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Outline and Objective

Anatomy and Physiology of the Vestibular System
» Understand site of lesion and mode of presentation

» Define Peripheral and Central Vestibular Disorders
» Describe the Vestibulo-ocular Reflex

Aging of the Vestibular System
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Peripheral Vestibular Anatomy and Physiology
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Peripheral Vestibular Anatomy and Physiology

Changing What’s Possible  MUSChealth.org

11/3/23

14
g1
f
ot
eC’ R.sac. sup. (Voit)
N.sac. maj.

Sac.end.

Q-

Gangl. spir. cochl.

Changing What'’s Possible  MUSChealth.org




10/30/23

11/3/23

Peripheral Vestibular Anatomy and Physiology
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Otolithic Membranes
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OTOLITHS

HAIR CELL
TYPE 1t
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Peripheral Vestibular Anatomy and Physiology

LATERAL Vesabutar membrane MEDIAL
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Labyrinth placed in 3D network with MRI based skull anatomy;
Amira 6.5 (Mercury Computer Systems, Chelmsford, MA, USA )

1.org
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CUPULA

CRISTAAMPULLARIS

AMPULLARY
NERVE
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Motor protein
“walks” along actin

Efferent
Nerve Ending

Motor retensions
ate spring

Efferent
Nerve Ending

Afferent
erve Ending

Type 1l Type | ’jr

Hair Cells

(A) Adaptation is explained in the gating spring model by adjustment of the insertion point of tips links.
Movement of the insertion point up or down the shank of the stereocilium, perhaps driven by a Ca>*-dependent
protein motor, can continually adjust the resting tension of the tip link. (After Hudspeth and Gillespie, 1994)  5Chealth.org
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Peripheral Vestibular Anatomy and Physiology

Kinocilium oriented toward Striola Kinocilium oriented away from striola

Saccule —
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(B) Top view

(A) Cross-sectional view

Direction of depolarizing deflection

Kinocilium.

Stereocilia

Hair cells:

Supporting cells <1

Nerve fibers ==

Ampulla of
superior canal

Superior
Anterior  Striola

Anterior
Lateral

' Posterior

Ampulla Sacculus Utricle

Posterior
Inferior

Utricular macula

Saccular macula

Figure 14.2

The morphological polarization of vestibular hair cells and the polarization maps of the vestibular organs. (A) A cros:
section of hair cells shows that the kinocilia of a group of hair cells are all located on the same side of the hair cell.
The arrow indicates the direction of deflection that depolarizes the hair cell. (B) View looking down on the hair
bundles. (C) In the ampulla located at the base of each semicircular canal, the hair bundles are oriented in the same
direction. In the sacculus and utricle, the striola divides the hair cells into populations with opposing hair bundle
polarities.

Medical University of South Carolina
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Figure 14.5
) Figure 14.4
Forces acting on the head and the resulting displacement of the otolithic membrane of the utricular macula. For cach Morphological polaization of hir cell in the tricular and saccular maculae. (A) Cross section of the utricular
of the positions and accelerations duc to translational movements, some set of hair cells will be maximally excited, h lovel (2} Ceogs section of e
whereas another set will be maximally inhibited. Note that head tilts produce displacements similar to certain s tlted. (C) Orientation 5
accelerations. Show orientatin ofthe Kinoils s i Figure 1.2 The sacculesoneithe sid are orinted more o less verticaly,
andthe rices mrc o e horizomally. The ol i ol landrark amal
arow trench it orgn. In . n
thesacole macl, the e siola. Noe tht, iven
ofthe body, there all distions
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Remember: Both vestibular systems are working when we are not
moving (push/pull mechanism)

H
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Remember: Both vestibular systems are working when we are not
moving
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Semicircular canals and Balance
Flourens 1842 Ewald 1892

Changing What'’s Possible
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Ewald’s laws

EWALD’S THREE LAWS

1. A stimulation of the semicircular
canal causes a movement of the eyes
in the plane of the stimulated cana
: tonic movements(slow
phase of nystagmus and segmental
and axial tilts) are in the direction of
the endolymph movement
2. In the horizontal semicircular
canals, an ampullopetal endolymph
movement causes a greater
stimulation than an ampullofugal one.
Ampullopetal flow is
utriculopetal
3. In the vertical semicircular canals,
the reverse is true. Ampullopetal
flow is utriculofugal

éMUSC Health Changing What'’s Possible
Medical Universit of South Carolina

MUSChealth.org
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Robert Barany XXth Century

Rapid movement (direction of nysiagmes)
B

< Slow movement

Left aye

Changing What’s Possible  MUSChealth.org

Head Impulse Test (bHIT)**

Before head rotation During head rotation At end of head rotation

**Petersen JA, Straumann D and Weber K,
Clinical Diagnosis of bilateral vestibular loss:
three simple bedside tests, Ther Adv Neurol
Disord, 2013,6: 41-45

Healthy subject

Right vestibular loss

MUSC Health Changing What's Possible ~ MUSChealth.org
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Head Impulse Test (bHIT)**

Changing What’s Possible  MUSChealth.org

VOR SUPPRESSION by visual fixation

Brandt T and Strupp M, General
Vestibular Testing, Clin Neurophys,
2005, 116: 406-426

é MUSC Health
Medical University f South Garolina
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Velocity Storage Asymmetry

Changing What’s Possible  MUSChealth.org
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Dix, M.R.; Hallpike, C.S.: The pathology, symptomatology and diagnosis of certain
common _disorders of the vestibular system. Proc. R. Soc. Med. 45: 341-354 (1952).

" Fie. 7.

By means of apparatus shown in Fig. 7 it is possible to move the patient en masse into the critical position,

éMUSC Health Changing What'’s Possible  MUSChealth.org
Medical University of South Carolina
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Excitatory Inhibitory
Pathway Pathway
Superior SCC - Bilateral » Bilateral
Superior Inferior Recti
Recti » Contralateral
» Contralateral Superior
Inferior Oblique
oblique
Posterior SCC - Ipsilateral  Ipsilateral
superior inferior
oblique oblique
» Bilateral » Bilateral
Inferior Recti Superior
Recti
i Lateral SCC « Contralateral + Contralateral
lateral Medial
Rectus Rectus
 |Ipsilateral  |Ipsilateral
Medial Lateral
Rectus Rectus geiheiie
11/3/23

Posterior Canal BPPV

Superior oblique muscle: depressor when eye is adducted and intorter

when abducted

Left Posterior BPPV
NEUTRAL GAZE: TYPICAL UPBEAT GEOTROPIC
NYSTAGMUS WITH VERTICAL AND ROTARY NYSTAGMUS
LEFT GAZE: PURE GEOTROPIC NYSTAGMUS ROTARY
COMPONENT ONLY
RIGHT GAZE: PURE UPBEAT NYSTAGMUS VERTICAL
COMPONENT ONLY

MUSC Health
South Carolna

Changing What'’s Possible

MUSChealth.org
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Arch
Otolaryngol
1969: 90, 765
Changing What's Possible  MUSChealth.org
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Buoyancy Cupulopathy

PAN |

PAN Il

o ©
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N
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Superior canal Bppv

Excitation of right and left superior recti and inhibition of right
and left inferior recti
Excitation of left contralateral inferior oblique and inhibition
of left contralateral superior oblique:
ELEVATES THE LEFT EYE WHEN IT IS
ADDUCTED

%MUSC Health

Medical University of South Carolina

Changing What'’s Possible

MUSChealth.org

Lateral Canal BPPV

MUSC Health Changing What'’s Possible

Medical University of South Carolina

MUSChealth.org
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Define the symptoms

Lightheadedness/Presyncope Sensation of impending loss of
consciousness

Multiple sensory disturbances,
orthostatic hypotension, cardiac
arrhythmias and panic attacks

Disequilibrium Imbalance or unsteadiness experience
while standing or walking.
Caused by diminished vision, loss of
vestibular function, defects in
proprioception and motor dysfunction from
the CNS and PNS.
Also related to visual vertigo, presyncopal
faintness and somatoform phobic postural
vertigo

Oscillopsia Subjective illusion of visual motion.
Happens ONLY when eyes are open:
* Acquired nystagmus can cause

retinal slip.
» Bilateral vestibular loss

Vertigo lllusion of movements of oneself or the
environment: rotat lly but not necessarily

Huh YE, Kim JS, Bedside Evaluation of dizzy %MUSC Health
patients, J Clin Neurol, 2013,9: 203-213 k

Changing What’s Possible  MUSChealth.org
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Oscillopsia

%MUSC Hhea]t‘h Changing What'’s Possible  MUSChealth.org
edic uth Carolina
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MUSC

MEDICAL UNIVERSITY
of SOUTH CAROLINA

Joumnal of Vestibular Research 19 (2009) 1-13
DOI 10.3233/VES-2009-0343
10S Press.

Classification of vestibular symptoms:
Towards an international classification of
vestibular disorders

First consensus document of the Committee for the Classification of Vestibular Disorders of the B arany
Society

Alexandre Bisdorff**, Michael Von Brevem®, Thomas Lempert® and David E. Newman-Toker?
“*Department of Neurology, Centre Hospitalier Emile Mayrisch, L-4005 Esch-sur-Alzette, Luxembourg
bVestibular Research Group Berlin, Department of Neurology, Park-Klinik Weissensee, Berlin, Germany
“Vestibular Research Group Berlin, Department of Neurology, Schlosspark-Klinik, Berlin, Germany
4Department of Neurology, The Johns Hopkins University School of Medicine, Baltimore, MD 21287, USA

On behalf of the C¢ for the Classification of Vestibular Disorders of the Barany Society: Pierre Bertholon,
Alexandre Bisdorff, Adolfo Bronstein, Herman Kingma, Thomas Lempert, Jose Antonio Lopez Escamez, Mans
Magnusson, Lloyd B. Minor, David E. Newman-Toker, Nicolas Pérez, Philippe Perrin, Mamoru Suzuki, Michael
von Brevern, John Waterston and Toshiaki Yagi

MUSC Health Changing What’s Possible  MUSChealth.org
University of South Carolina
Appendix 2. Symptom Coding Algorithm
1. Spinning
1. spontaneous
vertigo 2. Non-spinning T
(rocking, swaying, etc.) -
1. Spinning _{ 12001 ‘
1. transient
L_{ 2. wiggered | | 1. positional 2. Non- —‘ 12112
vertigo vertigo spinning
2. persistent 1. Spinning _{ 12121 ‘
2. Non- 12122
spinning
2. head-motion 1. Spinning 4‘ 1221 ‘
i
vertige 2. Non- 222
spinning o
3. visually-induced 1. Spinning 4 1231 ‘
vertigo
2. Non- )
spinning -
R——— 1. Spinning _{ 1241 ‘
vertigo > Nom —
spinning -
1. Spinning
5. Valsalva- 2 Non-
induced spinning
vertigo
1. Spinning —{ 12521 ‘
2. Non- —‘ 12522
spinning
6. orthostatic 1. Spinning 4{ 126.1 ‘
vertigo
2. Non- 1262
spinning
- 1. Spinning 1271
7. other triggered
vertigo
b Z Nom- 1272
spinning
Changing What'’s Possible  MUSChealth.org

20



10/30/23

ess 1. spontaneous
dizziness

1. transient 2211

i 2.triggered [ | I
dizziness dizziness
2. head-motion
dizziness

izziness

|| 5. Valsalva-
induced
dizziness

6. orthostatic
dizziness

3. visually- 223
induced -

4. sound-induced
di

1. glottic

2. nose
pinch -

7. other
dizziness

1anging What'’s Possible

3. vestibulo-visual

symptoms

| 1. extemal vertigo i

| 2. oscillopsia

1

1. head-movement
dependent

2. occurs without
head movements

| 3. visual lag

3

—| 4. visual tilt

5. movement-

34

3s

induced blur

90 0 BE C

é MUSC Health

Medical University of South Carolina

Changing What'’s Possible
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4. postural
sm}ploms

4‘ . 4.1
-4.2. 1.1
2. directional pulsion m
1. latero
4212

]

&
-

2. antero 422

Changing What’s Possible  MUSChealth.org
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Peripheral Vestibular Anatomy and Physiology

Changing What'’s Possible  MUSChealth.org

22



10/30/23

[11/3/23

Physiology of Endolymph

dww— \Nater flow via aquaporins

l K+ absorption

K+ SECRETION
Na+

ABSORPTION
CI— SECRETION

H+ SECRETION
A Ca2+ SECRETION

GLUCOCORTICOID
ACTION
BADRENERGIC
AMHONMPH

DARK EPITHELIUM

NEUROEPITHELIUM

Leveque M, Seidermann L, Ulmer E and Chays A,
[Vestibular Physiology: ga
immunohistochemical 4

substrates], EMC, 2010, Changing What’s Possible  MUSChealth.org
[11/3/23
Tumarkin crisis
Tumarkin A. The otolithic
catastrophe. A new syndrome. Br
Med J 1936;1:175-7
¢ Utricle affectation: accesses of
rigidity or flexor spasm
+  “Mr X was standing at his desk
talking to a client when
suddenly he slumped to the
floor. He had no vertigo, no loss Fic. 1o aND 15, Fic. 2. Fio. 3.
of consciousness andno h!n the usnght position (Fig. 1) b is ‘)l)rzssmg ondn txn
malaise. It The thing came like edihe postians wi pradsce. mtormediate <fcct. Tho
a bolt from the blue but he was 1ight and left lapilli are synergic.
immediately able to assure
onlookers he was all right and . .
almost immediately go?up and Sudden shift of utricle macula,
S Tarf'e;"”- o Fall o1 sudden changes in EL pressure,
. .
Saceular affectation: Fall o the sudden electrolye changes from
*  “MrY was sent to me on rupture of membrane
account of giddiness.[...] On
one occasion he was standing
in his van receiving packages W
when suddenly he felt as if the ‘
wheel had collapsed under him.
Canal Vestibule
Onset Ingravescent Instantaneous
Duration ... . | May b:o n;lnum up | A minute or less Fie. 4. FiG. 5.
ave
Nauses, pellor, sweating, etc. Yes No The sensitive area (sagitta) lies on the side instead of the
Giddiness... .. a Yes No floor of its retaining sac ; furthermore the right and left
| R | i ke the apih thy re opponents and ot syneriss, . Whats Possible  MUSChealthorg
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Tumarkin Crisis Post-Epley

<003 - 0%

Changing What’s Possible  MUSChealth.org
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Are we gravity bound?

Caloric experiments in microgravity
» Convection currents not present
> Thermal effect
Antigravity vector “built-in” in otolith/graviceptive pathways.

Pierrot-Deseilligny C, Effect of Gravity on Vertical Eye
Position, Ann NY Acad Sci, 2009, 1164: 155-165

é MUSC Health
Medical University f South Garolina

Changing What'’s Possible  MUSChealth.org
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Parabolic Flight “The Vomit Comet”

Changing What’s Possible  MUSChealth.org
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Are we gravity bound?

Changing What'’s Possible  MUSChealth.org
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When astronauts return home they experience some after effects from this otolith organ
disruption:

» Difficulty walking around corner

» Sensation of linear movement or freefall when tilting one’s head

Vestibular neuronitis can cause similar symptoms

Changing What's Possible  MUSChealth.org
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Vestibular System Pleotropic Mediator

RETICULAR CEREBELLAR CORTICAL
AFFERENCES AFFERENCES AFFERENCES

CROSS COMMISSURAL
AFFERENCES FROM

Visual Central Vestibular CONTRALATERAL CVN
Afferences Nuclei

Spinal Proprioceptive Efferent pathway from

Vestibular Input .
P afferences oculomotor nuclei

Changing What's Possible  MUSChealth.org
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Central Vestibular Anatomy and Physiology

Cerebellum: major role in motor coordination

» Coordinate movements of head and eyes
» Motor learning, adaptation and compensation
Paleocerebellum or Spinocerebellum

Archeocerebellum or Vestibulocerebellum: flocculus, nodulus, vermis, fastigial nucleus

Changing What’s Possible  MUSChealth.org

11/3/23

FUNCTIONAL ORGANIZATION OF CEREBELLUM

A Inputs B Outputs

Spinocerebalium

Spinal and
trigeminal inputs

Corticopontine

Intermediate
hemisphere

~er ebrocerebellum

Iateral hemisphere) \
Fastgial D

s nucier
Dentate  Mee
nucleus T ol

cerebellum

To motor To lateral To medial To
and premotor  descending  descending  vestibular

cortices systems systems nuclei

—_—
Mcror Motor Balance
planning execution and eye

movement

%MUS(‘: Hhea]t‘h Changing What'’s Possible
versity of South Carolina

Medical Uniy

MUSChealth.org
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Physiological Pathological Vestibular Vertigo
vertigo Vertigo Function Syndrome
Peripheral ’
labyrinthine Peripheral Vestibular
lesion  eight nerve epilepsy
lesion Central
vestibular
l lesion
. Spatial orientation :
: Parieto - Vertigo
Vestibular l temporaler | Motion perception 9
\ ~ Cortex
: Vestibulo-Ocular
Optokinetic _’ — Brainstem S8 Nystagmus

—_— Spinal Posture Ataxia

Somatokinetic y u carinal h:::‘::::l:g

vestibular centre Vegetati
pathways cgoave Nausea
Limbic effects
system

Brandt T, Daroff RB. Thd
and pathological vertigg
1980;7:194-203.

Changing What’s Possible  MUSChealth.org

Figure 14-15a Motor and Sensory Regions of the

Cerebral Cortex

Primary motor cortex:
(precentral gyrus)

FRONTAL LOBE

Gustatory cortex

Offactory cortex

Contral suicus: Primary sensory cortex

(postcentral gyrus)

PARIETAL LOBE

1 Major anatomical landmarks on the surface of
the left cerebral hemisphere. The lateral sulcus
has been pulled apart to expose the insula.

©2012 Pearson Ecaron, e

(belt areas)

Figure 13.14

Corresponds to Corresponds to
apex of cochlea base of cochlea

Homunculus of Note that each hemisphere receives info from the opposite
Primary side of the body

Somatosensory Cortex

in Blue Posterior

Motor map in
precentral gyr

o,
Eye
Face
ips eth
Lies 3 Tt
Jaw Primary . o
somato- Tongu
sensol
Tongue! oLy, Pharynx

(postcentral
gyrus)

gyrus)

The human auditory cortex. (A) Diagram showing the brain in left lateral view, including the depths of the lateral

suleus, where part of the auditory cortex occupying the superior temporal gyrus normally lies hidden. The primary
auditory cortex (A1) is shown in blue; the surrounding belt areas of the auditory cortex are in red. (B) The primary
auditory cortex has a tonotopic organization, as shown in this blowup diagram of a segment of Al

MUSC Health Changing What'’s Possible  MUSChealth.org

dical University of South Carolina
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Body motion
related to
vestibule

Area 7 — Visuo-Motor Coordination

Point of convergence between vision and
proprioception to determine where moving objects
s{ are in relation to the body

Self- vs. Object- Area 39 — Angular gyrus, considered by some to be part
motion of Wernicke's area

It is also involved in a number of processes related to
language, number processing and spatial cognition,
memory retrieval, attention, and theory of mind.

ject
location

Area 40 — Supramarginal_gyrus, involved with language
processing. Lesions in it can result in receptive aphasia

Vestibular cortices and spatial
cognition. Vestibular cortices
involved in spatial cognition, illustrated in
a soccer player: HD cell, head direction
cell; HPC, hippocampus; MST, medial
superior temporal area; ParaHPC,
parahippocampal cortex; Parietal Ant,
; parietal anterior cortex; PIVC, parieto-
Egocentric ‘ insular vestibular cortex; RSP,
retrosplenial cortex; VIP, ventral
intraparietal area; 7a, 39, 40 Brodmann
area.

/ﬁ'@
QHD cell

paraHPC
S Allocentric

N
EMUSC Health Changing What’s Possible  MUSChealth.org
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Central Vestibular Anatomy and Physiology

Vestibulothalamic and vestibulocortical pathways:
» sensation and perception of head movement
Vestibulospinal pathways:

> motor commands to the muscles of the neck, upper torso and lower limbs to maintain
balance

» Cortical efferent and cerebellar efferents modulate vestibulospinal output
> Related to drop attacks
Vestibulocular pathways
» responsible for the VOR
» Responsible for gaze, saccades, smooth pursuit and optokinetic nystagmus

MUSC Hea]t‘h Changing What’s Possible  MUSChealth.org

Medical Uni
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Two questions come to mind

Q1 Can someone recover from damage to the end-organ?

Changing What’s Possible  MUSChealth.org

Vestibular Neuronitis: Unilateral Vestibular Deafferentation

34 year old patient with no prior medical problems

6/6/2017 felt spinning when he would lay on his left side. This gets better when he
lays flat.

6/8/2017 Acute right stye

6/10/2017 vertigo constant even
when looking straight ahead

Changing What'’s Possible  MUSChealth.org
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Alexander’s Law: 1912

In Unilateral vestibular lesion
» Spontaneous Nystagmus with fast phase toward healthy ear

Slow phase is greatest when gaze is directed toward healthy ear or nystagmus fast
phase, attenuates at central gaze and weakest when gaze is toward ipsilesioned ear

It actually is a compensation strategy from CNS in the context of vestibular imbalance

Changing What’s Possible  MUSChealth.org
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VideoHIT

%MUS(} Healt‘h Changing What'’s Possible  MUSChealth.org
versity of South Carolina

Medical Uniy
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Vertigo starts subsiding and patient starts noting falling to the right side when he turns his
head to the right or his ear to touch his shoulder

Changing What’s Possible  MUSChealth.org

11/3/23

Tims ) Temo ] Heaals)

éMUSC Health Changing What'’s Possible  MUSChealth.org
Medical Universit of South Carolina
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Left Ear Right Ear

SCV (ava) FI(FINF SCV (avg) FL(FINE)

078

Left War 14 Fignt warm
5
008 -
. B
Let Cool 12 0.54 [Right Cool
0.84
L3R
Left Warn{ L20R Right Warm
S| evon e |
=1 ofars]
———
N R10L
Left Cool R2L Fight Cool
R0 L
37 75 TaTseq 151 T o7 75 T3 51

# RVR (UW): Right Ear Response 41% weaker

Total Eye Speed: 37 [deg/sec]
Spontaneous Nystagmus: 3 [deg/sec] LB Corrected

1t beating response 8% stronger

=
MUSC Health

EMUSC Health Changing What’s Possible  MUSChealth.org
[11/3/23
Patient’s balance is off for the next ten days
No more spinning vertigo
e — o
| BT o e
§ o s ) a:n:‘:‘l“mzf‘iif?fi .
o et
© e ° o e
éMUSC Health Changing What's Possible  MUSChealth.org

Medical University of South Carolina
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Caloric Summary

Left Ear Right Ear
SCV (avg) FI(FINF) SCV (ava) FI(ENF)
Left Warr 1 055 Fight warm
032
:
. -o 2 4
Left Gool " Rignt Cool
0.72
L3R
Left Warr L20R Right Warrr
7~ L1oR -
——{ owsl =
e || RO
Left Cool R20 L ight Cool
R 30 L
EJ 7 Ti6lseq 155 Toecl 38 77 6 55

@ RVR (UW): Right Ear Response 47% weaker

Total Eye Speed: 30 [deg/sec]

‘Spontaneous Nystagmus: None
=
MUSC Health Changing What’s Possible  MUSChealth.org
MedicalUniversit of South Carolina
36 days s/p onset
Brinday:  2000-01-01
SO0, oujse Right N=21 [ —— Fead impulse Left  N=10 PersiD 12345
Tost  Headimpuise
Vartant,  Lateral
200 Date: 2017-07-12/ 16:52:43.
Examier:
Galbralon: /Head: defaut
Veloty Regresson
. G Aoy 11
w w0 m
yiEa]
5
w00 10 10 8
P oei T 2
00 . 4
05 05 §
| L iy 0351 g
H
| o e 5 200 w0
Median Gain + SD E
woms: 08ss0.12] .
60ms: 0.800.04 1o
woms: 0785005 g
0-100 ms0.88 + 0.06| ©
o5
.
g CE % 70 w0 0
Time [ms] Head [*/s]
MUSC Health e Wi Feedil | MUSE:estthers)
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. Evaluation Timepoints
Vestibular Test Battery Week1 | Week2 Week 3 Week 6 Week16 | Month 8
Calorics 41% RUW 47% RUW 78% RUW 0% BW 59% RUW
Spontaneous Nystagmus 3d/s LBN None None None None
SHA gain Normal Normal Normal
SHA symmetry CW weaker Normal Normal
SHA phase Normal Normal Normal
. Right 0.77 0.23 0.29 0.33 0.60 0.82
VHIT gain
Left 0.95 0.59 0.63 0.8 0.59 0.83
VHIT overt de Right| Present Present Present Present Present Present
Left Absent Absent Absent Absent Absent Present
. Right| Present Present Present Present Absent Absent
VHIT covert
Left Absent Absent Absent Absent Absent Absent

N
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VOR Changes Over Time
(Caloric and VvHIT)

Right Uniilateral Weakness (%)
°
2 & &
(sw 09) uteo LIHA

1 2 3 6 16 27
Interval (Weeks)
W Right VHIT Gain f—Left VHIT Gain
Caloric Total Eye Velocity (deg/s) «==Caloric Right Unilateral Weakness
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Acute Peripheral Vestibular Lesion
Day 4

Neme:  habibtest
Binhday:  2000-01-01

et Nei2 ParsiD 12345
X Head Impusa
Variant  Latoral
Date: 2017-06-101 154215
Caliration: 1 Hoad: default

elooty Reession
Gan asymmery 4]
0

o o 0
=T
a0l _ hoas ==
s 05
0
w0 200 00 0 00 200 a0
o Head [s) -
R 1l T Wiedian Gon = 50 T Tiecian Gan = 50 .
ii40ms: 0762000 soms: 0912023
0 00 . '
£ soms: 0822023 0942005 £
8 0-100ms 097 < 008 {0-100ms 100 = 0.00] 8
0s :
| Tt
| © R
o E) ) E W ow ]

o0
Time frs] Head s

B
=MUSC Health

University of South Carolina

Regrussion S

Gon

Changing What'’s Possible

MUSChealth.org

6/15/2017
Day 9

Galoric Summary.
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6/23/2017
Day 17

Caloric Summary
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9/6/2017
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Month 8

Impulse Left N=17

Ja
/o '\

,/ A\

7. 3N\

Median Gain : 3 \ Median Gain
60 msec: 0.82 : 60 msec: .83
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Bilateral Vestibular Deafferentation

Sequential:
» Bechterew’s Phenomenon

Concomitant
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Vestibular Compensation

N Engl J Med 1952; 246:458-460

“When I recall how MEDICAL INTELLIGENCE
completely disabled |
was by the initial impact
of loss of vestibular
function, | am amazed
that I am so little

troubled at present”

LIVING WITHOUT A BALANCING
MECHANISM*

J. C.

BOSTON

March 20, 1952

“Is there any man-
made machine
designed like the
human apparatus-
with so many
alternate systems to
accomplish its end?”

Changing What'’s Possible
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Vestibular Implants?

Stimulator

ORL 201577:227-240
DOL: 10.1159/000433554

© 2015 5. Karger AG, Basel
www karger.com/orl

Guinand et al: Vestibular Implants: 8 Years of Experience with Electrical Stimulation of
the Vestibular Nerve in 11 Patients with Bilateral Vestibular Loss A

MUSC Health
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Review

Audiology&~
Neurotology Audiol Neurotol 2020;25:6-24 Received: May 31,2019

. Accepted after revision: July 29, 2019
DOI: 10.1159/000502407 Published online: September 18,2019

Electrical Vestibular Stimulation in
Humans: A Narrative Review

Morgana Sluydts® lan Curthoys® Robby Vanspauwen? Blake Croll Papsin®
Sharon Lynn Cushing® Angel Ramos® Angel Ramos de Miguel4

Silvia Borkoski Barreirod Maurizio Barbara® Manuel Manrique®

Andrzej Zarowski®

2European Institute for Otorhinolaryngology, GZA Hospitals Antwerp, Wilrijk, Belgium; ®Vestibular Research
Laboratory, University of Sydney, Sydney, NSW, lia; “Dep of Otolar logy — Head and Neck
Surgery, The Hospital for Sick Children, Toronto, ON, Canada; “Hearing Loss Unit, Otorhinolaryngology, Head and
Neck Department, Complejo Hospitalario Universitario Insular Materno Infantil, Las Palmas of Gran Canaria, Spain;
©NESMOS Department, ENT Clinic, Sapienza University, Rome, Italy; ‘Otorhinolaryngology Department, Clinica
Universidad de Navarra, Pamplona, Spain
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* Vestibular costimulation with a cochlear implant
* Human vestibular implant

* Vestibular Pacemaker-Vestibular neurostimulator (Rubenstein University of Washington):

2 extracochlear electrodes and 3 SCC electrodes in perilymphatic space

*  Vestibulocochlear implant (Maastricht-Geneva): intracochlear electrode and 1-3 SCC

electrodes

*  Multichannel Vestibular implant (Della Santina Johns Hopkins): built-in gyroscopes and
accelerometers Fifty electrodes over three shanks: one shank for saccule and horizontal
SCC, one shank for utricLe and superior SCC and one separate shank for the posterior

SCC

«  Otolith Implant (Ramos de Miguel University of Las Palmas) insertion into the vestibule

%MUSC Healt‘h Changing What'’s Possible
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Q2 Can the peripheral vestibular end-organ affect higher cortical functions?

Changing What's Possible  MUSChealth.org

) |PART Il The vestibular system-
cognition link
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Aging of the Vestibular System
Histology

Marked age-related degeneration in nearly every type of vestibular-related cell and
neuron bundle

» Starting after the age of 65 years
» Saccule seems to be the most affected

Clinical Implications: Age-related declines in the ability to correctly detect head
position and motion in space, to elicit vestibular spinal reflexes or to solve
sensory conflicts
Tang PF, Woollacott M, Balance control in older adults. In: Bronstein AM,Brandt TW, Nitt J,
eds. Clinical disorders of balance, posture and ga. nold, 2004:385-403
Changing What’s Possible  MUSChealth.org
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Aging of the Vestibular System
Clinical Correlation

Early studies did not show direct correlation between histology and abnormalities on
paraclinical testing

More recent evidence comes with VEMPs and videoHIT showing high prevalence of
abnormalities with age

1. Agrawal Y, Zuniga MG, Davalos-Bichara M et al, Decline in semicircular canal and otolith function with age, Otol
Neurotol, 2012; 33: 832-839

2. Agrawal Y, Schubert MC, Migliaccio AA et al, Evaluationof quantitative head impulse testing using search coils versus
video-oculography in older individuals, Otol Neurotol, 2014; 35:283-288

Central compensation occurs until a “tipping point” is reached

%MUSC Healt‘h Changing What'’s Possible  MUSChealth.org
Carolina

Medical University of South
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Aging of the Vestibular System
Epidemiology

Incidence of Dizziness increases from 22% (65-69) to over 40% for adults over 80-84 (18
M people by 2050)
Cutson TM, Falls in the elderly, Ann Fam Physician, 1994, 49:149-156
65% of adults over 60 experience dizziness and loss of balance on a daily basis
Hobeika CP, Equilibrium and balance in the elderly, Ear Nose Throat J, 1999, 78:558-562
Approximately 20% of imbalance and 40-50% of dizziness is due to a vestibular problem
University of lowa Health Care. Comprehensive Management of vestibular disorders, Currents, 2002,3

(2)

Changing What’s Possible  MUSChealth.org
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TABLE 1.1

Category
Peripheral vestibular
disease

Cardiovascular disease

Systemic infection
Psychiatric conditions
Metabolic disturbances

Medications

Percentage of Patients (%)
20-50

10-30

10-20
5-15
5-10

5-10

Aging of the Vestibular System
Epidemiology

Most Common Causes of Dizziness in Primary Care Practice!

Examples

Benign paroxysmal positional vertigo, labyrinthitis, vestibular
neuritis

Arrhythmia, congestive heart failure, vasovagal conditions
(e.g., carotid sinus hypersensitivity)

Systemic viral and bacterial infection

Depression, anxiety, hyperventilation

Hypoglycemia, hyperglycemia, electrolyte disturbances,
thyrotoxicosis, anemia

Antihypertensives, psychotropic medications

= MUSC Hhea]t‘h Changing What'’s Possible  MUSChealth.org
edica th Caroiina
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Aging of the Vestibular System
Epidemiology

Lifetime prevalence of vestibular vertigo 7.8%
One year prevalence of vertigo 4.9%

> 7.2% in 60-69 year olds

> 8.8% over the age of 80
Incidence of vertigo 1.5%

Neuhauser NK, von Brevern M, Radltke A et al. Epidemiology of vestibular vertigo: a neurotologic
survey of the general population. Neurology, 2005; 65:898-904

Changing What’s Possible  MUSChealth.org
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Aging of the Vestibular System
Epidemiology

35% of US adults over 40 have evidence of balance dysfunction on postural exam

85% of individuals over 80 have evidence of balance dysfunction

Agrawal Y, Carey JP, Della Santina CC, Schubert MC, Minor LB, Disorders of balance and vestibular
function in US adults: data from the national health and nutrition examination survey, 2001-2004, Arch
Intern Med, 2009;169:938-944

Dizziness is a major cause of absenteeism, partial or full
disability and an increase in healthcare utilization

%MUSQ Hhea]t‘h Changing What'’s Possible  MUSChealth.org
edical Universty of South Carolina
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Diagnostic criteria for presbyvestibulopathy (PVP)
Each of the criteria A through D have to be fulfilled
A. Chronic vestibular syndrome (at least 3 months duration) with at least 2 of the following
symptoms:*
1. Postural imbalance or unsteadiness
2. Gait disturbance
3. Chronic dizziness
4. Recurrent falls
B. Mild?bilateral peripheral vestibular hypofunction documented by at least 1 of the following:
1. VOR gain measured by video-HIT between 0.6 and 0.8 bilaterally
2. VOR gain between 0.1 and 0.3 upon sinusoidal stimulation on a rotatory chair
(0.1 Hz, Vmax = 50-60°/sec)*
3. Reduced caloric response (sum of bithermal maximum peak SPV on each side
between 6 and 25°/sec)®
C. Age = 60 years®
D. Not better accounted for by another disease or disorder”
Changing What’s Possible  MUSChealth.org
11/3/23

Presbyvestibulopathy

Presby-
su-cLnicaL  vestibulopathy
CLINICAL VSR
Presbystasis
Age-related Presbyvertigo
imbalance/ Causes: Vestibular,
disequilibrium visual, neurologic,
Causes: Weakness, psychological,
peripheral sensory, polypharmacy,
arthritis cardiovascular,
orthostasis

FIG. 1.1 Typology of age-related dizziness, imbalance,
and vestibular loss. VOR, vestibulo-ocular reflex; VSR,

vestibulospinal reflex.
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THIS BABY

THIS BABY
120°
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Vestibular System and Cognition

Older studies:

> Memory impairment and Perilymphatic fistulae

» Concentration difficulties and gentamicin ototoxicity
Bilateral vestibular nerve section (NF2) and reduction in spatial memory and spatial
navigation as well as reduced hippocampal volumes

Brandt T, Schautzer F, Hamilton DA, Briining R, Markowitsch HJ, Kalla R, Strupp M,
Vestibular loss causes hippocampal atrophy and impaired spatial memory in humans, Brain,
2005, 128:2732-2741

Changing What'’s Possible  MUSChealth.org
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Vestibular System and Cognition

173123

Van der Zaag HJ, van Leeuwen RB, Dizziness causes absence from work, Acta

Neurol Belg, 2015, 115: 345-349

» 400 patients

> 70% absenteism

> 12% completely disabled

» 51% worked less because of the dizziness

Changing What’s Possible  MUSChealth.org
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Box 1. & y of 3US p based studies reporting a significant asodiation between reduced vestibular function and poorer cognitive
performance.
Study population Year N Finding
Baltimore Longitudinal Study of 2013-2014 183 Reduced saccular function assodiated
Aging (BLSA) with significantly poorer scores on
itive tests of visuospatial
ability in cross-sectional analyses; no
significant relationship between saccu-
lar function and tests of language,
executive function, and ver-
bal memory
National Health and Nutrition 1999-2002 1303 Vestibular im pairment (based on
Examination Survey (NHANES) modified Romberg test) assodiated
with significantly poorer Digit Symbol
Subsitution Score in cross-sectional
analyses
National Health Interview 2008 20,950 Vestibular vertigo (based on question-
Survey (NHIS) naire responses) significantly assod-
ated with 4-fold increased odds of
“difficulty remembering and confu-
sion” in cross-sectional analyses

Bigelow, R. T, Semenov, Y. R, Du Lac, S, Hoffman, H. J, & Agrawal, Y.

Semenov, Y. R, Bigelow, R. T, Xue, Q, Lag S. D, & Agrawal, Y. (2015).

bular and

ive function in US adults:

(2015). Vestibular vertigo and comorbid cognitive and psychiatric
impairment The 2008 national health interview survey. Journal of
Neurology, Neurasurgery & Psychiatry, 87(4), 310-319.

Bigelow, R T, Semenov, Y. R, Trevino, C, Ferrucci L, Resnick, S. M,
Simonsick, E. M, ... Agrawal, Y. (2015). Association between visuo-
spatial ability and vestibular function in the balimore longitudinal
study of aging. Jounad of the American Geriatrics Society, 63(9),
1837-1844.

Sdences, 71(2), 243-250.

As
Data from the national health and nutrition examination survey.
The Journals of Gerontology Series A: Biological Sciences and Medical
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Vestibular System and Cognition

Hippocampal atrophy in Meniere’s disease

1.Kremmyda O, Hiiffner K, Flanagin VL, Hamilton DA, Linn J, Strupp M, Brandt T, Beyond dizziness: Virtual
navigation, spatial anxiety and hippocampal volume in bilateral vestibulopathy, Frontiers in Human
Neuroscience, 10, 139

2.Popp P, Wulff M, Finke K, Riihl M, Brandt T and Dieterich M, Cognitive deficits in patients with chronic
vestibular failure, J Neurol, 2017, 264:554-563

20% of patients presenting with vertigo have reproducible and significant cognitive error in
arithmetic abilities, short term memory and performance in specific visual environments

1. Risey J and Briner W, Dyscalculia in Patients with Vertigo, J Vest Res, 1990,
1:31-37

2. Hanes DA and McCollum G, Cognitive-vestibular interactions: a review of
patient difficulties and possible mechanisms, J Vest Res, 2006, 16:75-91

Changing What’s Possible  MUSChealth.org
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Vestibular System and Cognition

Alzheimer’s disease patients: twice as likely to have vestibular impairment than healthy
controls
AD patients with vestibular impairment have disproportionate reduction in spatial
cognition compared to AD without vestibular loss

Agrawal Y, Smith PF and Rosenberg PB, Vestibular impairment, cognitive decline and

Alzheimer’s disease: balancing the evidence, Aging and Mental Health.
Doi:10.1080/13607863.2019.1566813

%MUS(} Healt‘h Changing What'’s Possible  MUSChealth.org
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Aging x e
oy asal ganglia
\v / T
Vestibular | — N
Loss
Saccule
Other risk
factors
Figure 1. Conceptual model of impact of aging on vestibular function {notably saccular function), which to jon of neural circuits
involved in ing and deterioration spedifically in spatial cognitive ability.
Changing What’s Possible  MUSChealth.org
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Peripheral vestibular system provides major inputs to cholinergic neurons in medial
temporal region, specifically degraded in AD

« Vestibular impairment may participate in pathogenesis of AD
« Vestibular Impairment may cause a spatial phenotype of AD where there
is higher risk of spatial disorientation, wandering and increase fall risk

%MUSQ Hhea]t‘h Changing What'’s Possible  MUSChealth.org
edica of South Carolina
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Figure 14-15a Motor and Sensory Regions of the Homunculus of Note that each hemisphere receives info from the opposite
Cerebral Cortex Primary side of the body
Somatosensory Cortex

Primary motor cortex:

Primary sensory cortex
(precentral gyrus)

(postontal ayrus) in Blue Posterior

PARIETAL LOBE

sl

i tor Sen: 'S -
OCCIPITAL LOBE = teri Sensony men i
Visual cortex 5 s

Auditory cortex

Y Maijor anatomical landmarks on the surface of
the left cerebral hemisphere. The lateral sulcus
has been pulled apart to expose the insula.

b o
eth
Time
F—— .
somato- Tongu
sensol
m"y Fiarm

(postcentral
gyrus)

orresponds to Corresponds to
base of cochlea

(belt areas)

Figure 13.14

The human auditory cortex. (A) Diagram showing the brain in left lateral view, including the depths of the lateral
suleus, where part of the auditory cortex occupying the superior temporal gyrus normally lies hidden. The primary
auditory cortex (A1) is shown in blue; the surrounding belt arcas of the auditory cortex ar in red. (B) The primary

Changing What’s Possible  MUSChealth.org

auditory cortex has a tonotopic organization, as shown in this blowup diagram of a segment of Al.

Body motion
related to
vestibule

ject
location

motion

7a
39,40

viect relage,
O to heag _d

HPC &
paraHPC

@HD cell

Egocentric

Allocentric

Self- vs. Object-

Area 7 — Visuo-Motor Coordination

Point of convergence between vision and
proprioception to determine where moving objects
are in relation to the body

Area 39 — Angular gyrus, considered by some to be part
of Wernicke's area

It is also involved in a number of processes related to
language, number processing and spatial cognition,
memory retrieval, attention, and theory of mind.

Area 40 — Supramarginal gyrus, involved with language
processing. Lesions in it an result in receptive aphasia

Vestibular cortices and spatial
cognition. Vestibular cortices

involved in spatial cognition, illustrated in
a soccer player: HD cell, head direction
cell; HPC, hippocampus; MST, medial
superior temporal area; ParaHPC,
parahippocampal cortex; Parietal Ant,
parietal anterior cortex; PIVC, parieto-
insular vestibular cortex; RSP,
retrosplenial cortex; VIP, ventral
intraparietal area; 7a, 39, 40 Brodmann
area.
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Wide dissemination of vestibular signals: maybe an evolutionary process to create a
neural network with sparse coding
Sparse coding:

> Low energy cost

» Large storage capacity

» Rapid learning ability,

» Tolerance to degradation

Changing What’s Possible  MUSChealth.org
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Higher vestibular function

We are taught to clinically think in terms of peripheral versus central based on
anatomical lesions

There is a lot of overlap in clinical presentations

Brandt T, Strupp M and Dieterich M, Toward a concept of disorders of “higher vestibular function”, Front Integ
Neuroscience, 2014,8 doi:10.3389/fnint.2014.00047
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Cortex

*Cortical vertigo
*Pushar syndrome
*Room tilt illusion
*Spatial hemineglect
*Spatial memory defic
*Vastibular epileps

Thalamus

*Thalamic astasia
*Pusher syndrome

Brainstem

sLaterapuleian
*Qcular tilt reaction =
+Parox. ataxia/dysarthria
*Pseudo-neuritis
*Room lilt illusion
*Skew-tarsion 1
*Vestibular migraine {

Cerebellum
+Downbeat nystagmul
*Episodic ataxia type
*Ocular tilt reaction
+Posit. vertigo/nystag.
+Psaudo-neuritis

*Upbeat nystagmus

AGURE 1| This figuro proposes 3 of clinkal sy
‘which may be called central vestibular disorders or disordars of highar
vestbular funcion. Thay are dopictod n aiphabotical crdar and
topographically grouped %or corabeal coroy, thalamus, brarsiom and
Tha top g FUMains uncaran o soma
conaitions. Noto akso that smiar d=orders oocwr with lesions at afierent
shios—bramsiom o cortax froom 19t Susion) o branstom and corsbalum
ocular it reaction (OTRI—wrhin the contral vastibular nouronal crautry.
Plaase note that this kst doas not ndudo 3 contral vestbular syndromes.
VC = vestbulr corfax; VT = vastitukar thalames. WN - vestbulr nuckous;
VL = vestiuar labymth
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Thank you for listening

Feel free to email me questions at rizkh@Musc.edu
You can also reach me on my cellphone 2154590435

é{MUSCI

Medical University of Sou

Jealth
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SHARE YOUR
VESTIBULAR EXPERIENCE

Add your information to VeDAs Patient Registry to help
vestibular researchers and advocates

YOUR STORY IS MORE
POWERFUL THAN YOU THINK!

Better
Treatment
Outcomes

YOUR
MEDICAL
HISTORY

Better More.

Public
Awareness

Insurance
Coverage

HOW YOU CAN HELP

0.,
vestibular.org/
ey

G

Createan
account

)

o

Fill out the.

N,

Your information
is off to work

Questions?
Call1(800) 837-8428 or
BULAR.ORG

Emal info@vestibular.org

Charleston Dizzy
Group

http://www.facebook.com/groups/54258

2642742649
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