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* Overview of vestibular function test (VFT)
* Role of VFT in TITRATE approach to diagnosing dizziness/vertigo
* Selection of VFT in daily practice



overview of VFT



The vestibular system contributes to the perception of self-motion and orientation,
ensuring stable gaze and posture
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Testing of vestibular function

* The vestibulo-ocular reflex (VOR)
* Caloric test, rotational chair, video head impulse test (vHIT)
* Ocular vestibular evoked myogenic potentials ( oVEMP)
* Ocular counterrolling (OCR)

* The vestibulocollic reflex (VCR)
* Cervical vestibular evoked myogenic potentials ( cVEMP)

* The vestibulospinal reflex (VSR)
* Romberg test
* Posturography



Membranous labyrinth

* Otolith organ Cochlea
* Utricle & saccule
* Response to liner head motion and s N
static head tilt with respect to the ey e tube

membrane

gravitational axis

e Semicircular canals
* Anterior, horizontal, and posterior
e Head rotational rate sensors

medial

hair cell utriculus

lateral
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sacculus

forwards-backwards,
sidewards accelerations
centrifugation, gravity

cochlea
PC

forwards-backwards, up and down accelerations,
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Handbook af Clinical Newrology, Vol 137 (3nd senies)
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Title: Fundamentals of audiology for the speech-larguage pathologist/
Deborah Welling and Carol Ukstins.




kinocilium elastic
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Vestibular hair cells
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Primary motor sensors —transform a T Z.'sa hm‘<
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energy

Asymmetric sensitive mechanoreceptor
cell ( 2nd law of Ewald)
Semicircular canals

* Angular acceleration detect ( >0.5 7/s?)

Otolith organs
 Liner acceleration detect (>2cm /s?)
* Angular acceleration detect ( >3.0 /s?)
* Head tilt accuracy about 0.5 °
* Response to sound

External
auditory
canal Tympanic
membrane

Eustachian
tube

Handbook of Clinical Newrology, Vol. 137 (3nd serics) Title: Fundamentals of audiology for the speech-lanBuage pathologist/
Newmtology Deborah Welling and Carol Ukstins.



VOR

* Keep the image of outside
world still when head moves
* Angular VOR (aVOR) - rotation
* Translational VOR (tVOR) - linear

* Tortional VOR (OCR)-head
static tilt in roll plane

e aVOR

e One of the fastest reflex in the
human body

* Produce equal and opposite eye
movement to head movement

Vestibular rehabilitation Susan J. Herdman RichargA. Cledenial



Rotational VOR
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Frequency spectrum of angular VOR
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rotation axis

Ewald’s law

optimal orientation
rotation axis

Ewald’s 1st Law

* First law

* Maximal stimulation of eye movements
always occur in the plane of the canal being

St|mUlated semi circular canal (horizontal)
* Second/ Third law :

* Vestibular excitation provokes a stronger y
neural response than inhibition ' .

* Ampullopetal flow in the horizontal canal { \ s
causes stronger response than \ RS N
ampullofugal flow \ ¢ A Polarization of semicircular canal ampullas

\ cupula \

* Ampullofugal flow in the vertical canals b, T | Anterior
causes stronger response then \ v h R
ampullopetal S Horizontal N

ampulla — ally

Ewald’s 2nd Law: asymmetry Posterior \‘/42: .
R
—

Hanrdbook of Clinical Newrology, Vol 137 (3nd series)
Newm-(Mology



Functional pairs of canals “push — pull”

Discharge neural firing rate from
the left h-SCC decreases

of

Left Neural Rate

Head turn to right

Resting Neural Rate
Approximately 90 s/s

INHIBITION

Discharge neural firing rate from
the right h-SCC increases

A

Right Neural Rate

EXCITATION

Semicircular canal commissural inhibition

angular acceleration
to left
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Vestibular  /
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Eotational Vesf?l?ﬁfnr Assessment
Christopher K. Zalewski, PhD



Utricular system — two inhibitory interactions

Utricular macula commissural inhibition - medial sectors

utricular cross-striolar inhibitory interaction Left RS Right

Vestibular
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Saccular system — no commissural inhibition

* Losingunilateral saccular macula
* no measurable postural or oculomotor change in Guinea pig
* sudden sensorineural hearing loss without vertigo

Table 1. Demographics of Patients and Clinical Data _____

SSNHL SSNHL_V SSNHL_N
(N=152) (N=73) (N=79)

saccular cross-striolar inhibitory interaction

saccular \_/
afferents Sex
| Male/female 70 (46.1%) 35 (47.9%) 35 (44.3%)/
{ v 82 (53.9%) 38 (521%) 44 (55.6%)
Age 536+ 159 56.7% |44 507168
cerebellum Uﬁtibu'.ar Site
nuclei Right/left 78 (51.3%) 39 (53.4%) 39 (49.4%)/
74 (48.7%), 34 (46.6%) 40 (50.6%)
l ¢ v Y Pure-tone 68.8+27.1 78.1 £269 58.0+205
4 rmesencephalic : average, dB
\ d ‘,_ _, basal 5| tocomator region - spinal cord Impaired vestibular organs
___________ T ganglia pedunculopontine n ASCC 5 (3.3%) 4(5.5%) (1.3%)
cuneiform n. LsCC 18 (11.8%) IS (20.5%) 3(3.8%)
PSCC 48 (31.6%) 4] (562%) 7 (8.9%)
Utricle 31 (20.4%) 26 (35.6%) 5 (6.3%)
+ ‘—4 activated neurok 41 (27.0%) 25 (342%)
L~ ——\lestibular Mumber of 094 +08 1.52% 1.01 04T X038
GIF -‘.'v- === silenced neurons N impaired
Organs
Hearing recovery
Complete 46 (30.3%) 16 (21.9%) 30 (38.0%)
Partial 69 (45.4%) 40 (54.8%) 29 (36.7%)
No 37 (24.3%) 17 (23.3%) 20 (25.3%)
Salvage ITS |14 (75.0%) 6l (83.6%) 1553 (67.1%)
October 2020 | Volumne 11 | Articde 556895 J . Mat 2022, 11, 1152 Otolaryngology—Head and Neck Surgery 169(6)




Calorics

Gravity
Vector

0 Orentation of the
Standard Caloric Left Lateral SCC
Position (Frontal View)
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R Leftbeating Nystagmus
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111

Irrigation

Measurement Parameters Questions

Unilateral weakness Are there interaural (left versus right ear)
differences in slow-phase velocity nystagmus?

Directional preponderance Is there a bias in the direction of the responses

(e.g., is right-beating nystagmus always larger
than left-beating nystagmus)?

Fixation index Can the central nervous system appropriately
exert control over the vestibular nuclei and
reduce amplitude of the caloric nystagmus with

visual fixation?

Hypofunction Is the total of all four caloric responses
abnormally low?
Hyperfunction Is the total of all four caloric responses

abnormally high?

Title: Electronystagmography/ videonystagmography (ENG/NNG) / Devin L.
McCaslin.



Clinical head impulse test (cHIT)

First introduction of horizontal cHIT in 1988
by Halmagyi & Curthoys

The patient fixates on a stationary target
while the head is turned right or left

Abrupt rotate the head 10-20 degrees to
one side, the aVOR will produce equal and - ,
opposite eye movement y a0

negative

Impaired aVOR can’t produce equal eye
movement — a catch-up saccade (overt
saccade) is noted

Vertical canal cHIT introduced in 1998

positive

catch-up saccade

17

Advanced in translational neuroscience of eye movement disorders



made smarter

Video HIT (VHIT) Eyeseecam

Video Head Impulse Test (VHIT)
made easy

ICS® Impulse — from Natus
A faster way to balance treatment

* Quantitative eye
movement recording

* scleral search coil : gold
standard in academic
research

* high-frequency video

oculograph
VHIT ULMER DISTRIBUIDOR EXCLUSIVO

commermaﬁzed for
clinical use Sistemas de Prueba de ;‘ﬂ SYNAPSYS
impulso cefalico asistida UIDANDO DEL EQUILIBRIO

* VHIT is now an important SO iion.
physiologic evaluation
tool for aVOR : |

N\

f natus.

natus.com
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Video HIT (vHIT)

* Avalid head impulse test stimulus
* Passive, unpredictable

Abrupt start and stop

Displacement =20’ - 30°

Peak head velocity = 200°/s - 4007/s

* Patient cooperation

* Gaze remained on the earth-fixed target
e Relax neck muscle

 Covert saccade

* Catch up saccade occurring during the head

movement , undetectable in cHIT
* Latency usually < 200ms

Peak head acceleration = 2000°/s2- 40007/s?

Low Velocity Step Stimuli
Duchlrgenbﬁomﬂnlﬂ Discharge rate from the right
h-SCC increases

‘ [smsemser] |Utricle )

cft Neural Rate MNMM iNﬂlﬂlRﬂc

High Velocity Step Stimuli
Duchnuermﬁomﬂnleﬂ Discharge rate from the right
h-SCC increases

LeﬁNcuanue Neural Rate Right Neural Rate

3/

Advanced in translational neuroscience of eye movement disorders
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Eotational sttalgtiar Assessment
Christopher K. Zalewski, PhD




Head Impulses Toward the Side of Lesion

—Head Velocity
——Eye Velocity

VHIT analysis

* Gain
* Ratio of the eye movement velocity to the head
movement velocity
e Calculation method: velocity/position/regression
* Relatively stable in ageing process

* Norms:
* 0.8-1.2in lateralcanal, 0.7-1.2 in vertical canals

*  Value>1.2: slippage of goggles, patient too close to the fixation
dot, anticipated, or possible Meniere’s disease

* Asymmetry (lateral, LARP or RALP)
*  %-=(1-lower gain/higher gain) x100

e Gain asymmetry ratio (gain difference of horizontal HIT) : O-
13.3%

e Saccade

* Afast eye movement (100°/s to 700°/s during excursion of 0.5 to 50
degrees) to shift our gaze to interesting objects and explore our visual
environments

* The quick phases of nystagmus during vestibular and optokinetic
stimulation

* The fastest eye movement in velocity but not the quickest in response
(average 80-250 ms and last less than 100 ms)

hMean and 95% Cls of VOR gain

Head Impulses Away from the Side of Lesion 12F

harizontal
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[ Figure 1 HIT in PCS and VN ]

Ipsilesional Contralesional G a | n
A Saccades

wo oy g = Normal or central type as in posterior circulation stroke (PCS)
Al | V. Abnormal or peripheral type as in vestibular neuritis (VN)

Table 1. Differential diagnosis using vHIT in acute vestibular syndrome

Diseqse vHIT saccade vHIT gain Accompanied symptoms and signs

Vi Large overt and covert saccades Markedly decreased in lesion Nausea, vomifing
in lesion sidef small overt saccades side and mild decrease in
in contralateral side contralateral side

AlCA infarction Owert saccades in both sides (less Bilateral gain reduction Hearing loss. facial palsy. sensory
asymmetry in saccade amplifude (lesser asymmetry than Vi) deficit, dysphagia/perverted
than VHN) nystagmus

PICASSCA infarction 3mall overt saccades in both sides Symmetric [normal or mild Truncal ataxia, headache, facial
(soccades are more frequent andfor  (up to 20%) reduction] painfperveried nystagmus

larger in contralateral side than V)

vHIT resulis of lateral semicircular gain. vHIT: video head impulse test, AICAL anterior inferor cerebellar artery. PICAL posterior infe-
rior cerebellar artery, SCAL superior cerebellar arfery, VM. vestibular neuritis

e TR S S DL (I R S T
0 100 200 300 400 500 O 100 200 300 400 500
Time (ms)

21
Clinical Neurophysiology 131 (2020) 2047-2055 evrology 83 October 21, 2014



PR score is a quantitative variable that ranges between 0 and 100; when PR is close
to 0, saccadic responses are described as gathered, and when it is nearing 100, they are
described as scattered.

BATUECAS-CALETRIO ET AL. / EAR & HEARING, VOL. XX, NO. XX, 00-00 3
125

PR score = 64 (Scattered) PR score = 8 (Gathered)
Saccade ’ . |
Gathered vs scattered | | ' ™ v
Related to central compensation |« B\ i / | I\ N

w

=

025

0.00

Baseline week month 3 month 6 month 12 month

Figure 1. Bar graphic showing the HC gain values at every follow up.

A ACUTE UNILATERAL VESTIBULAR LOSS
B
/\_ VESTIBULAR COMPENSATION -
STATIC DY NAMIC )
DEFICITS DEFICITS / l\ 4000
i 1
Complete Incomplete RESTORATION || ADAPTATION || HABITUATION
Compensation Compensation /.,./" \\ P
2
=
Yestibular Whaole Sensory Behavioral S
Nuclei Brain Substitution Substitution
s —
[Brain Orchestration Brain Orchestration Return to the MNew Operating Suppression of the Sk
of Meurobiological of Behavioral Initial Function Muodes / Stratesies Response
Melodies Melodies
0.00
Neuroph v, Vastibular Rehabilitation " Baseline PR 7 days PR :":olt:\ "Po:l gs,‘3Clmomh PR 6 montzhgk 12 month PR

J. Clin. Med. 2022, 11,3941 J Neurol (2016) 263 (Suppl 1):554-S64

Figure 2. Bar chart for PR values at each follow up.



Timing of test

300 A. Control

o —— Head Velocity

Q

< — Eye Velocity
0

B. Posterior Circulation Stroke

A g

C. Vestibular Neuritis

Clinical Meurophysiolozy 131 (2020) 2047-2055

Presence of corrective saccades in
patients with normal
vestibulo-ocular reflex gain in
video head impulse test

Kayoko Kabaya*, Akina Fukushima, Sachiyo Katsumi,
Toshiya Minakata and Shinichi Iwasaki

Right Lateral N=15  LeftLateral N=15
: Gain:099 - Gain:1.12

A

0 100 200 300 0 100 200 300
Time [ms] Time [ms]

23
10.3389/fneur 2023.1152052



HIMP (head impulse ) vs SHIMP (suppression head impulse)

Earth-fixed X
target

HIMP

= head velocity
eye velocity

Head-fixed
target X

SHIMP

N\

The size of anti-compensatory saccades correlate with VOR

gain

An absent VOR will result in absent saccades

SHIMP helps with gain calculation with HIMP paradigm can be
difficult when covert saccades are present

Some kids like SHIMP

Lateral Impulse Test: 4/15/2024 4:22:02 PM
Test Operator: Default Administrator

¢ Left % Left Mean

* Right % Right Mean
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Head Impulse
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o . o
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Advanced in translational neuroscience of Q/amovement disorders

Neuro-ophthalmology and neuro-otology Daniel Gold



oVEMP(VOR) & cVEMP(VCR)

Vestibulo-ocular reflex
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VEMPs

 cVEMP first described by Colebatch in 1994, oVEMP first described by Rosengren in 2005

* Lack of consistencyinrecording procedures

* The rate of absent AC cVEMP is typically about 5-15% in subjects older than 60 years, the rate can be
higher in AC oVEMP --Caution in interpreting with abnormal AC VEMPs

* Spontaneous horizontal nystagmus may impact oVEMP recording

* Asymmetries of amplitudes are readily interpretable, except in third mobile window disorders and early
Meniere’s disease - Have your own norms in peak latencies, interaural asymmetric ratio (IAR) and lower
limit of amplitude at the 5™ percentile

AC sound
o n10
R,,.igh,.,..,‘l eyemﬂ N AA S ANA W
oVEMP oVEMP
6 pVv | A 6 uv '
p15
s n23
Right SCM Left SCM
o W
60 pv |
pla’
-20 0 20 40 60 80 -20 0 20 40 60 80
ms ms

Clinical Meurophysiology Practice 4 (2019) 47-68
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23
n 31 l?23 st
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60 uV 60 pV ‘
- p13]
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e Westibular
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i £
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1 s
? meteneuron ny

/
Ipsilataral SCM Contralateral SCM

FIGURE 3 | Schamatic diagram of asccular and utriculsr projections to the
SCM musches in cats. Kushin et &l (35) determined the projections to the
SCM muscles from the cioliths for the first time. The saccule hes an inhibitory
projection to the ipsilstaral SCM, whie the utncle hes e similer ipsiatersl
projection end en edditional excitatony projection to the confralatersl side
Filled neurons are inhibitory, and the open ones are excitatony. The hatched
partion indicates the main pattweay of the oto '.'1-5'%‘ connection. Reprinted
from Kushiro et &l (35) 6
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Irregular/ Regular vestibular afferents

A Utricular irregular afferent
Bone Conducted Vibration Air Conducted Saund
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Irregular afferents synapse on type-1 receptors
at the striolar zone and central crista

Transient (kinetic) fast conducting otolithic
afferents

Highly sensitive to linear and angular
acceleration, galvanic stimulation and
ototoxicity of gentamicin

Can be activated by sound and vibration

Less neurons than regular afferent neurons
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VEMPs

Transient (kinetic)

Healthy subject
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Ocular Tilt Reaction
with Peripheral
Vestibular Lesion

(. Michael Halmagy, FRACP,
Michael A. Gresty, PhID, .
and William P. R. Gibson, FRCS

Following inadvertent destruction of the left vestibu-
lar labyrinth during stapedectomy, a patient de-
veloped a transient abnormality of posture consisting
of leftward ocular counterrolling, leftward head tilt-
ing, and a right-over-left skew deviation. This postural
pattern, khown as the “ocular tilt reaction,” is the
normal compensatory response of the dependent utri-
cle to tilting. In this patient, the unopposed action of
the intact right utricle was presumably responsible for
the appearance of a normal leftward ocular tilt reac-
tion.

Halmagy: GM, Gresty MA, Gibson WPR: Ocular
tilt reaction with peripheral vestibular lesion.
Ann Neurol 6:80-83, 1979
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J Int Adv Otol 2020; 1601): 111-6

Table 1. Diagnostic strategy to differentiate middle-ear involvement, third-window lesions, and endolymphatic hydrops conditions

Diagnostic measures Middle ear involvement Third-window lesion Endolymphatic hydrops conditions

Type of hearing loss Conductive hearing loss Conductive or mixed hearing loss Generally mixed or sensorineural hearing loss
Air-bone gap 0-60 dB, may involve all frequencies 0-60 dB, greatest at frequencies <2000 Hz  0-50 dB, greatest at frequencies <1000 Hz
Bone conduction Rarely < 0 dB Sometimes negative (-5 to —25dB Rarely < 0 dB

thresholds for low frequencies

Tympanometny Type A or B or C tympanogram Type A tympanogram Type A tympanogram

Acoustic reflex Abzent Prezent Generally present

Tullio phenomenon Absent May be present Absent

and/or Hennebert sign Utricle
Otoacoustic emissions  Absent May be present Generally absent

ECochG Mormal Generally elevated SP/AP ratio SP/AP ratio generally = 0.37

Cervical VEMP Abzent Low threshold and large amplitude Generally absent or lower peak-to-peak

amplitude at 500 Hz that 1000 Hz
{tuning shift)

CT/MRI scan Middle ear abnormality Third-window lesion Distension of the structures filled with
endolymph at MRI

ECoch(a: Electrocochleography: VEMP: vestibular evoked myogenic potentials; CT: computed tomography: MREI: magnetic resonance imaging: 5P: Summating
Potentials, AP: Action Potentials.

https://doi.org/10.1016/j.0tc.2017.11.013



OTR : central or peripheral ? Skew deviation

Ya patients with acute unilateral vestibulopathy have skew

/"’\‘ d ) )
ot eviation
Large skew deviation (> 3.3") seen in stroke patients
Low sensitivity but high specificity for posterior circulation
stroke
Thalamus
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Midbrain 0.5
| | AUVP
04 B strokes
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wm
5 0.3
Pons [
Medulla
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- Vertical
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Skew deviation [deq]
Vertigo and Dizziness 32

Michael Strupp - Thomas Brandt + Marianne Dieterich Journal of Neurclogy (2022) 269:1396-1403
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lett are Hlipped o the right side) in the course of fime, and regression curves
for 50 patients with Wallenberg's syndrome (Wallenberg) and 50 patients

with vestibular neuritis [neurifis).

Dai et al. Journal of Otolaryngology - Head and Neck Surgery 33
httpsy/doiorg/10.1186/540463-020-0402-3 J Neurol Meurosurg Psychiatry 2007 78:527-528.



VSR

Head acceleration
* Limbsinthe direction of acceleration extended
* Limbs inthe opposite contracted

Lateral head tilt

e Muscles of trunk and or lower limb on the side of
tilt extended

* Onthe opposite side flexed
Maintain the center of pressure over the base of
support —prevent falling

Posturography — controversial role in diagnosis

* Measurement of body sway under different
conditions

* Considered sensitive but not specific

* New automatic analysis of the sway patterns
and neural networks

* Peripheral vestibular deficits
* Cerebellar syndromes

e Orthostatic tremor

* Functional dizziness

Normal Absent Sway-referenced Normal Absent Sway-referenced

Vision Vision Vision Vision Vision Vislon
N N\ N
/ / / /
Fxed Red Rxed Sway-eferenced Sway-referenced Sway-referenced
Support Support Support Support Support Support
1 2 3 4 5 6
Vestibular Vestibular Vestibular Vestibular Vestibular Vestibular
Visual Rlisual Visual Visual Misnal Visual

Proprioceptive Proprioceptive Proprioceptive Proprioceptive Proprioceptive Proprioceptive

Modifications to Postural Stability Following Loss of Specific Sensory Inputs

Labyrinthine Deficit Visual Deficit

+ Stiffening at the knees and hips * Increased low frequency sway

* Increased high frequency sway * Increased high frequency sway with
* Increased sway with compliant surfaces and no vision a vestibular deficit

COP AP-ML COP AP-ML

| AP
LRl =R R

Somatosensory Deficit
* Increased low frequency sway
 Delayed restabilization
* Increased sway with no vision

Force plate Force plate

34
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J.C. Kattah et al.

Spinocerebellum

S: superior vestibular nucleus

L: lateral vestibular nucleus

M: medial vestibular nucleus

I: inferior vestibular nucleus

Orange arrow: lateral vestibulospinal tract

Journal of the Neurological Sciences 441 (2022) 120375

Cerebrocerebellum

Vestibulocerebellum

Black arrow: medial vestibulospinal tract

Green arrow: connections between spinocerebellum
and the vestibular nuclei

Red arrow: bidirectional connections between
vestibulocerebellum and the vestibular nuclei

Fig. 1. Main Cerebellar and Vestibular nuclei, and descending vestibulospinal and vestibulocollic projections [modified on 1, 4].

published: 28 June 2018
doi: 10.338%/fneur.2018.00481
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FIGURE 4 | Sound-evoked reflexes in postural muscles. The circles show the

Truncal ataxia in acute vestibular syndrome (AVS)

AVS

sudden-onset, with spontaneous nystagmus
Continuous vertigo lasting longer than 24 hours

with associated nausea and vomiting, worsened with head
movement

Lee (2006) classification truncal ataxia in acute vertigo patients

Grade 1 : able to ambulate independently
Grade 2 : unable to stand without support
Grade 3: unable to stand

GRADE 1 ATAXIA

PERIPHERAL ETIOLOGY

{unlikely central
etiology)

NEUROTOLOGIST
INTERVIEW - HINTS

CENTRAL LESION

35
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Rarely pathognomonic
Timing is important
Pattern recognition

No redundancy

PTA and VFT(vHIT + VEMPs) —inner ear mapping

1S. Curthoys et al.

Labyrinth sensory regions
and neural innervation
Superior Inferior Unilateral

) Healthy Vestibular Vestibular Vestibular
Clinical Test Subject  Neuritis Neuritis  Loss

Horizontal
canal ampulla

Horizontal canal - horizontal head
impulse to the ipsilateral side / x w x

Anterior Anterior canal - pitch head impulse

canal in the plane of the ipsilateral
L VO;:’!;;:: anterior canal, nose down { x “ x

Utricular macula

Utricular macula - oVEMP n10
Superior beneath the contralateral eye to

500Hz bone conducted vibration / x { x
at Fz,or 500Hz air-conducted
sound of the ipsilateral ear

o~ Saccular macula - cVEMP p13-n23

over the tensed ipsilateral

sternocleidomastoid (SCM) “ / x X
muscle to 500Hz bone conducted

vibration at Fz, or 500Hz air-conducted

sound of the ipsilateral ear

BC Voit's nerve

Cochlear
Division

Posterior canal - pitch head impulse
in the plane of the ipsilateral “ { x x

Vill nerve posterior canal, nose up

{ = Normal Response x = Abnormal Rgﬁaonse

Saccular macula

| https:fidoi.org/10.1038/541558-021-83225-w
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Newman-Toker and Edlow

« identify obvious dangerous causes by the presence of prominent associated

Triage symptoms, abnormal vital signs, altered mental state, or ancillary test results

» narrow the differential diagnosis by classifying the dizziness attack pattern as
episodic, acute, or chronic in duration in the history of present iliness

« seek an underlying pathophysiologic mechanism by searching for obvious

Trigaers triggers (e.g., positional) or exposures (e.g., trauma) in the review of systems

« differentiate benign versus dangerous causes within a timing-trigger category
Targeted using specific bedside findings, emphasizing a targeted eye movement exam

Exam /

¢ choose the best laboratory or imaging test when there is clinically-relevant
residual uncertainty about a dangerous cause that has not been ruled out

€EKECKC

Figure 1. The “Triage — TITRATE — Test™ approach to diagnosing dizziness and vertigo
The ‘TI.TR.A.T.E.” acronym stands for TIming. TRiggers. And Targeted Exams.



Newman-Toker and Edlow

Table 1

. . . & .
Timing-and-trigger-based “vestibular syndromes

Page 22

Timing

Triggers 7 Present

No Triggers

New, episodic

Triggered episodic vestibular syndrome [e_ o

positional vertigo from BPPV)

Spountaneous episodic vestibular sy'ndmme@
@ (e.g., cardiac arrhythmia)

New, continuous

Post-exposure acute vestibular syndrome (e. g, post

gentamicin)

Spontaneous acute vestibular syndrome
(e.g., posterior fossa stroke)

Chronic, persistent

Context-specific chronic vestibular syndrome f@ (eg.,
uncompensated unilateral vestibular loss, present only with
head movement)

Spontaneous chronic vestibular syndrome @
) (e.z., chronic, persistent dizziness associated
with cerebellar degeneration)

|

Note that the use of the word “vestibular® here connotes vestibular sympfoms (dizziness or vertigo or imbalance or lightheadedness, etc.), rather

than underlying vestibular causes (e.g., benign paroxysmal positional vertigo, vestibular neuritis).

;
‘Triggers” here for non-spontaneous forms refer to obligate triggers (EVS), exposures (AVS), and contexts (CVS) that sharply distinguish these
forms from their spontaneous counterparts. Spontaneous causes, as defined here, sometimes have underlying predispositions or precipitants, but

these are not “only-and-always.’
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Syndrome Description

Common Benign Causes

Commeon Serious Causes

AVS Acute, continuous dizziness lasting days, Vestibular neuritis
accompanied by nausea, vomiting, nystagmus,

head motion intolerance, and gait unsteadiness

abyrinthitis

osterior circulation ischemic
‘oke

Use of the Physical Examination to Diagnose Patients With Acute Vestibular Syndrome

Peripheral (All Must Be Present to Diagnose

Exam Component Vestibular Neuritis)

Central (Any One of These Findings Suggests
Posterior Fossa Stroke)

Nystagmus (straight-ahead gaze = Domunantly horizontal, direction-fixed, beating away
and rightward and leftward from the affected side
gaze)

Test of Skew (alternate cover
test)

Normal vertical eye alignment and no corrective
vertical movement (1.e_, no skew deviation)

Head Impulse Test Unilaterally abnormal with head moving towards the

affected side (presence of a corrective re-fixation

saccade towards the normal 5idE]§

Domuinantly vertical or torsional or dominantly
horizontal, direction-changing on left/right gaze/

Skew deviation (small vertical correction on
. +
uncovering the eye)+

Usually bilaterally normal (no corrective saccade)

41
Stroke. 2009 November



Upper CPA
~Cerebellomesencephalic Fissure
Trochlear Nerve

Superior Cerebellar Artery
~Oculomotor Nerve

Trigeminal Nerve

Middle CPA

Lower CPA
Hypoglossal Nerve

Posterior Inferior Cerebellar Artery
Glossopharyngeal Nerve

Vagus Nerve

Accessory Nerve
Cerebellomedullary Fissure

Figure 1. Summary of basic knowledge about superior cerebellar artery. Legend: CPA—
cerebellopontine angle.

Anterior inferior

cerebellar artery Anterior

semicircular
canal

Basilar artery

Internal auditory artery

Common cochlear artery

Horizontal
semicircular

Main cochlear artery Posterior vestibular artery

Figure 2 The arterial supply to the inner ear.

Kattah et al.

VESTIBULAR NUCLE! VESTIBULAR GANGLIA

— SCC - rostral AICA
vestibular complex

Vestidulor root

2 oterol conoln
\ Utnculor n
I Socculorn.
\ Post concl n.
OTOLITH - caudal
vestibular complex (M)

ScC 1 Otolith - FLoccuLus: (AICA)
TONSIL, NODULUS: (PICA)
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Table 4: Pooled analysis of key bedside diagnostic predictors of stroke in patients with acute vestibular syndrome*

No. of studies
reporting data on  No. of patients, MNegative
Bedside diagnostic total/peripheral/  with peripheral/ Sensitivity Specificity likelihood ratio Positive likelihood
predictor* central causes central causes (95% CI1) (95% CIt) (95% CIt) ratio (95% CIt)
Mormal result of
horizontal head
impulse test

All central 4244 65/1525 0.85 (0.79-0.91) 0.95 (0.90-1.00) 0.16 (0.11-0.23) 18.39 (6.08-55.64)

causes "

PICA or SCA s 25712 0.99 (0.96—1.00) —* 0.01 (0.00-0.10) e

stroke®"™" (68 PICA)

AICA stroke™" 21112 25113 0.62 (0.35-0.88) i 0.40 (0.20-0.80) —**
Dire:.‘l:ion—d"lan%ir_l 636 B83/239% 0.38 (0.32-0.44) 0.92 (0.86-0.98) 0.68 (0.60-0.76) 4.51(2.18-9.34)
nysta gmus#“" 13
Skew deviation™' 222 B65/119% 0.30 (0.22-0.39) 0.98 (0.95-1.00) 0.71 (0.63-0.80) 19.66 (2.76—-140.15)

Mote: AICA = anterior inferior cerebellar artery, Cl = confidence interval, PICA = posterior inferior cerebellar artery, SCA = superior cerebellar artery.

*Only studies with an adequate (medium-quality) or superior (high-guality) reference standard for stroke diagnosis were considered. This table incdudes &l
bedside tests used in at least two studies that provided data for either peripheral or central causes of acute vestibular syndrome. Bedside examination of smooth-
pursuit eye movements, optokinetic nystagmus, saccades, positional nystagmus, head-shaking nystagmus, vibration-induced nystagmus and hearing loss are not
shown because of insufficient study numbers (= 2) to offer pooled results.

tCalculated by the method described by Simel et al.™ Upper-bound values of sensitivity or specificity that were calculated to be greater than 100% using this
method were assigned a value of 1.0

tData based on bedside dlinical findings and electro-oculography were pocled for these estimates because not all of the studies reported separate results for the
two methods of determining nystagmus.

Elncludes 27 patients with central causes other than ischemic stroke {14 with demyelination; 5 with brainstem or cerebellar hemorrhage; 8 with other causes).
**Pooled specificity is not calculated for this subset of patients with stroke because only one study reporting stroke location also included patients with peripheral
causes. Specficity of a normal result of the head impulse test for predicting stroke should not differ based on stroke location.

E582 CMAJ, June 14, 2011, 183(9)
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Newman-Toker et al.

Table 1.

Ocular motor and auditory features of acute peripheral and central vestibulopathies

Page 31

bilaterally 22

nystagm 2

Clinical Disorder Head Impulse Nystagmus with Right Lesion Skew Deviation | Hearing Loss
Vestibular neuritis (VIN) Unilateral decrease Contralesional-beating, direction-fixed, | p,o 2260 * VN- absent |
Labyrinthatis or cochlea- obeys Alexander’s law ] #
vestibular neuritis (CVIN) CVN: present
(mild to severe )
VN or CVN complete | AC, HC, BC H: lefi (major) As above As above
(AC HC. PC. utricle, saccule) V- none
T: left ear beating (numnor)
WIN or CVN superior branch | AC, HC H: left (major) As above As above
(AC, HC. utricle) W upbeat (minor)
T: left ear beating (nunor)
WN or CVN inferior branch | PC H: none None 33 As above (n=3/9 3)
(PC, saccule) V: downbeat (major)
T: left-ear beat (minor)

ATCA Stroke Unilateral decrease 50% direction-changing. gaze-evoked 2804, 34 Present in 56% >4
~50% 2234 nystagmus 4 (mild to severe )
occasional bilateral
asymmetric decrease
2536

PICA or SCA Stroke 99% clinically normal | 38% direction-changing. gaze-evoked 3004 2 Rare 3738

# -
Skew deviation 1s well known in vestibular neurectomy, but rarely found in vestibular neunitis or labyrmthitis (2%, n=2.-’9122'34-33). This may be
because small skew deviations (<2—4 prism diopters) are not easily identified at the bedside by alternate cover testing.

Standard terminology suggests that, by definition, heaning loss 15 absent in vestibular neuntis and present in lahyrmthm*;.?'g However, these terms
are used inconsistently in clinical practice and the medical literature. As yet. there 15 no way to reliably determine whether a lesion 1s located in the
vestibular nerve or the labyrinth in the majority of acute cases.

Abbreviations: AC — anterior canal; ATCA — anterior inferior cerebellar artery; CVIN — cochleo-vestibular neuritis (1.e., labyrinthitis); H—
horizontal; HC — horizontal canal; PC — posterior canal; PICA — posterior inferior cerebellar artery; SCA — superior cerebellar artery; T — torsional;
WV —vertical; VIN — vestibular neuritis
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Table 4

ABCD2 = 4 Versus HIT, HINTS, and HINTS “plus” for Stroke or Central Cause in AVS

ABCD2 = 4

Test Properties {Five-itern Rule®)

HIT
{One-step Rule*)

HINTS
(Three-step Rule®)

HINTS “Plus”
(Four-step Rule*)

Stroke only (n = 113 stroke, n = 77 nonstroke)
Sensitivity for stroke 61.1 (51.8-69.7)
Specificity for stroke 62.3 (51.2-72.6)
LR+ stroke 1.62 (1.17-2.24)
LR- stroke 0.62 (0.47-0.83)
Reduction missed stroke’ Reference case

Any central cause (n = 124 central, n = 66 peripheral)
Sensitivity for central 58.1 (49.2-66.5)
Specificity for central 60.6 (48.5-71.8)
LR+ any central cause 1.47 (1.05-2.06)
LR- any central cause 0.69 (0.52-0.92)
Reduction missed central® Reference Case

90.3 (83.7-94.8)
87.0 (78.1-93.2)
6.95 (3.89-12.43)
0.11 (0.06-0.20)
75.0

91.1 (85.1-95.3)

100.0 (95.6-100.0)
>91.1* (NC)

0.09 (0.05-0.16)
78.8

96.5 (91.7-98.9)
84.4 (75.0-91.3)
6.19 (3.68-10.42)
0.04 (0.02-0.11)
90.9

96.8 (92.4-99.0)
98.5 (92.8-99.9)
63.9 (9.13-446.85)

0.03 (0.01-0.09)
92.3

99.1 (95.7-100.0)
83.1 (73.5-90.3)
5.87 (3.58-9.64)
0.01 (0.00-0.08)
97.7

99.2 (96.1-100.0)
97.0 (90.4-89.5)
32.7 (8.36-128.16)

0.01 (0.00-0.06)
98.1

Data are reported as percentages, except LRs, with (95% CI)

ABCD2 = age, blood pressure, clinical features, duration of symptoms, diabetes; AVS = acute westibular syndrome;
LR+ = positive likelihood ratio; LR- = negative likelihood ratio; HINTS = head impulse, nystagmus type, test of skew; HINTS
“plus” = HINTS plus new hearing loss detected by finger rubbing; HIT = head impulse test.

*The ABCD2 rule requires five historical elements. The standard HINTS approach has three physical examination elements, the
most predictive of which is the HIT. HINTS “plus” adds the presence of new hearing loss by bedside finger rub as a predictor of
a stroke syndrome.

fThese values represent the reduction in missed stroke or central causes relative to ABCD2 that would be projected if HIT,
HINTS, or HINTS “plus” were used to determine the diagnosis instead of ABCD2.

iThe LR+ for HIT alone was calculated using a specificity of 99.0% and listed as “>" since the LR+ associated with 100% specific-
ity (measured in this sample) is infinite.

ACADEMIC EMERGENCY MEDICIME = October 2013,



Peripheral Vestibulopathy Presenting
as Acute Vertigo and Spontaneous
Nystagmus with Negative Video Head

Impulse Test

Jung-Yup Lee, MD', Chang-Hee Kim, MD, PhD?, Jin Su Park, MD'
and Min-Beom Kim, MD, PhD'

Table 2. Mumber of Vertigo Episocde and Pure Tone Average of
Threshold Values at 05, 1, 2, and 4 kHz of |7 Patients with

Meniere's disease.

Mo, WVertigo Episode Thresheold, dB
| First 23
2 First 20
3 First &
4 First |7
5 Third |5
& Second 46
7 First 15
8 Third 23
9 First 29
] Second 521
I First |8
12 Second 50
|3 First 23
|4 Second 1o
|5 First 47
& First &
|7 First |5

Table 1. Final Diagnosis and Inital Bedside Examination Findings of
30 Patients with Acute Vertigo Showing Spontanecus Mystagmus
with Megative Video Head Impulse Test.

Underlying
Mo, Sex Age, y Onset,d Disease Diagnosis®
I F &7 <
2 ™M 71 < |
3 F 58 =
4 M 40 I
5 F 25 I
& F 6l =
7 ™M 49 I
8 | 49 <
9 F 20 <
o ™ &0 2 MD
I F 51 2 MD
12 F 78 < HTH
13 F 55 2
4 ™ 42 I
15 ™ 62 I
& F a5 I
17 F &4 2
8 ™M &7 I
19 F 57 3 _
W0 ™M &7 = | DM SSMHL_V
21 F 19 3 SSMHL_V
22 F 72 2 HTM, DM SSMHL_V
23 M 55 = | SSMHL_V
24 F 79 I SSMHL
255 M 63 2 HTHM, DM Medullary infarction
26 M 72 2 HTM Cerebellar infarctionb
27 M 64 2 HTM Cerebellar infarction
28 F 58 I Westibular migraine
9 M 79 2 Westbular migraine
30 F 57 2 Inferior vestibular neurits

Abbreviations: DM, diabetes mellitus; F females HTM, hypertension; M,
male; MD, Méniéres disease; SSNHL V, sudden sensorineural hearing loss
with vertigo.

*Results for direction-changing gaze-evoked mystagmus, head impulse test, and
skew deviation were negative for all patients unless noted otherwise.

“This patient tested positive for direction-changing gaze-evoked nystagmus.
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Meniere’s disease (MD)

Cursus 14(9): a28458. DO 10,7758 cureus. 20458

Merch 2020

Violume 11 | Article 157

Sudden sensorineural hearing loss (SSNHL)

Autoimmune

‘u’ascuar\ T Infection
Ear . H Cancer
disorder H Etiology of SSNHL

Trauma
Drugs adverse

Endocrinal effect
Disorder

Internal auditory artery

Common cochlear artery
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TABLE 1. [Individual demographic data and results of the vestibular function testing Otolith Membrane Herniation, not Semicircular Canal Duct Dilation, Is
Associated with Decreased Caloric Responses in Méniére’s Disease

Acute Episode with Vertigo (Attack)

Quiescent Stage VHIT Gain (Affected Side) Leo L. Shen® - Nicholas S. Andresen’ - Divya A. Chari? - Jacob M. Pogson'*® . Amanda M. Lauer'*© -

Patient Age Time of Affected UW-Calotic Test Post Richard D. Rabbitt>® - John P. Carey'® - Felipe Santos?® - Bryan K. Ward"'®
(Attack) {¥r) Giender Disease (yr) Side (% Asymmetry) Pre-attack Initial Acme Recovery Attack

1 B0 M 5 Right 49 1.0v1 0.71 0.31 0.91 0.96

2 [ F ] Left 39 095 0.57 0.41 0.63 0.96

3 63 F 3 Right NP 095 0.56 0.54 0.70 0.99

4 62 F 5 Right 32 092 = 0.78 0.81 0.91

5 47 F 1 Right 24 083 = 0.55 0.66 0.94

& G F 10 Right NP (IR = = 0.68 0.52

7 5 M 5 Left NP [ = .61 0.86 088

b3 53 F 3 Left 43 .54 = .68 0.75 0.52

Da 63 M 3 Left 40 0.93 0.3 0.1 0.44 0.84

Uy [is) M 4 Left 40 0.9 - - 0.42 0.85

Only the ipsilesional hWOR gain of the lowest magnitnde during the attack are included. 929 indicates two attacks recorded within a 1-year
interval from the same patient; NP, not performed; UW, unilateral vestibular weakness of the affected ear.

Otology & Newrotology, Vol 41, No. 8, 2020

10° | Reht

e i \\\'\W\Nf\ ' J}}'NJ!I‘\JN&.‘} “&R #\i‘j\ ;-J’-s.;-f«k{':,-‘f‘#"v"} Lab ; e preod .'L A ——
Left _—

20sec Table 2 Ocular Motor Findings of the Patients With Unilateral Meniere Disease During and Between the Attacks

-10

Irritative/re covery Paretic Interictal phase

Spontaneous nystagmus | C None or only subtle nystagmus

Downbeat, discordant, aperiodic alternating nystagmus

Video head-impulse tests Mosty normal Either decreased or normal VOR gain, Mostly normal
frequent covert and overt saccades

Can be impaired for the PCs in case of downbeat nystagmus

Canal paresis lorcC | |
Head-shaking nystagmus | C -
Vibration-induced nystagmus C C C

04 Positional nystagmus Geotropicfapogeotropic or direction-fixed nystagmus
Cervical VEMPs Decreased response in the affected ear

0'2 Ocular VEMPs Augmented response in the affected ear Variable

Abbreviations: C = contralesional, | = ipsilesional, PC = posterior canal, VEMPs = vestibular-evoked myogenic potentials, VOR = vestibulo-ocular reflex.
40
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(approximately)
PRE ATTACK INITIAL

90
RECOVERY POST ATTACK




s-AVS with new hearing loss - SSNHL with vertigo
viral ?



Ramsay Hunt syndrome vs SSNHL

5754 European Archives of Oto-Rhino-Laryngaology (2023) 2B0:5251-5258
a RHE D b SSNHL_D
100.0% - 100.0%
w0Y B0 -
B.0% o L0 4
40,0% 48T7% 40,0% l I
.
20.0% 20.0% -
0% - 0,0% -
mASCC mlSCC wPSCC moVEMP moVEMP BASCC ®L3CC ®PSCC woVEMP  m cVEMP
¢ RHS D d SSNHL_D

O

= SN e IV e Ralh o« Mo

® BV & IVH = Balth o Hans

March 2020 | Volume 11 | Artidle 157

oot 10.33859/fnins.2023.1102512

VN vs labyrinthitis

(A) L5 = 1.5+ o 1.5+ e
| — 1 1
1.2- 1.2- 1.2
g og
i i B -
gﬂs . gu.y Oc | En.g o
= 0.6 i Z 0.6 £ 0.6 %
ogfigo o
03 £282 0.3- L 0.3 o
3
0.0 1 T 0.0 T T 0.0 T T
VN Labyrinthitis VN Labyrinthitis VN Labyrinthitis
(B) 13- 1.5+ 1.59
1.24 e 1.2 @ 1.2 o a
g 094 g 0.9 % £ 09- %
=) (=] [&)
Z 0.6 = < 0.6 o = 0.6
[=] o
0.3 0.3 0.3
0.0 0.0 T : 0

T Ll 1 T
VN Labyrinthitis VN Labyrinthitis VN Labyrinthitis
FIGURE 1 VWOR gain of the (A) ipsilesional (i) and (B) contralesional (¢) sides of three semicircular canals in patients with WM and labyrinthiti
Compared with the VM group, the WOR gain for labyrinthitis patients was reduced in the iPC, but relatively preserved in the iHC and IAC. The
VOR gain of the contralateral sides showed no statistically significant differences. ***p-value <.001, **p-value <.01, *p-value <05. AC, anterior
semicircular canal; HC, horizontal semidrcular canal, PC, posterior semicircular canal; VN, vestibular neuritis; VOR, vestibulo-ocular reflex.
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s-AVS with new hearing loss - SSNHL with vertigo
vascular ?



A Distance (mm)

TABLE 1. Summary of clinical and histopathologic data®

Organ of corti
Age al Hearing Died at  Hair Supporting Tectorial Stria Cochlear Spiral New bone
Case onset (yr) Sex Ear loss Vertigo age (yr) cells cells membrane vascularis neurons limbus in cochlea URI
1 63 M L +4+++ +++ 67 +++ ++ +++
2 57 M R ++++ 57 -+ 4+ ++++ + ++ +
3 39 F R 4 59 - 4 ++ + ‘ Ibrous A
4" 65 F R ++++ ++ 85 +++ ++ gt e : A i
5 43 F L +++ ++ 45 ++ ++ +
6 63 M R +4+++ 64 +++ +++ +
7° 52 F L 4+ 85 TP ++ 4+ + ++
8 68 M L +4+++ 87 ++ ++ +4+++ +4+++ + +
9 63 M R ++ + 67 +++ +
10 43 F L ++H+ + 48 +H+ ++
11 25 M L ++++ +++ 47 4+ ++ ++++ ++ ++ +
12 46 M R +4+++ + 46 All structures appear normal (hearing recovered)
13 40 F R +4+++ 83 -+ +++ +4+++ +++ ++ +++ +4++
14" 10 F R ++++ 94 44+ 4+ o = ++
15" 65 F L +++ 94 4+ ++ ++
16" 78 M R ++ 80 No histologic correlates (hearing recovered) +
17" 78 M L 4+ ++ 80 ++ + + + FIG. 1. Case 13, right ear, age 83 years. (A4) Audiogram and

cytocochleogram. Areas marked by an X in the cochleogram charts
represent those regions of the inner ear where accurate assess-
ments of the organ of Corti could not be made because the plane of
section was tangential to the structure of interest. (B) Midmodiolar
section showing complete degeneration of sensory and neural
structures within the apical and middle turns, along with re-
Otology & Neurotology, Vol. 26, No. 2, 2005 placement by fibrous tissue and new bone. The cochlear duct is not
affected in the lower basal tum, where hair cells are present with
innervating dendrites.

“Cases 1-12 were previously reported from our laboratory (4-6). Cases 13-17 are described in detail in this report.

PRilateral cases.

M, male; F, female; URI, upper respiratory infection; +, indicates presence of symptom or presence of abnormality; ++, +++, and ++++ indicate
increasing severity of symptom or abnormality.

52



Afferent Auditory Pathways Anterior inferior

cerebellar artery Basilar artery Anterior
semicircular

canal

Internal auditory artery

Common cochlear artery

Horizontal

micircular

Main cochlear artery Posterior vestibular artery

Kattah et al.
VESTIBULAR NUCLEI VESTIBULAR GANGLIA
SCC - rostral ( )
Superice A ICA
vestibular complex

Vestidulor root

Dorsal cochlear nucleus

Inferior carebellar paduncle Utniculor n

Ventral cochlear nucleus Seccviorn.

Cochilear division of Post concln.

wastibulocochlear nerve
OTOLITH - caudal PICA
vestibular complex L)

scc / otolith - FLoccuLus: (AICA)
TONSIL, NODULUS: (

Trapezoid body (ventral acoustic stria) Spiral ganglion Hair calls
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Head-Shaking Aids in the Diagnosis of Acute

Audiovestibular Loss due to Anterior Inferior

Cerebellar Artery Infarction

Young Eun Huh?® Ja-Won Koo® Hyung Lee® Ji-Soo Kim?

e 17 AICA infarction
* 16 with vertigo

* 10 without hearing loss
* 6 normal gain of lateral HIT
* 4 abnormal gain of ipsi lateral HIT

* 7 with hearing loss

* abnormal gain of ipsi lateral HIT
* 3 profound HL, 3 moderate HL , 1 mild HL

e 21 labyrinthitis
* vertigo and HL
* abnormal gain of ipsi lateral HIT

Acta Oolaryneol 12

i

Table 1. Auditory sympfoms reported in sirokes

Sympiom

Location of ischemia

Hearing
loss
unilateral

Hearing
loss
bilateral

Tinnitus
unilateral

Tinnitus
bilateral

Hallucina-
ticns

Hyperacusis

Ipsilateral

Rilateral

Ipsilateral

Rilateral

Lnilateral

Cochlea
Aunditory nerve
Cochlear nucleus
Acoustic strias

Cochleae

Auditory nerves
Cochlear nuclei

Acoustic strias

Superior olivary complexes
Lateral lemmnisci

Inferior colliculi

Brachia of inferior
colliculus

Medial geniculate bodies
Auditory radiations
Primary auditory cortices
and /or subcortical white
matter

Cochlea

Auditory nerve

Cochlea nucleus

Acoustic strias

Cochleae

Auditory nerves

Cochlear nuclei

Acoustic strias

Inferior colliculus (transient)

Pontine tegmentum
Midbrain {*peduncular™)
Mon-dominant temporal lobe (musical)

Unilateral inferior colliculus
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Positive horizontal-canal head
impulse test is not a benign sign
for acute vestibular syndrome
with hearing loss

Anand K. Bery® and Tzu-Pu Chang ® 2**

‘Diislon of Meurctogy, Department of Madicing, Univarsiy of Ottawa, Ottawa, ON, Canads,
Dieparment of Neurotogy/Neuro-Medical Schentific Center, Talchung Tzu Chi Hospltal, Buddnist
T Ol Madicat Foundation, Talchung, Talwan, ‘Departmant of Neurology, Schocl of Medidne, Tau
Chl University, Huallen, Talwan

TABLE 1 Clinical and neuro-otologic findings in the patients with acute vestibular syndroma plus hearing loss.

Pt Age/Sex HL PTA H- H-vHIT Fixation Fixation block Skew SVV (?) Other MRI
(dB) BHIT signs
Ipsi- Contra- M GEN SN PN
lesional  lesional
1 &8/F L 29 L 0.45 126 RBM - REM REN - L.& - -
2 48/M 65 0.64 1.11 RBM + REN RBN “+ L5 Diplopia Left lateral pontine infarction
3 41/M s 0.56 061 RBN - REN REN + L5 Lefit facial Left lateral pontine demyelinating lesion
palsy
4 46/M 49 R 0.49 078 LBN - LBEN LBN - R, 10 - Right lateral pontine infarction
5 T7IM 90 0.68 D68 LBN - LBN LBN - R 15 - Right lateral pontine infarction
[ 63 R 4 0.42 117 LBN - LEN LEN - R 1 Right facial Right lateral pontine infarction
palsy
7 62/ R a0 Normal 1.14 0492 - - - REN in right - L.1 Right PC -
lying impaired at
BHIT and
vHIT (0.57)*
3 G9M R 104 Normal NI ND - - LBM LEN - 1] Ri.ght PC -
impaired at
bHIT
9 &0fF R 79 Normal 1.14 1.15 - - LBM LEN - B2 Ri.ght PC -
impaired at
bHIT and
vHIT (0.20)*
10 S8/F R 113 Mormal 077 0.9 RBM - REM Geotropic - L3 - -
11 62/M L 115 Normal 0.83 088 LEBM - LBM Geotropic - ND - -
12 53 R 104 R 087 0.8s LEMN - LBM Apogeotropic - B3 - -
13 S9/F L 74 L 0.82 058 RBN - REN Geotropic - L.1 - -

HL, hearing loss; PTA, pure-tone average (the average of pure tone thresholds at 500, 1,000, and 2,000 Hz in the lesion ear); H-bHIT, horizontal-canal bedside head impulse test; H-vHIT, horizontal -canal video head impulse test; 5N, spontaneous
nystagmus; GEN, gare-evoked nystagmus; PN, positional nystagmus; 5VV, subjective visual vertical: F female; M, male; L, left: B, right: B, bilateral; EEN, right-beating nystagmus; LEN, lefi-beating nystagmus: PC, posterior semicircular canal; NI,
not documented.

*The numbers in the parentheses are the VOR gains of vertical-canal vHIT.
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Inner ear vascular territory
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H. Lee / Journal of the Neurological Sciences 313 (2012) 153-159

B A C

Anderioe
semicircular
canal

Anterior nferor Basilar arsory

cerebellar artery
S
Internal auditory nienor vestibala

astery
Common cochbear o
artery

i 1
Main cochlear artery Posterior vestibular artery

D

Fig. 3. Schematic diagram of the patterns of inner ear involvement in AICA territory infarction according to type of involved artery. A. The arterial supply to the inner ear. B. Internal
auditory artery ocdusion results in combined loss of cochlear and vestibular functions (i.e., SNHL, CP, and abnormal VEMP). C. Main cochlear artery occlusion causes selective loss of
cochlear function (isolated SNHL). D. Anterior vestibular artery occlusion causes selective loss of superior vestibular function (isolated CP only). E. Posterior vestibular artery occlu-
sion causes selective loss of inferior vestibular function (abnormal VEMP only). F. No involvement of the internal auditory artery results in normal cochlear and vestibular functions.
Hatched region indicates area of lesion. SNHL: sensorineural hearing loss, CP: canal paresis, VEMP: vestibular evoked myogenic potentials.
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s-AVS in ENT Clinics — HINT Plus

* No hearing loss

e HINT
e Normal HSC vHIT

* Acute hearing loss

 HINT

e Abnormal vHIT inipsilateral HSC
 Abnormal vHIT in ipsilateral PSC-check vascular risk factors
* Normalipsilateral vHIT —-check VEMPs and/or vascular risk factors
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Response: Proposed Diagnostic Criteria for Definite Isolated
Otolith Dysfunction

Myung-Whan Suh' and Toshihisa Murofushi®

Definite Isolated Otolith Dysfunction

Table 1. Proposed diagnostic criteria for isolated otolith dysfunction (iOD)

Definite iOD
A. Laboratory findings that indicate OD but normal semicircular canal function.
1. OD proven using the cVEMP and/or oVEMF tests.
2. Normal caloric and vHIT test results (for all vertical and horizontal canals).
B. Symptoms that indicate OD.
- Non-spinning. translation, tilt, floating. or flipping-over.
C. Cannot be explained by another disease or disorder.
Probable iOD

Laboratory-based probable iOD

A. Laboratory findings that indicate OD but normal semicircular canal function.

1. OD proven by cVEMP and/or oVEMP and/or SVV testing.
2. Normal caloric and vHIT test results.
B. Cannot be explained by another disease or disorder.
Symptom-based probable iOD
A. Symptoms that indicate OD.
- Non-spinning, translafion, filt, floating. or flipping-over.
B. Cannot be explained by another disease or disorder.
Additional descriptions (not mandatory)
Idiopathic definite/probable iOD.
- When the eficlogy of iOD cannot be idenfified.
Secondary definite/probable iOD.

- When a causal relationship with another disorder is identified.

Vestibular ganglion

Superior semicircular canal .
Vestibular nerve

Utricle

Facial nerve
) . Saccule
Posterior semicircular canal

Lateral semicircular canal Cochlear nerve

Orientation of hair cells in the utricle

/ Cochlea

Striola=—

Orientation of hair cells in the saccule

Title: Dizziness and vertigo : an introduction and practical guide / edited by Rahul Kanegaonkar and James Tysome.
Descrintion: Second edition. | Boca Raton. FL : CRC Press. 2024. | Includes bibliogravhical references and index.

cVEMP: cervical vestibular myogenic potfential, oVEMP: ocular vestibular myogenic potential, vHIT: video head impulse test, SVV: 66

subjective visual vertical
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Case Report: Isolated Idiopathic
Saccular Dysfunction

Sofia Waissbluth* and Javier Oyarzun
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Clinical features of otolith organ-specific vestibular dysfunction
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s-AVS in ENT Clinics — HINT Plus

* No hearing loss

e HINT
* Normal HSC vHIT
* Optional PSC vHIT for IVN

* Acute hearing loss

 HINT

e Abnormal vHIT inipsilateral HSC
 Abnormal vHIT in ipsilateral PSC—check vascular risk factors
* Normalipsilateral vHIT —-check VEMPs and/or vascular risk factors

* Subsequent VEMPs accordingly
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s-EVS: MD vs VM



Diagnostic criteria : MD

Tab. I. Comparison of AAOQ 1935 diagnostic criteria (10) and joined Equilibrium Committee AAOQ-HNS, Japan Society for Equilibrium Research, EAONO, Korean Balance Society and

Barany Society 2016 criteria [11].

ARD1995

CLINICALLY DEFINED MD

At lest 2 vertigo spells (lasting more than 20 minutes)
Hearing loss (0.5,1, 2, 3 kHz) documented at least once
Tinnitus or feeling of fullness in the affected ear

Other causes excluded
PROBABLEMD

One vertigo spell
Hearing loss documented at least once

Tinnitus or feeling of fullness in the affected ear

EQUILIBRIUM COMMITTEE AAD-HMS, JAPAN SOCIETY FOR EQUILIBRIUM RESEARCH, EADNO, KOREAM BALANCE SOCIETY,

BARANY SOCIETY 2015
DEFINED MD

At least two vertigo spells (20 min—-12 h)

Hearing loss at low or medium tones (at least 30 dB, = 2 kHz, at least 15 dB, = 2 kHz) documented at least once

Fluctuating symptoms (hearing loss, tinnitus, ear fullness)
Other causes excluded
PROBABLE MD

At least two vertigo or dizzy spells (20 min—24 h)

Fluctuating symptoms (hearing loss, tinnitus, ear fullness)

Other causes excluded

DELAYEDMD

auditory symptoms may precede vertigo spells by months or years

vertigo spells can precede hearing loss by weeks or months

VS

VM

1. Vestibular migraine

A. At least 5 episodes with vestibular symptoms!

of moderate or severe intensity”, lasting 5 min
to 72 hours®

. Current or previous history of migraine with

or without aura according to the International
Classification of Headache Disorders (1ICHD-
3)*

. One or more migraine features with at least

50% of the vestibular episodes”:

— headache with at least two of the fol-
lowing characteristics: one sided location,
pulsating guality, moderate or severe pain
intensity, aggravation by routine physical
activity

— photophobia and phonophobia®,

— visual aura’

D). Not better accounted for by another vestibular

or ICHD diagnosis®

2. Probable vestibular migraine

A. At least 5 episodes with vestibular symptoms’

of moderate or severe intensity?, lasting 5 min
to 72 hours’

. Only one of the criteria B and C for vestibu-

lar migraine is fulfilled (migraine history or
migraine features during the episode)

. Not better accounted for by another vestibular

or ICHD diagnosis®
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Vestibular mapplng
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AC cVEMP [n=58) Caloric (n=5T)

W Normal {55.2%) W Normal (38.6%)

m Asymmetnic (37.9%) m Asymmetric CP (61.4%)
Absent bilat. (6.9%)

BC cVEMP (r=62) Lateral vHIT (n=6E)

W Normal {82 3%) W Normal (38 5%)

W Asymmetric (17.7%) W Reduced gain (1.5%)

AC oVEMP [n=36) Audiogram [n=T0)

W Normal {12.4) W Flat asym. [62.9%)

W Azymmetic (44.5%) Low-frequency asym. (31 4%)
Absent bilat. (36.1%) m High-frequency asym. (5.7%)

BC oVEMP (n=52)

W Normal {96, 2%)

W Asymmeiric (1.9%)
Absent bilat. (1.5%)

VS

100%

90%

B80%

T0%

60%

a0%

40%

30%

20%

10%

AC cVEMP (n=86)

B Normal (88.4%)
B Asymmetric (5.8%)
Absent bilat. (5.8%)

BC cVEMP (n=76)

W Normal (93.4%)
B Asymmetric (5.3%)
Absent bilat. (1.3%)

AC oVEMP (n=65)

W Normal (B7.7)
B Asymmetric {15.4%)
Absent bilat, (16.9%)

BC oVEMP (n=71)

W Normal (97.2%)
= Asymmetric (2.8%)
Absent bilat. (0.0%)

Caloric (n=57)
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B Asymmetric CP (15.8%)

Lateral vHIT (n=89)
W MNormal (97.8%)
B Reduced gain (2.2%)

ECochG (n=15 ears)
B MNormal (100%)
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W Mormal (62.7%)

B Symmetric presbycusis (22.7%)
W High-frequency asym. (8.09%)
B Flat asym. (4.0%)

W Conductive asym. (2.6%)

Figure 4. Audiovestibular test results in vestibular migraine patients.
AC: air-conducted; asym: asymmetry; BC: bone-conducted; bilat bilaterally; c: cervical; ECochG: electrocochleography

{trans-tympanic); o: ocular; VEMP: vestibular evoked myogenic potendal; CP: canal paresis.
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t-EVS : CPPV vs BPPV

(Central paroxysmal positional vertigo)



CPPV mimicking BPPV of superior canal or non-ampullary arm posterior canal
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t-EVS : third window disease

superior semicircular dehiscence
(SSCD)



VEMPs in Third Window Diseases

* Both AC VEMP testing are augmented in third window
diseases (superior semicircular dehiscence) with high

amplitude and low threshold

Shunting via the SCD

Ampuliofugal
(excitatory)

Reduced
cochlear input

Normal
c D

Third window from SCD
- axcitation of ampulla
Shunting via the SCD

Ampuliopetal

3 nhibnoc'y)

Reduced
cochlear input

Third window from SCD

- inhibition of ampulla

Third window from
Enlarged Vestibular Aqueduct

dB HL

Anterior SCC: VHIT

Lateral SCC: VHIT

0.96
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]

0.94

1
~

ES5,

40 b
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80
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T e e
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e s T Y
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300
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250 ms

Posterior SCC: VHIT
0.78 0.69

Saccule: AC cVEMP

AR *43.2% n23
140 dB

/\\'Pziz\-/\
p13

120 dB

W

100 dB

pi3

40 ms

» Table 2 Differential diagnosis of middle-ear and inner-ear conductive hearing loss (CHL) [131] (see Chapter 3.2.1)

Audio-vestibular test

tympancgram

stapedial reflex

OU0ACOUSHC EMIssions
bone-conduction thresholds
ACS VEMPs

Middle-Ear Conductive Haaring Loss

type A, BorC

often absent

absent

rarely =0 dB nHL

reduced or absent amplitudes (for CHL = 10 dB)

Inner-Ear Conductive Hearing Loz:z

type A

present

present

frequently <=0 dB nHL for frequencies =2 kHz
increased amplitudes, reduced thresholds despite CHL

Abbreviations: ACS VEMPs =vestibular evoked myogenic potentials (VEMPs) evoked by air-conducted sound (ACS); nHL=normal hearing lejaD

Larynga-Rhino-Otol 2021; 1000 51-540
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Table 1 International Classification of Vestibular Disorders diagnostic criteria for PPPD

All five criteria, A-E, must be fulfilled to make the diagnosis

A. One or more symptoms of dizziness, unsteadiness, or nonspinning vertigo are present on most days for 3 mo or more

1. Symptoms last for prolonged (hours-long) periods of time but may wax and wane in severity

2. Symptoms need not be present continuously throughout the entire day

B. Persistent symptoms occur without specific provocation, but are exacerbated by three factors:

1. Upright posture

2. Active or passive motion without regard to direction or position

3. 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 ilinesses; or psychological distress

1. 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

2. When the precipitant is a chronic syndrome, symptoms may develop slowly at first and worsen gradually

D. Symptoms cause significant distress or functional impairment

E. Symptoms are not better accounted for by another disease or disorder

Abbreviation: PPPD, persistent posturakperceptual dizziness.

Source: Reprinted with permission from Staab |P, Eckhardt-Henn A, Horii A, et al. Diagnostic criteria for persistent postural-perceptual dizziness
(PPPD): consensus document of the Commmittee for the Classification of Vestibular Disorders of the Barany Society. | Vestib Res 2017;27(4):191-208.

Seminars in Neurology
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Peripheral
Acute
Vestibular
Syndrome
(AVS):
Recovery and

Sequelae
a

Episodic
Vestibular
Syndrome
(EVS):
Course and

Comorbidity
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Wl 25% PPPD +/-psychiatric disorder
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VFT selection in daily practice



s-AVS

s-EVS

t-AVS

t-EVS

CVS

Hearing Level (dB HL)

Frequency (Hz) 7500 15K 3K 6K 12K

©»

Video Frenzel

Vestibular function testing in the 21st century Rosengren et al.

(@) End-Organ

(b) Stimulus

(c)

Lateral SCC

(

)

Posterior SCC

Anterior SCC

Method

Utricle

1ms
w 140 dBFL
Saccule 0. 4ms
105 dBnHL

(d) Response

Lateral VHIT

Posterior VHIT

Anterior vHIT

BC oVEMP
n10

AC cVEMP 23
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s-AVS

CVS

s-EVS

t-AVS
t-EVS

goggle

PTA

VHIT

HINT Plus VEMP

+ +/-
+/- +/-
+/- +/-

i, +/-
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