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B Table 4.1

Technique

Features

Vestibular system

Video-HIT

Caloric
testing

Rotatory
chair
examination

Quantification of the
function of the angular
VOR in the high-
frequency range

Quantification of the
function of the
horizontal semicircular
canals in the low-

frequency range

Quantification of the
function of the
horizontal semicircular
canals in the lower- and
middle-frequency range

Advantages

Non-invasive, can be
performed quickly and
easily, examination of
the VOR function close
to the optimal range of
stimulation of the
semicircular canals
between 0.1 and 10 Hz

Non-invasive, simple to
perform, allows the
examination of single
horizontal canals

Non-invasive

Laboratory examinations of the vestibular and ocular motor systems

Disadvantages

This test does not allow
examination of a single
semicircular canal, but only a
pair of semicircular canals

Only the function of the
horizontal canals can be
quantified. time-consuming,
there can be several artifacts: it
may cause nausea or vomiting in
patients

Expensive equipment, only
possible to examine pairs of
semicircular canals, not single
canals (similar to video-HIT);
indicated in selected cases when
video-HIT and caloric testing
are normal, although the patient
history indicates a peripheral
vestibular deficit. Nowadays,
only rarely applied.

(continued



Cervical Mainly examination of

vestibular- saccular function

evoked

myogenic

potentials

(cVEMP)

Ocular Mainly examination of

vestibular- utricular function

evoked

myogenic

potentials

(oVEMP)

Subjective Examination of an

visual acute vestibular tone

verticality imbalance of the

(SVV) graviceptive pathways
from the otolith organs
{mainly utricle) and
vertical semicircular
canals

Ocular motor system

Video- Measurement

oculography range * 40° horizon-

(VOG) tally and * 20°
vertically, resolution of
0.1-1%;
allows the recording of
nystagmus, smooth
pursuit, saccades,
gaze-holding function,
optokinetic nystagmus,
suppression of the
VOR

Magneticcoil  Measurement range

technique by  horizontal £40°,

lens vertical £40°,
resolution of 0.02°

Advantages

Non-invasive, is well
tolerated, quite easy to
perform

Non-invasive, is well
tolerated, easy to
perform

Non-invasive, is well
tolerated, easy to
perform, e.g., with the
bucket test

Non-invasive, well
tolerated, combined with
caloric testing and the
head impulse test to
determine the function
of the VOR: nowadays
widely used

Best resolution of
horizontal, vertical. and
torsional movements
(research): can be
combined with head
impulse test if angular
head velocity is also
measured

Interpretation of the findings is
heterogeneous: different
normative and pathological
values recommended; the
function of the vertical canals is
also partially tested

Similar to cVEMP

Will be normalized during
central compensation despite a
persisting deficit; thus, deviation
indicates an acute or not
compensated lesion

Only possible with open eyes,
artifacts possible:

3D analysis more complicated
and expensive

Semi-invasive, unpleasant,
expensive, only with cooperative
patients, maximum of 30 min,
local anesthesia necessary
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4.1.1 Video Head Impulse Test
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Head Impulse Test — Mechanism

400

300

Ampulla Utricular
Sac of

Vestibule

200

100 ﬁ At Rest

Spikes/sec

Time

Hair Cells

» There is an asymmetry between excitatory and inhibitory neural responses of each
semicircular canal (greater dynamic range for excitation)

 Excitation from tonic level of ~100 up to a maximum of ~400 spikes/sec
* Inhibition from tonic level of ~100 down to a minimum of O spikes/sec
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Head Impulse Test — Mechanism

e

400

300

19}
2 Excitation d
2 200 Ampulla Utricular
.ﬁé N\ Sac of
n Vestibule
100 [ \ - ‘ At Rest
Inhibition \ \ ﬁ
0 N & _
Time
Hair Cells

* There is an asymmetry between excitatory and inhibitory neural responses of each
semicircular canal (greater dynamic range for excitation)
+ Excitation from tonic level of ~100 up to a maximum of ~400 spikes/sec
* Inhibition from tonic level of ~100 down to a minimum of O spikes/sec
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Head Impulse Test — Changes in Neural Firing

400 Neural firing is

clipped (saturates) at
high head velocities
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» Head impulses toward the canal cause excitation from that canal
» Changes in the neural firing are proportional to the head velocity

* Head impulses away from the canal cause inhibition from that canal

* Neural firing is clipped (saturates) at O spikes/sec and the canal does not provide an accurate measure of
head velocity P
-2
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* For the calculation of the VOR gain, different algorithms are used; e.g.,
the angular eye velocity is divided by the angular head velocity at 60
ms or under the curve of the eye angular velocity is divided
by head angular velocity. bi

* VOR > 0.8 normal
< 0.7 unilateral peripheral vestibular deficit

bil VOR:
0.8~0.6 presbyvestibulopathy
< 0.6 bilateral vestibulopathy



4.1.2 Caloric Testing

e the vestibular paresis formula
[((R30°+R44°)—(L30°+L44°)]/[(R30°+R 44° + L 30" + L 44°))] x 100
* The directional preponderance formula

[((R33'+L44)—(R44 +L30)]/[(R30°+L44 +R44 +1L30))] x100

* mean peak slow phase velocity (mPSPV) <3" =6 /s =>
pathological for a unilateral peripheral deficit

* the sum of the mPSPV for warm and cold irrigation is assumed to be <6'/s
on each side => bilateral vestibulopathy (BVP)

* An asymmetry according to Jongkees’ vestibular paresis formula of up to
19% is normal, a side difference of >20-25% is pathologic.
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4.1.3 Rotatory Chair Testing

e Sinusoidal harmonic acceleration

test (SHAT)
VOR: 0.005~0.64 Hz

0
Cycle

* Veloity step test (VST)
constant rotation with 1007/s
and subsequent deceleration Ao | unsourasvogs | sty | sty
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* For the diagnosis of BVP,a reduced horizontal angular VOR gain <0.1
upon sinusoidal stimulation on a rotatory chair (0.1 Hz, Vmax =
50 /sec) and a phase lead > 15 degrees (time constant < 6 sec) is
proposed.

* the clinical relevance of the rotatory chair examination has decreased
considerably over the last years, in particular since VOR function can
be reliably examined by the video-HIT, and is therefore only indicated
In cases.
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4.1.4 Vestibular-Evoked Myogenic Potentials
(VEMP)

* Cervical VEMP (cVEMP) are used ostlbuio-oule 1R
to evaluate the function of the Q CedarVEuP
ipsilateral saccule T I/:;\D
ocular VEMP (oVEMP) that of e, Kﬁ/
the contralateral utricle -«wf\/\/\w

- in ACS-VEMP, the sensitivity of R o]
the otolith organs and not the o Lo m e
cochlea to sounds is measured. S Cervical VEMP
In contrast to the ACS stimuli, — { o o)
BCV stimuli can be applied R ﬁ/
independent of middle ear Stemogeidomasio W\/V
function. O il

Vestibulo-collic reflex 100 1020 3040 50 60ms



* the of the oVEMP areincreased and the of the
cVEMP is decreased in superior canal dehiscence syndrome.

* oVEMP can be performed more easily than cVEMP and do not
depend on a

* oVEMP are evidently more sensitive and specific than cVEMP for the
diagnosis of superior canal dehiscence syndrome and other third
mobile windows.



The reflex is most often induced by a 500-Hz pure tone with a duration of 2 ms and up to
130 dB peak sound pressure level. Criteria for the evaluation of cVEMP are the presence
is less important.

of P13 and N23 waves and their amplitudes;
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s
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* canhal dehiscence syndrome:
the for cVEMP is reduced, i.e., even sounds with low
decibel values can induce waves with increased amplitudes.

a stimulation frequency of 2000 Hz; this has a specificity of almost
100% and a sensitivity of 92%.

» Acute unilateral vestibulopathy/vestibular neuritis:

2/3 of the patients, cVEMP are normal (by sparing of the inferior part
of the vestibular nerve).



* Bilateral vestibulopathy:
cVEMP are reduced or absent in only a small number of patients with
bilateral vestibulopathy. It is so far not known why otolith function is

evidently more preserved than semicircular canal function in bilateral
vestibulopathy.

* Meniere’s disease:
a higher asymmetry ratio for cVEMP than for oVEMP amplitudes.
(more common saccular than utricular dysfunction in MD and a more
permanent loss of otolith function in MD versus VM.)



4.1.4 Ocular Vestibular-Evoked Myogenic
Potentials (o0VEMP)

* Criteria for the evaluation of oVEMP are the presence or absence of
N10 and P15 waves and their amplitude. Increased latencies were

observed in neurological disorders, e.g., multiple sclerosis, with an
involvement of the brainstem. No waves or a significant asymmetry of

the amplitudes is considered pathological, although there are so far

no normative values.

* A peak-to-peak amplitude of the oVEMP of more than 16.7 puV (ACS,
500 Hz, 125 dB SPL) has a sensitivity of 100% and a specificity of 89%

for superior canal dehiscence syndrome.



a minishaker (boneconducted vibration) in the middle of the forehead at the hairline (Fz). Criteria
for the evaluation are the presence of these waves and their amplitudes; the latency is less
Important.
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4.3 function of canals vs.
stimulation

‘Effects of Acute Unilateral Vestibular Lesion | ‘Effects of Acute Unilateral Vestibular Lesion
N «‘ = A Fast " SlOW‘ ) =
Laby,mm % P SCC lesion ‘2 R Lot Laby,mm % AscClesin S5 B2 bt
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4.4 Neuro-Orthoptic and Psychophysical Tests




* Cover tests, to detect vertical deviation (skew deviation)

* Psychophysical measurement of the subjective visual vertical (SVV), or
with the simple bucket test to detect an acute or subacute imbalance
of the labyrinths or graviceptive pathways and to differentiate a
monocular infranuclear lesion (e.g., third or fourth nerve) from a
vestibular lesion.

A deviation of the SVV under binocular as well as monocular viewing
conditions indicates a vestibular lesion, whereas a third or fourth
nerve palsy causes a deviation of the affected eye only.
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Ocular Tilt Reaction (OTR)

= Tilt of subjective visual
vertical (SVV)

= Ocular torsion (OT)
= Skew deviation (SD)
= Head tilt

- 12° intorsion

SVV

Brandt T. Vertigo: Its Multisensory Syndromes 1999



Thalamus, Cortex
Perception only
SVV +

Ocular torsion -
Skew deviation -
Head tilt -

Cortex

Thalamus

Midbrain

Pons

Labyrinth, Medulla, Pons, Midbrain
Reflex plus Perception

— SVV +

Ocular torsion +

Skew deviation +

Head tilt +

Medulla

Labyrinth

Brandt T, et al. Nature
Reviews Neurology 2017




Cortex

 Decussation: mid- to-lower
pons

Thalamus

e Lesion below decussation:
Tilt toward the lesion side
(ipsiversive OTR)

Midbrain

* Lesion above decussation:
Tilt away from the lesion
side (contraversive OTR)

Pons

Medulla

* Thalamus or cortex lesion:
Ipsi- or contra-versive SVV

Labyrinth

Brandt T, et al. Nature
Reviews Neurology 2017




scanning laser ophthalmoscope (SLO)

e Scanning laser ophthalmoscope
(SLO) for the quantification of
eye torsion in the roll plane and
to differentiate a monocular
infranuclear lesion (e.g., third or
fourth nerve) from a vestibular
lesion. A torsion of both eyes
(symmetric or asymmetric)
indicates a vestibular imbalance.




scanning laser ophthalmoscope (SLO)

* a slightly excyclotropic position
in the roll plane, i.e.,
counterclockwise rotation of the
right eye and a clockwise
rotation
of the left eye. The normal range
(£2 SDs) is from -1 to 11.5".

* Pathological lesion shows an
ipsiversive torsion of both eyes,
i.e., excyclotropia of the
ipsilateral eye and incyclotropia
of the contralateral eye.




Absolute ocular torsion using fundus photography

Definition of Ocular torsion
e Bex>12.6° or 8in < 0° or Bex— Bin > 8.8°

Horizontal line

Gex< .

Choi JW, et al. Eur Arch Otorhinolaryngol 2014



 Measurement of dynamic visual acuity (DVA), including the VOR
reading test, i.e., determination of visual acuity under static
conditions and during head turns. If there is a decrease of dynamic
visual acuity of more than 0.2, this indicates a VOR deficit.



4.5 Posturography and Gait Analysis




* The parameters to be measured are body sway to the right or left,
forward or backward, upward or downward with a subsequent
analysis of the so-called sway path values (SP, “sway path”) and
frequency.

* an automated analysis with a neuronal network allows differentiation
between sensory (namely vestibular) deficits, functional dizziness,
cerebellar ataxia, and orthostatic tremor.



B Table 4.2 Disturbances of posture and gait control in peripheral vestibular disorders

Illness

Bilateral
vestibulopathy

Acute unilateral
vestibulopathy/
vestibular
neuritis

Tumarkin’s
otolithic
catastrophy

Tullio phenom-
enon

Vestibular
paroxysmia

Direction of deviation

Different directions

Ipsiversive

Lateral, ipsiversive, or
contraversive (sudden

falls)

Backward, contraver-
sive, diagonal

Contraversive or in
different directions

Pathomechanism

Failure of vestibulospinal postural reflexes, exacerbated in
the dark and on uneven ground

Vestibular tone imbalance due to failure of the horizontal
and anterior semicircular canal and utricle

Variations of endolymph pressure lead to an abnormal
stimulation or inhibition of the otoliths and sudden
vestibulospinal tone failure

Stimulation of the otoliths by sounds of certain frequen-
cies, e.g., in cases of a syndrome of the third mobile
windows

Neurovascular compression of the vestibulocochlear nerve
and excitation (rarely inhibition) of the vestibular nerve



B Table 4.3 Disturbance of posture and gait control in central vestibular disorders

[lIness

Downbeat
nystagmus
syndrome

Lateropulsion
(Wallenberg’s
syndrome)

Ocular tilt
reaction (OTR)

Paroxysmal
ocular tilt
reaction

Thalamic
astasia (often
overlooked)

Vestibular
epilepsy (rare)

Direction of deviation

Backward and forward

Ipsiversive, diagonal

Contraversive with mesencephalic lesions,

ipsiversive with pontomedullary lesions, ipsi- or
contraversive with unilateral cerebellar lesions
(uvula or dentate nucleus)

Ipsiversive with mesencephalic excitation,
contraversive with pontomedullary excitation or
excitation of the vestibular nerve

Contraversive or ipsiversive

Contraversive

Pathomechanism

Vestibular tone imbalance in the
pitch plane

Central vestibular tone imbalance
(roll and yaw planes) with tilt of
subjective vertical

Tone imbalance of the VOR in the
roll plane with lesions of the
vertical canals or otolith pathways

Pathological excitation of the
otolith or vertical canal pathways
(VOR in the roll plane)

Vestibular tone imbalance due to
lesions of the posterolateral (rarely
centromedian) thalamus

Focal seizures due to epileptic
discharges of the vestibular cortex
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