. We recommend that the sec-
ond side should only be considered for plugging surgery after at least 6 months have 
passed since the initial operation. Plugging of both superior canals significantly 
impairs the ability to sense downward head rotation in the vertical plane, so these 
patients are at risk of developing vertical oscillopsia during ambulation, particularly 
while walking down stairs.
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 Revision Surgery

While the majority of patients have improvement postoperatively, some patients 
will ultimately need revision surgery. This can be due to a variety of reasons. In a 
review of 23 patients undergoing revision surgery, the majority of patients were 
found to have a canal plug in the correct location, but that was not entirely covering 
the dehiscence. Results of these revision surgeries did not show a significant increase 
in complication rates, or hearing loss, but did show a decreased rate of resolution of 
symptoms compared with patients undergoing initial surgery [63]. We have found 
success in both revision middle fossa approaches and transmastoid approaches and 
decide the best approach on a case-by-case basis.

 Operative Technique

Since the initial description of SCDS, much has been learned about the pathophysiol-
ogy and treatment outcomes. Multiple surgical approaches have been described and 
recently reviewed by Shaia and Diaz [64]. The middle cranial fossa approach was 
described first [1], and the technique is detailed in the following paragraphs. Since 
the initial description of surgical treatment of SCDS, several alternative approaches 
have been described. Most notable are transmastoid SCD plugging, transmastoid 
resurfacing, or endoscopic-assisted middle cranial fossa resurfacing [65–67].

Advocates of the transmastoid approach have noted that it avoids a craniotomy, 
involves no temporal lobe retraction, and may lead to better stability of the canal 
plug. Moreover, most otolaryngologists are more familiar with the transmastoid 
anatomy [68, 69]. Case series using transmastoid plugging have reported success 
rates of 94% [65]. A modification of the original middle fossa approach has been 
made with the introduction of intraoperative endoscopy. The technique allows for a 
smaller, 2 cm diameter craniotomy. This method permits resurfacing, but exposure 
adequate for canal plugging is not attained. Others have described the use of a mini- 
craniotomy (2 × 3 cm) and angled rigid endoscopes for enhanced visualization of 
more medial defects [67].

We favor the middle fossa approach over the transmastoid approach for the vast 
majority of patients. There are several reasons for this. First, the transmastoid 
approach does not allow direct visual confirmation of the dehiscence. This presents 
several problems, and transmastoid plugging of a superior canal that was later found 
to be intact has been described [68]. Furthermore, without direct access to the dehis-
cence, the transmastoid approach requires drilling, irrigation, and suctioning on the 
bony canal. Once the canal is opened, these manipulations could contaminate or 
remove perilymph and cause collapse of the membranous labyrinth or serous laby-
rinthitis. Anatomically, the transmastoid approach is not always possible in patients 

F. X. Creighton and J. P. Carey



241

with a low-hanging dura or extensive tegmen dehiscences [68]. In the transmastoid 
approach, the plug is also placed closer to the sensory epithelia of the ampulla and 
the utricle. This may be more traumatic to these structures, risking disturbance of 
their baseline firing rates. Furthermore, opening the superior canal distal to the 
dehiscence may place the plug into the common crus, causing loss of sensory func-
tion of the posterior canal as well [70].

 Transmastoid Repair

Despite these drawbacks, we do perform transmastoid repairs in select cases. 
Patients with multiple medical comorbidities requiring anticoagulation, and those 
that have undergone prior MFC repair, are often best approached via the mastoid. 
We have also found that patients whose dehiscences are located medially along the 
canal are often difficult to access via the MFC [71].

The transmastoid approach is set up with electrophysiological monitoring and 
image navigation in a similar fashion to the middle fossa craniotomy approach 
described below. A cortical mastoidectomy is performed, with care taken to thin the 
tegmen to allow for maximum exposure of the canal. Once the canal is clearly iden-
tified, image navigation is used to determine the location of the dehiscence along the 
arc of the canal. Once the location of the dehiscence has been confirmed with navi-
gation, two small labyrinthotomies are made with a 1 mm diamond burr on low 
speed. One is made on the ampullopetal side of the dehiscence, and the other is 
made on the ampullofugal side of the dehiscence.

Plugging is performed in a manner similar to the middle fossa craniotomy 
approach described below. Care must be taken when plugging the canal via a trans-
mastoid approach to not place an excessive amount of material into to the labyrinth. 
Due to the need to isolate the dehiscence, which cannot be directly visualized via 
this approach, the labyrinthotomies are placed closer toward the cupula (ampullop-
etally) and closer to the common crus (ampullofugally). Excessive plugging could 
lead to deflection of the cupula, which can cause long-term vestibular dysfunction, 
or accidental plugging of the posterior canal, which can cause a reduction in func-
tion of that canal as well.

When performing the transmastoid repair, we switch to a basic salt solution irri-
gation when opening the bony labyrinth. Basic salt solution’s electrolyte composi-
tion is the most similar to perilymph of all commercially available solutions. The 
goal of switching the basic salt solution is to limit changes in the electrolyte compo-
sition of the exposed perilymph, with the goal of reducing injury to the inner ear. 
After completion of plugging, a titanium plate is placed over the mastoid bowl at the 
end of the case to limit patient sensitivity to mastoid pressure inducing vertigo or 
auditory distortions.
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 Middle Fossa Craniotomy

Our preferred technique for SCD repair is to plug the canal via a middle cranial 
fossa approach. The approach has evolved to involve a smaller craniotomy and the 
use of CT-guided image navigation to aid in both craniotomy planning and localiza-
tion of the dehiscence. We routinely utilize image guidance to minimize the risk of 
applying suction to the dehiscence when attempting to identify the dehiscence, in 
what is often a field of tegmen dehiscences. On the day of or prior to surgery, the 
patient undergoes a CT scan. We use the LandmarX® image guidance system 
(Medtronic Corporation, Minneapolis, MN), which allows us to fuse the low- 
resolution, whole-head dataset with a high-resolution scan of the temporal bone. 
The latter is invaluable for precise localization of the dehiscence.

The navigation system allows placement of the craniotomy for optimum expo-
sure to the superior canal while avoiding mastoid air cells. The precise placement of 
the craniotomy centered over the trajectory of the dehiscence also allows for a 
smaller craniotomy. Craniotomy size less than 3 × 3 cm have been performed with 
excellent access to the dehiscence for plugging and resurfacing (Fig. 17.6).

On the day of surgery, after the anesthesiologist has intubated the patient and 
placed any necessary lines and monitors, the table is rotated 180° so that the head 
faces the surgeon. The head is placed on a horseshoe head rest. Positioning of the 
head should ensure no strain is placed on the neck and to minimize significant 
 rotation of the neck. Additionally, the contralateral ear should be centered within the 
head rest to avoid bending of the neuromonitoring equipment.

a

b

c

Fig. 17.6 Navigation and placement of craniotomy. Panel A: Surgeon positioned at head of bed 
with navigation on left side. Panel B: Trajectory view mode is used to “sight” a line from the sur-
face of the skull to the dehiscence. Panel C: The lower border of craniotomy (marked in purple) is 
centered here on the skull
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The surgeon is positioned at the head of the bed, and thus it serves the scrub 
technologists to be located on the right side of the patient, while the CT navigation 
system is on the left (Fig. 17.6a). Given this design, both arms of the patient should 
be tucked and secured. Care should be made to ensure pressure points are protected 
and no undo traction is placed on the shoulder that could lead to brachial plexus 
injury.

Dexamethasone 0.1  mg/kg and appropriate prophylactic antibiotics are given 
intravenously. Mannitol dosed at 0.5 g/kg should be prepared to be administered 
just prior to making the craniotomy.

An area of the scalp away from the area of the middle fossa approach incision is 
prepped and sterilely draped for placement of the reference frame. In positioning of 
the reference frame, the surgeon should anticipate the position of the eventual inci-
sion, the location of the surgeon’s hands during surgery, the location of microscope, 
the location of the navigation system, as well as the patient’s anatomy, including the 
thickness of the bone and the location of the superior sagittal sinus (for the right) or 
mastoid emissary vein (for the left). For right-sided surgery, we position the refer-
ence frame in a parasagittal orientation. For left-sided approaches, the reference 
frame is placed in the postauricular region. When the site is chosen, a 1 cm incision 
is made, and a small patch of periosteum is cleared from the bone. The reference 
frame is anchored (Fig. 17.7a). The reference frame is then registered with surface 
point mapping to allow navigation during surgery. Typically, the precision of the 
navigation registration is ≤1 mm. The surgeon should be cognizant of any tape used 

a b

Fig. 17.7 (a) Placement of the reference frame. Fiducial markers are shown on the scalp. Planned 
area of the incision and craniotomy are shown as dashed lines. (b) Incision planning
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to secure the endotracheal tube and its potential for distorting the skin during point 
mapping, leading to inaccuracy during navigation system registration.

After registration is complete, the neuromonitoring team places the necessary 
sound probes and electrodes for facial nerve monitoring, somatosensory-evoked 
potential monitoring, ECochG, and auditory brainstem response (ABR). ECochG is 
performed using gold foil-tip electrodes (Etymotic Research Inc., Elk Grove, IL, 
USA), which are placed adjacent to the tympanic membrane in the external auditory 
canal. The electrodes are placed under otomicroscopic visualization by the surgeon, 
with conductive gel placed in the EAC leading onto the tympanic membrane. Bone 
wax is placed at the external auditory meatus to prevent surgical prep solution from 
entry into the external canal. The ECochG compression fittings, output cables, and 
ground electrode are secured to the pinna with water-tight Tegaderm™ adhesive 
dressing and tape.

The incision is then marked on the scalp extending from the helical root around 
the helix to a location over the external auditory canal and then superiorly 
(Fig. 17.7b). The exact orientation of the incision is determined with aid from the 
image guidance system to allow for the optimal trajectory and position of the crani-
otomy to access the dehiscence. Hair around the area of the planned incision is 
shaved, and the area is infiltrated with 1% lidocaine with 1:100,000 epinephrine. 
The skin is sterilized widely enough to include the previously placed reference 
frame in the field and to be prepared for the rare case in which a craniotomy may 
need to be enlarged in order to control bleeding or evacuate a hematoma. After the 
skin incision is completed, bleeding is controlled using Raney clips along the skin 
edges. A large piece of true temporalis fascia is harvested for later use in plugging 
the superior canal, repair of any tegmen defects, or cerebrospinal fluid leak that may 
occur (Fig. 17.8). Afterward, the temporalis muscle is divided, and the area of the 
craniotomy is exposed. Fish hook and cerebellar retractors are used to improve visu-
alization of the proposed craniotomy site.

The intraoperative navigation system is used to plan the craniotomy. The trajec-
tory view mode is used to “sight” a line from the surface of the skull to the dehis-
cence (Fig. 17.6b), and the craniotomy is centered here on the skull (Fig. 17.6c). 
The trajectory and craniotomy should be oriented in a position that allows for com-
fortable positioning of the microscope and the surgeon. The lower border of the 
craniotomy is placed just high enough to avoid the mastoid air cells. If a navigation 
system is not used, the craniotomy should be centered on the external auditory 
canal. This is slightly different from the placement used for drilling of the internal 
auditory canal (IAC), where the craniotomy is placed with its center anterior to the 
external auditory canal because of the more anterior location of the IAC relative to 
the labyrinth.

The width and height of the craniotomy is enough to accommodate a Fisch 
retractor, typically 3 cm wide by 4 cm high (Figs. 17.6c). Care is taken to ensure the 
anterior and posterior cuts of the craniotomy are parallel to facilitate stable place-
ment of the Fisch retractor. Once the craniotomy is marked, the bone is opened by 
drilling troughs around the borders beginning with a 4 mm cutting burr. As the bone 
is thinned, a 4 mm diamond burr is used to drill until an eggshell layer of bone 
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remains over the dura. This is fractured with a blunt instrument. During the drilling 
of the cortex, bone dust is collected and placed in sterile saline for later use during 
plugging of the dehiscence.

Penfield instruments are used to elevate the bone flap away from the dura. The 
bone flap is placed in saline for later cranioplasty. Bleeding from branches of the 
middle meningeal artery, which traverses the field, often must be controlled with 
bipolar cautery. The dura is slightly further elevated from the edges of the craniot-
omy to accommodate the retractor. The sharp edges of the craniotomy are removed 
using 2 mm and 1 mm Kerrison rongeurs, and the bone chips created in this process 
are saved for later use as plugs for the superior canal.

The initial dural dissection is accomplished with the use of large, saline-soaked 
cotton balls with strings. We find that the large cotton balls soaked in saline are the 
least traumatic means for the dural elevation. A hemostatic agent such as (Floseal®) 
or gelatin powder (Gelfoam®) mixed as a paste with thrombin is generously applied 
in advance of the cotton balls. The Fisch middle cranial fossa retractor is then placed 
and used to gently elevate the dura off of the floor of the middle fossa (Fig. 17.9). 
Retraction of the temporal lobe is minimized and the distal end of the retractor is 
most often in contact with the petrous bone. Extradural retraction is felt to distribute 
the pressure to the dura as opposed to the underlying brain parenchyma [72]. Dura 
of the middle fossa can be very thin, especially if tegmen dehiscences are also pres-
ent. The image navigation system is frequently useful during the exploration to 

Fig. 17.8 Harvest of 
temporalis fascia after 
incision is opened and 
Raney clips are applied
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identify the precise location of the superior canal and its dehiscence. The surgeon is 
careful to only suction on the cotton balls and not to directly suction the area of the 
dehiscence. This minimizes removing excessive perilymph or tearing the membra-
nous labyrinth, which could cause sensorineural hearing and vestibular loss. More 
recently, irrigation fluid has been changed from saline to warm basic salt solution to 
more closely represent the electrolyte composition of perilymph.

Once the superior canal dehiscence has been identified, attention is immediately 
shifted toward plugging the dehiscence (Figs. 17.10 and 17.11). The uncovering of 
the dehiscence and the subsequent plugging of the anterior and posterior limbs of 
the canal are communicated with the intraoperative monitoring technician to facili-
tate close monitoring of the ECochG. Copious amounts of irrigation are used once 
the dehiscence has been uncovered (Fig. 17.11a, b) to limit the risk of perilymph 
aspiration. From the harvested temporalis fascia, small moist pieces of fascia are 
slid into the two open lumens of the bony superior canal with gentle pressure from 
a curved pick (Figs. 17.10 and 17.11c). Several pieces are placed in each end so as 
to push the plugs several millimeters beyond the dehiscence. Bone dust is also used 
to reinforce the fascia and aid in plugging. This is done so as to prevent a recurrence 
should further bone erosion occur from the ends of the present dehiscence. Note that 
hydraulic pressure tends to push previously placed pieces of fascia out of one end of 
the dehiscence while the other is being packed. In fact, we look for this as the final 
confirmation that the correct holes are being plugged. To prevent fascia from 
 becoming displaced, bone chips matching the diameter of the canal are firmly 
lodged so as to “cork” each end of the dehiscence (Figs.  17.10 and 17.11d). 

Fig. 17.9 Elevation of the 
dura using the Fisch 
retractor to expose the 
superior canal
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Any degradation of the ECochG response serves as a warning that too much pres-
sure may be built up within the inner ear.

Following plugging of both sides of the dehiscence, the middle fossa floor is 
resurfaced using hydroxyapatite bone cement (HydroSet, Stryker®). All cotton 
balls used during the dissection are removed prior to placement. The bone cement is 
allowed to set for 2 min in warm lactated Ringer’s solution. The remaining har-
vested temporalis fascia is placed over the bone cement followed by fibrin glue

Closure is achieved by anchoring the previously harvested bone flap in place 
using titanium plates (Fig. 17.12). A burr may be used to recess the plates into the 
bone so that they are not palpable postoperatively, or the plates and screws may be 
covered with hydroxyapatite bone cement. The temporalis muscle is approximated 

Fascia and
bone chips
fill superior

canal

Bone chips
placed
on top

Retracted
dura

Fibrin glue

Bone chip
cover

Bone
chips

Fascia

Fig. 17.10 Schematic drawing of plugging of the superior canal dehiscence. Area of the superior 
canal is identified while the dura is retracted. Fascia followed by bone chips are used to plug both 
ends of the superior canal
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with absorbable sutures, and the skin is closed with staples and/or nylon suture. 
A drain is not typically used. The wound is cleaned, and a formal mastoid dressing 
is applied.

 Postoperative Care

Patients are closely monitored in the postanesthesia care unit for 4 h prior to transfer 
to the surgical ward, with frequent neurological checks overnight due to the risk of 
epidural hematoma. Postoperative patients are treated with intravenous dexametha-
sone generally dosed 6 mg IV every 6 h with a taper beginning on the second postop-
erative day. Longer courses may be considered for patients who experience 
postoperative sensorineural hearing loss or loss of sensory function in the horizontal or 
posterior canals as manifested on head thrust testing. Patients are encouraged to be out 
of bed in a chair and ambulating starting on the first postoperative day. An oral diet can 
be started the day after surgery. The typical hospitalization lasts a total of 2 or 3 days.

Patients frequently experience nausea during the initial hours after surgery. This 
is best controlled using intravenous promethazine. Due to the risk of sedation, low 
doses should be given initially, starting at 6.25  mg and increasing up to 25  mg 

a b

c d

Fig. 17.11 Intraoperative view. Panel A: Uncovering the dehiscence. Panel B: Measuring the 
~2 mm dehiscence. Panel C: Packing the dehiscence with fascia and bone dust. Panel D: Final 
appearance of dehiscence after bone chips have been placed
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 dosing every 4–6 h. There are also many other medications available to control nau-
sea, some of which may be traditionally preferred in neurosurgical patients due to 
the risk of sedation associated with promethazine. However, for nausea related to 
 simulation of the vestibular end organs, we have found superior results with 
promethazine.

Postoperative pain is usually not severe and is localized to the area of the inci-
sion. The pain is mostly due to division of the temporalis muscle and is often worse 
with chewing. Routine postoperative analgesics are sufficient to control the pain. If 
the patient is experiencing intense pain, an epidural hematoma may be the cause, 
and an immediate head CT should be considered. Any change in mental status or 
consciousness should also raise concerns of intracranial bleeding.

 Long-Term Results

In our experience most patients are extremely satisfied with the surgery. Relief of 
dizzy symptoms has recently been documented by measuring the dizziness handi-
cap inventory (DHI) [46] prior to SCD plugging surgery and 3 months afterward. 

Fig. 17.12 Closure of the 
craniotomy. The bone flap 
is replaced using titanium 
plates
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On average DHI improved by 26 points, with patients with more severe dizziness 
(preoperative DHI ≥ 30) improving by an average of 39 points [51]. This improve-
ment is greater than the mean improvement seen after surgical labyrinthectomy for 
Meniere’s disease, which decreased DHI score by 17, and after vestibular neurec-
tomy, which decreased DHI score by 16 [50].

We have found that when patients have significant autophony or hyperacusis, 
these symptoms are frequently much improved immediately after surgery. 
Occasionally some autophony symptoms will take time to resolve, which is likely 
due to fluid collecting in the middle ear during the immediate postoperative period 
and causing conductive hearing loss. Utilizing a created autophony index, Crane 
et al. found a statically lower mean score with 94% of patients reporting plugging 
improved their autophony symptoms [73].

The results for improving hearing with SCD surgery are less clear. Dramatic 
results have been observed in individual patients [55], but are not common. In a 
series of 6 patients with an air-bone gap prior to SCD plugging who had no previ-
ous history of ear surgery, 4 (66%) had at least partial closure of the air-bone gap 
after surgery [54]. However, in patients with previous middle cranial fossa or sta-
pes surgery, the risk of hearing loss was high in this series. In a study from our 
institution, the average patient experienced a 10 dB improvement in air conduction 
hearing, although individual results varied from a 45 dB gain to a 45 dB hearing 
loss [31]. There has even been a report of improvement in sensorineural hearing 
loss after SCD surgery [55]. However, as discussed earlier, there is a risk of mild 
high- frequency sensorineural hearing loss with 25% of patients suffering perma-
nent loss [56].

Balance can be significantly impaired in the immediate postoperative setting. 
Hypofunction of the canals can be assessed with head thrust testing in the plane of 
the canal. Agrawal et  al. [73] noted that 1  mm increases in dehiscence length 
increased the odds of immediate postoperative hypofunction 2.6-fold (95% confi-
dence interval, 1.3–5.1). The prevalence of vestibular hypofunction was  significantly 
higher in the early compared with the late postoperative period. Despite this, even 
patients with large dehiscences have recovery of dynamic and static measures of 
balance [74]. Patients should undergo fall risk assessment, and involvement of ves-
tibular physical therapy in the inpatient postoperative period is beneficial.

 Summary

The diagnosis of SCDS is based on an appropriate patient history, physical exam 
findings including eye movements in response to sound or pressure, and other sup-
porting studies including the audiogram, VEMPs, and CT scanning. The spectrum 
and severity of SCDS symptoms vary significantly between individuals, and one 
must carefully weigh the potential benefit of surgery against the risks and probabil-
ity of success in each patient.
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Superior canal dehiscence plugging may be performed via a transmastoid or 
middle fossa approach, with the authors preferring the middle fossa for the majority 
of patients. Overall, patients experience an improvement in dizziness, autophony, 
and hyperacusis symptoms. Although there is often an improvement in hearing after 
surgery, this must be carefully weighed against the risk of hearing loss, which is 
significant in patients who have had previous middle fossa or stapes surgery.
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Chapter 18
Vestibular Migraine

Amy Schettino and Dhasakumar Navaratnam

 Introduction

Vestibular migraine is a clinical syndrome of the central nervous system that is 
characterized by episodic vestibular symptoms and a history of migraines. It affects 
approximately 1% of the population [1] and is one of the most common diagnoses 
in children presenting with vertigo [2].

One of the earliest case reports consistent with vestibular migraine was recorded 
in the second century AD by a Greek physician [3], who made a clear distinction 
between chronic, brief, and vertiginous types of headaches. He labeled this latter type 
έτεροκρανίη meaning “heterocrania,” which evolved into “hemicrania,” and eventu-
ally became the familiar term “migraine.” Beginning in the late 1800s, the relation-
ship between migraine headaches and vertigo was again anecdotally noted in countries 
throughout Europe [4–6], but the first studies directly targeting the association 
between migraine and vertigo were not published until the late 1970s [7, 8]. Hundreds 
of articles have since investigated this syndrome, and although the term “vestibular 
migraine” was coined in 1917 [6], and then reintroduced in 1999 [9], many other 
names have been used interchangeably, including benign recurrent vertigo, episodic 
vertigo, migraine-associated vertigo or dizziness, migraine-related vestibulopathy, 
migrainous vertigo, and benign paroxysmal positional vertigo of childhood.

Such varied terminology reflects much of the uncertainty that surrounded ves-
tibular migraine in the past, and over the last few decades, this lack of standardiza-
tion hampered the advancement of research. In 2012, the Bárány Society and 
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International Headache Society jointly released the first criteria for the diagnosis of 
vestibular migraine as a distinct clinical entity [10], which has sparked several 
large-scale clinical trials and will hopefully propel investigations to improve the 
quality of life for these patients.

Table 18.1  Diagnostic criteria for vestibular migraine

1. Vestibular migraine
A.  At least five episodes with vestibular symptomsa of moderate or severe intensity,b lasting 

5 min to 72 hc

B.  Current or previous history of migraine with or without aura according to the 
International Classification of Headache Disorders (ICHD)d

C.  One or more migraine features with at least 50% of the vestibular episodese:
–  Headache with at least two of the following characteristics: one-sided location, 

pulsating quality, moderate or severe pain intensity, aggravation by routine physical 
activity

–  Photophobia and phonophobiaf

–  Visual aurag

D.  Not better accounted for by another vestibular or ICHD diagnosish

2. Probable vestibular migraine
A.  At least five episodes with vestibular symptomsa of moderate or severe intensity,b lasting 

5 min to 72 hc

B.  Only one of the criteria B and C for vestibular migraine is fulfilled (migraine history or 
migraine features during the episode)

C.  Not better accounted for by another vestibular or ICHD diagnosish

Reprinted from Lempert et al. [10] with permission from IOS Press. Available at IOS Press through 
https://doi.org/10.1007/s00115-013-3768-x
aVestibular symptoms, as defined by the Bárány Society’s Classification of Vestibular Symptoms 
and qualifying for a diagnosis of vestibular migraine, include:
•  Spontaneous vertigo including:

–  Internal vertigo, a false sensation of self-motion, and
–  External vertigo, a false sensation that the visual surround is spinning or flowing

•  Positional vertigo, occurring after a change of head position
•  Visually induced vertigo, triggered by a complex or large moving visual stimulus
•  Head motion-induced vertigo, occurring during head motion
•  Head motion-induced dizziness with nausea. Dizziness is characterized by a sensation of 

 disturbed spatial orientation. Other forms of dizziness are currently not included in the classifi-
cation of vestibular migraine

bVestibular symptoms are rated “moderate” when they interfere with, but do not prohibit, daily 
activities and “severe” if daily activities can not be continued
cDuration of episodes is highly variable: about 30% of patients have episodes lasting minutes, 30% 
have attacks for hours, and another 30% have attacks over several days. The remaining 10% have 
attacks lasting seconds only, which tend to occur repeatedly during head motion, visual stimula-
tion, or after changes of head position. In these patients, episode duration is defined as the total 
period during which short attacks recur. At the other end of the spectrum, there are patients who 
may take 4 weeks totally recover from an episode. However, the core episode rarely exceeds 72 h
dMigraine categories 1.1 and 1.2 of the ICDH-2
eOne symptom is sufficient during a single episode. Different symptoms may occur during differ-
ent episodes. Associated symptoms may occur before, during, or after the vestibular symptoms
fPhonophobia is defined as sound-induced discomfort. It is a transient and bilateral phenomenon 
that must be differentiated from recruitment which is often unilateral and persistent. Recruitment 
leads to an enhanced perception and often distortion of loud sounds in an ear with decreased hearing
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 Diagnostic Criteria (Table 18.1)

 Epidemiology

The lifetime prevalence of vestibular migraine has been reported around 1% [1], and 
the diagnosis is fairly common in specialized neurology or otolaryngology clinics. 
Among patients seen in a dizziness clinic, it will account for 7% of the diagnoses [11], 
while it affects between 9% and 21% of patients seen in a migraine clinic [12, 13]. It 
is considered the most common cause of episodic spontaneous vertigo in adults, as 
well as the most common cause of vertigo and dizziness in children and adolescents 
[2, 14, 15]. However, as official acceptance of this disorder has been relatively recent, 
it is unsurprising that it has been historically overlooked, with one study of an inter-
disciplinary vertigo center finding that vestibular migraine was diagnosed at over ten 
times the rate at which it was initially suspected by the referring provider [16].

Vestibular migraine disproportionately affects women, with studies reporting that 
females are affected between 1.5 and 5.6 times more often than males [9, 11, 17–
19]. However, Neuhauser et al. [1] noted that there was no significant difference in 
the odds ratio for female sex in vestibular migraine compared with migraine alone, 
so the predominance of women affected by vestibular migraine simply reflects the 
demographics of the migraine population. Vestibular migraine may present at any 
age; however, the first episode of vertigo is often around 40 years old [9, 18], and the 
majority present between 20 and 60 years old [9]. Park and Viire [20] have suggested 
that the hormonal fluctuations of menopause play a role in triggering the initial epi-
sode of vestibular migraine. Migraine often precedes the onset of vestibular migraine 
[9, 11, 18], with a recent multicenter database analysis reporting over a decade 
between the onset of headaches and the initial episode of vertigo [18]. In some cases, 
vestibular migraine may present years after the resolution of migraine attacks [9]. A 
family history is common as well, with between 35% and 78% of  these patients 
reporting headaches or vertigo in a first- or second-degree relative [9, 18, 21–23].

Vestibular migraine exists at the intersection of migraine and vertigo. Migraine 
affects nearly 12% of the adult population of Western countries [24], while 

Table 18.1 (continued)
gVisual auras are characterized by bright scintillating lights or zigzag lines, often with a scotoma 
that interferes with reading. Visual auras typically expand over 5–20 min and last for less than 
60 min. They are often, but not always, restricted to one hemifield. Other types of migraine aura, 
e.g., somatosensory or dysphasic aura, are not included as diagnostic criteria because their phe-
nomenology is less specific and most patients also have visual auras
hHistory and physical examinations do not suggest another vestibular disorder or such a disorder is 
considered but ruled out by appropriate investigations or such disorder is present as a comorbid or 
independent condition, but episodes can be clearly differentiated. Migraine attacks may be induced 
by vestibular stimulation. Therefore, the differential diagnosis should include other vestibular 
 disorders complicated by superimposed migraine attacks

18 Vestibular Migraine
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 symptoms of vertigo are reported by 3–10% of the population [25–28], and dizzi-
ness affects up to 30% of the population [28, 29]. These are two very common 
neurological disorders, and the overlap between them is considerable, as 50% of 
patients with migraine also report at least occasional dizziness or vertigo [18], and 
up to 15% of patients with migraine are concurrently affected by vestibular migraine 
[11]. Many studies have found that the concurrence of these two symptoms is 1.6–3 
times higher than expected based on chance alone [1, 11, 30, 31], suggesting a link 
beyond that of coincidence.

Many vestibular migraine patients are not affected by a separate vestibular disor-
der [32]; in fact, it was this substantial population of patients with unexplained 
vestibular symptoms that led to the discovery and classification of vestibular 
migraine as an independent diagnosis. However, several neurotologic disorders, 
such as benign paroxysmal positional vertigo (BPPV), Ménière’s disease, and 
motion sickness, do affect migraine patients more often than controls, and as much 
as 57% of vestibular migraine patients have an additional comorbid vestibular con-
dition [33]. Among those patients with dual vestibular diagnoses, the most common 
combination is vestibular migraine and BPPV, followed by vestibular migraine and 
Ménière’s disease [34]. One study found that 12.5% of patients with vestibular 
migraine also met criteria for BPPV, and this subset made up 4.2% of the patients 
referred to a single center’s neurotology clinic over a 1-year period [35]. Ménière’s 
disease has been reported to affect between 17% and 23% of vestibular migraine 
patients [36–38].

 Pathophysiology

While the pathophysiology of functional vestibular symptoms in healthy individu-
als is fairly well-understood [39], the underlying mechanisms of vestibular migraine 
are still unclear. It is accepted that migraine interacts with the vestibular system at 
both the central and peripheral level [40, 41] to produce the wide range of vestibular 
symptoms experienced by patients, but the overarching hypotheses of the disease 
process come from our limited understanding of migraine alone [42].

It is now generally accepted that headache is caused by activation of the 
trigemino- vascular system, which innervates the pia, dura mater, and cranial blood 
vessels. Second- and third-order neurons of this system project throughout the cor-
tex, brainstem, and hypothalamus [43]. When this system is sensitized, vasoactive 
neuropeptides, including substance P, calcitonin gene-related protein, and neuroki-
nin A, are released and lead to vasodilation, mast cell degranulation, and neurogenic 
inflammation [44]. Approaching migraine from an electrophysiological standpoint, 
many feel the key lies in understanding cortical spreading depression, a transient, 
widespread wave of neural depolarization, followed by suppression of electrical 
activity and delayed restoration of transmembrane concentration gradients [9]. This 
phenomenon is thought to play a role in migraine aura as well as migraine initiation, 
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but cortical spreading depression has not been definitively linked to aura in humans, 
and it is unclear if or how it might then activate the trigemino-vascular system [45].

Though the vestibular symptoms of vestibular migraine are not equivalent to a 
migraine sensory aura, some suggest that they may be triggered by cortical spread-
ing depression that reaches the vestibular brainstem nuclei [9]. However, it has been 
pointed out that the duration of depolarization does not fit with the length of clinical 
episodes that last seconds to days. Older theories on vestibular migraine have sug-
gested the involvement of vasospasm of the internal auditory artery or infarct of the 
anterior inferior cerebellar artery, as the symptom onset is rather sudden, and 
migraine with aura is independently associated with cerebrovascular risk [46–48]. 
These proposed mechanisms similarly fail to account for the wide range of clinical 
manifestations seen with vestibular migraine [42].

Several studies have suggested an autosomal dominant inheritance pattern [49–
51], with a decreased penetrance in males as evidenced by the high female to male 
ratio. Genetic predisposition to vestibular migraine appears to be heterogeneous 
[52], and several chromosomal foci, notably 6q, 22q12, 11q, and 5q35, have been 
identified in association with families reporting migraine and vestibulopathy [52–
55]. Other investigations, targeting a gene linked with several ataxia and hemiplegic 
migraine syndromes, have suggested that a mutation in the voltage-gated calcium 
channel CaV2.1 (P/Q type; CACNA1A) may promote cortical spreading depression 
and thus migraine and vestibular migraine [32, 56–58]. The rare form of familial 
hemiplegic migraine itself has been linked to two other ion channel/transporter 
genes ATP1A2 and SCN1A [59, 60]. A more recent extensive metagenetic analysis 
with GWAS of 59,624 individuals identified 38 genomic loci that were associated 
with migraine, including one on the X chromosome (migraine, including vestibular 
migraine, is more common in women) [61, 62]. The data from this study also repli-
cated prior work that had identified 13 genomic loci implicated in migraine, since 
10 of the 13 loci were also found in this study [61, 62]. Somewhat unexpectedly, 
only a few of these genes were associated with neuronal function and ion channels 
and corroborated by absent eQTL signal in the brain. A significant number of the 
genes that were identified were associated with vascular disease or smooth muscle 
function. Two of the genes (Jag1 and Hey2) implicated in the study are involved in 
the Notch pathway, important for hair cell development [61, 62].

More recent research has focused on the neuroanatomical foci of vestibular pro-
cessing and the structural changes accompanying vestibular migraine. The ventral 
posterior lateral and ventral posterior medial nuclei, known primarily as thalamic 
relay nuclei for somatosensory information, have been shown to process vestibular 
inputs as well [63]. Increased thalamic activation has been demonstrated in vestibu-
lar migraine patients [64, 65], and temporary sensitization of these nuclei may 
underlie migraine attacks [42]. The posterior insular-opercular region is also under 
study as a site of potential interaction between nociceptive and vestibular pathways 
[66–68]. Though thalamocortical pathways seem to be more active in patients with 
vestibular migraine [64, 65, 69], there appear to be no microstructrual changes in 
white matter in patients with vestibular migraine or migraine with or without aura 
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compared to controls [70]. Conversely, the volume of gray matter in patients with 
vestibular migraine differs significantly from that of healthy controls [71, 72] in 
areas involved with multisensory vestibular and nociceptive processing.

 Clinical Manifestations

The presentation of vestibular migraine varies widely between patients, as well as 
between episodes for a single patient. However, according to the Bárány Society 
and International Headache Society criteria, all patients with vestibular migraine 
will have at least five distinct episodes of vestibular symptoms, a prior history of 
migraine, and at least one migraine feature with 50% or more of the vestibular epi-
sodes (see Table 18.1).

 Vestibular Symptoms

The clinical course and presentation of vestibular migraine is extremely variable. 
The most commonly reported vestibular symptom is episodic spontaneous vertigo, 
which one study found affects 67% of patients. Some 24% of patients report posi-
tional vertigo [1], and the initial type of vertigo may transform into another form of 
vertigo or dizziness, such as positional dizziness or disequilibrium with gait distur-
bance, over the course of a single attack [7, 73, 74]. Additionally, patients may 
experience different combinations of vestibular symptoms with each attack, which 
helps differentiate vestibular migraine from other neurotologic diseases such as 
BPPV or Ménière’s disease that rarely present with more than one type of vertigo 
[75]. Other vestibular manifestations include postural imbalance, head motion- 
induced dizziness (where head movements trigger imbalance, illusory motion, and 
nausea) [76, 77], and visually induced vertigo (which is provoked by moving visual 
imagery such as traffic and movies) [77–79].

Episodes of vestibular symptoms range in duration from seconds to days, even 
for an individual patient [8, 9, 11, 80]. While 10% of patients report attacks lasting 
a few seconds, 30% report several minutes; 30% report several hours; and 30% 
report several days. Most attacks last between 5 min and 72 h, though patients may 
need longer to recover even after the cessation of symptoms [74]. Around 30% of 
patients experience vertigo without headache [11, 22, 80], but at least 50% of these 
episodes must be accompanied by other typical features of migraine, such as visual 
aura, photophobia, phonophobia, osmophobia, or exacerbation by movement [81]. 
Without accompanying headache, these symptoms are vital for accurate diagnosis 
and often must be directly elicited through thorough history taking or a dizziness 
diary [75]. Nausea and vomiting commonly accompany acute attacks but are not 
specific to vestibular migraine [40, 41]. Around 25% of patients do have headache 
along with vertigo, and in these cases, the vertigo may occur before, with, or during 
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the migraine attack, which is identified by the presence of unilaterality, pulsating 
quality, moderate to severe intensity, and worsening with physical activity [1, 10].

Signs of central vestibular dysfunction may also occur during attacks, including 
gaze-induced nystagmus, saccadic pursuit, central positional nystagmus, and hori-
zontal or vertical spontaneous nystagmus [74]. Of these, central positional nystag-
mus is the most frequently reported and is typically low-velocity, sustained, and 
without latency [40, 41]. Central vestibular findings are reported to manifest in 
8.6–66% of patients [8, 9, 40, 77, 79, 80] and become more frequent and severe over 
the course of the condition [79].

 Migraine Symptoms

Some patients do not report migraine headaches ever occurring with vestibular epi-
sodes, but most patients have episodes both with and without headache [9, 11, 22, 
80]. In many cases, patients experience a blunted version of their migraine headache 
with vestibular migraine attacks [22, 82]. Patients may still experience full migraine 
attacks in between vestibular episodes, or the intensity of their migraine headaches 
may have decreased over several years.

 Triggers and Other Symptoms

Triggers of vestibular migraine attacks have been reported and appear similar to 
those for migraine attacks. Provocation has been noted due to stress, physical exer-
tion, sleep irregularities, specific foods, dehydration, hormonal changes, and intense 
sensory stimulation but requires further study before being included in the diagnos-
tic criteria [10, 32, 83].

Up to 52% of patients may experience auditory symptoms, such as hearing loss, 
tinnitus, and aural pressure [8, 22, 38, 77, 84, 85]. Hearing loss in vestibular migraine 
is typically mild and transient but does increase suspicion for Ménière’s disease. To 
differentiate the two conditions, one study found that around 18% of patients with 
vestibular migraine progress to bilateral sensorineural hearing loss with a downslop-
ing pattern. While some patients may still meet the criteria for Ménière’s disease, 
the bilateral high-frequency hearing loss of vestibular migraine does not fit the typi-
cal findings of unilateral low-frequency hearing loss in Ménière’s [79].

The onset of a vestibular syndrome has not been shown to influence the develop-
ment of a new psychiatric disorder; however, a positive psychiatric history does 
increase the risk of a reactive psychiatric disorder in response to a vestibular vertigo 
syndrome [86]. Patients with vestibular migraine report higher levels of psychologi-
cal strain than those with other types of vestibular vertigo [87], and around 50% of 
vestibular migraine patients present with comorbid psychiatric disorders, most 
commonly affective disorders and anxiety [86]. As the psychological impact of 
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 vestibular migraine can severely affect patients’ quality of life, some investigators 
have drawn attention to the necessity of identifying functional dizziness in combi-
nation with a vestibular syndrome [33, 39, 88]. Functional dizziness, formerly psy-
chogenic or somatoform dizziness, includes chronic subjective dizziness, phobic 
postural vertigo, space motion discomfort, and visual vertigo [39]. One study esti-
mated that 35% of patients with vestibular migraine had concomitant chronic sub-
jective dizziness [33]. Although diagnosis may be difficult because of the overlapping 
symptoms of functional dizziness and the Bárány Society/IHS criteria for vestibular 
migraine [33], it is important to recognize that patients’ experiences of their illness 
are heavily influenced by their behavioral responses to it, and treatment strategies 
should address the physiological, functional, and psychiatric manifestations of the 
disorder [39].

 Differential Diagnosis

The differential diagnosis of vestibular migraine is long [89, 90]. More frequent 
conditions that need to be considered include orthostatic hypotension, Ménière’s 
disease, BPPV, head trauma and traumatic brain injury, and peripheral neuropathy. 
Less common conditions include multiple sclerosis, vestibular neuronitis, stroke, 
tumors in the subtentorial space, and seizures. It is important to recognize that while 
the positive features of migraine (e.g., associated unilateral throbbing headache 
made worse with exercise) are often useful in helping distinguish it from other con-
ditions, it can also lead to false attribution since migraine is present in up to 15% of 
the population [91].

Orthostatic hypotension is an often troubling complaint in patients [92]. In dis-
tinguishing migraine-associated vertigo, patients may not complain of syncope 
making the differentiation difficult. Patients will, however, state their symptoms to 
be worse when standing from a seated or lying down position. Other common asso-
ciations include the use of blood pressure medications (frequently beta-blockers and 
calcium channel blockers) and alpha adrenergic blockers used for the treatment of 
prostate disorders. A tilt table test is a useful adjuvant to test for orthostasis. The list 
of medications related to orthostasis is long, including diverse agents that reduce 
blood pressure as a therapeutic intent or as an inadvertent side effect (amitriptyline, 
trazodone, nitroglycerin, chlorpromazine, clozapine, levodopa/carbidopa, cyclo-
benzaprine, tizanidine, baclofen, sildenafil) [93]. Although carotid occlusions and 
arrhythmias can cause orthostasis, these conditions are self-evident and usually do 
not present to the dizzy clinic.

Ménière’s disease is a common condition and typically presents with the charac-
teristic triad of fullness, hearing loss, and tinnitus, usually in a unilateral distribution 
[94]. On occasion the distinction can be difficult as many patients with Ménière’s 
disease often have associated features of migraine-associated vertigo and may have 
bilateral disease. Our practice in this case is to treat for both conditions 
simultaneously.
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BPPV is an easier condition to distinguish owing to its peculiar positional symp-
toms, usually when looking up and often when lying or turning in bed [95], and clas-
sic eye findings. Other helpful features in separating it from migraine are the brief 
duration and absence of symptoms between episodes (e.g., patients with migraine 
complain of symptoms that are constant with exacerbations by movement).

Dizziness after head trauma is a common presentation [96]. It has been debated 
how much of the dizziness is due to central or peripheral causes [97]. The latter is 
often present in the immediate aftermath, and a variety of conditions including 
BPPV, perilymphatic fistulas, and superior canal dehiscence have been identified. 
These conditions have their own distinguishing features and are discussed sepa-
rately in this book. More commonly, patients will present several months to years 
after TBI with symptoms of dizziness. Objective findings are elusive, and these 
patients are often labeled as malingering. A recent school of thought places these 
patients in the migraine overlap group and reports some benefit from treating them 
as migraine sufferers [98, 99].

Peripheral neuropathy can be a mimic and can be distinguished by symptoms 
made worse in the dark, associated history of diabetes, or other conditions (B12 
deficiency, medications, etc.) that give rise to a neuropathy. Physical exam findings 
will demonstrate a loss of light touch, position, and vibration sense in a distal to 
proximal gradient in a glove and stocking fashion. Deep tendon reflexes are usually 
absent or diminished. However, a recent paper identified peripheral vestibular disor-
ders in 60% of patients with diabetic neuropathy, complicating the suggested simple 
dichotomy [100].

Patients with multiple sclerosis (MS) often present with dizziness. These patients 
will have a history suggestive of MS including optic neuritis, internuclear ophthal-
moplegias, and other transient focal neurological dysfunction. These patients will 
also have associated MRI abnormalities demonstrating a classical FLAIR and T2 
signal in the subcortical white matter with enhanced signal on the T1 sequence after 
gadolinium administration. A confounding mimic in patients with MS is BPPV, 
which is present in increased frequency in these patients [101].

Vestibular neuronitis is distinguished by a monophasic sudden severe dizziness 
that worsens over a day or two and recovers over weeks to months with clear evi-
dence of unilateral vestibular dysfunction (unilateral gaze-evoked nystagmus in the 
opposite direction, ipsilateral corrective saccades with head thrusts, and ipsilateral 
turning with Fukuda stepping) [102].

Stroke, particularly involving the posterior inferior cerebellar artery, can present 
as a sudden onset of dizziness with associated nausea and vomiting. Cerebellar and 
brainstem findings (gaze-evoked nystagmus and skew deviation) are variably pres-
ent [103]. Since these patients present with a single episode, confusion with migraine 
is not the norm. However, since migraine sufferers have an increased incidence of 
stroke, separating a stroke from a more severe episode of migraine-associated ver-
tigo can be difficult and may need recourse to MRI to confirm a stroke.

Though possible, tumors of the cerebellopontine angle do not typically present 
with acute vertigo, likely since they are slow growing and allow the brainstem to 
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adapt to the reduced vestibular input [104]. With eighth nerve tumors, there is asso-
ciated loss of hearing. An MRI will enable separation of the more benign migraine- 
associated vertigo.

Seizures, particularly of the temporal cortex and less commonly the parietal cor-
tex, have been associated with dizziness [105]. Typically, these patients have other 
features of epilepsy including frank seizures. Less commonly, patients can have 
isolated dizziness associated with a cortical epileptic focus. These patients are often 
vexing since EEG can fail to detect seizure activity in the deep cortex and may 
require prolonged recordings and recourse to indirect evidence of seizures (asym-
metric slowing in the period leading to, during, and after the clinical symptoms).

 Treatment

Unfortunately, research in this field has not yet identified a definitive therapy for 
vestibular migraine. Furthermore, a recent Cochrane review [106] concluded that 
there were insufficient randomized controlled trials to point to any medications 
effective in preventing vestibular migraine. Therefore, most of the proposed medi-
cations are currently supported by data showing their efficacy in treating migraine 
or studies of vestibular migraine with small sample sizes. However, vestibular 
migraine may be managed with a wide range of therapies, including pharmaco-
therapy, lifestyle modification, dietary adaptations, vestibular physical therapy, and 
cognitive therapy. These treatment options allow for effective management of 
symptoms in most patients, with a 50% or greater decrease in attack frequency as a 
feasible target [107] (Table 18.2).

Table 18.2 Patient factors that may influence medication selection

Patient factor Suggested initial therapy

Hypertension
Angina
Essential tremor
Panic attacks
Anxiety

Beta-blockers

Depression
Sleep disturbance
Chronic tension headaches
Chronic pain

TCAs

Hypertension
Asthma

Flunarizine

Obesity
Headaches

Topiramate

Vertigo predominates
Vertigo is part of aura

Lamotrigine

Depression Venlafaxine
Headaches predominate Valproate

Beta-blockers
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When approaching the variety of available management options, it is important 
to adapt each treatment regimen to the individual experience of each patient. A 
patient who does not feel significantly disturbed by their attacks may simply opt for 
reassurance that no larger medical problem exists. However, patients who feel sig-
nificantly impaired by each episode are likely to benefit from intervention or a com-
bination of strategies.

Lifestyle and dietary modification are the simplest and safest forms of interven-
tion and are often used as an initial step before supplementing other therapies. 
Similar to patients with migraine and Ménière’s disease, patients with vestibular 
migraine are encouraged to keep a diary of episodes in order to identify and avoid 
triggers. Adaptations often include stress reduction, more regular sleeping patterns, 
regular aerobic exercise, and avoidance of specific foods. In a few cases, patients 
have initiated hormonal management with their gynecologist [22]. A structured plan 
of dietary manipulation has also been shown to reduce attacks and involves avoiding 
aged cheeses, processed meats, red wine, artificial sweeteners, chocolate, caffeine, 
and alcohol [22, 108, 109].

Vestibular rehabilitation therapy has been shown to benefit patients with vestibu-
lar migraine, either alone or in combination with pharmacotherapy [110–112]. The 
optimal duration of vestibular therapy is unknown, but studies have demonstrated a 
significant reduction in symptoms with four to five visits spread over 2–3 months 
[111, 112]. The therapist should have experience in treating vestibular disorders and 
teaching vestibular exercises, as exercises too advanced or inappropriate for the 
condition may temporarily worsen dizziness, and the patient will be unlikely to 
return for future sessions [113].

In patients with a known or suspected psychiatric component to their dizziness, 
it may be helpful to incorporate cognitive behavioral therapy or select a medication 
with antidepressant activity, such as a selective serotonin reuptake inhibitor (SSRI) 
[114]. Psychiatric comorbidities, as discussed previously, affect approximately 50% 
of patients with vestibular migraine.

If pharmacotherapy is indicated, it should be selected based on the side effect 
profile and patient comorbidities and then titrated in a stepwise fashion. In several 
cases, patients have required a combination of two or more drugs before noticing an 
improvement [22]. Patients with infrequent but long episodes are best suited for 
abortive therapy, while those with short, frequent attacks may benefit most from 
prophylactic medication.

Though there have been several studies of abortive medications for acute epi-
sodes of vestibular migraine, the evidence is weak. Oral zolmitriptan (2.5 mg) was 
an effective, but statistically nonsignificant, abortive agent in a study of 10 patients 
[115], and intramuscular and oral sumatriptan was found to significantly improve 
vertigo and migraine, based on 20 patients in a study of 129 patients with migraine- 
associated dizziness [116]. Oral almotriptan (12.5 mg) as a single dose within 1 h of 
the onset of a vertigo attack was also found to be significantly beneficial in a retro-
spective study of 26 patients with vestibular migraine [117]. Conversely, a case 
series of three patients noted that while triptans alleviated vertigo, they appeared to 
exacerbate or trigger headache [118]. Interestingly, a randomized controlled trial of 
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ten patients found that oral rizatriptan (10 mg) was effective in decreasing motion 
sickness in individuals with migrainous vertigo, but not in patients with migraine 
alone [119]. Intravenous methylprednisolone (1000 g/d for 1–3 d) has also been 
used to abort prolonged attacks and was noted to effectively reduce symptoms in 
four patients [120]. Symptomatic treatment may be necessary during acute epi-
sodes, such as fluid replacement for vomiting; dimenhydrinate (50 mg q4–6 h, max 
400 mg/d) [121] as an antivertigo; antiemetics such as prochlorperazine, prometha-
zine, metoclopramide, or cyclizine [122]; and ibuprofen or paracetamol for 
headache.

The majority of the proposed pharmacotherapy for vestibular migraine consists 
of prophylactic medications, borrowed from their proven application in migraine or 
related vestibular disorders. These medications typically fall under the classification 
of antihypertensive, antidepressant, or neuroleptic medications. While no large ran-
domized controlled trial yet exists to confirm the efficacy of any specific medication 
in treating vestibular migraine, multiple studies have found that prophylactic treat-
ment significantly reduces vestibular migraine symptoms compared with placebo or 
no treatment.

Beta-adrenergic inhibitors, such as metoprolol and propranolol, have been estab-
lished as effective prophylactic treatment for migraine, but their neurological mech-
anism of action and role in vestibular migraine is not yet clear [108, 123, 124]. Their 
prophylactic use in vestibular migraine is currently supported by multiple case 
series advocating for the use of propranolol, atenolol, and metroprolol in episodic 
vertigo and migraine-associated dizziness, as well as a recent retrospective study 
and randomized controlled trial which both noted significant improvement in ves-
tibular symptoms using propranolol in patients with vestibular migraine [9, 19, 108, 
125–127]. The efficacy of metoprolol in vestibular migraine is currently under 
investigation in a large randomized controlled trial (PROVEMIG). While there is no 
evidence to suggest they are superior to any other prophylactic pharmacologic ther-
apy, beta-blockers may be particularly beneficial in patients with comorbid hyper-
tension and angina, and they are typically well-tolerated [108, 128, 129]. Occasional 
side effects include syncope and bronchospasm. However, there are several contra-
indications to their use, including a history of bronchospasm, brittle diabetes, con-
gestive heart failure, cardiac arrhythmia, or depression (Table 18.3).

Calcium channel blockers have been shown to exhibit antimigraine activity, and 
flunarizine, verapamil, and cinnarizine have been studied in relation to vestibular 
migraine in several smaller clinical trials. A randomized controlled trial of 100 
patients with migrainous vertigo demonstrated a decrease in the frequency and 
severity of vertigo in the group treated nightly with 10 mg flunarizine for 3 months 
and no effect on headache [130]. Both groups in this study were treated for acute 
attacks with betahistine and paracetamol. Other retrospective studies have found 
similar efficacy of flunarizine, but have not demonstrated superiority to other 
 prophylactic medications [19, 126, 131]. Side effects of flunarizine have included 
weight gain, sedation, depression, and reversible parkinsonism, with some studies 
reporting discontinuation rates between 7% and 18% [9, 132, 133]. Cinnarizine is 
effective in the prevention of motion sickness [134] and has been shown to be safe 
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and efficacious in reducing headache and vertigo in a retrospective study of 24 
patients with vestibular migraine or migraine-associated vertigo [135]. Another 
study noted that cinnarizine and dimenhydrinate significantly reduced vertigo and 
headaches crises in the following 6 months compared to only lifestyle modifications 
[136]. Verapamil showed promise in two patients from a case series on chronic 
migrainous vertigo [78], and it is frequently listed as possible migraine prophylaxis. 
However, a meta-analysis found it was no better than placebo for migraine alone 
[123], and it has not been systematically evaluated in the treatment of vestibular 
migraine [22, 137]. One randomized controlled trial attempted to differentiate ves-
tibular migraine from persistent postural-perceptual dizziness on the basis of ves-
tibular migraine’s potential response to verapamil and instead found that sertraline 
was more effective in reducing both headache and dizziness [138].

Tricyclic antidepressants (TCAs) have a broad range of activity, including inhibi-
tion of sodium channels, elevation of GABA levels, and inhibition of central norepi-
nephrine and serotonin reuptake, with additional antagonism at peripheral histamine 
and cholinergic receptors that accounts for their many side effects [139]. They are 
commonly used as migraine prophylaxis, through a mechanism indirectly related to 
their antidepressant function [140], and are often used to treat chronic pain. A 
Cochrane review found that amitriptyline, clomipramine, and doxepin were more 
efficacious than placebo in reducing episodic migraine. Of these, amitriptyline is 
the most widely used [141] and was shown to be more likely than placebo to achieve 
a 50% reduction in episodic migraines [142]. Nortriptyline may occasionally be 
used to replace amitriptyline for less sedation; however, the increased risk of 

Table 18.3 Prescribed medication doses and contraindications as described in the literature

Medication Daily dosage range Contraindications

Metoprolol 100–200 mg oral History of bronchospasm
Congestive heart failure
Cardiac arrhythmia
Brittle diabetes
Reynaud’s disease
Depression

Propranolol 40–160 mg oral

Flunarizine 5–10 mg oral Cardiac conduction abnormalities
Cinnarizine 37.5–75 mg oral
Verapamil 80–240 mg oral
Amitriptyline 10–100 mg oral Epilepsy

Long QT syndromeNortriptyline 10–75 mg oral
Venlafaxine 37.5–150 mg oral Concurrent use of MAOI
Sertraline 50–200 mg oral
Acetazolamide 250–500 mg oral
Topiramate 50–100 mg oral
Valproate 600 mg oral History of pancreatitis

Liver disease
Pregnancy

Lamotrigine 75–100 mg oral

MAOI monoamine oxidase inhibitor
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arrhythmia may necessitate regular EKGs. Additionally, at doses greater than 1 mg/
kg, all TCAs may unmask a prolonged QT, and particular caution is advised in 
patients with epilepsy. More common side effects include sedation, orthostatic 
hypotension, dry mouth, dry eyes, tachycardia, blurry vision, palpitations, increased 
appetite, weight gain, and sexual dysfunction.

Other antidepressants, such as SSRIs and serotonin-norepinephrine reuptake 
inhibitors (SNRIs), have been tried for vestibular migraine prevention. Venlafaxine, 
an SNRI, is effective in migraine prophylaxis [123, 143] and has been shown to be 
equivalent to propranolol in preventing vestibular migraine but preferred in patients 
with depressive symptoms [127]. Possible side effects of venlafaxine include insom-
nia, fatigue, somnolence, sexual dysfunction, nervousness, mydriasis, and seizures 
[143]. SSRIs, such as sertraline, paroxetine, and fluoxetine, have poor evidence sup-
porting their use in migraine prevention, [143] and their use in vestibular migraine 
prophylaxis is primarily based on expert opinion. Though SSRIs are unlikely to 
provide satisfactory monotherapy, they may provide additional benefit as adjunctive 
therapy in patients with a psychiatric comorbidity. In a study of 81 patients with 
migraine-associated dizziness, Reploeg et al. [108] noted that 6 patients required 
SSRIs in addition to other therapy for control of their symptoms. Similarly, Bisdorff 
[144] recommended SSRIs for migraine-anxiety-related dizziness in patients where 
anxiety symptoms predominate.

Acetazolamide works by inhibiting carbonic anhydrase, an enzyme distributed 
throughout tissue in the body and glial cells of the brain [145]. The resulting effect 
on carbon dioxide concentration and membrane transport has led to its use in pro-
moting diuresis, reducing intraocular pressure, and limiting seizures. Early studies 
using acetazolamide to treat familial vestibulocerebellar syndromes demonstrated 
significant success [146, 147]. However, its use in migraine disorders is more con-
troversial. A case series reported a response to acetazolamide in an isolated familial 
syndrome of migraine and essential tremor. However, a study by Shirai et al. noted 
that it may, in fact, trigger migraines [50, 148], and a Cochrane review found insuf-
ficient evidence to recommend its use in migraine, noting a high rate of discontinu-
ation due to side effects [142], such as renal calculi, rash, or paresthesias. A 
subsequent retrospective survey of patients with vestibular migraine found signifi-
cant improvement in both the severity and frequency of headaches and vertigo after 
treatment with at least 3 months of acetazolamide [145].

Several antiepileptic medications studied primarily in relation to migraine have 
also been tested against vestibular migraine, in particular topiramate, lamotrigine, 
valproate, and gabapentin. Topiramate inhibits carbonic anhydrase, as well as 
voltage- sensitive sodium channels, and has proven efficacy in migraine prevention 
[143]. Its data in vestibular migraine, though weak, is mostly promising. A study of 
ten patients with migraine, vertigo, and accompanying auditory symptoms reported 
that all patients were stabilized after 6–16  months of treatment [149], and six 
patients on topiramate were included in a larger study of probable or definite ves-
tibular migraine that found patients on prophylaxis improved significantly [150]. 
Gode et al. reported that all 30 migrainous vertigo patients treated with 50 or 100 mg 
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of topiramate had significantly decreased symptoms and recommended the lower 
dose to avoid additional adverse effects without any loss of efficacy [151]. Most 
recently, a retrospective study including 47 patients on topiramate concluded that it 
resulted in a statistically significant reduction in vestibular symptoms and headache 
[126]. Many side effects have been reported with topiramate, such as paresthesias, 
fatigue, dizziness, somnolence, memory and concentration problems, decreased 
appetite, and weight loss [151].

Lamotrigine also inhibits voltage-sensitive sodium channels as well as the release 
of glutamate to stabilize neuronal membranes; however, its usefulness in vestibular 
migraine is unclear. A case series of 3 patients with basilar-type migraine reported 
long-lasting remission after treatment with lamotrigine [152], and a study by 
Bisdorff noted that 19 patients with migraine-related vertigo benefited from a sig-
nificant reduction in vertigo frequency, as well as a nonsignificant reduction in 
headache frequency after therapy with lamotrigine [153]. Two other studies have 
included patients on lamotrigine for vestibular migraine but were unable to draw 
any significant conclusions about its efficacy due to small numbers [137, 150]. 
Patients on lamotrigine must always be monitored for signs of rare but serious reac-
tions, including Stevens-Johnson syndrome, toxic epidermal necrolysis, hypersen-
sitivity, multi-organ failure, and blood dyscrasias. Valproate increases the availability 
of GABA both pre- and postsynaptically and is used for migraine prophylaxis, but 
there is little data to support its use in vestibular migraine. A small study from 1993 
reported an improvement in migraine symptoms with no relief of vestibular symp-
toms on valproate [154], and a recent study including three patients on valproate 
noted a nonsignificant clinical improvement in those patients [126]. Careful moni-
toring is required when prescribing valproate, as side effects include weight gain, 
hair loss, pancreatitis, and hepatotoxicity, and it is absolutely contraindicated in 
pregnancy. It is unclear if gabapentin, a GABA analog, is beneficial in migraine or 
vestibular migraine, but it is referenced occasionally in the literature, with one 
author noting anecdotally that he found it effective and well-tolerated in vestibular 
migraine patients [125].

Butterbur root, which acts as an anti-inflammatory, antispasmodic, and cal-
cium channel blocker, and feverfew, an anti-inflammatory agent, are two phyto-
ceuticals that have been effective in the prophylactic treatment of migraine in 
adults [141] but have only anecdotal evidence to support their use in vestibular 
migraine. In a randomized controlled trial, the optimal dose of feverfew extract, 
MIG-99, in migraine prevention was 6.25  mg TID, with good tolerability and 
safety but unknown long- term effects [155]. Butterbur root doses range from 50 
to 150 mg daily [150]; however, it is considered a carcinogenic substance, and 
long-term effects are uncertain [141].

While the field awaits a conclusive randomized controlled trial of treatment, the 
current assortment of interventions is often able to effectively manage vestibular 
migraine. Whether through monotherapy, a combination of medications, or a multi-
disciplinary approach, patients should feel hopeful that a regimen can be optimized 
to successfully reduce their symptoms.
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Chapter 19
Non-fluctuating Unilateral Vestibular Loss

Beth N. McNulty and Matthew L. Bush

 Introduction

Vestibular dysfunction is a common problem with over 35% of adults over 40 
reporting some degree of balance dysfunction [1] and can lead to a significant nega-
tive impact on daily activities and quality of life [2]. Millions of doctor visits per 
year are attributed to the complaint of dizziness [3]. Insults to the peripheral ves-
tibular system (either the sensory organs and/or the vestibular nerves) result in a 
change of the peripheral vestibular neural input to the brain. In the acute setting, 
isolated unilateral insults to the vestibular system can be excitatory or inhibitory 
from a physiological standpoint but present similarly with vertigo, motion- 
exacerbating disequilibrium, and visual disturbance. The loss of unilateral vestibu-
lar input results in dysfunction of the vestibulo-ocular reflex (VOR) which 
compromises image stability on the retina and presents as visual disturbance that is 
exacerbated by movement. Regardless of the severity and of the vestibular loss, this 
physiological change in sensory input results in the activation of central vestibular 
compensatory mechanisms to rectify the relative inequity in neural input. The pro-
cess of central compensation leads to a decrease in clinical symptoms; however, the 
efficiency and effectiveness of compensation may vary widely and may be affected 
by many factors such as age, medications, and the nature of the vestibular insult.

Conditions that ablate the vestibular system may present either as an isolated 
insult or as a progressive process ending in destruction of remaining ipsilateral ves-
tibular function. These conditions can be grouped into a category of physiological 
disorders referred to as a non-fluctuating unilateral vestibular loss. Patients may be 
symptomatic during the acute phase of the disease process, but central compensa-
tion helps to mitigate these symptoms. As long as there is no recurrence of  vestibular 
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insult or physiological change within the ipsilateral sensory input, central compen-
sation progresses and vertigo dissipates. During compensation, the hallmark symp-
tom for these patients is motion-induced disequilibrium which is typically elicited 
from sudden rapid head movements. When central compensation is complete, 
patients with non-fluctuating unilateral vestibular loss often become asymptomatic 
at rest with varying degrees of motion-induced disequilibrium. Since the damage to 
the vestibular organ is stable in non-fluctuating unilateral vestibular loss, the status 
and degree of central compensation becomes the most critical factor in the progno-
sis and management of these patients. Impaired or delayed compensation will result 
in a chronic vestibulopathy with concomitant symptoms. Crucial aspects of the 
management of patients with these disorders include assessing the etiology of the 
vestibular loss, identifying impediments to compensatory mechanisms, and maxi-
mizing the central compensation process. This chapter assesses a variety of condi-
tions, ranging from infectious to iatrogenic, that cause a non-fluctuating unilateral 
vestibular loss with attention given to the underlying pathophysiology, clinical 
assessment, and treatment options for common conditions within this category.

 Vestibular Neuritis

Vestibular neuritis is the second most common peripheral vestibular disorder, after 
benign paroxysmal positional vertigo (BPPV) [4]. A Japanese study from the 1990s 
estimated the frequency of occurrence to be 3.5 per 100,000 population [5]. A group 
in Germany recently published on the inpatient treatment of patients admitted for 
dizziness, noting acute vestibular neuritis to be the most common admission diag-
nosis, seen in 30.1% of their patients [6]. Acute vestibular neuritis and neuronitis are 
terms used interchangeably and must be differentiated from vestibular labyrinthitis, 
which involves associated hearing loss. The most common age at presentation is 
between 30 and 50. In contrast to other vestibular disorders, it is seen more com-
monly in males until the age of 40 [5]. The term epidemic vertigo was also used in 
the past, as the vertigo is often preceded by a viral illness or upper respiratory infec-
tion. As with all vestibular disorders, the history of the clinical presentation and 
symptoms is the most critical component in the diagnosis of vestibular neuritis. 
These patients present with the acute onset of intense vertigo and nausea without 
concurrent hearing loss. The severity may vary widely, but the intensity of the ver-
tigo and rapid onset of the symptoms frequently leads patients to an emergency 
department evaluation, and they may require hospitalization for management of 
intractable vomiting and dehydration. Patients may experience continuous vertigo 
for multiple days that slowly regresses leaving them with disequilibrium that can 
last from days to months. The rate of recovery depends on central compensation 
which is related to factors such as the degree of vestibular insult, age of the patient, 
and use of vestibular suppressants.
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 Pathophysiology

The exact etiology is unknown, but it is thought to be due to a virus or vascular insult 
leading to ischemic nerve injury. The most likely viral cause is reactivation of herpes 
simplex type 1. A resultant inflammatory cell infiltrate leads to neural degeneration 
and atrophy. Autopsy studies have confirmed inflammatory degeneration of the ves-
tibular nerves and herpes simplex virus 1 (HSV-1) DNA, as well as latency- associated 
transcript (LAT) in the vestibular ganglia [7–10]. The superior vestibular nerve is 
preferentially affected, while the inferior vestibular nerve is often partially or totally 
spared. According to a recent review of the literature, 40–48% of all reported cases 
affected only the superior vestibular nerve [11, 12], while 34–56% affected both the 
SVN and IVN [11–13], and 1.3–18% of cases affected only the inferior vestibular 
nerve [11–14]. The vulnerability of the superior vestibular nerve has been attributed 
to its longer and narrower bony canal [15] and the resistance of the inferior vestibu-
lar nerve due to the fact that it travels in two separate bony canals [7]. The superior 
vestibular nerve supplies innervation to the superior and horizontal semicircular 
canals, utricle, and parts of the saccule, while the inferior vestibular nerve innervates 
the posterior semicircular canal ampulla and saccule. Anastomoses between the 
superior vestibular nerve and facial and cochlear nerves are also common [16]. 
Degeneration may extend along the innervation of the superior vestibular nerve; thus 
utricular degeneration may lead to displacement of otoconia resulting in BPPV.

 Diagnosis

The diagnosis is most often made clinically, excluding other causes of a unilateral 
vestibular insult. Physical exam findings in the acute phase may include spontane-
ous nystagmus and abnormal posture and gait findings. Spontaneous nystagmus 
may be observed in the acute phase, but not often seen after central compensation 
has occurred. The direction of the fast phase is opposite of the involved side. During 
the compensation process, some posture tests, such as the Romberg, may normalize, 
but until compensation is complete, patients may continue to exhibit abnormal 
Sharpened Romberg and/or Fukuda step test findings. Diagnostic studies that aug-
ment the evaluation of these patients include an audiogram, computed tomography 
(CT) scan to rule out a cerebral vascular accident (CVA) in the emergency room 
setting, and magnetic resonance imaging (MRI) of the brain and internal auditory 
canal with gadolinium contrast in the outpatient setting to exclude retrocochlear 
pathology. This disease causes permanent peripheral vestibular injury, typically iso-
lated to the superior vestibular nerve; thus vestibular physiological evaluation with 
either electronystagmography (ENG) or videonystagmography (VNG) frequently 
reveals a unilateral caloric weakness. Ocular VEMP thresholds are absent or found 
to have a decreased amplitude on the affected side, while the cervical VEMP 
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thresholds are within normal limits. In cases of inferior vestibular neuritis, the 
caloric testing (horizontal semicircular canal function) will be normal, and the cer-
vical VEMP threshold will be absent or reduced, while the ocular VEMP threshold 
will be preserved.

 Treatment

Supportive treatment with vestibular suppressants and antiemetics may be very 
helpful in the acute phase. Vestibular suppressants should not be continued for more 
than a few days as they may impair central compensation. An active lifestyle with 
physical activity and vestibular rehabilitation with physical therapy may hasten cen-
tral compensation and thus recovery. Patients with prolonged symptoms lasting for 
months are candidates for vestibular rehabilitation which can promote central 
compensation.

Although there has been insufficient evidence to support the use of steroids in 
acute vestibular neuritis [17], a high-dose oral steroid taper may provide symptom-
atic relief. It is thought that the anti-inflammatory effect of steroids may stabilize 
damage of the vestibular nerve and promote neuronal recovery. Oral steroids should 
be used with caution in diabetic patients. Possible side effects and risks of steroid 
use must be explained to the patient.

Antivirals have also been used to treat this condition, assuming the etiology is 
reactivation of the herpes simplex virus, type 1. However, these medications have 
not been proven to be effective and their use has fallen out of favor. Strupp et al. 
published a randomized study comparing methylprednisolone, valacyclovir, or a 
combination for the treatment of vestibular neuritis and reported that methylpred-
nisolone significantly improved the recovery in peripheral vestibular function, while 
valacyclovir did not [18].

 Labyrinthitis

Labyrinthitis is similar to vestibular neuritis in presentation but includes sensori-
neural hearing loss. The incidence of these conditions is often reported together; 
therefore, the true incidence of labyrinthitis is unknown. There is evidence that sud-
den sensorineural hearing loss occurs in 1 per 10,000 people with about 0.4 per 
10,000 people experiencing concurrent vertigo and sensorineural hearing loss [19]. 
Patients with labyrinthitis present with a sudden hearing loss, tinnitus, and vestibu-
lar dysfunction, similar to acute vestibular neuritis. Labyrinthitis may be bacterial 
or viral in etiology. Bacterial labyrinthitis may occur as a result of otitis media, 
cholesteatoma, or meningitis, and patients typically experience systemic toxicity 
signs and may become quite ill rapidly. It is important to assess for intracranial 
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complications of otitis media when signs and symptoms of labyrinthitis are present. 
These include brain abscess, meningitis, epidural abscess, and sigmoid sinus throm-
bosis. The most common organisms are Streptococcus pneumoniae, Haemophilus 
influenzae, and Neisseria meningitidis. Although uncommon in the current age, 
syphilis must always be considered as well. Viral insult to the labyrinth may be 
congenital (cytomegalovirus and rubella) or postnatal (mumps and measles).

 Pathophysiology

In cases of otogenic labyrinthitis, spread may occur hematogenously or directly 
through the round window or oval window membranes, labyrinthine fistula, or a 
congenital temporal bone anomaly. Meningitic labyrinthitis is due to extension 
through the internal auditory canal, cochlear aqueduct, or through hematogenous 
spread. Osteoblastic bony changes within the labyrinth may occur in response to the 
inflammatory reaction, resulting in labyrinthitis ossificans and obliteration of the 
labyrinthine lumen (Fig. 19.1a, b).

 Diagnosis

The diagnosis is made based on the history and physical exam but also involves 
audiometric testing to demonstrate associated sensorineural hearing loss. 
Spontaneous nystagmus and/or gaze-directed nystagmus may be observed in the 
direction opposite of the involved ear. Head impulse testing should also be assessed, 
similarly noting post-headshake nystagmus away from the affected side. Formal 
vestibular testing may be utilized (VNG with calorics and VEMP testing) similar to 
other vestibular conditions discussed in this chapter. Rotary chair testing is particu-
larly useful to assess for residual physiological function in the event of bilateral 
involvement. Systemic workup involving hemogram, blood cultures, and lumbar 
puncture should be obtained in cases of suspected meningitis. Radiographic imag-
ing should be obtained and may include a CT of the temporal bone to assess for 
bony changes of the labyrinth and MRI of the brain with and without contrast to 
assess for intracranial complications.

 Treatment

The underlying etiology must be addressed. Acute otitis media is typically treated 
with antibiotics and myringotomy with pressure equalization tube. Coalescent oto-
mastoiditis and cholesteatoma are typically treated surgically with 
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b

Fig. 19.1 (a) T1-weighted, 
post-gadolinium contrast 
axial MR image of a 
2-year-old with bacterial 
meningitis and right-sided 
labyrinthitis. The white 
arrow points to 
enhancement of the right 
cochlea and vestibule with 
limited contrast seen 
within the right horizontal 
semicircular canal (SCC). 
(b) Axial CT of the 
temporal bone of the same 
child showing labyrinthitis 
ossificans with obliteration 
of the right horizontal SSC 
(white arrow)

tympanomastoidectomy. Meningitis is treated with culture-directed intravenous 
antibiotics that cross the blood-brain barrier. Supportive treatment, as described for 
vestibular neuritis, is also indicated as needed for nausea and vertigo.
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 Trauma

Mechanisms of injury to the ear and temporal bone range from blunt force head trauma, 
penetrating trauma, or barotrauma [20]. Temporal bone fractures have been reported to 
comprise 14–22% of all skull fractures and are seen in 4% of patients with a closed-
head injury [21–23]. A variety of inner ear traumatic conditions can result from such 
temporal bone trauma, and these include complete labyrinthine deficit, labyrinthine 
concussion, perilymph fistula, benign paroxysmal positional vertigo, or post-traumatic 
endolymphatic hydrops. Direct injury to the labyrinth or labyrinthine concussion may 
cause a fixed vestibular deficit, while the others tend to be fluctuating.

 Pathophysiology

A fracture of the temporal bone with otic capsule violation may result in immediate 
and profound sensorineural hearing loss with vertigo. In a landmark study, Brodie 
reported otic capsule violation in only 21 (2.5%) of 820 temporal bone fractures 
[24]. Facial nerve injury was noted in 48% of these patients, and this cohort was 
twice as likely to develop a cerebrospinal fluid leak. Severe to profound SNHL is 
usually associated with a fracture of the labyrinth, labyrinthine concussion, or peri-
lymphatic fistula [24].

 Diagnosis

The history is most suggestive in these cases. A CT scan of the temporal bone 
should be obtained to assess for a temporal bone fracture (Fig. 19.2). Audiometric 
testing is also performed to assess for associated sensorineural hearing loss. 
Documentation of facial nerve function and the timing of facial nerve symptoms in 
relation to the trauma is an important aspect of the management of temporal bone 
trauma patients. The presence of a cerebrospinal fluid leak should also be assessed.

 Treatment

Supportive treatment with vestibular rehabilitation is the mainstay treatment of trau-
matic labyrinthine injury. Eliminating prolonged use of vestibular suppressants to 
allow for central compensation is of utmost importance. One may also consider 
addressing associated hearing loss as indicated.
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 Advanced Meniere’s Disease

Meniere’s disease (MD) classically presents with fluctuating vestibular symptoms 
and will be described in greater detail in Chaps. 13, 14, and 15. Inactive or end-stage 
Meniere’s disease, however, presents as a non-fluctuating unilateral vestibular dis-
order and is managed differently than active Meniere’s disease. The following para-
graphs will provide a brief description of the natural progression of the disease, 
resulting in a fixed vestibular deficit.

While the true incidence of MD is unknown, reports range from 4.3 to 15.3 cases 
per 100,000 per year [25–28]. Affected individuals are usually between the fourth 
and sixth decades of life, with a female/male ratio of 1.3:1. The symptoms experi-
enced by these patients are often unilateral and characterized by fluctuating low- 
frequency sensorineural hearing loss (SNHL), episodic vertigo (lasting minutes to 
hours), tinnitus, and aural fullness [29].

 Pathophysiology

Endolymphatic hydrops with periodic disruption of Reissner’s membrane is thought 
to be the underlying etiology of symptoms related to MD and can only be confirmed 
on postmortem histopathologic examination. The disturbance in the regulation of 
endolymphatic fluid homeostasis may be related to a variety of factors; particularly, 
genetic, autoimmune, allergic, viral, and post-traumatic influences have all been 
postulated.

Fig. 19.2 Axial CT scan 
of a comminuted 
right-sided otic capsule 
violating temporal bone 
fracture. The white arrow 
points to the fracture line 
which crosses the 
vestibule. Pneumolabyrinth 
is also appreciated
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 Diagnosis

In the early stages of Meniere’s, unilateral low-frequency sensorineural hearing loss 
is noted on audiometric testing. Unfortunately, as the disease progresses, all fre-
quencies are affected, and this may even result in profound hearing loss in about 
1–2% of patients. As the disease progresses, the labyrinthine dysfunction stabilizes 
in most patients with vertigo symptoms resolving in 2 years in 57% of cases and 
8 years in 71% of cases [30]. As the vertigo episodes resolve, a chronic disequilib-
rium may emerge. This is referred to as “burned-out Meniere’s,” and these patients 
will have a stable, flat sensorineural hearing loss with a non-fluctuating unilateral 
vestibular hypofunction. Caloric testing may be considered in these cases to assess 
for degree of vestibular hypofunction and to rule out contralateral involvement. 
Abnormal findings on electrocochleography and VEMP testing may also support 
the diagnosis of Meniere’s, but must not be solely relied upon [29].

 Treatment

Medical management consisting of a low-sodium diet, caffeine avoidance, and 
diuretic therapy is the first-line treatment for newly diagnosed Meniere’s. Some 
patients may be refractory to medical management and a progressive course is seen 
in one out of four patients. These patients may be more appropriate for intratym-
panic steroid treatments, endolymphatic sac decompression surgery, or ablative 
therapies as discussed in Chap. 15. Balance exercises with vestibular rehabilitation 
should be considered for the advanced Meniere’s patient with chronic imbalance.

 Vestibular Schwannoma

A vestibular schwannoma (VS) is a benign tumor of Schwann cell origin involving 
the eighth cranial nerve. It is the most common tumor of the cerebellopontine angle, 
making up 80–90% of these tumors. It is also referred to as an acoustic neuroma, 
although it more commonly originates from the vestibular division of the vestibulo-
cochlear nerve, involving the superior and inferior vestibular nerve in equal inci-
dence. A recent Danish database study estimates the overall incidence of VS to be 
20 per one million population [31].

 Pathophysiology

These tumors likely arise from Schwann cells within Scarpa’s ganglion. A growth 
rate of 1–2 mm per year for these tumors has been described, and these tumors typi-
cally displace the adjacent nerves without direct invasion. There are two 
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histopathological growth patterns, Antoni A (more densely packed with a whirled 
appearance) and Antoni B (more loosely organized and often seen in larger tumors). 
These tumors are often classified based on anatomic location and growth progres-
sion, and these categories include intracanalicular (isolated within the internal audi-
tory canal (IAC)), cisternal (extension into the cerebellopontine cistern), and 
brainstem compressive. The tumors with an intracanalicular component have com-
pression of the acoustic, vestibular, and facial nerves with potential neuropathy. In 
addition to the intracanalicular symptoms, cisternal tumors may compress trigemi-
nal nerve and/or the lower cranial nerves. Tumors that compress the brainstem can 
cause hydrocephalus, cerebellar tonsil herniation, and death.

 Diagnosis

A typical presentation includes unilateral hearing loss (39–95%), tinnitus (45–75%), 
and dizziness (49–66%) [32, 33]. While vertigo is not typically the chief complaint, 
the presence of mild vertigo or disequilibrium symptoms is not uncommon, with 
10–19% of VS patients presenting with vertigo as a primary symptom. Vertigo is 
more common in smaller tumors, and disequilibrium or imbalance is more common 
with increasing tumor size. While the majority of these tumors are nongrowing or 
slow growing, growing tumors can cause vestibular symptoms from compression 
and dysfunction of the eighth cranial nerve, cerebellum, and/or pons [34]. Trigeminal 
nerve compression may lead to facial hypesthesia. Large tumors with brainstem 
compression can present with ataxia and other cerebellar symptoms. The diagnosis 
of these tumors is primarily through MRI of the head with and without contrast as 
these tumors are avidly enhancing on T1 sequences (Fig. 19.3a). Audiological and 
vestibular physiological tests are also valuable in assessing the functional status of 
the ipsilateral vestibulocochlear nerve and may inform treatment decisions.

 Treatment

Observation may be considered for small or nongrowing tumors. Larger tumors or 
growing tumors are treated with either microsurgical resection or stereotactic radia-
tion. There are three surgical approaches for tumor resection, and the approach cho-
sen is most often based on the patient’s preoperative hearing status and the tumor 
size and location. Surgeon preference also plays a role in the surgical management 
of these tumors. In cases with non-serviceable hearing or tumor size greater than 
1.5 cm, the translabyrinthine approach may provide the best exposure and facial 
nerve outcome (Fig. 19.3b). For small tumors limited to the internal auditory canal 
with aidable hearing and word recognition (ideally greater than 70% but no less 
than 50%), a middle cranial fossa approach can be utilized to resect the tumor while 
preserving hearing. A retrosigmoid approach may be used to remove cisternal 
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Fig. 19.3 (a) T1-weighted, 
post-gadolinium contrast 
axial MR image of a 
right-sided, medium- sized, 
cisternal vestibular 
schwannoma. (b) Axial CT 
scan after a 
translabyrinthine approach 
for resection of the same 
right-sided vestibular 
schwannoma with fat 
obliterating the posterior 
fossa defect and titanium 
mesh reconstructing the 
bony defect

tumors and have the potential to preserve hearing in tumors that do not involve the 
root entry zone of the eighth cranial nerve and do not extend beyond the lateral third 
of the internal auditory canal. Stereotactic radiotherapy is a nonsurgical treatment 
option for these tumors, and primary objective is to halt tumor growth. The delivery 
of this radiation, which may be either unfractionated or fractionated, may damage 
actively growing tumor cells, destroy supporting cells, and impair the vascular sup-
port to VS. Often tumors lie dormant following radiation therapy but regression of 
the tumor may occur. Hearing may be preserved in the acute setting and rarely 
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long- term, as progressive hearing loss is typical in the months and years following 
radiation. All treatment modalities, including observation, place facial nerve func-
tion, hearing, and balance at risk. Patients with VS with chronic disequilibrium 
(regardless of management strategy) can be treated conservatively with vestibular 
rehabilitation. Patients with disabling disequilibrium due to labile vestibulopathy or 
brainstem compression are often treated with surgical tumor resection.

 Postsurgical Vestibular Hypofunction

A unilateral vestibular hypofunction is the unfortunate consequence of most abla-
tive treatment strategies for vestibular diseases. The translabyrinthine approach 
leads to a complete loss of vestibular function (Fig.  19.3b), while the other 
approaches may result in varying degrees of vestibular weakness based on the integ-
rity and residual function of the labyrinth and the vestibular nerves. Similarly, a 
surgical labyrinthectomy, intratympanic aminoglycoside injection, or vestibular 
nerve section performed to treat refractory episodic vertigo in cases of Meniere’s 
disease will result in non-fluctuating unilateral vestibular loss. Following these 
ablative treatments, patient has symptoms that accompany acute vestibulopathy. 
Most patients will become asymptomatic over the course of days to months, as a 
result of central compensation. Chronic disequilibrium may persist, but this is most 
typically more tolerable for patients than symptoms that accompany fluctuating ves-
tibular deficits.

 Treatment

Similar to other causes of a fixed vestibular deficit, treatment is aimed at optimizing 
central compensation. Key components of treatment include encouraging physical 
activity, withholding vestibular suppressants, and instituting vestibular 
rehabilitation.

 Vestibular Rehabilitation

Management of chronic unilateral vestibular dysfunction is often best treated with 
vestibular rehabilitation therapy (VRT). This exercise-based treatment focuses on 
reducing vestibular symptoms and improving daily functioning through exercises 
that promote central compensation and reinforce postural stability. These exercises 
capitalize on the compensatory responses of the brain in response to vestibular 
hypofunction. Through repetitive motions, there is a habituation to symptom- 
inducing movements which further supports central vestibular neural activity to 
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lessen symptoms [35]. This rehabilitation also promotes restoration of the VOR 
through repetitive head movements while attempting visual fixation [36]. 
Additionally, these exercises promote the increased use of visual and somatosen-
sory inputs to augment balance while improving postural control.

VRT is evidence-based, and a recent Cochrane meta-analysis found that VRT is 
effective in decreasing subjective dizziness symptoms, improving daily functional 
activities, and can lead to long-term functional recovery [37]. Additionally, the 
American Academy of Otolaryngology-Head and Neck Surgery has recognized 
VRT as “valid for the treatment of persistent dizziness due to incomplete compensa-
tion of the vestibular system, dizziness resulting from medical or surgical treatment, 
and acute peripheral vestibular dizziness” [38]. Furthermore, VRT was stated to be 
of benefit in reducing the fall risk in the elderly population suffering multiple sen-
sory and motor deficits. The utility of VRT is expanding and can be used to treat a 
variety of vestibular disorders such as BPPV, unilateral and bilateral vestibulopathy, 
as well as patients with chronic disequilibrium without vestibular deficits.
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Chapter 20
Bilateral Vestibular Hypofunction

Zachary G. Schwam, Seilesh Babu, and Christopher A. Schutt

 Etiology

Bilateral vestibular hypofunction first described by Dandy in 1941 [1] accounts for 
1–2% of patients undergoing electronystagmography studies [2–5] and is estimated 
to have a nationwide prevalence of 28 per 100,000 adults in the United States [6]. It 
has a profound impact on those affected by it, with the majority of those diagnosed 
reporting reduced participation in social activities, altered driving habits, and diffi-
culties with activities of daily living. Those affected are also predisposed to falling, 
with many sustaining fall-related injuries [6]. By and large, bilateral vestibular hypo-
function is attributable to ototoxicity caused by systemic drugs, most notably amino-
glycoside antibiotics (gentamicin, streptomycin, tobramycin). However, it also may 
be found secondary to a number of systemic diseases involving the labyrinth.

Of the aminoglycoside antibiotics, gentamicin is the most frequently encountered 
in clinical practice. The pharmacokinetics of aminoglycosides are thought to be held 
responsible, with quick uptake, early saturation, and a half-life of up to 6 months in 
the inner ear [7, 8]. Though each aminoglycoside has cochleotoxic and vestibulo-
toxic capabilities, streptomycin and gentamicin are predominantly vestibulotoxic, 
while the remainder are predominantly cochleotoxic [9]. The exact mechanism of 
damage to the outer hair cells of the sensory epithelium as well as spiral ganglion 
cells is unknown; however, a relationship between gentamicin-induced production 
of free radicals in the presence of iron is thought to exist [10]. The finding has been 
bolstered as diminished ototoxicity has been seen with the concurrent administration 
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of iron chelators and radical scavengers in animal models [11–13]. Several authors 
have focused their efforts on preventing the cochleo- and vestibulotoxic effects of 
aminoglycosides with some success; Ylikoski and colleagues used CEP-1347 (an 
inhibitor of the c-JNK apoptotic pathway) concurrently with gentamicin and noted 
reduced ABR threshold shifts, less in the way of inner hair cell damage, and reduced 
damage to the ampullary crista hair cells [14]. Interestingly, aminoglycoside-induced 
oto- and nephrotoxicity are thought to be independent of each other, with reports 
indicating no significant relationship between the two [15, 16].

Also on the clinician’s differential diagnosis of bilateral vestibular hypofunction 
should be autoimmune inner ear disease, history of meningitis, sequential vestibu-
lar neuritis, neurofibromatosis type 2 with bilateral vestibular schwannomas, bilat-
eral Meniere’s disease, neurosyphilis, congenital malformations, Cogan’s 
syndrome, post-binaural cochlear implantation, and trauma causing temporal bone 
fractures [5, 17].

In 1 series of 53 patients treated at a neurological hospital in the United Kingdom, 
39% had associated neurological disorders and had originally been referred for 
ataxia and eye movement assessment [5]. According to the authors, bilateral ves-
tibular hypofunction was not the original concern and was unexpected. Seven of 
those patients were subsequently found to have cerebellar degeneration involving 
the vestibulocerebellum, and five were found to have various neuropathies. The 
authors recommend that vestibular hypofunction be considered in patients with 
“jerky eye movements” upon fixation and with slow head movements. In the same 
series, autoimmune inner ear disease was diagnosed in 9% of their population and 
typically presented in one of two ways: either relapsing and episodic with progres-
sive disequilibrium and asymmetric hearing loss or acute, severe, and rapid bilateral 
vestibular failure with concomitant hearing loss. In the first group, systemic organ 
involvement was also evident in the way of ocular, skin, joint, and mucosal symp-
toms. Twenty-one percent of cases in their series had no identifiable cause and were 
labeled idiopathic.

 Symptomatology

The hallmark symptom of bilateral vestibular hypofunction is oscillopsia, or the 
sensation that the environment oscillates with abrupt head movements. This is sec-
ondary to loss of the normal vestibulo-ocular reflex, which works to stabilize a 
given image of interest on the retina by interconnecting the vestibular pathways 
with the oculomotor and abducens nuclei in addition to the medial longitudinal 
fasciculus to synchronize movement of the globes with the head. Patients may 
report that their disequilibrium is worse in the dark or on uneven ground, which may 
reflect the loss of vestibulospinal function [5]. In 1 report of 49 patients with bilat-
eral vestibular paresis, 39 reported unsteadiness as their chief complaint, while 11 
of those patients reported additional motion-provoked vertigo, and three reported 
additional spontaneous vertigo. Three were asymptomatic. In the same analysis, 

Z. G. Schwam et al.



293

there was no association between degree of paresis and prevalence of vertigo versus 
disequilibrium. However, oscillopsia had a strong association with a more severe 
paresis [18].

 Diagnosis

Several tests are available that can assist in the diagnosis of bilateral vestibular 
hypofunction. Dynamic visual acuity testing works on the basis that head move-
ments degrade visual acuity and that patients with bilateral vestibular deficits have 
impaired visual acuity with physiologic head movements due to an inadequate 
vestibulo- ocular reflex. Patients view a Snellen eye chart while being subjected to 
passive head motions at varying frequencies (approximately 2 Hz) and displace-
ments. A decline in visual acuity is measured. A positive test is one in which the 
visual acuity declines by more than two lines during rotation of the head, although 
much greater drops are routinely seen in patients with bilateral vestibular hypofunc-
tion [19, 20]. Another flavor of dynamic visual acuity testing is the “dynamic illeg-
ible ‘E’ test,” where a modified Snellen chart is again used and the head is rotated in 
an arc approximately 60° at a frequency of 1 Hz. One hertz frequency was chosen 
as it goes beyond the capabilities of the smooth pursuit system but is correctable by 
the vestibulo-ocular reflex in normal subjects. Decline in visual acuity is then noted 
in a similar fashion [21].

The head impulse test (HIT) relies on the detection of overt catch-up saccades 
upon rapid, small-amplitude, high-acceleration head thrusts in unpredictable direc-
tions. It requires no equipment and should be part of a standard physical exam for 
vertiginous patients. In normal patients, the vestibulo-ocular reflex maintains fixa-
tion on the point, but in patients with vestibular loss, a catch-up saccade is neces-
sary. Overt catch-up saccades can be detected by the clinician at bedside, but covert 
ones that occur during head movement remain undetected. Interestingly, in one 
study, patients with gentamicin-induced bilateral vestibular loss only produced half 
the number of covert saccades during head rotation [22, 23].

A quantitative form of impulse testing, vHIT, involves high impulse head move-
ments combined with video software that measures pupil velocity. Further informa-
tion about the procedure may be found in Chap. 5. Though its use provocative tests 
that evaluate the VOR and, by extension, the function of any of the three paired 
semicircular canals may be achieved (Fig. 20.1). Benefits when compared to rotary 
chair testing include the ability to test at physiologic frequencies greater than 1 Hz, 
lower equipment cost, and isolation testing of all three canals.

Chair rotational testing is yet another way of testing the vestibulo-ocular reflex 
and is the most quantitative representing a clear indication for its use (Figs. 20.2 and 
20.3). Sinusoidal harmonic acceleration and velocity step testing are administered 
to the patient in the chair while eye movements are recorded. Gain, or the ratio of 
eye velocity to head velocity, and phase shift, or the lag timing for eye movement 
relative to head movement, are recorded during harmonic acceleration. A gain of 1.0 
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and phase shift of 180° are indicative of an optimized vestibulo-ocular reflex, while 
a bilateral gain of <0.4 is considered positive for bilateral vestibular hypofunction at 
low-frequency oscillations. High-frequency oscillations must be interpreted care-
fully and may often be misleading (Figs.  20.1 and 20.2) [20, 23, 24]. The time 
constant is measured during velocity step testing and is defined as the time after 
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Fig. 20.1 vHIT in bilateral vestibular loss. Blue represents head thrust to the left; orange repre-
sents head thrust to the right. The green tracing is calculated vestibulo-ocular reflex activity during 
head thrust. Red represents compensatory saccades. Head thrust in either direction in the planes of 
all semicircular canals shows decreased VOR activity compared to head thrust with catch-up sac-
cades noted. Note that for testing of the anterior and posterior canals, the contralateral thrust is to 
the appropriate LARP or RALP pairing. Top panel, lateral canal testing; middle panel, LARP test-
ing; bottom panel, RALP testing. (Adapted from Chap. 5, Walsh et al., Fig. 5.3)
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onset of 60°/s rotation at which slow-phase eye velocity has fallen to 37% of its 
initial value. A value less than 10 s is considered indicative of bilateral vestibular 
hypofunction [5, 20].

Videonystagmography (VNG) can be helpful in the diagnosis of bilateral ves-
tibular hypofunction but is considered less reliable than chair rotational testing due 
to lack of standardized normal ranges and variability in testing with water- and 
 air- based as well as open- and closed-loop stimuli (Fig. 20.4). Patients with bilateral 

a b

c

Fig. 20.2 Common sinusoidal harmonic acceleration (SHA) results for bilateral labyrinthine 
hypofunction. Results for VOR gain (a), VOR phase (b), and VOR symmetry (c) from 0.01 through 
2.0  Hz. Abnormal response regions are indicated by the gray regions for each results graph. 
(Adapted from Chap. 6, Zalewski et al., Fig. 6.9)

a b

c

Fig. 20.3 Common sinusoidal harmonic acceleration (SHA) results for bilateral labyrinthine are-
flexia. Results for VOR gain (a), VOR phase (b), and VOR symmetry (c) from 0.01 through 2.0 Hz. 
Since VOR phase and symmetry are calculated from VOR, these parameters should be interpreted 
with caution under such conditions. (Adapted from Chap. 6, Zalewski et al., Fig. 6.10)
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vestibular hypofunction undergoing traditional bithermal open-loop caloric irriga-
tions at 30 °C and 44 °C typically display absence or a severe reduction of nystag-
mus (slow-phase eye velocity < 5–8°/s) and even a diminished response (slow-phase 
eye velocity < 10°/s) with ice water irrigations [5, 18, 20]. One can measure caloric 
response magnitudes in the way of maximum slow-phase velocities (MSPVs) and 
summate them for the various stimuli to calculate a total eye speed (TES). Bilateral 
vestibular hypofunction is generally diagnosed with a TES  <  20°/s [17]. Other 
authors note virtually never encountering a TES<25°/s in their normal groups [25].

 Current Treatment

The mainstay of treatment for bilateral vestibular hypofunction is vestibular reha-
bilitation therapy, although it has demonstrated varied efficacy in multiple reports. 
A typical rehabilitation program will include exercises to optimize postural as well 
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as gaze stability by augmenting the vestibulo-ocular and cervico-ocular reflexes. 
Subjects are asked to focus on an object while rotating their heads, make saccadic 
movements followed by head rotation, and walk while rotating their heads. These 
exercises are performed several times per day [20].

Krebs et al. demonstrated an 8% improvement in gait speed and a 17% decrease 
in time needing double support during ambulation with 16 weeks of vestibular reha-
bilitation [26], and Herdman et al. showed a significant improvement in dynamic 
visual acuity testing regardless of age with vestibular rehabilitation therapy [27]. 
Gillespie et  al. showed normalization of dynamic visual acuity scores, improved 
balance with Romberg evaluation, return of gait velocity to >48 meters/minute, sub-
jective feelings of improvement, and increased levels of physical activity. 
Improvement was seen in 51%, while 34% had no improvement, and the remainder 
was lost to follow-up [20]. Ototoxicity was the etiology of the vestibular hypofunc-
tion in 66% of their population and was a positive predictive factor in improvement 
with vestibular rehabilitation therapy (78% improved versus 50% with other etiolo-
gies). A predictive factor of no improvement was having a slowly progressive, 
sequential vestibular loss (found in 42% without improvement compared to 0% in 
those with improvement). Vertigo was also considered a negative predictive factor 
for improvement, as was having multiple unrelated medical comorbidities and 
severe hypofunction as measured by gain <0.2. Of the 18 patients that demonstrated 
improvement with vestibular rehabilitation therapy, only 5 returned to their subjec-
tive baseline state.

In another report of 49 patients with bilateral vestibular hypofunction [18], 22 
underwent a comprehensive vestibular rehabilitation therapy program, 15 of which 
complete questionnaires after undergoing treatment. In combining questionnaire 
results with the notes of the therapist, only 3 of the 22 patients achieved a significant 
improvement in ambulation or equilibrium, and 50% of patients reported no 
improvement. None of the respondents demonstrated a significant improvement on 
the standardized disability scale. Additionally, the authors note that initial severity 
of paresis was not a predictor of degree of improvement.

 Future Directions

Currently under development and with the hope to change the nature and course of 
bilateral vestibular hypofunction is the Johns Hopkins Multichannel Vestibular 
Prosthesis (MVP) project. Its goal is to selectively stimulate vestibular nerve 
branches using implantable sensors that detect acceleration in all directions to 
restore the vestibulo-ocular reflex in affected patients (Figs. 20.3 and 20.4). Using 
an animal model of chinchillas treated with bilateral intratympanic gentamicin to 
ablate their vestibular systems, prosthetic stimulation was able to partially restore 
the vestibulo-ocular reflex in treated animals and restore gain to that of normal ani-
mals [28]. The first-generation device was one in which the processor and three 
orthogonally directed sensors were fixed to the skull and connected to the electrodes 
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percutaneously. A subsequent model was made smaller and more power efficient, 
with 12 electrodes, multipolar stimulation, a triaxis linear accelerometer, and wire-
less control. In their earlier work in chinchillas, there was a significant risk of hear-
ing loss, with four of six animals experiencing severe postoperative hearing loss 
when compared to the contralateral ear. Using an eight-electrode system in four 
chinchillas with surgically plugged semicircular canals and disrupted otolith end 
organs, the authors noted issues of current spread to multiple canals as a result of the 
far more condensed rodent temporal bone anatomy [29].

In their next phase using a single adult rhesus macaque monkey, the authors 
implanted electrodes into the ampullae of the three semicircular canals, using fascia 
and dental cement to secure them [30]. Intratympanic gentamicin was then used to 
ablate the native vestibular organs. With use of a unilateral prosthesis, the angular 
vestibulo-ocular reflex was improved significantly in all axes examined, and nystag-
mus quick phases were observed. The authors did note, however, “prominent 
excitation- inhibition asymmetry,” likely secondary to the inability of the device to 
depress afferent nerve firing rates. Of note, the authors did not attempt to stimulate 
the macular nerves innervating the utricle and saccule due to “the tight spacing of 
axons with different direction sensitivity.” In a subsequent paper detailing the 
implantation of five rhesus monkeys in a similar fashion, the authors report gains 
that were approximately half of normal across a frequency range of 0.05–5 Hz, with 
an asymmetry that was amplified at higher accelerations [31]. This was in accor-
dance with prior other studies evaluating humans and animals with one normal 
labyrinth. In addition, it was found that performance was improved with multisen-
sory congruent inputs or when a combination of total body rotation and stimulation 
from the prosthesis worked in tandem. The test subjects did suffer some degree of 
hearing loss in the implanted ears, with auditory brainstem response thresholds 
increased by 5–10 dB without stimulation and 10–15 dB when the implant was acti-
vated. Distortion product otoacoustic emission amplitudes also decreased by 
2–14 dB in implanted ears [32].

There are multiple avenues for improving the prosthesis, namely, in fine-tuning 
surgical technique, improving and miniaturizing circuit and electrode design, and 
optimizing stimulus parameters [30]. Human trials are the ultimate goal, and the 
Multichannel Vestibular Implant Early Feasibility Study is currently underway 
(clinical trial #NCT02725463). While the data are unpublished, results from three 
implant participants showed preservation of hearing within 10 dB in one subject and 
new 40–70  dB hearing loss in the 4–8  kHz range with preserved hearing in the 
125–2000 Hz range. The test subjects also reported improved postural and visual 
stability with the prosthesis on, with modest improvements in gains.

 Conclusion

Bilateral vestibular hypofunction is a debilitating disease with a reliable battery of 
tests to diagnose it and a variably effective method of treating it with vestibular 
rehabilitation therapy. A new vestibular implant is under development and is cur-
rently recruiting for a clinical trial.
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Chapter 21
Post-traumatic Dizziness

Daniel Lan and Michael E. Hoffer

 Introduction

Traumatic brain injury (TBI) is an increasingly common public health issue [1–10]. 
TBI affects an estimated incidence of 2.8 million people annually, accounting for 
more than 30% of the deaths and substantial number of cases of permanent disabil-
ity in trauma patients [1]. TBI is defined as a head impact or blast exposure, fol-
lowed by a period of alteration or loss of consciousness, and then associated with 
sequelae that are usually neurosensory in type. Trauma can occur through several 
mechanisms: motor vehicle accidents, sports injuries, assaults, falls, and work acci-
dents. The situation is particularly serious in the military, where 25% of all individu-
als who have been deployed to Southwest Asia suffer at least one head injury [2]. 
Head trauma can be divided into several different classes including mild, moderate, 
and severe TBI. Moderate and severe TBI typically involve significant brain injury 
and often a lengthy hospitalization. These complex neurological disorders include 
dizziness as one of many multifactorial disorders, making diagnosis and treatment 
more difficult by the host of comorbid conditions. Increasingly, more cases of mild 
TBI are diagnosed each year, while hospitalizations have stayed constant and deaths 
have decreased. This chapter will focus primarily on mild TBI (herein referred to as 
mTBI) and the dizziness associated with this disorder.
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 Symptoms of Post-traumatic Dizziness

The symptoms of mTBI are primarily neurosensory [11–13], including dizziness, 
hearing problems, headaches, cognitive difficulties, and sleep disturbances. 
Symptoms of post-traumatic dizziness can be broken down to include vertigo (illu-
sory sensation of the surrounding environment or the individual moving/rotating), 
head motion-induced vertigo, dizziness (sensation of disturbed or impaired spatial 
orientation without a false or distorted sense of motion), head motion-induced diz-
ziness, unsteadiness (sensation of being off balance or feeling clumsy without direc-
tional preference), and visual lag (sensation of the surrounding environment 
following behind head movement with a delay) [14–20]. These symptoms vary 
depending on a number of factors, including the history of previous head trauma, 
undefined genetic factors, and the number, types, and forces of the primary and pos-
sible secondary impacts [21–23]. In some instances, the secondary force is obvi-
ously relevant to the head injury. For example, after a blast exposure (initial force) 
which itself can cause head injury, a person is thrown and hits their head on a blunt 
object (secondary force). In other cases, these secondary forces are less obvious 
such as neck trauma (i.e., neck movement after a head impact or “whiplash”) or 
other injuries occurring at the time of a head injury [24–26]. These forces are highly 
complex and unique to each individual situation.

 Etiologies

 Post-traumatic Dizziness After mTBI

Post-traumatic dizziness can result from several different etiologies. The acute and 
subacute dizziness complexes seen after head trauma are presented in Table 21.1.

Table 21.1 Dizziness disorders seen after Mild Traumatic Brain Injury (mTBI) 

Entity History Physical exam

Post-traumatic BPV Positional vertigo Nystagmus on Dix-Hallpike or 
other provocative maneuvers

Post-traumatic exertion- 
induced dizziness

Dizziness at conclusion of exercise
Dizziness when beginning exercise

Abnormalities in challenged 
gait with/after exertion

Post-traumatic vestibular 
migraine (PTVM)

Episodic vertigo with periods of 
unsteadiness
Constant low-grade headache

Abnormalities in challenged 
gait
Normal static posture
+/−Head impulse 
abnormalities
Satisfy ICHD-3 criteria

Post-traumatic spatial 
disorientation (PTSpD)

Constant feeling of unsteadiness 
worsened by standing and by 
challenged gait
Drifting to one side while walking
Shifting weight when standing still
+/− Vertigo and headache

Abnormalities in challenged 
gait
Abnormalities in static posture
+/− Head impulse 
abnormalities
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A common etiology of dizziness following head trauma is benign paroxysmal 
positional vertigo (BPPV), in which individuals experience brief sensations of ver-
tigo on assuming various head positions. In contrast to idiopathic BPPV, traumatic 
BPPV is more often persistent or recurrent despite treatment. Traumatic BPPV also 
presents with a higher percentage of lateral, anterior, or multi-canal damage than the 
idiopathic variant [27]. Nevertheless, in both cases the posterior semicircular canal 
is the most common canal to be affected. The pathophysiology, diagnosis, and treat-
ment remain the same as in idiopathic BPPV and are discussed in Chap. 11.

Exertional dizziness is dizziness (usually unsteadiness but occasionally vertigo) 
that occurs at the conclusion or near the very end of a period of exercise or exertion.

Vestibular migraine  (otherwise known as migraine-associated vertigo) involves 
at least five episodes of moderate to severe vestibular symptoms with corresponding 
migrainous symptoms (unilateral pulsating headache, photophobia, phonophobia, 
or visual aura) at least 50% of the time [28, 29]. Diagnosis can be difficult if migraine 
symptoms are not specifically screened for. The pathophysiology is controversial, 
but management would seem to be the same as in other patients with vestibular 
migraine, including vestibular physiotherapy and anti-migraine drugs [29].

The most difficult and likely most common balance disorder seen after head injury 
is spatial disorientation, in which an individual feels continuously unsteady [30]. The 
sensation of unsteadiness is worsened by standing still or moving quickly. Slow move-
ments tend to lessen the severity of this disorder. We, and others, have postulated that 
this may be due to a post-traumatic loss of the body’s ability to sense the gravitoiner-
tial vector used by the body to determine true upright. Therefore, during slow motion 
the added inputs from moving help rectify this vector, whereas the fewer inputs when 
standing still or inputs that change quickly (fast motion) are less useful [31].

 Other Causes of Vertigo

As opposed to the above discussion, there are specific, identifiable etiologies of diz-
ziness secondary to head trauma such as perilymphatic fistula (PLF), superior semi-
circular canal dehiscence (SSCD), temporal bone fracture, and Meniere’s disease. 
While mTBI may sometimes lead to decompensation of a previously asymptomatic 
inner ear deformity, these disorders are not restricted to head trauma and generally 
behave in a similar fashion in the non-traumatic as well as the traumatic case.

PLF is a disorder caused by an abnormal defect or rupture of the fluid-filled mem-
branous labyrinth, typically at the round or oval window [32, 33]. The injury can 
occur from direct head trauma, as well as an explosive blast wave or rapid scuba div-
ing depressurization. The resulting communication allows fluid to travel between the 
inner ear and middle ear cavities. Symptoms classically include vertigo, high- 
frequency sensorineural hearing loss, and tinnitus occurring immediately following 
the injury. When there is a severe sensorineural hearing loss and a very clear and a 
significant concussive event than treatment in the form of patching the fistula, site 
should be undertaken urgently. However, in the absence of significant hearing loss, 
because most diagnostic signs (Tullio’s sign, instability or nystagmus triggered on 
tragal pressure or Valsalva maneuver) and tests (temporal CT, brain MRI, audiometry) 
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do not have high sensitivity or specificity for PLF, it is difficult to diagnose with any 
certainty, and treatment is often delayed.

SCD is a condition where the bone over the superior semicircular canal is thinned 
or congenitally absent, which causes a protrusion of the membranous superior semi-
circular canal. This protrusion creates a “third mobile window” in the bone that 
enables aberrant communication from the inner ear causing vestibular and/or audi-
tory symptoms [34]. In classical presentations, these individuals have unsteadiness 
or vertigo that is intensified by loud noises (Tullio phenomenon) or pressure changes 
(Hennebert sign). Auditory symptoms may include an intensified sound of their own 
voice (autophony) and conductive hearing loss. Unlike PLF, SCD can develop more 
slowly as the defect (caused by damage to the bony covering of the canal) widens 
over time. “Third mobile window” syndromes may be associated with different pat-
terns of performance on verbal memory, visual memory, and attention components 
of the Wide Range Assessment of Learning and Memory test battery, with different 
postoperative recovery outcomes [35].

Meniere’s disease may also be induced by trauma. The symptoms and histologic 
features have been reported to be identical to those of idiopathic Meniere’s disease [36].

Severe head trauma may cause unilateral vestibular loss by the mechanism of 
temporal bone fracture. The majority of temporal bone fractures (80%) are longitu-
dinal (in the axis of the petrous bone) rather than transverse [37]. Longitudinal 
temporal bone fractures are more likely to involve the inner ear, while transverse 
fractures are more likely to transect the vestibulocochlear nerve or involve the otic 
capsule and inner ear [30, 38]. Vestibular loss may be seen after head trauma even 
without temporal bone fracture, referred to as labyrinthine concussion. This occurs 
as a result of traction or injury-induced demyelination of the vestibulocochlear 
nerve, trauma-related bleeding or micro-ischemic changes, or direct trauma or 
injury to the labyrinth [30, 38].

Cervical vertigo is a rare disorder that can be difficult to diagnose [39]. Because 
it is postulated that when traumatic the disorder is seen more often after whiplash 
injury, a thorough discussion of this entity goes beyond the scope of this chapter. It 
is mentioned here for the sake of completeness.

 Examination and Diagnosis

 The Role of Dizziness in the Diagnosis of mTBI

Despite a host of sideline and site of injury test platforms that have been introduced, 
mTBI remains difficult to diagnose [40–42], and patients suffer increased morbidity 
due to delayed diagnosis [12]. Many symptoms of mTBI prove difficult to evaluate, 

D. Lan and M. E. Hoffer



305

particularly headache and sleep disorders, which rely on self-report and are inher-
ently inaccurate in this group of patients. Cognitive difficulties can be measured 
objectively, but tests are not necessarily efficient, and test results can be difficult to 
interpret in mild disease. Hearing loss can be easily assessed via audiometry, but 
mTBI often presents with a central auditory processing abnormality, which is more 
difficult to assess, or tinnitus, which relies on self-report.

Work in our lab has demonstrated that a battery of antisaccade (increased error 
rate percentage), predictive saccade (decreased absolute number), and HIT tasks 
(increased absolute gain symmetry, decreased average gain) can sensitively and 
 specifically (88% and 97%, respectively) identify individuals with acute mTBI 
[43–45]. Vestibular testing can be performed as early as immediately after the head 
trauma or later in the injury time course with nearly equal accuracy. In light of the 
varying reliability of many mTBI symptoms, we find that dizziness, which is almost 
universally present [13] in this population, is the most efficient, effective, and objec-
tive way to determine the presence or absence of mTBI.

 Testing Abnormalities in Dizziness with mTBI

In evaluating a patient with suspected post-traumatic dizziness, the first and most 
important step is a thorough medical history and a standard vestibular physical 
exam. Examiners should pay particular attention to postural stability (Romberg and 
tandem Romberg tests), gait with horizontal and vertical head turning (museum 
gait), spontaneous nystagmus, smooth pursuit, and head impulse testing. Beyond 
these physical exam maneuvers, the most important measures are specialized ves-
tibular function tests that can be conducted with infrared goggles and assorted visual 
stimuli [43–45]. These tests can be separated into oculomotor tasks (vertical and 
horizontal smooth pursuit, vertical and horizontal saccades, antisaccade, predictive 
saccade, optokinetic response, saccade reaction time test) and vestibular tasks (head 
impulse test [HIT], subjective visual vertical and horizontal).

Audiological testing is also important for the evaluation of the dizzy patient after 
traumatic brain injury, especially for determining the degree and the site of the dam-
age. This includes not only subjective audiometry but also objective audiometry, 
i.e., evoked potentials. It is also important to determine whether tinnitus is present. 
Other conditions that should be screened for include migrainous symptoms (unilat-
eral pulsating headache, photophobia, phonophobia, or visual aura), visuospatial 
symptoms (accommodation disorder, vergence, photosensitivity, etc.), and neuro-
logical symptoms (asthenia, headache, and concentration, memory, or mood disor-
der). Imaging can also be considered depending on the mechanism of injury and 
level of suspicion for greater than mild trauma.
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 Treatment

The treatment of dizziness associated with head injury requires the efforts of a mul-
tidisciplinary team. For the two specific post-traumatic vestibular disorders dis-
cussed above (PLF, SCD), surgery is the mainstay of treatment. Traumatically 
induced Meniere’s disease can be treated in the same manner as non-traumatic 
Meniere’s. The mainstay of treatment for other disorders is vestibular therapy [46–
51]. Vestibular rehabilitation is the central pillar of nonsurgical treatment for bal-
ance disorders, leading to improvements in cognitive function, dynamic visual 
acuity tasks, as well as shorter disability time and time until return to activities of 
daily living and work [46–50]. Ocular therapy and cervical therapy have also been 
shown to be helpful in this population [50, 51]. In our experience, vestibular therapy 
is most effective when combined with a regimen that controls related symptoms, 
particularly headache. Moreover, despite the successes of vestibular therapy, indi-
vidual patient factors (particularly young age) and less severe associated symptoms 
are independent predictors of a successful outcome [52]. Work is underway in a 
number of labs to evaluate countermeasure for mTBI. There has been some success 
shown with antioxidant therapy, and a number of other medicines with anti-inflam-
matory and/or anti-apoptotic properties are currently being evaluated [12]. 
Hyperbaric oxygen therapy has been examined with unclear success [53], but newer 
treatment regimens utilizing this modality or combining this modality with other 
treatments might improve success. Novel therapies with nontraditional-type medi-
cines (cannabidiol) have shown success [54]. Work is currently underway in our lab 
to examine the use of this type of countermeasure in mTBI.

 Conclusion

TBI affects millions of people around the world and causes significant short- and 
long-term disability. Dizziness is one of the most common symptoms seen after 
head injury, and as discussed in this chapter, recent advances have made dizziness 
easier to assess with objective outcomes. These developments have made vestibular 
testing one of the most effective and efficient methods for diagnosis of mTBI. Once 
mTBI is diagnosed, a thorough evaluation of the etiology of the dizziness should 
follow, which will allow proper treatment of and prevention of long-term disability. 
Balance disorders from head injury can be treated, and this treatment is typically 
centered on vestibular rehabilitation therapy in addition to etiology specific treat-
ments. Vestibular rehabilitation therapy can result in improvement in the dizziness 
as well as other neurosensory symptoms.
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Chapter 22
Complex Dizziness

Varun V. Varadarajan and Patrick J. Antonelli

 Introduction

The first step in evaluating dizziness is to obtain a clear history and classify a 
patient’s complaint into a single subjective perception (e.g., vertigo, presyncope, 
disequilibrium, etc.) [1, 2]. This will usually lead to a clear diagnosis and path for 
further evaluation and management. Presyncope and syncope, for example, are 
largely cardiogenic and, less often, neurogenic [3]. Though patients with complaints 
of presyncope due to orthostatic hypotension are commonly referred for otologic 
evaluation, there is seldom a significant otologic component. In contrast, the illu-
sion of motion, vertigo, has been heavily attributed to vestibular disorders. However, 
non-otologic disorders may also present with vertigo, and more mild or chronic 
vestibular dysfunction may present with dizziness without vertigo. Furthermore, 
careful inquiry into patient symptoms often reveals multiple types of dizziness [2, 
4]. In a national survey, the presence of multiple descriptions of dizziness has been 
found to be the norm in adults in the United States, even in patients with otherwise 
typical presentations of a vestibular disorder [1].

The evaluation and management of patients with complex presentations of dizzi-
ness require a solid understanding of the numerous systems that contribute to one’s 
sense of balance. Maintaining balance requires adequate detection of environmental 
stimuli, integration of multisensory neural input, and execution of ocular, musculo-
skeletal response and autonomic responses [5, 6]. Central vestibular pathways are 
integrated with pathways responsible for autonomic control, as well as for the genera-
tion, perception, and regulation of emotional and affective states [7]. Thus, any pathol-
ogy arising within the peripheral vestibular, ophthalmologic, cardiovascular, 
musculoskeletal, or central nervous systems may contribute to a complex presentation 
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of dizziness. The psychologic consequences of experiencing alarming  symptoms, 
such as vertigo and imbalance, may exaggerate or color the reported complaints [8].

This chapter will discuss vestibular disorders with overlapping symptoms, 
comorbid conditions, and clinical features that may help establish the appropriate 
diagnoses in patients presenting with complex dizziness.

 Commonly Recognized Balance Disorders  
with Overlapping Symptoms

While most balance disorders have classic presentations, there can be significant 
overlap among many of these. Recurrent, spontaneous vertigo carries a large dif-
ferential diagnosis, and many conditions may present similarly, especially in their 
initial forme fruste phase. This is particularly true if a precise, thorough history is 
not obtained.

 Benign Paroxysmal Positional Vertigo

Patients presenting with classic symptoms and examination findings of benign par-
oxysmal positional vertigo (BPPV) are usually promptly diagnosed [9]. Patients 
with BPPV will, however, describe their vertigo duration in highly variable and 
inaccurate ways. First, many will describe the duration by the cumulative number of 
hours, days, weeks, or years that they are affected rather than by the duration of each 
episode of vertigo (i.e., less than a minute). Second, many patients avoid move-
ments that provoke their vertigo or change positions quickly enough that they do not 
know its true duration. Third, BPPV may feel so severe; the vertigo likely feels 
longer than it truly is.

Questioning on the positional provocation may similarly lead to diagnostic con-
fusion. Provocation of vertigo by rolling over in bed, typical for BPPV, may in fact 
be resulting from getting out of bed, which is commonly due to orthostatic hypoten-
sion. As both BPPV and orthostatic hypotension are most commonly found in 
elderly individuals, both may be present. Furthermore, many conditions are associ-
ated with the development of BPPV, including diabetes, trauma (and postsurgical), 
osteoporosis, vascular, psychiatric, MD, migraine, vestibular neuritis, and autoim-
mune disorders [10, 11]. Thus, it is not uncommon to have a presentation of BPPV 
along with other types of dizziness.

Residual dizziness is common after the treatment or resolution of the positional 
vertigo [12, 13]. Diverse explanations, including delayed compensation and under-
lying otolithic organ dysfunction, have been proposed as responsible mechanisms.
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 Semicircular Canal Dehiscence

Sound-induced (i.e., Tullio’s phenomenon) or pressure-induced vertigo accompa-
nied by autophony is pathognomonic for semicircular canal dehiscence (SCD); 
however, this may also present with spontaneous, ill-defined dizziness [14]. Tullio’s 
phenomenon may occur in the absence of SCD with endolymphatic hydrops and 
perilymph fistula [15–18]. Clinicians must also be aware of more esoteric disorders 
with sound-induced dizziness, such as vestibular atelectasis, reflex epilepsy, and 
long QT syndrome [19–21].

 Otosclerosis

Otosclerosis may be accompanied by complaints of dizziness. Though the diagnosis 
of otosclerosis is usually suggested by an air-bone gap on audiometry, labyrinthine 
dysfunction can occur without footplate fixation [22]. Vestibular complaints in the 
presence of otosclerosis can be highly variable. Eza-Nuñez and colleagues reported 
the most common presentations to be Ménière’s syndrome (30%), spontaneous 
recurrent vertigo without hearing fluctuation (27.5%), positional vertigo (32.5%), 
and chronic unrelapsing imbalance (7.5%) [23]. Stapedotomy may both lead to 
improvement with and onset of vestibular complaints [24]. Endolymphatic hydrops 
is more common in patients that have undergone stapedotomy than those with unop-
erated otosclerosis [25].

 Vestibular Migraine and Ménière’s Disease

As these two conditions often have similar presenting symptoms and patients are 
commonly without objective findings between episodes, they can be rather difficult 
to distinguish. Ménière’s disease (MD) may present with an isolated attack of ver-
tigo lasting less than 30  min, with minimal or no auditory complaints [26, 27]. 
Conversely, vestibular migraine (VM) may present with a violent attack of vertigo 
lasting a few hours and is accompanied by aural fullness, tinnitus, and no history of 
migraine headaches [26, 28]. The diagnosis of MD and VM is based on the clinical 
history, and there is no definitive diagnostic test to differentiate the two diseases 
[29–31]. Focused questioning on a history of headaches photophobia/phonophobia 
and visual stigmata (e.g., seeing lights) will often be productive, as patients will 
tend to neglect such events that occurred in the remote past and had no clear connec-
tion to their dizziness. Similarly, a family history of vertigo and seeing lights, as 
well as migraine headaches, should be solicited.
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Adding to the potential confusion on the distinction between MD and VM is the 
lack of clear consensus on the diagnostic criteria. Numerous authors and expert 
panels have promulgated diagnostic criteria. Whereas the criteria for MD are rather 
uniform (Table 22.1) [28], those for VM are not. Neuhauser et al. published the first 
diagnostic criteria for VM in 2001 and updated these in 2009 [31, 32]. However, in 
2012, the International Headache Society (IHS) and Bárány Society proposed and 
validated slightly different criteria for the diagnosis of VM (Table 22.2) [26, 30]. 
The IHS/Bárány Society criteria have been found to be more specific but less 

Table 22.1 Diagnostic criteria for Ménière’s disease jointly formulated by the Classification 
Committee of the Bárány Society, The Japan Society for Equilibrium Research, the European 
Academy of Otology and Neurotology, the Equilibrium Committee of the American Academy of 
Otolaryngology-Head and Neck Surgery, and the Korean Balance Society

Definite Ménière’s disease

  Two or more spontaneous episodes of vertigo, each lasting 20 min to 12 h
   Audiometrically documented low- to mid-frequency sensorineural hearing loss in one ear, 

defining the ear on one occasion before, during, or after one episode of vertigo
  Fluctuating aural symptoms (hearing, tinnitus, or fullness) in the affected ear
  Not better accounted for by another vestibular diagnosis
Probable Ménière’s disease

  Two or more episodes of vertigo or dizziness, each lasting 20 min to 24 h
  Fluctuating aural symptoms (hearing, tinnitus, or fullness) in the affected ear
  Not better accounted for by another vestibular diagnosis

Adapted from Lopez-Escamez et al. [28]

Table 22.2 Diagnostic criteria for vestibular migraine jointly formulated by the Committee for 
Classification of Vestibular Disorders of the Bárány Society and the Migraine Classification 
Subcommittee of the International Headache Society

Definite vestibular migraine

   At least five episodes with vestibular symptoms of moderate or severe intensity, lasting 5 min 
to 72 h

   Current or previous history of migraine with or without aura according to the ICHD
   One or more migraine features with at least 50% of the vestibular episodes
  Headache with at least two of the following characteristics: one-sided location, pulsating 

quality, moderate or severe pain intensity, aggravation of routine physical activity
  Photophobia and phonophobia
  Visual aura
   Not better accounted for by another vestibular or ICHD diagnosis
Probable vestibular migraine

   At least five episodes with vestibular symptoms of moderate or severe intensity, lasting  
5 min to 72 h

   Only one of the criteria B and C for vestibular migraine is fulfilled (migraine history or 
migraine features during the episode)

   Not better accounted for by another vestibular or ICHD diagnosis

Adapted from Lempert et al. [26]
Abbreviations: ICHD international classification of headache disorders
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 sensitive for the diagnosis of VM than Neuhauser’s criteria due to the type, duration, 
and intensity of vertigo specified in the IHS criteria [33].

Radtke et al. evaluated the validity of Neuhauser et al.’s criteria for definitive 
vestibular migraine (dVM) and probable vestibular migraine (pVM) and demon-
strated high reliability, with a positive predictive value of 85% [52]. Patients meet-
ing criteria for MD were excluded from the study, but 13% of patients diagnosed 
with dVM and 7% of patients diagnosed with pVM developed bilateral sensorineu-
ral hearing loss and met AAO-HNS criteria for bilateral MD. These patients had 
symptomatology atypical for MD including symmetric and mild hearing loss, ver-
tigo attacks of long duration (≥3 days), imbalance with head motion, or recurrent 
brief attacks of spontaneous or positional vertigo. The authors thus attributed these 
symptoms to VM with cochlear involvement. Cochlear dysfunction and hearing loss 
should be rare in VM and relatively mild [35, 36]. The degree of hearing loss that 
should be attributed to VM alone versus comorbid MD has not been established. 
The rate of overlapping VM and MD is likely underestimated as patients diagnosed 
with MD are typically excluded from studies investigating VM [27, 34].

Neff et al. compared the presentations of patients diagnosed with MD, VM, and 
both MD and VM (MDVM) [27]. Neuhauser’s criteria were used for VM diagnosis 
[32]. Symptom overlap between groups was significant, and there was no single 
clinical feature or vestibular test reliably differentiated between groups. Increased 
age, male gender, vertigo lasting hours, and SNHL were more significantly associ-
ated with the MD group; a younger age, female gender, and recurrent moderate to 
severe headaches were more significantly associated with the VM group. Chronic 
subjective dizziness (CSD) was more commonly associated with VM than 
MD.  Aural symptoms, decreased performance on audiometry, and evidence of 
peripheral vestibular deficit were more prevalent in the MD and MDVM group than 
the VM alone group. The presence of a peripheral vestibular deficit (e.g., positive 
head thrust) was unable to separate MDVM and VM patients. Patient with MDVM 
had a significantly higher prevalence of family history of vertigo and a greater rate 
of perceived hearing loss than both MD and VM alone.

Lopez-Escamez et al. investigated accompanying symptoms of vestibular attacks 
in 268 patients with VM (84 patients), pVM (65 patients), and MD (119 patients) 
using the IHC criteria for VM [37]. This study also demonstrated significant symp-
tom overlap but identified no specific clinical feature unique to VM, pVM, or for 
MD.  Aural symptoms (tinnitus, aural fullness, hearing loss) and vomiting were 
more frequently seen in patients with MD than with VM during vestibular attacks. 
Female gender, photophobia, phonophobia, visual auras, palpitations, and anxiety 
were more frequently seen in patients with VM. The frequency of headaches (all 
types) and a migraine risk score (calculated based on headache features) were 
higher in patients with VM than patients with pVM and MD. A recent systematic 
review of the literature comparing the clinical presentations of MD and VM showed 
findings consistent with the studies discussed above [30]. MD patients tend to have 
greater age of onset and increased prevalence of hearing loss, tinnitus, aural full-
ness, abnormal nystagmus, abnormal caloric testing and VEMP testing results, and 
endolymphatic hydrops. VM patients demonstrated a higher frequency of head-
aches, photophobia, and auras.
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Magnetic resonance imaging (MRI) has demonstrated gray matter volume reduc-
tion in patients with VM compared to controls; however, there is a paucity of litera-
ture describing distinguishing MRI findings between VM and MD. The structural 
and functional MRI changes in VM are similar to findings previously described for 
migraine headache; however, these changes extend to areas involved in multisen-
sory vestibular control and central vestibular compensation [38]. Endolymphatic 
hydrops is more commonly identified in patients with MD; however, hydrops has 
been identified on MRI in patients with symptoms meeting criteria for VM but not 
for MD [39, 40]. Gurkov et al. reported several patients meeting criteria for both 
definite VM and definite MD failed to show hydrops on MRI [40]. It is unclear if 
these patients truly had both disorders, if the patients were misdiagnosed with VM, 
if hydrops was incidentally associated with VM, or if hydrops was independently 
associated with VM-related labyrinthine injury.

Vestibular testing has been used to differentiate VM and MD, although impact of 
these tests on management and outcomes is controversial [27]. Caloric weakness 
and VEMP abnormalities have not been consistently found to be more common in 
MD versus VM [27, 41–44] [27, 30, 45–47]. Cervical-VEMP (cVEMP) asymmetry 
ratios for 500 Hz:1000 Hz tone bursts and cVEMP amplitudes were found to be 
lower in patients with MD compared to VM and control patients [44, 48]; however, 
other studies failed to show a difference in amplitudes or latency [46, 47]. Ocular- 
VEMP (oVEMP) testing has demonstrated more abnormalities, including longer 
latencies, lower amplitudes, and larger asymmetry ratios in patients with MD [44, 
46, 49]. Rotary chair has been unable to reliably differentiate VM from MD [27, 
44]. Video head impulse testing has also been recently described to demonstrate 
differences in vestibulo-ocular reflex gain; however, formal investigations of its util-
ity are warranted [43, 50].

 Less Established Balance Disorders

 Vestibular Paroxysmia

Neurovascular compression of the vestibular nerve as a cause of episodic vertigo 
was first described by Janetta in 1975 [51, 52]. In 1994, Brandt introduced the 
term “vestibular paroxysmia” (VP), but its use has largely been limited to the 
European literature [53]. In 2016, an international consensus definition and cri-
teria for VP were published (Table 22.3) [54]. VP is thought to be a rare condi-
tion in which ephaptic discharges are produced secondary to segmental, 
pressure-induced compression by blood vessels in the cerebellopontine angle, 
most commonly a loop of the anterior inferior cerebellar artery [52]. Episodes of 
rotational or non-rotational vertigo last seconds to a few minutes and can be 
accompanied by hearing loss, tinnitus, and hypo- or hyperacusis. Vertigo may be 
triggered by a change in head position or hyperventilation; however, most attacks 
are spontaneous. High-resolution constructive interference in steady state 
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magnetic resonance imaging (MRI) may support the diagnosis by demonstrating 
neurovascular compression; however, neurovascular compression may be identi-
fied on MRI in up to 30% of asymptomatic patients [55]. Both microvascular 
decompression and medical therapy (e.g., carbamazepine) have been reported to 
improve the severity and reduce the duration of symptoms; however, clinical 
trials are lacking [52].

 Persistent Postural-Perceptual Dizziness

Patients with episodic vestibular symptoms or vestibular insults may experience 
chronic non-vertiginous disequilibrium after or in between vertiginous attacks. This 
phenomenon was traditionally attributed to either uncompensated peripheral ves-
tibular deficits or a nonorganic, psychogenic etiology. The term “persistent postural- 
perceptual dizziness” (PPPD) and its diagnostic criteria were introduced in 2015, 
using common features of several previously described conditions: space motion 
discomfort (SMD), visual vertigo (VV), and phobic postural vertigo (PPV), which 
was later refined as chronic subjective dizziness (CSD) syndrome [56]. It has been 
promoted as a unique disorder and has been described to affect patients between 
vertiginous episodes of MD or VM (Table 22.4) [27, 56, 57]. PPPD manifests as 
non-vertiginous dizziness or non-spinning vertigo that is present on most days for at 
least 3 months and is exacerbated by movement, upright posture, visual motion, and 
other complex visual stimuli [56, 58]. PPPD may also be precipitated by disorders 
that cause vertigo or other non-vertiginous dizziness, such as vestibular neuritis, 
BPPV, VM, syncope, traumatic brain injury, and panic attacks [59]. Differentiating 
VM and PPPD may be challenging as the 2012 International Headache Society 
(IHS) criteria for VM and PPPD overlap [8, 26] [60–62]. Comorbid conditions may 
include anxiety, depression, VM, or neurotologic disorders with a compensated 

Table 22.3 Diagnostic 
criteria for vestibular 
paroxysmia

Vestibular paroxysmia

  At least ten attacks of spontaneous spinning or non-spinning 
vertigo

  Duration less than 1 min
  Stereotyped phenomenology in a patient
  Response to a treatment with carbamazepine/oxcarbazepine
  Not better accounted for by another diagnosis
Probable vestibular paroxysmia

  At least five attacks of spinning or non- spinning vertigo
  Duration less than 5 min
  Spontaneous occurrence or provoked by certain 

head-movements
  Stereotyped phenomenology in a patient
  Not better accounted for by another diagnosis

Adapted from Strupp et al. [54]
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vestibular deficit. Selective serotonin reuptake inhibitors and serotonin norepineph-
rine reuptake inhibitors have been reported to reduce the symptoms of PPPD in 
open- label studies [57]. The habituation form of vestibular and balance rehabilita-
tion therapy has been shown to be beneficial in reducing symptoms in preliminary 
studies [59].

 Interplay with Non-vestibular Disorders

 Psychiatric Disorders

Psychiatric comorbidity and somatization are more often seen in both adult and 
pediatric patients experiencing dizziness and vertigo [63–65]. Anxiety and palpi-
tations may accompany episodic vertigo with vestibular disorders. These symp-
toms have been found to be more common in VM than in MD [37]. Patients with 
MD or VM have been shown to have higher rates of psychiatric comorbidity than 
patients with BPPV or vestibular neuritis. Neuroticism and panic in patients with 
vestibular disorders and comorbid anxiety may exacerbate the symptoms experi-
ence [8]. Anxiety associated with vertical height intolerance has been shown to 
adversely affect gaze control and reduce gaze stability on visual targets, poten-
tially contributing to vestibular symptoms [66]. Psychiatric consultation is recom-
mended in patients presenting with bothersome dizziness and comorbid psychiatric 
conditions.

Table 22.4 Diagnostic criteria for persistent postural-perceptual dizziness

One or more symptoms of dizziness, unsteadiness, or non-spinning vertigo are present on most 
days for 3 months or more
  Symptoms last for prolonged (hours-long) periods of time, but may wax and wane in severity
  Symptoms need not be present continuously throughout the entire day
Persistent symptoms occur without specific provocation but are exacerbated by three factors:
  Upright posture
  Active or passive motion without regard to direction or position
  Exposure to moving visual stimuli or complex visual patterns
The disorder is precipitated by conditions that cause vertigo, unsteadiness, dizziness, or 
problems with balance including acute, episodic, or chronic vestibular syndromes, other 
neurologic or medical illnesses, or psychological distress
  When the precipitant is an acute or episodic condition, symptoms settle into the pattern of 

criterion A as the precipitant resolves, but they may occur intermittently at first and then 
consolidate into a persistent course

  When the precipitant is a chronic syndrome, symptoms may develop slowly at first and 
worsen gradually

Symptoms cause significant distress or functional impairment
Symptoms are not better accounted for by another disease or disorder

Adapted from Staab et al. [56]
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 Central Nervous System Disorders

Central nervous system (CNS) disorders affecting the pathways involving brain-
stem or cerebellum may be comorbid or difficult to differentiate from peripheral 
vestibular lesions [67]. Vertigo, imbalance, nausea, vomiting, ataxia, and multidi-
rectional nystagmus that is not suppressed by visual fixation may be present in iso-
lation or with other focal neurological signs, suggesting a central vestibular disorder. 
The combination of head impulse, nystagmus type, and test of skew (HINTS) is 
likely the most accurate means of distinguishing stroke from an acute peripheral 
event [68, 69]. Central vestibular disorders, such as cerebrovascular disease and 
multiple sclerosis, are discussed in detail elsewhere in this text.

 Susac’s Syndrome

Susac’s syndrome is thought to be an autoimmune disease of the small arteries of 
the brain, inner ear, and retina [70]. The classic triad includes encephalopathy with 
or without focal neurological signs, retinal artery branch occlusions, and hearing 
loss. The latter is typically bilateral, low-frequency sensorineural hearing loss, and 
it may be accompanied by vestibulopathy. MRI of the brain is key to making the 
diagnosis, particularly in the absence of retinal manifestations.

 Cervicogenic Vertigo

Vertigo and dizziness have been associated with cervical pathology. Several terms 
have been used to describe this phenomenon, including “cervical” or “cervicogenic” 
dizziness or vertigo. This entity lacks a validated diagnostic test and is controversial 
among balance specialists [71]. Several etiologies have been described, including 
vertigo associated with vertebral artery impingement as well as cervical injuries, 
such as whiplash [72]. Rotational vertebral artery syndrome (RVAS), or “Bow- 
Hunter syndrome,” has been described as a rare etiology in which vascular compres-
sion occurs at the atlantoaxial level, most commonly by a cervical osteophyte [71, 
73]. Treatment addresses the vascular compression, as physical therapy may exac-
erbate symptoms and decrease blood flow.

Cervical vertigo associated with degenerative cervical spine disease and injury is 
more commonly described, and its etiology is based on the somatosensory input 
hypothesis [72]. Cervical proprioceptive pathways integrate in the vestibular nuclei 
and modulate peripheral vestibular discharges and posture. Somatosensory signals 
alone may generate vertigo or nystagmus [72]. Dysfunction of the joints, muscles, 
and ligaments may cause pain, limited range of motion, dizziness, imbalance, 
motion sickness, aural fullness, phono- and photosensitivity, and nausea [74]. 
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Symptoms are associated with cervical movement and may be episodic, lasting 
minutes to hours, mimicking other episodic vestibular disorders. One may mistake 
cervical motion-triggered dizziness with dizziness triggered only by head and body 
position, such as BPPV or orthostatic hypotension. Dizziness is often comorbid 
with cervical disorders in the elderly population as this population also suffers from 
vascular, osteoarticular, and degenerative cervical disease [72]. Proprioceptive and 
vestibular function deteriorates in older adults, and sensory input from cervical pain 
stimuli is altered; the sense of head position may thus be impaired, resulting in diz-
ziness [75, 76]. Cervical vertigo is considered by many to be a diagnosis of exclu-
sion, and the differential diagnosis must include presbystasis and multisensory 
imbalance in patients with peripheral neuropathy or visual deficits.

Trauma may also affect cervical proprioception and create a mismatch in sensory 
input with proprioceptive, visual, and vestibular inputs [71]. Patients with whiplash- 
associated disorder after cervical trauma infrequently report true vertigo; however; 
light- or heavy-headedness and imbalance are commonly encountered. Although 
vestibular therapy may be helpful, the beneficial role of physical therapy to improve 
neck mobility and relieve pain and spasm must not be underestimated [77]. Cervical 
disk decompression may be an option for patients with associated radiculopathy or 
severe degenerative disease [78, 79].

 Ophthalmologic Conditions

Ophthalmologic conditions are not commonly the dominant etiology for dizziness; 
however, conditions affecting visual input and integration can produce several 
symptoms that mimic a vestibulopathy [80]. Ocular disorders have been reported to 
be responsible for instability, disequilibrium, or vertigo in both the adult and pedi-
atric populations [81]. Patients with binocular visual dysfunction in conditions such 
as vertical heterophoria, vergence insufficiency, or latent strabismus may report diz-
ziness, light-headedness, nausea, anxiety, vertigo, headache, and motion sickness 
[80, 81]. These conditions warrant ophthalmologic referral.

An intact visual system is necessary for central nervous system compensation to 
vestibular pathology. Advanced cataracts, macular degeneration, and poorly 
 corrected refraction can prevent central compensation to simple vestibulopathies 
[82–84].

Oscillopsia, or the illusion of motion of the visual surroundings, may be mis-
taken by clinicians for vertigo. Patients may describe oscillopsia as their visual field 
jumping, wobbling, or becoming difficult to focus, particularly while walking [85]. 
In addition to bilateral vestibular hypofunction, oscillopsia may be secondary to 
brainstem and cerebellar lesions, head tremor (pseudonystagmus), voluntary nys-
tagmus, ocular flutter, or superior oblique myokymia [86]. Oscillopsia must not be 
confused with the development of vertigo or unsteadiness associated with complex 
or moving visual stimuli, as seen in PPPD and other vestibular disorders [56, 86].
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 Cardiovascular Disease

Cardiovascular disorders are a common cause of dizziness; however, isolated ver-
tigo is an uncommon manifestation of cardiac disease. Orthostatic hypotension is 
typically associated with presyncope and “light-headedness,” but patients may 
report vertigo or the illusion of motion during tilt-table testing [87]. Vertigo has also 
been reported to be a primary manifestation of a cardiac arrhythmia [88]. Sound has 
been reported as a trigger of long QT syndrome, mimicking Tullio’s phenomenon. 
Culić et al. reported that 8% of patients with acute myocardial infarction reported 
vertigo as one of their presenting symptoms [89]. These forms of “cardiogenic” 
vertigo are hypothesized to be secondary to asymmetric perfusion of the right- and 
left-sided vestibular structures in the inner ear and cerebellum during an episode of 
global hypoperfusion caused by cardiovascular disease [88]. The vertebral arteries 
may demonstrate underlying asymmetry or atherosclerosis that may predispose 
patients to focal ischemia vestibular structures. Vertigo may thus be more com-
monly attributed to cardiovascular disease than would be expected. Given the epi-
sodic nature of cardiac arrhythmias, these attacks of cardiogenic vertigo can mimic 
more common vestibular disorders.

 Endocrine Disorders

A range of endocrine disorders can present with atypical forms of dizziness. 
Diabetes mellitus (DM) is associated with a high rate of dizziness [90]. Even in the 
absence of symptomatic dizziness, DM often causes vestibular dysfunction, espe-
cially utricular hypofunction [91]. In addition to the otologic impact, DM insidi-
ously leads to multisystem organ dysfunction in the cardiovascular system, brain, 
peripheral nerves, and eyes. As organ involvement differs by individual, the nature 
of the underlying vestibular complaints can vary tremendously. As indicated above, 
DM may both contribute to the pathogenesis and the clinical course of common 
vestibular disorders, such as BPPV and MD [92–94]. There is evidence that the 
effects of DM on the vestibular system are mediated by hypertension [93]. 
Hypothyroidism is similarly associated with vestibular pathology, including MD 
[95–99].

 Obesity and Obstructive Sleep Apnea

Obesity has long been linked to benign intracranial hypertension (BIH, aka pseudo-
tumor cerebri) [100]. BIH commonly presents with dizziness and pulse- synchronous 
tinnitus, as well as headaches [101]. The presentation of headaches and dizziness 
can mimic migraine [102]. BIH has also been associated with the development of 
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MD [103]. Obesity has been linked to superior semicircular canal dehiscence [104]. 
Though related to obesity, obstructive sleep apnea has been independently associ-
ated with hearing loss, tinnitus, increased intracranial pressures, idiopathic  dizziness 
and vertigo, and possibly MD [105–110]. Recognition of the role of obesity and 
OSA is important, as treatment with weight loss and CPAP may improve functional 
outcomes [111].

 Medications and Medication Withdrawal

Dizziness is commonly reported with a wide range of medication therapy [112]. 
This is particularly true in elderly patients that are taking numerous medications 
with overlapping effects (i.e., polypharmacy) [113]. Many have direct, central ner-
vous system effects or side effects. Many affect the balance system secondarily, 
particularly in the presence of underlying pathology, such as cardiac ischemia or 
dysrhythmias and VM.  Abrupt discontinuation of selective serotonin reuptake 
inhibitors is known to cause dizziness, which may be positionally provoked [114].

 Aging

Advancing age brings progressive degeneration of all organ systems, making dizzi-
ness and falls common in the elderly [115–117]. This often leads to a vicious cycle 
that includes a more sedentary lifestyle and generalized deconditioning and further 
compounds the symptoms resulting from vestibular dysfunction, CNS pathology, 
and vision loss [118]. Treatment of numerous vestibular and non-vestibular condi-
tions may be needed to effect clinical improvement [119, 120]. Since many condi-
tions afflicting the elderly cannot be treated, some authors have advocated forgoing 
exhaustive diagnostic evaluations in favor of focusing on establishing a prognosis 
and managing treatable issues (e.g., BPPV and polypharmacy) [121, 122].

 Conclusions

Patients with complex dizziness and vestibular symptoms overlapping multiple dis-
orders are challenging to diagnose. Episodic vertigo carries a broad differential 
diagnosis. A careful history including type, duration, and triggers of dizziness, asso-
ciated with headaches, medical comorbidities, family history, and neurotologic 
examination is recommended. There is no single clinical feature or test to reliably 
differentiate the underlying conditions in patients with overlapping symptoms. 
Comorbid PPPD may complicate the diagnosis and may generate an additional sen-
sation of dizziness between episodes of vertigo. Non-vestibular pathologies such as 
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central nervous system, cardiac, ophthalmologic, and musculoskeletal disorders can 
generate vertigo and non-vertiginous dizziness by affecting multisensory input, cen-
tral integration, or vestibular motor output. Clinicians must be cognizant of atypical 
presentations of vestibular disorders and understand the impact of comorbid psychi-
atric and medical disorders on the clinical manifestations of balance disorders.
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Chapter 23
Multisensory Imbalance and Presbystasis

Bradley W. Kesser and A. Tucker Gleason

 Aging and Population Health Statistics: 
Prevalence of Dizziness

The US population aged 65 and over (“older adults” according to the US Census 
Bureau and the term used in this chapter) is projected to jump from 43.1 million in 
2012 (13.7% of the population) to 72.8 million (20.3% of the population) in 2030 
[10]. In one analysis of over 131,000 consecutive visits to an otolaryngology prac-
tice, geriatric patients showed a statistically significant increase from 14.3% to 
17.9% between 2004 and 2010; predictive analysis estimates that by 2030, 30% of 
all patients presenting to an otolaryngology clinic will be over 65 and that 74% of 
their diagnoses will be otologic in nature [11]. Practitioners – otolaryngologists, 
neurologists, family medicine doctors, internists, audiologists, physical therapists, 
and others – will increasingly see and evaluate more and more older “dizzy” patients.

While not all elderly patients complain of dizziness, the prevalence of dizziness 
clearly increases with increasing age. These increased prevalence rates with age 
span population-based studies, community-based studies, and primary and specialty 
care clinic population studies. Population-based studies estimate the prevalence of 
dizziness among the older population (65 and older) to be 20–30% [12–14] and as 
high as 50% in the over 85 age group [15]. Women seem to be affected more com-
monly than men [14, 15], with 36% of women age 70 and 29% of men age 70 com-
plaining of dizziness in one survey study [15]. Among the 2751 Blue Mountain 
patient cohort in Australia, participants reporting dizziness/vertigo had lower qual-
ity of life scores [12]. The 2001–2004 National Health and Nutrition Examination 
Survey assessed vestibular function objectively with the modified Romberg test, 
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and vestibular impairment was inferred from an inability to stand with eyes closed 
on a foam pad. With this criterion, 35% of the US population over 40 had balance 
dysfunction; odds of vestibular dysfunction increased significantly with age, and 
85% of people over 80 surveyed had balance impairment [16].

With regard to healthcare utilization, the 2008 National Health Interview Survey 
reported that 50% of older individuals with dizziness and balance complaints saw 
one medical provider, 86% saw a general practitioner, 24% saw a neurologist, and 
17% saw an otolaryngologist; 35% of these patients saw three or more providers, 
and approximately 57% had an imaging study. Interestingly, according to the 
report, despite these resources, >40% of older individuals still did not have a clear 
diagnosis for their symptoms [17], hence, the term “presbystasis,” age-related 
decline in balance function, a term patients can carry with them as their 
diagnosis.

 Fall Injury Statistics

Perhaps the greatest concern regarding dizziness in the elderly is the risk of falling. 
One in three to one in four older adults falls each year, and 50% of those falling once 
will fall again [18, 19]. Dizziness and vestibular disorders have been shown to be 
independent risk factors for falling [18, 20–22] and have been estimated to increase 
the risk of falling by two- to threefold [23–25]. In a meta-analysis of 12 large stud-
ies, Rubinstein and Josephson estimated that balance disorders and dizziness are the 
second and third leading cause of falls in older persons [21, 26–28]. Symptoms of 
dizziness, imbalance, and light-headedness also lead to a fear of falling [26–28], 
and fear of falling is another risk factor for falling [26].

Falls carry a tremendous risk of morbidity and cost and are the leading cause of 
fatal and nonfatal injuries among adults over 65. The Centers for Disease Control 
and Prevention (CDC) analyzed data from the 2014 Behavioral Risk Factor 
Surveillance System (BRFSS) survey and found that 28.7% of older adults reported 
falling in the previous year. The CDC further documents 29 million falls among 46 
million older adults in the United States with seven million fall-related injuries in 
2014 and estimates 12 million fall injuries among 49 million falls in 2030 (74 mil-
lion older adults) [19, 29]. Falls are the leading cause of accidental death among the 
elderly and are the main reason for hospital admission in this age group [4]. 
According to the CDC in 2014:

• 27,000 older adults died because of falls.
• 2.8 million patients were treated in emergency departments for fall-related 

injuries.
• 800,000 of these patients were subsequently hospitalized.
• Women were more likely to fall than men.
• Fall risk increases with increasing age to as high as 36.5% among persons 85 and 

over [29, 30].
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The cost of falls is exorbitant – in 2012, there were 24,190 fatal and 3.2 million 
medically treated nonfatal fall-related injuries. Direct medical costs totaled $616.5 
million for fatal and $30.3 billion for nonfatal injuries and rose to $637.5 million 
and $31.3 billion, respectively, in 2015. Fall incidence and total cost increased with 
age and were higher among women [31]. Clearly, falls, and those conditions leading 
to falls, create a substantial direct and indirect physical, emotional, and financial 
cost to patients, families, and society.

 Physiological Considerations of Aging

Balance and postural control are complex processes maintained and mediated by 
central neurological control of three primary peripheral sensory systems: vestibular, 
visual, and proprioceptive. Dysfunction in any peripheral sensory system can lead 
to imbalance or dizziness as can dysregulation of central control of these processes. 
Aging has multiple effects on all of these processes, and the next section discusses 
each sensory system and factors that can lead to loss of central neurologic control, 
including efferent pathways and the musculoskeletal system, cardiovascular abnor-
malities including the baroreceptor reflex, medication and polypharmacy, cognitive 
decline, and other specific central neurologic and neurovascular disease states.

 Vestibular

The primary purpose of the vestibular system is to maintain or stabilize gaze despite 
head or body motion (vestibulo-ocular reflex [VOR]) and to maintain upright pos-
ture and stabilize the trunk and limbs despite head motion (postural control, 
vestibulo- spinal reflex [VSR]).

Age-related loss of vestibular function (“presbyvestibulopathy”) has been docu-
mented both histologically and functionally. Hair cell loss or degeneration has been 
implicated in presbycusis [32]; so too, vestibular hair cells in the cristae of the 
semicircular canals and maculae of the otolith organs [33] as well as vestibular gan-
glion cells [34], primary afferents [35], and brainstem vestibular nucleus cell popu-
lations [36] are all subject to age-related decline and degeneration [32, 37–39].

With such anatomic decline and change in number and morphology of vestibular 
cell populations comes potential concomitant functional decline. Functional decline 
in the vestibulo-ocular reflex manifests as “dizziness” (abnormal sensation of 
motion), and functional decline in the vestibulo-spinal reflex manifests as imbal-
ance or postural instability [40]. Interestingly, one series of studies did not show 
significant age-related decline in rotary chair testing, caloric testing, or postural 
control in subjects ranging from 7 to 81 [41, 42].

Other tests, however, have shown functional decline in the vestibular system with 
age when looking at the VOR especially at higher frequencies [43, 44], ocular 
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counter- roll, and postural sway [45]. One study reported only subtle age changes in 
rotary chair and caloric testing, with more pronounced age-related changes in 
 vestibular evoked myogenic potential (VEMP) testing with decreasing amplitudes, 
increasing thresholds, and decreasing N1 latencies [46]. When seeking normative 
data for the head impulse test (HIT), Mossman et al. showed very little decline in 
age-related VOR and stated, “Normative data with respect to HVOR velocity gain 
decreases slightly with age, but with careful attention to methodology, the 2 stan-
dard deviation lower limit of normal is relatively robust across a wide age range and 
into the eighth decade, without requirement for adjustment with age” [47].

Taken together, age-related changes in the vestibular system seem to show rela-
tive preservation or small declines in peripheral (at least horizontal) semicircular 
canal function (VOR), with greater deterioration in otolith function. One study sug-
gests that age-related changes in the otolith-ocular reflex and semicircular canal- 
otolith interaction are a result primarily of degradation in central vestibular 
processing of otolith signals rather than a decline of peripheral vestibular function 
[48]. Despite changes in the VOR over time in a cohort of older subjects followed 
longitudinally, patients did not show signs or symptoms of disequilibrium. Clinically, 
the implications are for poorer postural control and higher risk of falling for elderly 
patients (females more so than males [49]), but older patients’ ability to turn the 
head and maintain gaze remains intact.

 Visual

Changes in visual acuity, contrast sensitivity, depth perception, and low light vision 
all show age-related decline and contribute to presbystasis. Older patients have dif-
ficulty judging distance – steps and curbs – and can thus be at risk for falls. When 
standing on a firm surface, visual acuity and contrast sensitivity were not associated 
with body sway, but on a compliant surface, body sway was associated with poor 
visual acuity and contrast sensitivity [50]. These authors also found a difference in 
contrast sensitivity between those who had fallen and those who had not and con-
cluded that reduced vision, particularly impaired depth perception, slow reaction 
time, and increased body sway on a compliant surface were the strongest predispos-
ing risk factors for postural imbalance and falls [50, 51]. Patients reporting multiple 
falls had decreased vision on all tests of vision, with impaired depth perception, 
contrast sensitivity, and low-contrast visual acuity being the strongest risk factors 
[51]. Reduced contrast sensitivity and impaired low-contrast visual acuity and depth 
perception seem to be the greatest visual risk factors for falls [52]. One author has 
suggested that multifocal lenses increase the risk for falls by impairing distance 
contrast sensitivity and depth perception in the lower visual field (where the hazards 
are); further, cataract surgery may help prevent falls [52].

The complex interactions between an aging visual system and an aging vestibu-
lar system especially the otolith organs involved in postural control further place 
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elderly patients at fall risk. In addition, when exposed to a moving visual scene, 
older subjects exhibited greater postural sway than younger subjects [52].

Referral to ophthalmology for vision assessment can greatly improve balance, as 
can ensuring good lighting. As humans age, we rely more on vision to assist in bal-
ance function (even in subjects age 44–60) [53], especially when proprioceptive 
information may be compromised by comorbid diseases such as the peripheral neu-
ropathy of diabetes and renal disease, rheumatoid arthritis and other autoimmune 
disorders, and degenerative changes in the spine (see also “Proprioception” below).

 Proprioception

Comorbidities that often accompany aging such as rheumatoid arthritis and osteoar-
thritis contribute to presbystasis through alterations in joint proprioception, joint 
stiffness and decreased mobility, and structural changes in the vertebral spine and its 
associated ligaments. Spinal stenosis, herniated nucleus pulposus, foraminal steno-
sis, kyphosis, lordosis, scoliosis, etc. can lead to aberrations of the sensory input to 
the brain and vestibular centers leading to postural instability and increased risk of 
falling. Motor changes as a result of the above spinal diseases also predispose to 
falling.

Peripheral neuropathy can be caused by numerous disease states, including dia-
betes and chronic renal disease; medications including cancer chemotherapeutic 
agents can also cause derangements in proprioceptive sense. In patients with ves-
tibulopathy, peripheral neuropathy is an independent risk factor for falls [54]. 
Reduction of vibration and tactile sensation at the ankle and knee joints has also 
been associated with an increased risk of falls in the elderly [49, 55]. In this study 
of elderly residents of an assisted living facility, proprioception in the lower limbs, 
visual contrast sensitivity, ankle dorsiflexion strength, reaction time, and sway with 
the eyes closed significantly discriminated between subjects who did not fall or fell 
only once during the 1-year study period and those who fell multiple times; interest-
ingly, there was little difference in the mean scores of tests of vestibular function 
among the non-fallers, once-only fallers, and multiple fallers [55].

Finally, peripheral sensory receptors and the axons that propagate their signals 
are subject to age-related change. These sensors in the foot and ankle are critical for 
postural control and assessing the contact of the foot with the ground or pavement 
and, thus, the orientation and movement of the body. Vibration and touch thresholds 
decline in older individuals adversely affecting tactile information arising from the 
feet at their contact point with the ground [56]. In addition, the ability to detect the 
position and direction of joint movements declines with age [57].

Sensors in the neck are also important for head stability and detecting head ori-
entation, providing a stable platform for visual and vestibular input [58]. Sensitivity 
of proprioceptive neck receptors also declines with age [59], an important consider-
ation given the age-related decline in otolith organ function noted above.
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 Other Physiological Contributors to Presbystasis (Table 23.1)

As discussed above, age-related changes in the “vestibular triad” of sensory systems 
are well-known contributors to the development of dizziness in older patients; how-
ever, changes in other body systems as well as specific disorders that are more 
prevalent in the elderly have been shown to be dominant factors in the development 
of presbystasis and require particular consideration by managing healthcare 

Table 23.1 Other body systems and health disorders contributing to presbystasis

Body system Cause or condition Comments

Cerebrovascular 
disease, particularly 
with involvement of 
posterior circulation 
(i.e., vertebrobasilar 
vascular system)

Vertebrobasilar insufficiency 
or ischemia

Cardiovascular comorbidities are 
common; stroke risk factors include 
hypertension, smoking, 
hyperlipidemia, diabetes, obesity, 
and alcohol abuse

Cerebral artery atherosclerotic 
disease or stenosis
Transient ischemic attack (TIA)
Global cerebral hypoperfusion

Cardiovascular Hypertension Symptoms of impairment include 
syncope, presyncope, orthostatic 
hypotension

Hypotension
Arrhythmia
Coronary artery atherosclerotic 
disease or stenosis
Autonomic dysregulation

Musculoskeletal Age-related muscle changes 30–50% loss of skeletal muscle mass 
between ages of 40 and 80

Arthritis Significant implications for living 
independently – ADL impacts 
particularly  on ability to bathe, dress, 
and transfer from bed to chair

Osteoporosis and fractures High risk of serious injury from falls
Joint replacement surgery Disruption of proprioceptive cues 

importance for balance and postural 
stability

Metabolic/endocrine Diabetes Secondary sequelae include effects on 
vision and proprioception (e.g., 
retinopathy, peripheral neuropathy)

Vitamin deficiency B complex and D +/− calcium
Neurologic Parkinson’s disease Loss of postural reflexes is a cardinal 

sign
Alzheimer’s disease Cognitive decline and medication side 

effects increase fall risk
Cerebellar degeneration Gait disturbance with/without 

nystagmus; failure of fixation 
suppression is common

Psychiatric Anxiety Associated with increased fall risk; 
adverse effects of medications used to 
treat these conditions also associated 
with increased fall risk

Depression
Fear of falling
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providers [42, 57, 58, 60, 61]. These conditions alone can be associated with dis-
equilibrium and, when combined with age-related decline or pathology in the ves-
tibular triad, can produce devastating effects on social participation, personal safety, 
and quality of life.

In addition to body systems and health conditions contributing to presbystasis 
summarized in Table 23.1, adverse drug effects from medications used to treat com-
mon conditions in older patients further complicate the ability to maintain and con-
trol balance and postural stability. Adverse drug effects associated with imbalance in 
the elderly are grossly underreported and inherently difficult to study, and while this 
is a significant consideration, detailed discussion is beyond the scope of this chapter. 
In a recent review, Min et al. reported that the most common classes of medications 
prescribed to patients over age 65 are antihypertensives, benzodiazepines and related 
drugs, sedative/hypnotics, anxiolytic drugs, and antiepileptic drugs [62].

Cerebrovascular disease, particularly involving the posterior circulation, can 
result in symptoms of true vertigo as well as imbalance and ataxia, whereas involve-
ment of the anterior circulation system is more likely to produce light-headedness 
and orthostatic symptoms. The vertebrobasilar, or posterior circulatory system, pro-
vides blood supply to the brainstem, cerebellum, and labyrinth. Elderly patients 
with health issues that are more prevalent with advancing age (e.g., hypertension, 
hyperlipidemia, diabetes mellitus, coronary artery disease, peripheral vascular dis-
ease, past strokes or TIAs) should be evaluated carefully for evidence of vertebral or 
basilar artery stenosis and atherosclerotic disease. Typically vertebrobasilar insuf-
ficiency is associated with atherosclerotic disease, and in a large study of patients 
who had TIA and/or stroke, Marquardt et al. found that more than 25% of patients 
had significant stenosis in the posterior circulatory system [63]. Elderly patients 
with imbalance and ataxia related to cerebrovascular disease may present with cer-
ebellar signs that can run the gamut from subtle to pronounced depending on the site 
and extent of the lesion(s).

Cardiovascular health is vital for the health of all body tissues. Alterations in 
cardiovascular system functions associated with aging are well-known and in gen-
eral include left ventricular hypertrophy, left ventricular diastolic and systolic dys-
function, increased arterial stiffness, and impaired endothelial function [64–66]. 
Abnormalities may manifest as hypertension, hypotension, or arrhythmia, produc-
ing alterations in cerebral blood flow. Any of these impairments can result in patient 
complaints of light-headedness and imbalance or falls when standing or walking. 
The baroreflex appears to be particularly vulnerable to aging effects resulting from 
stiffening of large vessels, and this in turn reduces the sensitivity of vascular stretch 
receptors typically activated upon standing [67]. In addition, age-related changes 
have been shown to adversely affect sympathetic nervous system signals that 
 provide critical cardiovascular responses to changes in posture [68]. Interestingly, 
autoregulation of cerebral blood flow appears to be resistant to aging effects [69]. 
Of note, emerging evidence suggests that vestibular signals may provide rapid and 
important cues to cardiovascular control centers of the brain regarding changes in 
posture [70–73]. This, of course, has crucial implications for elderly patients with 
known vestibular deficits.
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Musculoskeletal anatomy and physiology are characterized by relentless change 
throughout life. Beginning around age 40, decrease in bone and muscle mass and 
increase in adipose tissue occur resulting in significant deterioration in physical 
performance [74, 75]. Even in conditioned athletes, muscle atrophy, bone fragility, 
and decline in physical performance occur with aging in both men and women 
[75]. These physical changes are even more pronounced in individuals who adopt 
a sedentary lifestyle, leading to increased risk of obesity, diabetes, and falls [76]. 
Furthermore, the prevalence of arthritis, most commonly osteoarthritis, increases 
dramatically with age and is linked to significant disability in activities of daily 
living [77, 78]. Osteoporosis, another well-known condition associated with aging, 
is mainly determined by genetics, although modifiable lifestyle factors such as 
weight- bearing exercise, nutrition (including calcium and vitamin D intake), as 
well as reducing alcohol consumption and nicotine use are additional factors in 
altering its development [79]. The combination of osteoporosis and increased risk 
of falls can produce disastrous and potentially fatal injury. Sterling et al. indicate 
that 20% of all falls in the elderly result in serious injury [80], and direct costs of 
treating falls in older adults in the United States is estimated at $31 billion annu-
ally [31]. Joint replacement surgery, necessitated by either disease or injury, 
increases the likelihood of imbalance and gait disturbance in the elderly. This is 
due in part by alteration or elimination of joint proprioception signals considered 
by most to be essential sensory inputs for balance competence. By all measures, 
musculoskeletal changes associated with aging have important implications for 
presbystasis.

Type 2 diabetes represents the most common and serious metabolic/endocrine 
disorder associated with presbystasis. Studies estimate that nearly 20% of the popu-
lation develops type 2 diabetes by age 75 [81]. In addition to the high risk of com-
promise to two sensory systems of the vestibular triad (i.e., vision, diabetic 
retinopathy; proprioception, peripheral neuropathy), diabetes is associated with 
increased incidence of atherosclerosis and abnormal insulin-mediated vasodilation 
in older adults [82]. This in turn increases the likelihood of comorbid cardiovascular 
and cerebrovascular disease, frequently with early warning signs of light- headedness, 
dizziness, and unsteadiness. Patients who develop diabetes over the age of 65 have 
poorer quality of life and shorter life expectancy than age-matched controls and 
demonstrate more rapid functional decline (i.e., loss of independence) in longitudi-
nal studies [83–85].

Elderly patients experiencing dizziness or unsteadiness are likely to be referred 
to an otolaryngologist or neurologist at some point in the diagnostic process. 
Evaluation and management of several peripheral vestibular disorders are covered 
in other chapters of this book. A few neurological disorders that are common in the 
elderly and associated with imbalance and falling may mimic peripheral vestibular 
disorders in their early stages. For example, although peripheral vestibular func-
tion typically is preserved in patients with Parkinson’s disease, impaired kinesthe-
sia and bradykinetic anticipatory postural adjustments have been demonstrated 
early in disease progression and may manifest as imbalance or frequent falls prior 
to development of tremor, joint rigidity, or other classic features of Parkinson’s 

B. W. Kesser and A. Tucker Gleason



339

disease [86, 87]. Interestingly, cervical VEMPs are frequently abnormal in patients 
in early stages of Parkinson’s disease [88], which can mislead management 
decisions.

Patients will use the term “dizzy” to describe the spatial disorientation found to 
accompany degeneration of the hippocampus that occurs very early in the course of 
Alzheimer’s disease [89, 90], and this symptom description may result in referral 
and diagnostic evaluation through the otolaryngology clinic. The situation becomes 
more perilous for patients with Parkinson’s disease and Alzheimer’s disease as cog-
nitive decline occurs and risk and frequency of falls increase. Cerebellar ataxia 
encompasses a wide range of etiologies, some of which are reversible (e.g., vitamin 
B12 deficiency) and some are irreversible degenerative processes (hereditary and 
non-hereditary). Patients may present with symptoms of imbalance, unsteadiness, 
and falls [91]. Occasionally these patients are diagnosed with BPPV as a result of 
the presence of nystagmus during Dix-Hallpike testing. Careful ocular motor exam-
ination reveals nystagmus with central (i.e., non-vestibular) characteristics includ-
ing spontaneous or immediate onset, persistence, non-fatigability, and little or no 
dizziness.

Finally, normal pressure hydrocephalus (NPH) carries the classic triad of mem-
ory loss/dementia, urinary incontinence, and ataxia. The gait associated with NPH is 
characterized as bradykinetic, broad-based, magnetic, and shuffling [92]. Computed 
tomography (CT) or magnetic resonance (MR) imaging is diagnostic showing dila-
tion of the ventricles, and large volume lumbar puncture can be both diagnostic and 
therapeutic. Referral to neurology or neurosurgery is indicated.

Complex interactions exist among anxiety, depression, fear of falling, and pos-
tural instability in the elderly. It is estimated that 20% of community-dwelling older 
adults experience anxiety and/or depression, although this may be greatly underes-
timated, as patients may be reluctant to report symptoms of these disorders to their 
healthcare provider. With the growth in the aging baby-boomer population, these 
common psychological disorders have become significant societal concerns. Several 
studies have evaluated the association between anxiety/depression and dizziness 
[93, 94]; however, the relationship of psychiatric disorders to presbystasis is quite a 
bit murkier. Despite this, there is clear evidence that fear of falling is itself a risk 
factor for imbalance and actual falls [95, 96].

 History and Physical Exam of the Elderly Patient

 History

Taking a thorough history is the cornerstone in the evaluation of any dizzy patient. 
Onset of dizziness, episodic vs. continuous nature of the dizziness, character of the 
dizziness, exacerbating and relieving factors, and associated symptoms including 
hearing loss and tinnitus are the key elements of a good history. In elderly patients 
who come to the office for evaluation of “dizziness,” onset is important because it 
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gives the examiner a time frame of reference for the dizziness – acute or chronic. 
Patients with presbystasis most typically have subacute or chronic, often progres-
sive, dizziness, described more as an off-balance feeling or disequilibrium, maybe a 
rocking or swaying sensation, and not true vertigo. The symptoms may have been 
present at a low level or infrequent for years with a more recent (weeks or months 
or even “in the last year”) worsening. Otologic symptoms such as hearing loss/
asymmetric hearing loss, otorrhea, otalgia, and tinnitus should be elicited. Light- 
headedness/presyncope, especially on arising, may also be a complaint and should 
direct the examiner to a cardiovascular source of dizziness. The “dizziness” tends to 
be chronic but wax and wane, better in the morning and worsening over the day or 
with fatigue. Patients may have hearing loss and tinnitus, but the hearing does not 
fluctuate. Patients do not complain of nausea or vomiting but often have associated 
fatigue. Headache, if present, may or may not be related.

An important line of questioning relates to falls and fall prevention. The Centers 
for Disease Control and Prevention has launched the STEADI campaign – Stopping 
Elderly Accidents, Deaths, and Injuries (https://www.cdc.gov/steadi/) – and urges 
physicians to ask three simple questions:

 1. Have you fallen in the past year?
 2. Do you feel unsteady when standing or walking?
 3. Do you worry about falling?

A “yes” answer to any one of these questions puts the patient at increased risk of 
falling. As mentioned above, approximately 30% of adults older than of 65 years 
will fall at least once, and about 50% of those will fall again [97, 98]. Fear of falling 
is a strong predictor of an actual fall [21]. Hip weakness, poor balance, and number 
of prescribed medications (see below) were the factors most strongly associated 
with falls among institutionalized subjects [99].

Past medical history including a history of a single episode of room-spinning 
vertigo with nausea and vomiting lasting 24 h or longer followed by motion-induced 
disequilibrium that eventually resolved (i.e., vestibular neuritis) may steer the exam-
iner to diagnosing an uncompensated, previously undiagnosed unilateral vestibular 
loss (see Chaps. 2 and 19). Otologic history, including history of ear surgery, 
Meniere’s disease, vestibular schwannoma, and cholesteatoma, may clue the practi-
tioner into the etiology of dizziness. History of atherosclerotic heart disease, heart 
valvular disease, or heart failure indicates a cardiovascular source of dizziness. 
History of peripheral vascular disease, cerebrovascular disease, or atherosclerotic 
heart disease points to vertebrobasilar insufficiency as a potential diagnosis. A prior 
neurologic diagnosis (e.g., Parkinson’s disease, Alzheimer’s disease, myasthenia 
gravis, NPH) would be a likely etiology as well.

Review of medications is important in elderly patients as several classes of medi-
cations, including antihypertensive medications (all classes), gastrointestinal agents, 
antihistamines, anxiolytics (benzodiazepines), cancer chemotherapeutic agents, 
sedative-hypnotics, and antiepileptics, can all cause dizziness through various mech-
anisms. Among elderly patients, altered pharmacokinetics (how much drug reaches 
the systemic circulation and is subsequently eliminated – absorption, distribution, 
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metabolism, and excretion) and altered pharmacodynamics (the effect of the drug on 
the person) can cause adverse drug events such as dizziness [100].

Polypharmacy, the concurrent use of multiple medications by a patient, is a 
major contributor to dizziness in the elderly, as is the prescribing cascade – using 
one medication to treat the side effects of another medication. Medication reconcili-
ation and review of current medications with an eye toward reducing the number of 
medications and the dosages of each medication (especially considering possible 
altered renal and hepatic metabolism in the elderly) will go a long way toward help-
ing the elderly dizzy patient.

History of smoking predisposes to peripheral vascular disease (claudication, 
peripheral neuropathy), heart disease (valvular and atherosclerotic coronary artery 
disease), and cerebrovascular disease (vertebrobasilar insufficiency), all contribut-
ing to presbystasis. History of alcohol or drug abuse also contributes to postural 
instability; Wernicke’s encephalopathy, caused by depletion and insufficiency of B 
vitamins (thiamine in particular), is characterized by ophthalmoplegia, ataxia, and 
confusion. Tabes dorsalis, from tertiary syphilis, is a rare but potential cause of 
ataxia due to neuropathic degeneration (demyelination) of the posterior (dorsal) 
columns of the spinal tract.

A focused review of systems should be directed at the sensory (proprioceptive, 
visual, and vestibular) and motor components of balance and postural stability – 
e.g., numbness, tingling, or hypoesthesia of the toes, feet, and hands, which could 
be caused by diabetes, renal disease, neurologic disease, and medication; visual 
loss, double vision, or change in vision; and dizziness, vertigo, or hearing loss. 
Cardiovascular (light-headedness/presyncope, especially when standing, syncopal 
episodes, rapid heartbeat/palpitations) and neurological (weakness, slurring of 
speech, dysphagia, dysphonia, dysarthria, numbness, unilateral loss of pain, and 
temperature sensation) systems review may also reveal the source of dizziness and/
or contributing factors.

 Physical Exam

The physical exam, much like the review of systems, is directed at the sensory sys-
tems contributing to balance along with central neurologic control and cardiovascu-
lar perfusion.

Simply watching a patient walk into (or out of) the office can often lead the 
examiner to the source and degree of presbystasis. Does the patient use a walking 
stick? Walker? Wheelchair? Assistance from a family member? Touch the wall (or 
hold a family member’s hand or arm) walking down the hall? Vital signs are a 
necessity and should include evaluation for orthostatic hypotension, defined as a 
decrease in systolic blood pressure of 20 mm Hg or a decrease in diastolic blood 
pressure of 10 mm Hg within 3 min of standing when compared with blood pressure 
from the sitting or supine position. This change in position can also be accompanied 
by an increase in pulse. Patients may also complain of presyncopal symptoms (i.e., 
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light-headedness). Asking if the dizziness experienced when standing for the ortho-
static test mirrors the dizziness complaint may make the diagnosis.

The visual system is a critical component of balance, and investigation into 
visual acuity can be simple and straightforward with a Snellen eye chart. 
Alternatively, simply querying the patient about change in vision may be enough to 
discuss visual loss or change in vision as a contributor to presbystasis. Cataracts in 
the elderly are quite common, and a thorough visual exam and evaluation by an 
ophthalmologist may address visual change or visual loss as a source of 
presbystasis.

Ears should be examined for evidence of middle ear disease. Even serous otitis 
media can cause subtle labyrinthine dysfunction and imbalance. Cholesteatoma can 
erode bone over the horizontal semicircular canal and contribute to imbalance. 
Tuning fork testing or pneumatic otoscopy can elicit symptoms of dizziness in supe-
rior semicircular canal dehiscence, although this condition seems to be rare in the 
elderly.

Vestibulo-ocular reflex testing can diagnose a unilateral vestibular deficit. Tests 
of static and especially dynamic visual acuity can reveal a vestibular deficit. Have 
the patient hold the Snellen card (or cellphone or tablet app) at a comfortable dis-
tance. Move the card and have the patient read the lowest line possible. Then, move 
the patient’s head back and forth and have the patient read the lowest line. An 
increase by two lines is significant.

Head impulse testing can diagnose a unilateral and bilateral vestibular loss. The 
patient’s head is rotated slowly to one side, about 30° off midline. The patient is 
asked to keep the eyes trained on the examiner’s eyes as the head is rapidly thrust to 
the midline. The patient should be able to track the examiner’s eyes fluidly through 
the movement. In the setting of vestibular loss, the eyes will overshoot, and the 
patient will bring the eyes back to the examiner’s eyes after a quick delay – a “refix-
ation saccade.” If the refixation saccade occurs when the patient’s head is thrust to 
the right, the vestibular loss maps to the right vestibular system. Chapter 3 describes 
the physical examination of the vestibular system.

Central testing includes cerebellar testing to elicit dysdiadochokinesia with rap-
idly alternating hand movements and dysmetria with finger to nose/finger to finger 
testing. Strength and motor testing give the examiner an overall sense of the frailty 
of the patient. Romberg and tandem Romberg tests may reveal unilateral vestibular 
loss (falling to the side of the loss), and Fukuda step testing can also uncover unilat-
eral vestibular loss (marching to the side of the loss). Specific tests of balance func-
tion are addressed in the next section.

Audiometry should be performed, mostly assessing for asymmetric sensorineu-
ral hearing loss and the possibility of an occult vestibular schwannoma. Several 
studies have suggested audiometric parameters predictive of vestibular schwan-
noma including the presence of rollover (greater than 20% decrease in word recog-
nition score [WRS] when the stimulus intensity is increased 30–40 dB above the 
initial presenting stimulus level), difference of greater than 20% in the WRS between 
ears, difference of greater than 15 dB difference in pure tone average at 3000 Hz 
between ears, and others.
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The decision to pursue magnetic resonance imaging is based on history, physical 
exam, audiometry, and a frank discussion between the doctor and patient acknowl-
edging the relative rarity of finding a causative lesion, and the possibility that if a 
vestibular schwannoma were found, it may simply be observed given its slow 
growth over time. Imaging simply for presbystasis in the absence of localizing find-
ings on physical exam or audiometry is of low diagnostic yield although may reveal 
global parenchymal volume loss or signs of cerebrovascular disease that may help 
explain symptoms.

 Tests of Balance, Equilibrium, and Fall Risk

Vestibular laboratory testing is highlighted in other chapters of this book, and the 
reader is encouraged to review these sections. There are additional tools that can be 
very useful for evaluating gait, balance, and fall risk in the older adult. These mea-
sures include self-report and provider-administered questionnaires, as well as phys-
ical tests of static and dynamic balance capability. Whether considered adjuncts to 
results from vestibular laboratory tests or as screening instruments, information 
from these tests can provide a multidimensional assay of a patient’s self-perceived 
and functional gait, balance, and mobility competence. Any of these measures can 
be easily incorporated into an office examination of an older adult reporting 
unsteadiness or imbalance. Several of the most widely used tests require little or no 
equipment and take little time to complete. An excellent collection of materials is 
available online for clinicians and patients at the STEADI website – https://www.
cdc.gov/steadi/materials.html. These materials include downloadable screening 
tools for balance and fall risk assessment, brochures, and fact sheets regarding 
safety tips and fall prevention.

Questionnaires for balance and fall risk range from simple, few-item screening 
forms to elaborate surveys querying multiple domains. The three-item screening in 
the STEADI toolkit mentioned earlier suggests additional assessment if the patient 
answers “yes” to falling in the past 12 months, feeling unsteady when standing or 
walking, or worrying about falling. The Morse Fall Scale [101], widely used on 
inpatient units, examines six categories: history of fall(s) in the past 3 months, sec-
ondary diagnosis, use of ambulatory aid (i.e., crutches, cane, etc.), IV/heparin lock, 
gait characteristics (e.g., stooped posture, difficulty rising from chair), and mental 
status. Scores >24 indicate the need to implement fall precautions.

The Johns Hopkins Fall Risk Assessment Tool (JHFRAT) judges seven areas 
linked to fall risk: age, history of falls in the past 6 months, bladder/bowel elimina-
tion, medication review, the number of patient care equipment in use (e.g., IV infu-
sion, indwelling catheter, etc.), mobility/transfer assistance needs, and cognition 
[102]. The JHFRAT has been shown to be reliable with high specificity as well as 
high negative predictive value [103]. The Activities-Specific Balance Confidence 
(ABC) Scale is a self-report instrument that asks patients to evaluate their confi-
dence in their ability to perform 16 common activities (e.g., walk around the house, 
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get out of a car, step onto or off an escalator) without becoming unsteady [104]. 
Scores below 50% indicate moderate or low level of functioning, and scores below 
67% are predictive of future falls [105].

Static and dynamic tests of balance typically involve components to assess bal-
ance, gait speed or gait characteristics, mobility, and endurance. In the modified 
clinical test of sensory interaction and balance (mCTSIB), the examiner tests 
whether a patient can stand for 30 s in each of four test conditions: firm surface 
with eyes open, firm surface with eyes closed, foam surface with eyes open, and 
foam surface with eyes closed. This inexpensive test has demonstrated utility in 
examining static standing balance, and results compare favorably with platform 
posturography [106]. The Berg Balance Scale (BBS) is a 14-item performance test 
that examines the patient’s ability to perform progressively more complex standing 
and walking tasks such as standing with eyes open and closed, picking up an object 
from the floor, and standing on one foot, to name a few [107]. The BBS has high 
sensitivity and specificity for predicting falls, and norms have been established at 
different age groups, as have confidence intervals for minimal detectable change 
[108]; however, a ceiling effect has been noted for high-functioning individuals.

Gait speed is a well-known proxy for general health status as well as fall risk. 
Age-appropriate gait speed requires body support, physical power, coordination, 
and balance. In addition, decrease in gate speed over time has been associated with 
worsening condition [109, 110]. The Timed Up and Go (TUG) test is a widely used 
gait speed test in which the patient is asked to stand up from a chair, walk 10 feet, 
turn around, and return to their starting position [111]. Variations of the TUG 
include performing a cognitive task (e.g., counting by intervals) while walking or 
adding a dual attention task (e.g., carrying a cup of water). Patients who take more 
than 13.5 s to complete the TUG have high likelihood of falling and will have lim-
ited ability to walk independently in the community [112]. The 30 s Chair Stand 
Test assesses balance and endurance by having the patient stand from a seated posi-
tion, with arms crossed, and sit back down as many times as possible within 30 s 
[113]. Norms have been established by age and gender, and patients aged 65–80 
should be able to come to a full stand at least ten times within 30 s.

The Performance-Oriented Mobility Assessment (POMA) scores the patient’s 
balance and gait characteristics as they attempt to perform 16 sitting, standing, and 
walking tasks of varying complexity. Scores are based on the level of indepen-
dence with which the patient is able to complete each component, and higher 
scores indicate more independent function, whereas lower scores indicate fall risk. 
Likewise, higher scores on the Dynamic Gait Index (DGI) indicate greater inde-
pendence and lower fall risk [114]. The 8-item DGI judges gait impairment while 
walking on a level surface, changing gait speed, adding horizontal and vertical 
head movements, turning, stepping over and around obstacles, and walking up 
steps. The 4-item DGI (walking on a level surface, changing gait speed, walking 
with horizontal head turns, and walking with vertical head turns) is often used as a 
screening tool, with recommendations for additional testing in patients whose 
score is less than 10 points [115].
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 Management of the Patient with Presbystasis

While there is no “cure” for presbystasis, many measures can help patients and 
improve confidence, mobility, and independence. Perhaps the most important man-
agement strategy in counseling and rehabilitating the older dizzy patient is fall pre-
vention. As referenced in several areas of this chapter, the CDC has resources for 
doctors and patients to address fall prevention (https://www.cdc.gov/steadi/index.
html). Simple suggestions such as removing area rugs, securing railings and ban-
nisters in the house, installation of grab bars and nonskid mats in bathrooms, and 
having a night light on at night go a long way to giving the patient confidence and 
instituting measures to prevent falls.

We find it helpful to counsel patients on the physiology of the balance system 
and how it is composed of the sensory systems – visual, vestibular, and propriocep-
tive – all sending information to the brain. The brain, then, coordinates this informa-
tion and maintains balance. Derangement in any of these systems and structures can 
lead to imbalance and falls. This simple explanation gives patients and their families 
a framework to consider the dizziness and identify for themselves specific factors 
that predispose to presbystasis. Changes in vision, comorbid conditions such as 
diabetes mellitus, polypharmacy/medication, trauma, central neurologic disease, 
spine and joint problems, and others all predispose to presbystasis. Families and 
patients are thus empowered to “be the doctor” and identify and address risk 
factors.

The use of a walking stick or walker reinforces the proprioceptive sensory system 
by allowing the patient to “touch” the ground through the walking stick, four- pronged 
walker, or balance with the more stable walker. Many patients are resistant to using 
a walking stick but acknowledge they feel more safe and secure using one. Walking 
sticks can also be decorative and fun (golf putter, ski pole, or colorful wooden 
“staff”). Doctors should not be reticent to write a prescription for a medical device 
such as cane or walker as these will be covered by insurance with a prescription.

Referral to ophthalmology for an assessment of vision may go a long way to 
helping the patient with imbalance. Cataract surgery has been shown to help prevent 
falls. Other corrective eyewear may also help.

Addressing medications and polypharmacy by eliminating unnecessary medica-
tions, especially vestibular suppressants such as meclizine and benzodiazepines 
often given for “dizziness,” allows the brain to compensate for the factors predispos-
ing to imbalance and stop the pharmacological “dumbing down” of the brain. 
Antihypertensive medications can be particularly tricky to manage in the patient 
with presyncopal symptoms or orthostatic hypotension. Patients should have a frank 
discussion with their cardiologist or primary care provider about balancing the goal 
of normotension with the symptoms of dizziness that these medications may be 
exacerbating. Interestingly, recent guidelines on blood pressure control by the 
American Heart Association and American College of Cardiology have recom-
mended stricter control – defining elevated blood pressure as 120–129 systolic and 
less than 80 diastolic (with stage 1 hypertension as 130–139 systolic and 80–89 
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diastolic) [116]. These new guidelines will likely increase the number of patients on 
antihypertensives and the subsequent sequelae, including dizziness and postural 
dizziness clinicians will encounter [62]. Finding the right medication at the right 
dosage may be challenging. Very high blood pressures also cause dizziness, thus, 
the need for a sometimes delicate balance with adjustments in dose and antihyper-
tensive medication itself.

Vestibular rehabilitation exercises or other exercise program that may include 
strength training, fitness training, or other planned exercises, specifically with atten-
tion to postural control and balance, has been shown to help the older “at risk” dizzy 
patient and reduce the risk of falling (Table 23.2) [58, 117, 118]. Novel interven-
tions to help elderly patients with balance and postural stability include the use of 
virtual reality (a “virtual reality supermarket”), Tai Chi, the Nintendo Wii®, vibro-
tactile feedback devices, habituation exercises with optokinetic stimulation, and 
balance-enhancing insoles (for an excellent review of these newer technologies, see 
Alrwaily and Whitney [119]).

Rest is an important adjunct to balance. When people are tired or fatigued, they 
are more off balance, and having a balance disorder makes people more tired 
because they are expending much more “cognitive energy” simply to avoid falling 
or veering off course. While older patients generally do not need as much sleep, 
stressing the importance of a bedtime routine and a good night’s sleep (7–9 h) can 
be helpful. In addition, a nap in the afternoon “recharges the brain’s battery,” is 
refreshing, and improves balance late in the day and evening.

 Conclusions

Presbystasis, an age-related change in balance function, can (and usually does) have 
multiple causes in each patient. An understanding of the basic physiology of bal-
ance and inquiry into the sensory systems and central neurologic processes that 
control balance will point the clinician (and patient and family) to the specific etio-
logic factor(s) that contribute to imbalance. A clear discussion with patient and fam-
ily is a critical part of this diagnostic and rehabilitative process.

Table 23.2 Older adults 
should be referred to 
rehabilitation if they have 
one or more of the 
following signs

Positive Dix-Hallpike test
Positive Romberg test
Dizziness with movement of the head
Dizziness associated with neck pain
Slow gait
History of falling two or more times within the past 6 months
Inability to rise from a chair without using arm support
Fear of falling that prohibits the person from participating in 
activities of interest
Arrhythmic gait

Adapted from [119]
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Addressing comorbidities, polypharmacy (eliminating meclizine and other ves-
tibular suppressants), and predisposing factors helps. A formal program of therapist- 
directed vestibular rehabilitation directed at balance, postural control, and fall 
prevention will also help. Making simple changes in the home and environment and 
use of a walking stick can go a long way to prevent the devastating sequela of pres-
bystasis, falls.
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Chapter 24
Pediatric Vestibular Disorders

Zachary G. Schwam and George Wanna

As in the adult population, one must take into consideration potential malfunction 
of the vestibular, proprioceptive, and visual systems in evaluating the vertiginous 
child. In one large series analyzing over 2000 children seen in a vestibular clinic, the 
most common causes of pediatric vertigo included migrainous equivalent, benign 
paroxysmal positional vertigo, trauma, ocular disorders, and congenital malforma-
tions [1]. The workup of pediatric vertigo should be based on the particular patient; 
with that provision, we recommend obtaining an audiogram and vestibular testing 
as needed, CT scan of the temporal bones if labyrinthine malformations or trauma 
are suspected, MRI if there is suspicion for tumor or intracranial lesion, and neuro-
logic/ophthalmologic evaluation should the workup otherwise be negative.

 Migraine Equivalent

Migraine and benign paroxysmal vertigo of childhood (BPVC) were found in one 
publication to account for 50–75% of vertiginous children with normal tympanic 
membranes [2, 3]. BPVC is similar to adult benign paroxysmal positional vertigo 
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(BPPV) (discussed in Chaps. 14 and 15) and requires ≥5 episodes of severe vertigo 
that are self-limited and occur over minutes to hours, normal audiometric and ves-
tibular exams between attacks, and a normal electroencephalogram (EEG) [4]. It is 
of particular significance in children 2–3 years of age [1]. Nausea, vomiting, dia-
phoresis, and pallor may occur [5], but headache is uncommon [1].

Basilar artery migraine is another migrainous equivalent that frequently presents 
with vertigo and may be secondary to vasospasm or abnormal central processing [6, 
7]. Other presenting symptoms include tinnitus, hearing loss, diplopia, ataxia, or 
loss of consciousness [8]. According to guidelines put forth by the International 
Headache Society and the Bárány Society, criteria for diagnosis of vestibular 
migraine include ≥5 episodes of moderate-to-severe vestibular symptoms lasting 
5 minutes to 72 hours, current or previous migraine + / − aura, ≥1 migraine features 
with ≥50% of vestibular episodes, and symptomatology not better accounted for by 
another diagnosis [9].

 Trauma

Recent head trauma should not be overlooked in trying to ascertain the etiology of a 
child’s vertigo. For a more in-depth discussion on trauma-induced vertigo, please refer 
to Chap. 21. Temporal bone fracture involving the labyrinth may cause vertigo in addi-
tion to facial nerve palsy and hearing loss. A comprehensive neurologic and trauma 
exam should be performed, looking for cranial neuropathies as well as stigmata of 
temporal bone fracture, including external auditory canal lacerations, hemotympanum, 
and battle sign (ecchymosis over the mastoid process). Tuning fork exam may demon-
strate a Weber that lateralizes to the ipsilateral ear secondary to a conductive loss if 
there is hemotympanum or ossicular discontinuity present. Fracture through the otic 
capsule would be most consistent with a sensorineural loss. Once imaging is complete 
and the patient is stable, then prompt audiometric evaluation should be performed.

Perilymphatic fistula is defined as an abnormal communication between the mid-
dle ear space and the fluid of the membranous labyrinth and may be found in the 
context of (baro)trauma, significant exertion, congenital anomalies, or after recent 
stapes surgery [10, 11]. Unfortunately, there is no noninvasive test to confirm the 
diagnosis; middle ear exploration with direct visualization is the only definitive option. 
The clinical presentation is nonspecific and may include tinnitus, high- frequency 
hearing loss, vertigo, or aural fullness. Tullio phenomenon (sound- induced vertigo) 
and Hennebert sign (vertigo and nystagmus with pneumatic otoscopy) were only pres-
ent in 4% and 24% of a series of 91 patients from the University of Iowa [11], which 
is in concordance with the established literature [12, 13]. In 1 series of 71 cases, the 
presence of Hennebert sign did not correlate with the diagnosis [14]. Surgical repair 
of the fistula is the most definitive therapy and in the same series of patients from the 
University of Iowa, 94% had improvement in vertigo and approximately half had an 
improvement in hearing loss. However, only 23% had serviceable hearing. While 
there are undoubtedly microleaks that spontaneously heal [13], surgical  intervention 
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is recommended for significant, persistent leaks not only because of the debilitating 
symptom profile but because of the risk of meningitis [10]. A trial of conservative 
therapy including vestibular suppressants, bedrest, and avoidance of straining is a 
reasonable first step for many [13].

Labyrinthine contusion, hemorrhage, and concussion may all cause labyrinthine 
failure, which is characterized by nausea and vomiting, gait instability, rotatory ver-
tigo, and horizontal rotatory nystagmus to the contralateral side in the absence of 
temporal bone fracture [15]. Concussion typically presents with high-frequency 
sensorineural hearing loss with or without vestibulopathies, and symptom resolu-
tion typically occurs within days to weeks [16].

 Ocular Disorders

While a comprehensive discussion on ophthalmologic disorders is beyond the scope 
of this chapter, it is prudent for the otolaryngologist to know that ocular disorders 
such as vergence insufficiency, ametropia, anisometropia, strabismus, and amblyo-
pia are an often-overlooked cause of pediatric vertigo and should be on the differen-
tial diagnosis in the context of a normal neurologic and vestibular exam [1]. In one 
study, approximately 5% of the 523 children in their sample were found to have 
various ocular disorders, and two-thirds of cases were resolved after ophthalmo-
logic intervention [17]. The authors found that children over 6 years of age were 
most often affected and that symptoms worsened after prolonged concentration or 
after focusing on a screen. Referral to an ophthalmologist should be performed for 
evaluation in which another cause cannot better explain the symptomatology.

 Congenital Malformations and Syndromes

Large vestibular aqueduct syndrome (LVAS) refers to an aqueduct with diame-
ter > 1.5 mm and classically presents with congenital sensorineural hearing loss but 
may also have vestibular symptoms in as many as 71% of patients [18]. LVAS is 
frequently found in conjunction with other congenital anomalies, including cochlear 
aplasia, hypoplasia, and incomplete partition [19, 20]. In children, vertigo may 
manifest as incoordination and imbalance for minutes to hours, notably after minor 
head trauma or strenuous physical activity [19, 21]. LVAS is also a component of 
Pendred syndrome, which includes SNHL, cochlear aplasia, and defects in thyroid 
hormone organification [21]. While the etiology of auditory and vestibular symp-
toms is unknown, it has been postulated that pressure gradients are transmitted 
across the enlarged duct and somehow alter the labyrinthine epithelium. Treatment 
of LVAS largely focuses on restoration of audition in the way of hearing amplifica-
tion and cochlear implantation. Endolymphatic sac surgery is avoided, as there is a 
significant risk of worsened hearing postoperatively [22].
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Cogan syndrome is classically described as the coupling of episodic acute inter-
stitial keratitis with vestibuloauditory dysfunction. Most cases were found to occur 
in patients aged 15–30 years, and a significant percentage thereof reported a recent 
upper respiratory tract infection. Meniere-like attacks were common and included 
symptoms of nausea, vertigo, vomiting, tinnitus, and profound unilateral to bilateral 
hearing loss. Aortitis was found in 10% of patients with the typical form of the dis-
ease, while patients with atypical forms, or other ocular inflammatory disorders, 
were found to have other rheumatologic diseases and had a less favorable prognosis. 
Otologic symptoms were occasionally controlled with systemic steroids or cyto-
toxic drugs, but irreversible deafness was found in the majority of patients [23, 24]. 
Cochlear implantation was reported to be successful for these patients [25].

 Superior Semicircular Canal Dehiscence

Superior semicircular canal dehiscence is a rare cause of vertigo in children and 
typically presents in middle age. It is confirmed with computed tomography (CT) of 
the temporal bones using 0.5  mm cuts in the plane of the superior semicircular 
canal. Vertigo may be elicited by sound or pressure (via pneumatic otoscopy or 
Valsalva maneuver). The characteristic nystagmus is one that is intorsional and 
upward in the affected side from ampullofugal deflection of the superior canal 
cupula with a “third window” from a dehiscence. The direction of eye movement is 
in the plane of the dehiscent semicircular canal. The Weber tuning fork exam typi-
cally lateralizes to the side of the dehiscence, and bone conduction sensitivity may 
be elevated. This may also explain some of the other characteristic symptomatology 
of affected patients hearing their own pulse or extraocular movements. While in 1 
series of 65 patients with canal dehiscence a cause could not be identified in nearly 
half of patients, trauma or straining was found to precede the development of symp-
toms in the remainder. A minority of patients had solely auditory symptoms; their 
audiograms displayed the largest air-bone gaps in the lower frequencies. In patients 
in whom surgical repair was performed utilizing a middle cranial fossa approach to 
plug the canal with the fascia, bone pate, and cortical bone, nearly 90% had a signifi-
cant improvement in their symptoms, while 10% experienced some degree of sig-
nificant hearing loss. Therefore, it is critical to gauge the severity of symptoms and 
to consider everything from conservative management to surgical repair [26, 27].

 Vestibular Neuritis

Vestibular neuritis is a clinical syndrome that is characterized by an acute attack 
consisting of vertigo without associated auditory symptoms. The vertigo typically 
resolves over days to weeks and is associated with an impaired caloric response in 
the affected ear. An upper respiratory tract infection is usually antecedent to the 
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episode and is thought to cause inflammation of the vestibular nerve [28]. Several 
viral entities are associated with the disorder, notably herpes simplex virus, cyto-
megalovirus, measles, mumps, rubella, influenza, parainfluenza, varicella zoster, 
coxsackie, retroviruses, and enterovirus. While there is an association with viral 
disease, complete serologic workup is often not necessary and of limited utility. 
Treatment is primarily symptomatic and may consist of antihistamines, anticholin-
ergics, antidopaminergics, and gamma-aminobutyric acid agonists. A vestibular 
exercise regimen may be added as an adjunct [29]. In one randomized control trial, 
the addition of systemic methylprednisolone was found to significantly improve 
symptoms, while adding valacyclovir to the regimen did not change the course of 
the disease [30].

 Chronic Otitis Media and Cholesteatoma

The prevalence of chronic otitis media (COM) has been decreasing with the use of 
antibiotics in the last several years and with it many of the feared intra- and extra-
cranial complications. In one series of over 3200 patients in Taiwan, labyrinthitis 
was diagnosed in 1.43%, secondary endolymphatic hydrops in 1.00%, and labyrin-
thine fistula of the horizontal SCC in three patients [31]. Vertigo has been thought 
to be secondary to labyrinthine inflammation, exotoxins produced by bacterial 
pathogens, changes in pressure gradients across the oval and round windows, and 
labyrinthine fistula. In the setting of cholesteatomatous otitis media, the incidence 
of labyrinthine fistula is significantly higher, likely due to collagenase-induced bone 
erosion as well as the local pressure from the cholesteatoma matrix [32]; in one 
series of over 1200 patients who underwent surgery for cholesteatoma, 92 were 
found to have labyrinthine fistulas (7.7%). Of those patients with fistulas, 84% of 
them involved the lateral SCC [33]. The diagnosis of fistula is primarily one made 
intraoperatively, although extensive fistulas may be reliably diagnosed based on 
imaging alone [34]. Surgical treatment of labyrinthine fistulas varies; some authors 
prefer to excise all cholesteatoma matrix overlying the fistula and seal it with vari-
ous materials, while other authors will leave residual matrix over the fistula to mini-
mize the risk of sensorineural deafness.

 Psychiatric Disorders

By some reports, psychiatric disorders exert much influence on the course of dis-
ease in the dizzy patient, with those experiencing a psychiatric component remain-
ing more symptomatic and disabled than their purely organic counterparts [35]. In 
several studies of pediatric vertigo, psychogenic causes were in the top three most 
common etiologies [3, 36–39]. In 1 report of 100 children with vertigo, psychogenic 
causes were found in 21% and were more prevalent in those >5 years of age and 
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female [39]. Of those patients, three had a known psychiatric disorder, and nine had 
associations between stressful situations and vertigo. Anxiety, depression, panic 
disorder, and various somatoform disorders have all been associated with vertigo 
and should prompt referral to a mental health practitioner should the suspicion arise 
that comorbid psychiatric illness is at play.

 Central Nervous System Disorders

Differentiating central and peripheral causes of vertigo is a crucial initial step in 
diagnosing the dizzy child, with central lesions usually causing more severe imbal-
ance, slower compensation, and other neurologic symptoms. Auditory symptoms 
are rare in central causes of vertigo, and nystagmus may be purely vertical, horizon-
tal, or torsional, as opposed to the horizontal and torsional nystagmus often found in 
peripheral lesions. Nystagmus secondary to a central cause is not often suppressed 
with visual fixation and may change direction [40].

While uncommon, epileptic vertigo has been reported in the literature. 
Electroencephalogram (EEG) recordings show the posterior middle frontal gyrus to 
receive vestibular input and may be implicated in the symptomatology of seizures 
affecting this area [41]. In 1 series of 42 children with central vertigo, patients often 
reported headaches, nausea, vomiting, loss of postural control, and loss of con-
sciousness. Symptoms consistent with focal seizures were rare [42]. In cases which 
epilepsy is thought to be at play, referral to a pediatric neurologist for EEG and 
anti- epileptic medications is warranted.

Despite multiple sclerosis (MS) being an uncommon disorder in children with an 
incidence of 0.51 per 100,000 person-years [43], up to 10% of adult patients report 
that their symptoms began before the age of 18 [44]. Vertigo is a common present-
ing symptom and indicates demyelination along the vestibular tract. Diagnostic cri-
teria include MRI findings of T2-intense lesions in characteristic locations, 
oligoclonal IgG bands in the CSF, as well as clinical evidence of the lesions [45]. 
Prompt referral to a pediatric neurologist is recommended.

Episodic ataxia type 2, of which there are six subtypes, is the most common and 
presents with vertigo, imbalance, and ataxia. The episodes have been known to last 
between hours and days, with triggers that include ingestion of alcohol, stress, and 
physical exertion [46, 47]. The vast majority of patients have central ocular 
 disturbances including downbeat nystagmus, internuclear ophthalmoplegia, and 
impaired visual suppression of the vestibulo-ocular reflex [48]. History and physical 
exam alone are insufficient to differentiate the disorder from vestibular migraine. 
Atrophy of the anterior cerebellar vermis is a common finding on MRI [49], and 
genetic testing often, but does not always, reveals mutations of the CACNA1A cal-
cium channel gene on chromosome 19 [50]. Treatment options include acetazol-
amide, which is thought to alter the pH and therefore the conductance of neuronal 
membranes, and 4-aminopyridine, which may increase the release of gamma-ami-
nobutyric acid in Purkinje cells [51].
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 Posterior Fossa Lesions

Among lesions of the posterior fossa, those of the cerebellopontine angle (CPA) 
dominate. Vestibular schwannoma (VS) is the most common CPA lesion and com-
prises more than 90% of lesions in this area. Meningiomas compose 3% of lesions, 
and the remaining include epidermoid lesions, arachnoid cysts, hemangiomas, met-
astatic tumors, lipomas, dermoids, teratomas, chordomas, chondrosarcomas, and 
giant cell tumors. Lesions of the petrous apex and intraaxial tumors should also be 
considered in the differential diagnosis, but will not be discussed here.

While unilateral, sporadically formed vestibular schwannomas are typically 
diagnosed between 40 and 60 years of age, those associated with neurofibromatosis 
type 2 (NF2) are typically diagnosed before the age of 21 years [52], are often bilat-
eral, and are frequently associated with concomitant schwannomas, ependymomas, 
and meningiomas [53]. Symptoms may be related to compression of adjacent cra-
nial nerves and vascular structures as well as the fourth ventricle, leading to hydro-
cephalus and increased intracranial pressure. While true vertigo is uncommon, 
dysequilibrium is often a presenting symptom in addition to hearing loss, tinnitus, 
and facial hypoesthesia. Audiometry may demonstrate asymmetric sensorineural 
hearing loss or speech discrimination out of proportion to the hearing loss. Auditory 
brain stem response testing and gadolinium-enhanced MRI are the most sensitive 
and specific tests for diagnosing vestibular schwannomas. While not useful in diag-
nosing a vestibular schwannoma, vestibular testing may be useful in localizing the 
lesion to the superior or inferior vestibular nerve [52, 54]. Treatment may include 
observation with serial imaging, radiotherapy, or surgical resection based on age, 
symptomatology, growth rate, and family/surgeon preference.
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Chapter 25
Causes of Central Vertigo

Omolara Lawal and Dhasakumar Navaratnam

 Introduction

Central vertigo is vertigo that arises due to an abnormality in the central nervous 
system (CNS). Traditionally, and on some anatomic and functional grounds, the 
vestibular system and by implication the causes of vertigo have been divided into 
the central and peripheral subcategories. Peripheral causes of vertigo involve the 
semicircular canal and saccule/ utricle. Central causes of vertigo are primarily 
located in the brainstem and the 8th nerve. This is not surprising given the centrality 
of connections from the peripheral system that relay in the brainstem affecting pos-
tural control, eye movements, spinal reflexes, and the adjacent cerebellum with 
which it connects intimately.

A plethora of disease entities implicate the brainstem. Included in this exhaustive 
list are common and uncommon diseases including vascular disorders (strokes, 
aneurysm, basilar ectasia), inflammatory disorders (multiple sclerosis, Miller Fisher 
variant of Guillain-Barre acute demyelinating polyneuropathy, Whipple’s disease), 
degenerative disorders (Parkinson’s disease, progressive supranuclear palsy, multi-
system atrophy, spinocerebellar atrophy, Friedreich’s ataxia), tumors (8th nerve 
tumors, meningiomas of the CP angle, gliomas of the brainstem, and astrocytomas 
of the cerebellum), nutritional deficiencies (thiamine), and toxic/metabolic anoma-
lies (metronidazole overdose). We have chosen to concentrate on the evidence for a 
number of selective disorders.
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 Vascular Causes of Central Vertigo

 Introduction

Dizziness/vertigo is a common presentation of a cerebrovascular accident (CVA), 
particularly in the posterior circulation. Thirty-seven percent of posterior strokes 
can be initially misdiagnosed compared with 16% of anterior strokes (P < 0.001) 
[1]. Furthermore, atypical symptoms associated with posterior circulation 
strokes lead to misdiagnoses with two- and fourfold higher risk of misdiagnosis 
[1, 2].

Twenty percent of all ischemic strokes involve regions of the brain supplied by 
the vertebrobasilar (posterior) circulation [3]. Vertigo has been described as the 
most common symptom of vertebrobasilar insufficiency [3]. In a recent study, it was 
found that the patients who visited the emergency department with dizziness/ver-
tigo had a twofold (95% CI, 1.35–2.96; P < 0.001) higher risk of stroke than those 
without dizziness/vertigo during a follow-up of 3  years [4]. It was also demon-
strated that the patients hospitalized with isolated vertigo have a 3.01 times (95% 
CI, 2.20–4.11; P < 0.001) higher risk for stroke than the general population during 
the 4-year follow-up [4]. Patients with vertigo who had three or more risk factors 
were found to have a 5.51-fold higher risk for stroke (95% CI, 3.10–9.79; P < 0.001) 
than those without risk factors [4].

Another study in California showed that the incidence rate for cerebrovascular 
events in ED patients discharged after vertigo was highest in the first month (30.2 
[24.4–37.0] per 10,000 person-months) and then decreased during the study period 
to 6.5 (5.3–8.0) events per 10,000 person-months) thereafter [5].

 Vertebrobasilar Insufficiency

The brainstem, cerebellum, and peripheral labyrinths are all supplied by the verte-
brobasilar arterial system.

The vertebrobasilar arterial system originates with the union of the two vertebral 
arteries to form the basilar artery. The cerebellum is supplied by the posterior infe-
rior cerebellar artery (PICA), which arises from the vertebral artery, and the anterior 
inferior cerebellar (AICA) and the superior cerebellar arteries (SCA) which arise 
from the basilar artery (Fig. 25.1).

 Brainstem Infarct (Associated with Hearing Loss)

The AICA usually arises from the caudal third of the basilar artery and supplies the 
inner ear, lateral pons, middle cerebellar peduncle, and anterior inferior cerebellum, 
including the flocculus [6]. It is an important artery for the blood supply to the 
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peripheral and central vestibular structures; thus, its occlusion commonly results in 
vertigo of either peripheral or central etiology [7]. AICA infarction is characterized 
by acute audiovestibular loss with or without other neurological symptoms and 
signs of brainstem or cerebellar involvement [7].

One study demonstrated nearly all (98%) patients with AICA territory infarction 
presented with acute onset of prolonged (>24 h) vertigo and had a vestibular dys-
function of peripheral, central, or combined origin, with ocular, motor, or vestibular 
signs, seen in a third of the study population [7]. This was attributed to the fact that 
AICA supplies the peripheral vestibular structures such as the inner ear and CN VIII 
as well as the central vestibular structures. In lieu of this complete AICA infarction 
usually results in combined peripheral and central vestibular damage in addition to 
symptoms of hearing loss, facial weakness, sensory loss, gait ataxia, and cerebellar 
dysmetria [7]. However, it is difficult to determine the exact mechanism responsible 
for prolonged vertigo in patients with AICA infarction as ischemia of any of the 
structures supplied by AICA can lead to vertigo [7]. In another study, 65% of the 
subjects with AICA infarction had a unilateral weakness to caloric stimulation, 
which suggests that the vertigo resulted from a peripheral vestibular structure dys-
function, while in 33% of the subjects, a normal caloric response was elicited, which 
points to vertigo resulting due to ischemia to the central vestibular structures [7].

Patients with cerebellar infarcts often report dizziness, occasionally in conjunc-
tion with frank vertigo, blurred vision, difficulty walking, and vomiting. Other com-
monly reported symptoms include gait instability, ataxia, hypotonia ipsilateral to 
the side of the lesion, and notably, nystagmus [3]. Patients with pure cerebellar 
infarcts do not typically have hemiparesis or hemisensory loss [3]. In a study [8] of 
patients with vertigo due to vertebrobasilar insufficiency, 62% had a history of at 
least one isolated episode of vertigo, and 19% developed vertigo as the initial symp-
tom. Patients with infarction in the territory of anterior inferior cerebellar artery 
(AICA) may have isolated recurrent vertigo, fluctuating hearing loss, and/or tinnitus 
(similar to Meniere’s disease) as the initial symptoms 1–10 days prior to the perma-
nent infarction [8].

Labyrinthine Infarction

The blood supply to the inner ear originates from the internal auditory artery (IAA), 
a branch of the anterior inferior cerebellar artery. Thus vertebrobasilar ischemic 
stroke can present with vertigo and hearing loss due to infarction of the inner ear 
[9]. The IAA supplies the cochlea and vestibular labyrinth, resulting in loss of audi-
tory and vestibular function when occluded [10], and being an end artery, the laby-
rinth is particularly susceptible to ischemia due to limited collateral circulation 
from the otic capsule [9, 11]. Internal auditory artery infarction mostly occurs due 
to thrombotic narrowing of the AICA itself or in the basilar artery at the orifice of 
the AICA [9].

Sudden onset of unilateral deafness and vertigo should prompt a suspicion of 
labyrinthine infarction particularly in the elderly [12]. A definite diagnosis is not 
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possible as an MRI cannot visualize the inner ear [12]. However, the apical region 
of the cochlea is more vulnerable to ischemia, and this may be clinically detected 
with the presence of low-frequency hearing loss [12].

 Brainstem Infarct (No Hearing Loss)

Posterior Inferior Cerebellar Artery

Infarction in the dorsolateral medulla (Wallenberg’s syndrome) commonly involves 
the inferior and medial vestibular nuclei and usually manifests with nausea/vomit-
ing, vertigo, and imbalance [9]. Vertigo in the lateral medullary infarction is usually 
associated with other neurologic symptoms or signs, but a tiny infarct in the lateral 
medulla can present with vertigo without other localizing symptoms [9, 13].

One study reported that about 11% (25/240) of patients with isolated cerebellar 
infarction presented as isolated vertigo only and most (24/25, 96%) patients with 
isolated vertigo had an infarct in the territory of the medial branch of the PICA 
including the nodulus [14]. It has also been reported that the caudal cerebellum in 
the medial branch of the PICA is the most common site responsible for central iso-
lated vertigo of a vascular cause [3].

 Acute Vestibular Syndrome (AVS)

Acute vestibular syndrome can be described as sudden onset of dizziness accompa-
nied by nausea or vomiting, unsteady gait, nystagmus, and intolerance to head 
motion that persists for a day or more [15]. Isolated acute vestibular syndrome (with 
or without hearing loss) may be defined as vertigo/dizziness occurring in the absence 
of focal neurologic signs such as hemiparesis, hemisensory loss, or gaze palsy [16].

Most lesions that result in AVS from a stroke etiology occur within the territory 
of the PICA [15]. A systematic review assessed the central causes of AVS as fol-
lows: cerebrovascular event in posterior fossa (83%), ischemic stroke (cerebellum 
or brainstem) (79%), hemorrhage (cerebellum or brainstem) (4%), multiple sclero-
sis (11%), and other central/equivocal causes (6%) [16].

An infarction in the brainstem localized to the vestibular nuclei may mimic an 
acute peripheral vestibulopathy. These must be differentiated from AVS due to 
other causes (vestibular neuronitis, Meniere’s) with careful clinical examination 
including HINTS (head impulse, nystagmus, and test of skew) testing and caloric 
testing [17, 18]. A normal head impulse and normal caloric point to a central cause 
of AVS [17, 18]. These criteria initially proposed by Newman-Toker’s group have 
been subsequently validated by other groups. In the initial paper, the diagnostic 
utility of the signs includes normal horizontal HIT, skew deviation, abnormal verti-
cal smooth pursuit, and central-type nystagmus at the bedside: they found a 100% 
sensitivity and 96% specificity for stroke if one of those signs was present in AVS 
[15, 16, 19–22].
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 Nonvascular Causes of Central Vertigo

There are several nonvascular causes of central vertigo. Some are well established 
in their pathophysiology; others are still not well understood with little data avail-
able on them. A literature review study reported that none of its included studies was 
large enough to identify rare causes such as post-CNS infections [16].

 Tumors

Tumors of the cerebellopontine angle often cause vertigo. Vestibular schwannoma 
(VS) is the most frequent benign lesion that occurs at the cerebellopontine angle, 
representing about 90% of tumors at this site [23, 24]. A bilateral occurrence of VS 
is usually associated with neurofibromatosis type II. NF2 is an autosomal dominant 
tumor-suppressor syndrome characterized by schwannomas, meningiomas, and 
ependymomas that develop throughout the central and peripheral nervous systems 
[23]. However, the mechanism differs for different tumor types [25].Vertigo may 
result from a lesion of the labyrinth, compression or invasion of the endolymphatic 
sac, compression of the vestibular nerve, cerebellar compression, or compression of 
key blood supply to the vestibular organs [25].

A study [26] to characterize the clinical picture obtained with vestibular schwan-
nomas in 122 subjects showed that only half of them reported vertigo attacks, the 
predominant features being hearing loss (94%) and tinnitus (83%). The vertigo 
associated with VS differed however from other causes by the absence or low inten-
sity of nausea [26]. The duration of vertigo attacks ranged from 5 min to 4 h, with 
the intensity varying from mild to moderate. Occurrence of vertigo was not associ-
ated with duration of disease or size of tumor [26].

Microvascular compression of the vestibulocochlear nerve is also known to 
cause disabling vertigo usually at the cerebellopontine angle. Comorbid symptoms 
include tinnitus, hearing loss, and imbalance. Successful treatment may be accom-
plished through microvascular decompression [27]. Compressional symptoms have 
been attributed largely to the wide variability in the anatomy of the neurovascular 
complex of the cerebellopontine angle [27]. Attempts to link the symptomatic pre-
sentation to the anatomical location of the vestibulocochlear nerve compression site 
are yet to produce conclusive data [27, 28] (Fig. 25.2).

 Vestibular Migraine

There is a definite association between vertigo and migraine; however, the patho-
physiologic mechanism remains largely unclear [29]. Using the classification and 
diagnostic criteria [30] for diagnosis of migraine, vertigo was redefined as being a 
form of migraine aura, and the duration of aura was extended [30]. A diagnosis of 
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migraine with aura is often made when vertigo occurs within 60 min before or after 
the onset of headache [29].

Recent collaboration between the Bárány Society and the International Headache 
Society has led to establishing the newest diagnostic criteria for VM with subsequent 
creation of the classification systems of VM [31, 32]. This features updates to the 
diagnostic criteria, the type of dizziness, duration, and intensity of dizziness [32].

Savundra et  al. [29] retrospectively analyzed 363 patients who presented to a 
neurotology clinic with vertigo and found 116 patients (32%) possessed migraines. 
Eighty-five percent of these had no other explanations for their vertigo in contrast to 
only 51% of nonmigraineurs with idiopathic vertigo, suggesting that in a large pro-
portion of patients with vertigo, VM is underdiagnosed. These underdiagnoses may 
be due to several factors, including the wide variability in presentation of patients 
with VM, lack of a widely accepted pathophysiologic model linking migraine and 
vertigo, and significant overlap with depression or anxiety [29, 31].

The study also noted significantly higher prevalence of a central vestibular dis-
turbance and of a combined central and peripheral vestibular disturbance in 
migraineurs with vertigo [29]. Migraineurs with vertigo may also experience tran-
sient vestibular dysfunction occurring at any site between the end organ and the 
cerebral cortex [29]. Likely causes include ischemia of the labyrinth, vestibular 
nerve, vestibular nuclei, reticular activating system or cerebellar modulating path-
ways [29, 33]. Other possibilities include ischemia at the cortical level at the tempo-
roparietal junction, anterior cingulate gyrus, and primary sensory cortex [29, 33]..

Fig. 25.2 Acoustic 
neuroma, seen in an axial, 
T1-weighted MR image at 
the level of the internal 
acoustic meatus, obtained 
after intravenous 
administration of contrast 
material. (Picture credit: 
Baehr: Duus’ Topical 
Diagnosis in Neurology, 
4e. 2005. Thieme Medical 
Publishers. New York, 
Stuttgart)
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 Demyelinating Disorder

Demyelinating disorders like multiple sclerosis (MS), although uncommon, have 
been estimated to be the cause of central vertigo in 10–15% of cases [16, 34]. These 
are largely attributed to demyelinating plaques within and around the 8th nerve 
fascicle or vestibular nuclei [35, 36]. MS patients have been reported to develop 
vertigo either as an initial symptom or during the course of the disease, with several 
reporting chronicity [37].

Acute symptoms of vertigo in MS may be classified into two groups: acute ves-
tibular syndrome and positional vertigo [38]. It is widely accepted that the major 
cause of AVS in MS is due to damage of the vestibular nucleus or fascicular portion 
of the 8th CN by a lesion in the lower pons or upper medulla [39].

In a study [38] of patients presenting with AVS, 4% of the study population were 
identified with demyelinating disease as the cause of vertigo, with AVS occurring in 
demyelinating attacks in all the subjects. The most prominent clinical features were 
ocular motility limitation and vertical nystagmus. This, along with a normal h-HIT, 
suggested the presence of central localization in the subjects. MRI revealed lesions 
throughout the brainstem and in each cerebellar peduncle, with more than half 
showing gadolinium enhancement. All the lesions were noted to occur in anatomic 
structures involved in vestibular signaling (Fig. 25.3).

 Metronidazole-Induced Central Vertigo

Metronidazole is relatively safe when used at appropriate doses, but prolonged use 
may result in peripheral neuropathies and cerebellar dysfunction. Patients with the 
condition often present with dizziness, vertigo, and headache [40]. MRI shows the 

Fig. 25.3 Representative axial T2-weighted brain MRIs in subjects with MS presenting with acute 
vestibular syndrome. Axial MRI images include cuts caudal and cranial to the purported respon-
sible lesion in order to present extent of visible demyelination [38]. (Picture credit: Springer link)
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unique characteristic of increased T2/FLAIR signal in the dentate and red nucleus 
[41–43]. This finding is only alternatively seen in Wernicke’s encephalopathy. 
Although the pathophysiology of metronidazole neurotoxicity remains unclear, 
most lesions secondary to metronidazole neurotoxicity are completely reversible.

Prior studies done in rats have shown axonal degeneration after treatment with 
metronidazole, with symmetric lesions in the cerebellar and cochlear nuclei [44, 
45]. It was postulated that metronidazole and its metabolites bind to neuronal RNA 
and inhibit protein synthesis resulting in reversible axonal swelling [45]. 
Metronidazole also crosses blood-brain barrier and can result in imaging and histo-
logical findings similar to Wernicke’s encephalopathy [44] (Fig. 25.4).

a

c d

b

Fig. 25.4 Multiple axial magnetic resonance imaging of the brain in a 22-year-old male on met-
ronidazole presenting with cerebellar symptoms. Axial T2 images (a, b) reveal symmetric areas of 
increased signal in the dentate (black arrows), the facial (yellow arrows), and the red nuclei (red 
arrows), bilaterally. Axial fluid attenuated inversion recovery images (c) showing similar changes 
with restricted diffusion noted on the diffusion-weighted image (d) [44]
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 Central Vestibulopathy After Heat Exposure

Heat exposure is a potentially fatal condition with the CNS being reported to be 
particularly susceptible to heat injury [46]. Jung et  al. reported a case study of 
patients postexposure to extreme heat, in which subjects were noted to develop 
vertigo and imbalance about a week after heat exposure, with positive HITs bilater-
ally alongside signs of cerebellar dysfunction [46]. All patients showed abnormal 
downward corrective saccades during horizontal head impulses along with rare 
head-shaking nystagmus [46].

A postmortem study found a loss of cerebellar Purkinje cells in certain patients 
with heat stroke [47, 48]. Additionally, an increased expression of heat stroke pro-
teins 72 (HSP 72) was present near residual Purkinje cells indicating a selective 
vulnerability [47, 48]. CT and MRIs have shown atrophy in the cerebellar hemi-
sphere and vermis in patients with heat stroke [49]. Nystagmus is thought to be 
attributed to damage to the vestibulocerebellum [49].

 Wernicke’s Encephalopathy (WE)

While oculomotor findings and memory dysfunction are the well-known correlates 
of thiamine deficiency, dizziness has also been described. Differential susceptibility 
of the vestibular systems to thiamine deficiency can be demonstrated using the head 
impulse testing [50].

Kwang et al. [50] studied two patients with thiamine deficiency, one with anoxia 
and the other from excessive alcohol consumption. They both presented with ver-
tigo, ataxia, and psychomotor slowing among other symptoms. Vestibular function, 
assessed using the bithermal caloric testing, in the anorexic patient showed minimal 
responses in both ears initially, which markedly improved 6 months after thiamine 
replacement [50].

Neuropathological examinations of patients with WE have revealed lesions in 
the VN, especially in the medial VN (MVN), nucleus prepositus hypoglossi, nodu-
lus, and uvula [50], with MVN being most vulnerable to thiamine deprivation [51]. 
Previous studies have attributed vestibular paresis in WE to be due to lesions in the 
vestibular nucleus [52] (Fig. 25.5).

 Epileptiform Activity

Vestibular symptoms may be associated with seizures, with those resulting directly 
from focal, intermittent epileptic discharges collectively known as epileptic vertigo 
[53]. They may present as an aura symptom preceding a seizure, may be the result of 
a side effect of antiepileptic medications, or may constitute the seizure itself [53, 54]. 
Vertigo and dizziness are also known to manifest in nonconvulsive status epilepticus 
(NCSE) [53], a picture consistent with transient neurological attack (TNA) [55].
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Penfield et al. reported that electrical stimulation of the posterior half of the supe-
rior temporal gyrus and the parietotemporal junction produced vertiginous experi-
ences similar to those of spontaneous seizures [54, 56].

In a recent study by Kim et  al. [57] in which the importance of vertigo was 
assessed in epileptic patients using video-EEG monitoring, it was reported that cor-
tical stimulation studies of patients with epilepsy identified both the temporal and 
parietal lobes as vestibular cortical areas [58]; however, epileptic discharges in 
patients with epileptic vertigo were observed in more expansive areas, including the 
frontal and temporoparieto-occipital junctional areas, suggesting either processing 
of vestibular-related input across large cortical regions or spread of excitation to or 
from nearby areas [59]. This study also revealed that vertigo or dizziness was the 
most frequently encountered first aura [57]. Patients with epileptic vertigo respond 
well to antiepileptics as depicted by Tarnutzer et al. [53] in which response rates to 
antiepileptic treatment were as high as 90%.
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 Addendum: The Role of Physical Therapy 
Exercises in Recovery

Binaifer Bugli

• Visual-motor experiences facilitate the rate of recovery and also improve the 
final level of recovery.

• Exercise may facilitate the process of vestibular and equilibrium adaptation.

When there is a dysfunction in our vestibular system, due to its ability to adapt, 
we can still achieve high levels of function.

 Vestibular Adaptation

Definition: The ability of the vestibular system to make long-term changes in its 
neuronal response to a stimulus/input.

• Retinal slip – movement of an image across the retina due to a difference between 
eye velocity and head velocity.

• Adaptation is initiated in response to the CNS detection of this “error/error sig-
nal” due to retinal slip.

• Our CNS (central nervous system) attempts to minimize the “error signal” by 
increasing the “gain” of the vestibular response.

• Gain is ratio of eye movement to head movement amplitude which should ideally 
equal one.

• We require 98% accuracy in the VOR (vestibulo-ocular reflex) gain for clear 
vision.

• Recovery requires both visual inputs and movement of the body and head.

https://doi.org/10.1007/978-3-319-97858-1
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 Substitution

Definition: The use of other strategies to replace the lost function of the vestibular 
system.

• Increased cervico-ocular reflex  – neck proprioceptive inputs have increased 
influence on gaze stability.

• Increased reliance on visual and somatosensory cues.
• Behavioral modification – avoidance or caution in environments where visual or 

surface support information is missing or ambiguous.

 Treatment Approaches

 Cawthorne and Cooksey

Sir Terence Cawthorne, MD, FRCS, and Dr. F.S. Cooksey, MD, are credited with 
developing a graduated series of exercises in the 1940s for balance rehabilitation to 
help British soldiers injured during the Second World War. They are said to have 
recommended these exercises in group/class settings instead of using an individual 
approach, to improve results with comradery and competition.

It is recommended the exercises be done in bed, then progress (depending on 
each individual’s rate of progress) to sitting, standing, and then moving about on 
level surfaces, and finally on more challenging surfaces.

All exercises are started in slow time and gradually progress to faster pace.

• Slow active range of motion neck/shoulders to loosen up the muscles and prevent 
stiffness.

• Movements of the head.
• Tasks requiring coordination of eyes with the head. For example:

 – Focusing on a target while moving head side to side.

• Total body movements. For example:

 – Bending forwards and picking up objects from the ground.
 – Changing from sitting to standing position with eyes open and shut.
 – Throwing a small ball from hand to hand (above eye level/under knee).

• Exercises are performed in various positions and at various speeds.
• Exercises are performed with eyes open and eyes closed (decreases dependency 

on visual input and forces vestibular adaptation).
• Importance of transferring performance to noisy or crowded environments (with 

external factors not controlled by the patient).
• For benefit, exercises should provoke symptoms.
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 M. E. Norre’ and W. De Weerdt (Belgium)

M. E. Norre’ and W. De Weerdt developed “Vestibular Habituation Training.” They 
described symptom-provoking exercises as the key factor for habituation in patients 
with positional vertigo. Per Norre’ vertigo itself is the very stimulus required for the 
development of compensation and adaptation. Their testing showed that the combi-
nations of positive maneuvers were different from one patient to another, so prior 
testing of the patient is necessary to prescribe appropriate exercises.

• Exercise program emphasized repeated exposure to vertiginous-provoking 
maneuvers.

• Emphasis on movements often avoided during normal activities of daily living.

 Susan J. Herdman

Based on the mechanism of vestibular adaptation and modifications of the 
Cawthorne-Cooksey regimen mentioned above, S.  J. Herdman has developed an 
evidence-based approach to vestibular rehabilitation.

She suggests that customized, supervised exercises facilitate recovery of postural 
stability and emphasizes the importance of improved dynamic visual acuity (DVA) 
for functional recovery. A knowledge of normal vestibular anatomy, physiology, 
function, and the various compensatory mechanisms is important when developing 
individualized treatment programs.

 Integrated Approach

This approach is based on Herdman, Cawthorne-Cooksey, craniosacral therapy 
(John E.  Upledger), and sensory integration approach (Jean Ayres, Judith 
Bluestone).

• Emphasis on increasing the error detection – (i.e., visual input/target for gaze 
stabilization exercise is written language or numbers).

• Emphasis on submaximal stress to optimize learning.
• Emphasis on improved vestibulo-ocular reflex (VOR) prior to addressing other 

systems.
• Emphasis on systematic progression using stimulus similarity vs. contrast (i.e., 

horizontal then vertical movements).
• Emphasis on integrative therapies when appropriate – CST (craniosacral ther-

apy) to release or balance any fascial tension patterns present in areas of upper 
cervical spine, the cranium (specifically the temporal bones), and the related 
intracranial membranes. This approach is said to help improve fluid (CSF, lymph, 
blood) flow by releasing soft tissue restrictions and thus allowing for improved 
function.
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 Exercise Considerations

• The best stimulus to induce adaptation is one producing an error signal – gaze 
stabilization with head movement.

• Adaptation takes time – periods of stimulation between 1 and 2 min.
• Adaptation is stimulus specific, and as such do the following:

 – Vary the context.
 – Vary the frequency of head movement.
 – Vary the head or body position.

• Adaptation is affected by voluntary control.

 – Importance of concentration on the task.
 – Positive effect of visual imagery.

• Patients should work at the limit of their ability.

 – Importance of gradually combining sensory information via progressive 
manipulation of individual sensory system cues (e.g., visual/surface/
vestibular).

 – Optimal arousal for learning – “just right” type/amount of stimulus.
 – Must challenge the system in a variety of ways – “variety” is the key.

• The environment is your therapeutic tool.
• Poor awareness of body in space creates a reliance on other systems (i.e., vision), 

which further stresses an already stressed system, and limits the ability of the 
visual system to perform higher level visual functions (i.e., visual memory, etc).

• An overwhelmed vestibular system seeks calming through avoidance of stimuli 
that further overloads the system (i.e., movement of head on body, movement of 
head in space, focusing while moving, etc.) Yet these are the very movements 
needed for the vestibular system to re-establish or re-set.

 Guidelines for Developing Treatment Programs

• Begin with the level of activities that encourage the vestibular system without 
stressing other systems that are also weak (i.e., it would be incorrect to “chal-
lenge” proprioceptive functions if basic vestibular functions are not mature 
enough to support this).

• Take care not to perform any activity for more than 2–3 min until the system(s) 
which support it are fairly well organized.

• If you notice a “state change” sign before 2 min of activity, stop the specific 
activity in progress at that moment.
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State Changes State change signs that are indicative of the need to stop an activity 
include the following:

• A change in facial color
• Reddening of the ears
• A change in visual focus
• A change in breathing patterns
• A marked change in muscle tone – either flaccidity or tension

Note: Always discontinue an activity if the individual involved complains of sig-
nificant nausea, disorientation, or discomfort of any form.

 Goals of the Treatment Program

• Decrease the patient’s subjective complaints and symptoms.
• Increase the patient’s gaze stabilization.
• Improve functional balance skills.
• Increase the patient’s mobility, physical condition, and level of activity.
• Improve the patient’s safety during gait and gait-related activities.
• Motivate the patient and obtain compliance.
• Clarify treatment goals and potential effects of exercise or inactivity.
• Minimize symptoms via conservative exercise prescription based on exercise 

tolerance.
• Give the patient control of rate, range, speed, and time.

 Acute Phase

• Encourage exercise or activity for frequent but brief periods of time, followed by 
rests.

• Head movements as tolerated but increase visual input (i.e., bright lights, cur-
tains open, etc.).

• Gentle active head movements and VOR adaptation after day 2–3. May need to 
start in sitting. Progress to standing as soon as possible. Modify as needed.

• Increase endurance for walking and begin variations of Romberg exercise with 
eyes open and closed, add head movements while ambulating, as stability and 
vertigo improves.

• In the acute stage, bending over activities should be avoided.
• Add VORx2 viewing and increasing head velocities and ranges as the patient 

improves.
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 Post-Acute Program

• Encourage head movements.
• Encourage visual focus during exercise/movements.
• Look for substitution techniques preventing adaptation.
• Maximize adaptation of VOR and gaze stabilization.
• Assess for movement induced or positional vertigo.
• Static and dynamic balance activities.
• Dynamic gait activities – multiple task demands.
• Community re-integration.
• Walking programs.
• Address musculoskeletal concerns, as needed.

 Overview of Treatment Strategies

• Minimal number of visual exercises for gaze stabilization with emphasis on 
practicing 3–5 times per day.

• Quality vs. speed.
• Complement visual exercises with balance retraining, conditioning, strengthen-

ing, etc.
• Environment is your therapeutic tool – help teach them how to self-modulate.
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A
Acetazolamide, 268
Acoustic stimuli, 113, 115
Active force latency, 101
Active force strength, 101
Activities-specific balance confidence (ABC) 

scale, 343
Acute peripheral vestibulopathy, 83
Acute vertigo, 193
Acute vestibular syndrome (AVS), 129, 367
Adaptation, 17
Adaptation exercise, 22, 196
Adaptive protocol (ADP), 101, 102
Age, blood pressure, clinical features, duration 

of symptoms, diabetes (ABCD2) 
tool, 130

Aging, see Elderly patients
Alexander’s law, 52
Allergy treatment, 195
Almotriptan, 265
American Academy of Otolaryngology-Head 

and Neck Surgery (AAO-HNS), 
165–166

American College of Radiology, 135
Aminoglycoside, 30, 205
Ampulla, 7
Ampullopetal flow, 7
Angular acceleration, 46
Antidepressants, 268
Antidiuretic hormone, 179
Antiepileptic medications, 268
Antimigraine, 266
Antiviral treatment, 280
Aortitis, 356
Apogeotropic nystagmus, 146, 156
Aquaporin proteins, 172

Audiogram, 200, 232
Audiologic distortion, 167
Audiologic testing, 176, 305
Audiometry, 342
Auditory brainstem response (ABR)  

testing, 115
Auditory neuropathy/dyssynchrony (AN/AD), 

121, 122
Aural fullness, 167
Autophony, 220, 231, 236
Autorotational testing, 68
Autosomal dominant inheritance, 259

B
Bacterial labyrinthitis, 280
Bárány Society and International Headache 

Society, 255, 260
Basilar artery migraine, 354
Behavioral plasticity, 21
Behavioral substitution, 18
BEMED trial, 192
Benign paroxysmal positional vertigo (BPPV), 

28, 37, 38, 133, 312
clinical presentation, 143
diagnosis, 144
differential diagnosis, 147, 148
epidemiology & burden of disease,  

141, 142
etiology and risk factors, 142
nonsurgical management

education and reassurance, 152
horizontal canal, 156
posterior canal, 153–155
recurrences and complications, 157
superior canal, 156
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Benign paroxysmal positional vertigo (BPPV) 
(cont.)

pathophysiology, 142, 143
physical exam, 144–146
posterior semicircular canal occlusion, 

158, 162
primary, 151
secondary, 151
singular neurectomy, 158

Benign paroxysmal positional vertigo  
(BPPV), 303

Benign paroxysmal vertigo of childhood 
(BPVC), 353

Benign position vertigo (BPV), 130
Berg Balance Scale (BBS), 344
Beta-adrenergic inhibitor, 266
Betahistine, 192, 266
Bilateral caloric weakness, 56
Bilateral dehiscences, 239
Bilateral vestibular hypofunction

diagnosis, 293, 296
etiology, 291, 292
future development, 297
symptomatology, 292
treatment, 296, 297

Bilateral vestibular loss, 71, 223
Bithermal caloric test, 52, 54, 57
Bone-anchored hearing aid (BAHA), 209
Bone conduction, 232
Bony labyrinth, 4
Brainstem changes, 18
Brain stem infarct, 364, 367
Butterbur root, 269

C
Calcium channel blockers, 266
Caloric stimulation theory, 53
Caloric stimulus, 76
Caloric testing, 55, 68
Calyx, 5
Canal conversion, 157
Canalith repositioning procedure  

(CRP), 130, 154
Canalithiasis theory, 142, 152
Cardiovascular disorder, 321
CDH23 gene, 217
Center of gravity (COG), 99
Center of vertical forces, 99
Central ischemia, 42
Central nervous system (CNS)

disorders, 319, 358
pathologies, 148

Central vertigo
acute vestibular syndrome, 367
brain stem infarct, 364
demyelinating disorders, 370
epileptiform activity, 372
heat exposure, 372
labyrinthine infarction, 366
metronidazole induced, 370
posterior inferior cerebellar artery, 367
tumors, 368
vertebrobasilar insufficiency, 364
vestibular migraine, 368
Wernicke’s encephalopathy, 372

Central vestibular dysfunction, 261
Central vestibular system

motor outputs, 10
vestibular cortical centers, 14
vestibular nerve, 9, 10
vestibular nuclear complex, 10
vestibulocerebellum, 13
vestibuloocular reflex, 10–12
vestibulospinal reflex, 13

Central vestibulopathy, 372
Cerebellar ataxia, 339
Cerebellar testing, 36
Cerebellopontine tumors, 263
Cerebral glucose metabolism, 19
Cerebrospinal fluid (CSF) leak, 238
Cerebrovascular disease, 337
Cervical VEMP, 107, 108, 233
Cervical vertigo, 41, 304, 319–320
Cervicogenic vertigo, 148
Cholesteatoma, 29, 357
Chronic otitis media, 357
Chronic subjective dizziness (CSD), 315
Chronic vestibulopathy, 278
Cilia, 5
Cinnazirine, 267
Cisplatin, 69
CISS, see constructive interference in  

steady state
Cochlear aqueduct, 4
Cochlear implantation, 120
Cochlear microphonics (CM), 115, 116
Cochleosacculotomy, 200
Cogan syndrome, 356
Cognitive substitution, 18
Compound action potential, 117
Computer tomography angiography  

(CTA), 131
Computerized dynamic posturography (CPD)

adaptive protocol, 101, 102
motor control test, 100–102
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posture-evoked response, 100
sensory organization test, 103–105

Concussion, 304, 355
Conductive hearing loss, 232
Conductive hyperacusis, 229
Congenital malformations and syndromes, 

355, 356
Constructive interference in steady state 

(CISS), 135
Contralateral routing of sound  

(CROS), 196, 209
Cornea-retinal potential (CRP), 46
Cost effectiveness, dizziness, 128, 129
Cranial nerve examination, 37
Craniotomy, middle fossa, 242
Crista ampullaris, 7
Cupular pendulum model, 89
Cupulolithiasis theory, 142, 152, 153

D
Demyelinating disorders, 370
Diabetes mellitus (DM), 321
Diffusion-weighted imaging (DWI), 131
Dimenhydrinate, 267
Direct infrared oculography, 47
Distortion-product OAEs (DPOAEs), 179
Diuretic therapy, 190–192
Dix-Hallpike maneuver, 33, 48, 49, 144
Dizziness, 27, 31, 32, 230, 263

aging, 322
benign paroxysmal positional vertigo, 312
cardiovascular disorder, 321
central nervous system, 319
cervical vertigo, 319
endocrine disorder, 321
evaluation and management, 311
Ménière’s disease, 313
non-vestibular disorder, 318–322
obesity, 321
ophthalmologic condition, 320
otosclerosis, 313
persistent postural-perceptual dizziness, 

317 (see also Post-traumatic 
dizziness)

prevalence of, 331, 332
psychiatric comorbidity, 318
semicircular canal dehiscence, 313
Susac’s syndrome, 319 (see also Vertigo)
vestibular migraine, 313–316
vestibular paroxysmia, 316

Dizziness handicap inventory (DHI), 237, 249
Dizzy patient

acute care setting
differential diagnosis, 130
physical examination, 130–133
posterior circulation stroke, 129
vestibular syndrome, 129

challenges, 127, 128
cost effectiveness, 128, 129
history

first episode of, 28
length of episodes, 28
medical history, 29
symptoms, 29
vertigo, 28

imaging, 134, 135
otolaryngology/neurotology clinic, 

133–134
physical examination

cerebellar testing, 36
cranial nerve examination, 37
Dix-Hallpike maneuver, 33
dynamic visual acuity, 36
eye movements, 30, 32
fistula test, 33
head shaking test, 34
head thrust test, 34
tuning fork exam, 36, 37
tympanic membrane, 36

vestibular pathology, 128
Drop attacks, 167
Dyazide, 210
Dynamic deficits, 17, 20
Dynamic Gait Index (DGI), 344
Dynamic posturography, see Computerized 

dynamic posturography (CDP)
Dynamic visual acuity, 36, 293

E
Elderly patients

aging and population, 331, 332
fall injury statistics, 332, 333
laboratory testing, 343, 344
medical history, 339–341
physical exam, 341–343
proprioception, 335
vestibular changes, 333, 334
visual changes, 334, 335
See also Presbycusis

Electrocochleography (ECOG)
auditory neuropathy/dyssynchrony/

synaptopathy, 121, 122
cochlear implantation, 120
cochlear microphonics, 115
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Electrocochleography (ECOG) (cont.)
compound action potential, 117
electrode placement and design, 114, 115
Meniere’s disease/endolymphatic hydrops, 

119, 120
perilymph fistula, 121
SP/AP ratio, 118
summating potential, 116
superior semicircular canal  

dehiscence, 121
surgical applications, 120, 121

Electrocochlography (ECoG), 178
Electromyography (EMG), 100
Electronystagmography (ENG)

benefits, 63
bithermal caloric test, 52, 54, 57
gaze test, 52
head-shake test, 57
limitations, 63, 64
optokinetic test, 62, 63
positioning test, 48, 50, 52
principle, 46
saccade test, 59
tracking test, 61

Electro-oculography (EOG), 47, 69
Endocrine disorders, 321
Endolymph, 4
Endolymphatic hydrops (EH), 119, 313

autoimmune and allergic mechanisms, 173
diuretic therapy, 191
etiology, 170
genetic, 172
infectious, 172
management of, 190
mechanical, 174
and Meniere’s disease, 170
vasospastic/vascular evidence, 173

Endolymphatic sac decompression surgery, 
202–204

Endolymphatic space, 179
Epileptic vertigo, 358
Epileptiform activity, 372
Epley maneuver, 157
Exertional dizziness, 303
Eye movement, 30

F
Facial nerve stimulation, 208
Fall injury, 332, 333
Familial hemiplegic migraine, 259
Fast imaging employing steady-state 

acquisition (FIESTA), 135

Fenestra, 161
Fistula test, 33
Flunarizine, 266, 267
Focal neurologic deficit, 130
Fukuda step test, 36, 133, 279, 342
Functional interregional connectivity, 19

G
Gastrocnemius muscle, 100, 101
Gaze testing, 52, 53
Gentamicin, 70, 205, 211, 291
Geotropic nystagmus, 146
Glucose metabolism, 19
Glycerol testing, 179
Gravitation acceleration, 46
Gray matter volume (GMV) changes, 19
Gufoni maneuver, 156

H
Habituation exercise, 18, 22, 196
Hair cell loss, 333
Headache, 29, 258
Head impulse test, dangerous nystagmus,  

and tests of skew (HINTS), 131
Head impulse testing, 68–71, 176, 281, 305, 

342, 372
Head movements, 50
Head only impulse testing, 68, 69
Head shake nystagmus, 58, 176
Head-shake test, 34, 57
Head stability, 335
Head thrust test, 34, 35
Head trauma, 29, 301, 304
Hearing aids, 196
Hearing loss, 29, 167, 196, 261
Hearing-preservation surgery, 120
Helical CT scanning, 235
Hemotympanum, 354
Hennebert sign, 229, 354
Heterocrania, 255
High resolution CT (HRCT), 234
HINTS, see Head impulse test, dangerous 

nystagmus, and tests of skew, 131
Hyperacusis, 231
Hyperbaric oxygen therapy, 306

I
Imbalance

adverse drug effects with, 337
cerebrovascular disease, 337
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fall injury statistics, 332
laboratory testing, 343
neurological disorders, 338
physiological considerations, 333
vestibulo-spinal reflex, 333

Inner ear labyrinth, 4
Inner ear sensory hair cells, 5
Insula, 19
Internal auditory artery (IAA), 366
Internuclear ophthalmoplegia (INO), 59
Intracranial pressure, 219
Intraoperative nerve monitoring, 120
Intratympanic gentmicin, 205, 206, 298
Intratympanic steroid perfusion, 201, 202
Intratympanic tetrodotoxin (TTX), 21
Irritative nystagmus, 175

J
Johns Hopkins Fall Risk Assessment Tool 

(JHFRAT), 343

K
KCNE1 genes, 172
KCNE3 genes, 172

L
Labyrinth, 49
Labyrinthectomy, 20, 209, 210
Labyrinthine

hypofunction, 56
infarction, 366
labyrinthine symmetry, 90

Labyrinthitis, 38
diagnosis, 281
pathophysiology, 281
treatment, 281

Labyrinthotomy, 200
Lamotrigine, 269
Large vestibular aqueduct syndrome  

(LVAS), 355
Latency-associated transcript (LAT), 279
Lateral vestibulospinal tract (LVST), 13

M
Magnetic resonance imaging (MRI), 168
Mal de debarquement syndrome, 40–41
Medial longitudinal fasciculus  

(MLF), 10
Medial vestibulopsinal tract (MVST), 13

Membranous labyrinth, 4
Meniere’s disease, 28, 38, 39, 70, 109, 304

acute vertigo and vegetative symptoms, 
193, 194

allergy treatment, 195–196
audiologic distortion, 167
aural fullness, 167
betahistine, 192
challenging clinical scenarios, 211
clinical evaluation, 200, 201
clinical presentation, 165, 166
diagnosis, 285

audiologic testing, 176
between attacks, 176
differential diagnosis, 180
during attacks, 175
electrocochlography, 178
glycerol testing, 179
imaging, 179
otoacoustic emission, 179
plasma antidiuretic hormone, 179
vestibular-evoked myogenic  

potentials, 178
videonystagmography, 178

diuretic therapy, 190–192
drop attacks, 167
ECOG, 119, 120
endolymphatic hydrops, 190, 191
endolymphatic sac decompression surgery, 

202–204
hearing loss, 167, 196
intratympanic gentamicin perfusion,  

205, 206
intratympanic steroid perfusion, 201, 202
labyrinthectomy, 209, 210
lifestyle changes, 190
medical management, 285
migraine, 194, 195
oral corticosteroids, 194
pathophysiology, 284

acute symptoms, 174
chronic symptoms, 175
endolymphatic hydrops, 170,  

172–174
temporal bone and anatomic studies, 

168, 170
tinnitus, 167, 196
treatment protocols, 210
variants, 167
vertigo, 166
vestibular ablative techniques, 205
vestibular nerve section, 207, 208
vestibular physical therapy, 196
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Ménière’s disease, 236, 262
chronic subjective dizziness, 315
diagnosis, 314
magnetic resonance imaging, 316
vestibular testing, 316

Meningitic labyrinthitis, 281
Metprolol, 266
Metronidazole, 370
Middle ear pressure, 219
Middle fossa craniotomy, 242
Migraine, 39

in childhood, 353
chronic subjective dizziness, 315
definitive, 315
diagnostic criteria, 314
magnetic resonance imaging, 316
probable, 315
treatment, 194, 195
vestibular testing, 316

Mild traumatic brain injury (mTBI), 302
Modified clinical test of sensory interaction 

and balance (mCTSIB), 344
Motor control test (MCT), 100, 101
Motor outputs, 10
Multichannel Vestibular Implant Early 

Feasibility Study, 298
Multichannel vestibular prosthesis (MVP), 

297
Multiple sclerosis (MS), 263, 358

N
Near dehiscences, 225
Neuronal plasticity, 19
Nitric oxide (NO), 175
Nitric oxide synthase (NOS), 175
Non-dizzy patient, 100
Non-fluctuating unilateral vestibular loss

labyrinthitis, 280, 282
Meniere’s disease, 284, 285
postsurgical vestibular  

hypofunction, 288
trauma, 283
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