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INntroduction

 The otolith organs

— Utricle: in horizontal plane
» detects
— Naso-occipital accelerations

— Interaural accelerations
— Head tilt

oVEMP
— Saccule: in vertical plane

» detects
— Vertical accelerations
— gravity
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c-VEMP: what?

o Collic (cervical) Vestibular Evoked
Myogenic Potentials

« = averaged muscle potentials, biphasic

e Measured at level of sternocleidomastoid
muscle - ipsilaterally

e Inhibitory response

* Initiated by vibrations at level of saccule
(AC tone bursts)

e Test for integrity of sacculocollic pathway
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c-VEMP: pathway

stimulation saccule

vest. nuclei

C-VEMP response

P13

ﬂ‘ WL EETE
n I< H ‘ nr—uuqunhnus aonPwerpen g\d 5=
Qud | EUROPEAN INSTITUTE FOR ORI \-’/‘L www.neus-keel-oor.be



c-VEMP: methods
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ground electrode

insert earphone

active electrode

reference electrode

www.neus-keel-oor.be



C-VEMP: methods

« Tone bursts 500 Hz (2-2-2 ms)

« 80-100 repetitions

 Repetition rate 5.1 Hz

e Filter: 10 Hz — 1.5 kHz

e active electrodes: on SCM muscle belly
 Impedance (< 5 kQ)

« Headphone vs insert earphone vs bone
conduction (AB-gap)

« SCM contraction procedure:
— Sitting position vs supine
— unilateral vs bilateral
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C-VEMP: methods

N23

Sound intensity

20312 v

— Latencies p13 (ms) and
n23 (mMs)

NZ23
— VEMP amplitude (¢ V)
— Threshold
N23
P13
N23
P13
P13 23

Muscle tension:
feedback!!! \

1000 ms
— ;
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C-VEMP: methods

e Direct feedback of SCM muscle contraction

EMG - 1> a3

. COose |

Vanspauwen et al, J Vestib Res. 2009
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C-VEMP: methods

Indirectly: via blood pressure manometer

— Method 1: equipment has EMG module

 Determine equal SCM contraction levels on both sides
prior to c-VEMP measurement (eg. Left 44 mmHg;
right 40 mmHQ)

 Use these pressure levels during c-VEMP tests

Vanspauwen et al, Acta Otolaryngol. 2006
Vanspauwen et al, Laryngoscope. 2006
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C-VEMP: methods

e Indirectly: via blood pressure manometer

— Method 2: equipment has no EMG module

 Use BP manometer to keep SCM contraction level
constant

e VEMP = on/off

Vanspauwen et al, Acta Otolaryngol. 2006
Vanspauwen et al, Laryngoscope. 2006
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C-VEMP: methods

e Indirectly: posthoc ‘recalculation’ of
cVEMP traces
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C-VEMP: methods

e Indirectly: posthoc ‘recalculation’ of
CVEMP traces
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C-VEMP: methods
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C-VEMP: normative values

« Normative test-retest cVEMP data, obtained with 500 Hz tone
bursts:
« N = 20; average age = 35,1 yr; range: 16 — 57 yr
* Subjects in sitting position, feedback of SCM muscle contraction
 AC tone bursts and BC tone bursts (B-71 bone conductor)

TEST vs RETEST AC stimuli
N ICC MD
p13 latency (ms) 15 0,84 2,3
n23 latency (ms) 16 0,57 4,5
p13-n23amplitude (microV) 16 0,77 96,0
average EMG (microV) 16 0,88 37,3
corrected amplitude 16 0,83 0,54
threshold (dB SPL) 15 0,84 7,6
www.neus-keel-oor.be




C-VEMP: normative values

« Normative test-retest cVEMP data, obtained with 500 Hz tone
bursts:

AC Stimuli BC stimuli

left vs right left vs right

Y. A
N mean S mean s ( N )mean S mean s
N~
7

p13 latency 15 15.2 2.1 14.4 0.4

(ms) 0.9 0.8 1.7 1.3

n23 latency 16 23.4 2.3 9 23.4 2.4

(ms) 1.3 0.9 1.7 1.2
N\ /~ N\

pl3- 16 193.1 110. 7 78.5 27.

n23amplitud 3 6

e (microV) 48.0 42.2 30.1 30.5

average EMG | 16 111.2 | 41.2 8 111.3 33.

(microV) /\ 17.8 15.3 /_\ 3 27.4 32.3

corrected 16 w 0.53 9 0.91 0.4

amplitude 0.3 0.2 0.2 0.2
7~ N\ 7\

threshold 15 114.2 6.7 9 123.6 5.3

(dB SPL) 3.0 2.5 3.9 4.2




C-VEMP: clinical relevance

e Clinical relevance of cVEMP has been
proven in the diagnostics of:

— Superior semicircular canal dehiscence
— Vestibular neuritis
— Acoustic Schwannoma
— Méniere’s disease
« However, care should be taken iIn:
— Taking the SCM contraction level into account
— Taking age effects into account
— Testing patients with conductive hearing losses

 Therefore...compare clinical data with your
own normative dataset
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o-VEMP: what??

 Ocular Vestibular Evoked Myogenic Potentials
e = averaged muscle potentials
« Measured at level of inferior oblique muscle
« EXcitatory reponse
e Origin of response: utricle
o Stimuli:
— BC-vibrations at level of Fz
— AC sound stimuli

 Recent test: first described in 2005 (Rosengren
et al.), elicited by bone conducted vibration
(BCV)
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o-VEMP: pathway

Right eye Left eye

Ref: IS Curthoys, 2009

|v

Vestibular

MLF

Vestibular
Nuclei

Ref: Kl Buytaert, AUREA, UZA

Ref: IS Curthoys, 2009
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o-VEMP: pathway

OD

Right eye Left eye

T

Ref: IS Curthoys, 2009

Vestibular Vestibular

Nucle Nucle g Crossed response

Ref: Kl Buytaert, AUREA, UZA

Ref: IS Curthoys, 2009
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o-VEMP: parameters

« n10 and pl5-latency, latency difference, (peak-to-
peak) amplitude

— Amplitudes oVEMP << amplitudes cVEMP (about 10 times
- OVEMP require greater amplification: 50.000 —

100.000) B0
oD
OD = oculus dexter 05
OS = oculus sinister 5
e Threshold Ref: KI Buytaert, AUREA, UZA

T
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o-VEMP: methods

 Recent literature (pubmed): many papers deal

with methodology of test and origin response:
— Search (22/04/2013) with keyword: ‘oVEMP’ - 69/126 hits

F“h‘mnd L PubiMed

ok iy o Aduanced
Display Setlings; [~ Summary, 20 per page, Soried by Recently Added Send 1o; [~
Clipboard: 1 to 20 of 89 Remove all itams Paga [T |oid
HE. RaPil CYEMP AND OVEMP RESPONSES ELICITED BY A NOVEL HEAD STRIKER AMD RECORDING DEVIGE
1 Knox GW.
Dll.'l' HEI.II'IJ'HI' 2013.Ap0 17 [Epub anead af WII”‘I'INI'."I BbEIFac] Baadahs

01 [Pubified - &8 supdilied by pubilishar]

Modulatkon ol oVERP amplikiies by Eateral ead its

2 Glrkov R, Kaniner C
Clim Nairophysiol, 2013 Mar 26 docpii; ST388-24 57130011720 10 10168 dinph 2013.02.017. [Epub ahead of prinl] No atsiract available
FRIL L 19 |Pubiod - &k mipplied by putilishar]

Elactromatva IFgoering and singles swaan analysis of vestibular svoked mydgenic potantials (EMPS)
3 Mecker D, Lohscheller J, Schorn B, Koch K, Schick B, Dugalczyk J

[EEE Trans Neural Syst Rehabi Eng. 2003 Mar 15 [Epud ahead of pind]

PRI Da [P

Ubikted - &8 supnlied by pubiisher]
G Hen ¢ T i

Cptimizag ihe bandpass fiker for acowstic SIMull N recording souisr vesibular-evoked mMygaenic poigniials
4. Wang 5J, Jaw FS. Young YH.

Meurosc Lelt 2013 Mar 21, doigil; S0304-3940( 130022 1-8, 101016/ neutsL 2013.03.016. [Epub ahesd of prnl]

PMID: 2 Yad4 [PubMad - 55 supdlied by pusilisher]

aplannd the oWVERP man

5 Golebaich JG
I::Iln‘.'{al:m-nhrs-'ol 2003 Jan 22, doipl: S1388-2487 (1 2000808-5 100016 clingh 2012 1 2008 [Epul shead af prird] Mo abstract avadabia
PMID: 2335 |I-'| fifskad .-..n'-:r'.lr'_lr publisher]

Fetaled Lilg

m I< '-—-‘ | 5|nr—nuqu5r|nu5c\nrwern9r‘r K'
] LN INSTITUTE FOR i \_//'L

i

Clipbosrd: 65 |lems

Filters: Manags Files

Find relaled dala -
Database: | Select

Recant activity &

RE: RAPID CVEMP AND OVEMP
RESPONSES ELICITED BY A NOVEFui
aeular vamp (B3

ovamp (126}

oVEMP (126)

TEE MOMNe..

www.neus-keel-oor.be



o-VEMP: methods

 Upward gaze during recordings:

oVEMP amplitude is optimized with gaze up rather than
straight ahead

Gaze up -> inferior oblique closer to electrodes and increase
of tonic contraction of 10 muscle (Rosengren et al, 2013)

Therefore: control gaze and body position during
measurements

=
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o-VEMP: methods

o Effect of electrode positioning

Medial

Lateral

—~E
(Nasal)

(Temporal)

2

P2
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Ref: Sandhu et al, 2013
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o-VEMP: methods

Vertex . . .
2 L] Location of BC-stimulation:
’/./ N — Latencies, amplitude and even
\ shape of oVEMP depends on the
/ l' occiput stimulation site
Vi @ / i — Activation site should be
S -/ mentioned

Welgampola and Buytaert, unpublished results

MT OCCIPUT

MT FZ MT VERTEX
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o-VEMP: methods

Stimulation type: air conducted sound (ACS) vs
bone conducted vibration (BCV):

— First reports: oVEMP with BC stimuli (forehead taps and
B&K minishaker) - Is it possible to evoke oVEMPs with ACS

stimuli?
— Yes, but is it the utricle or saccule which is responsible
for ACS oVEMPs?

 In summary: otolith afferents from both utricular and saccular
maculae respond to both ACS and BCS (Curthoys and Vulovic, 2011;
Curthoys et al, 2012), however...

» ... the motor projections from saccule to ocular system are rather
weak <-> there are strong utriculo-ocular and sacculo-collic neural

connections (Uchino and Kushiro, 2011)

* This points out that the c-VEMP comes from the saccule and the o-
VEMP from the utricle (Kantner and Gurkov, 2012)

e ‘in other words: it is a motor and not a sensory specificity’ (Curthoys,
2009)
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o-VEMP: methods

e Stimulation type: air conducted sound
(ACS) vs bone conducted vibration (BCV):

— Curthoys et al., 2011

« BCV is much more efficient than ACS for eliciting an o-
VEMP response, since even in healthy subjects ACS
does not always evoke the response

— Cheng et al., 2009: response prevalence of o-
VEMP to ACS was 80%

— Chihara et al., 2007: prevalence of 0o-VEMP to
ACS was 90%, while response prevalence of o-
VEMP to BCV was 100%
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o-VEMP: normative data

e Our experience with ACS oVEMPs

— pilot study to obtain normative ACS oVEMP data, obtained

with 500 Hz tone bursts:
« N = 20; average age = 35,1 yr; range: 16 — 57 yr

e Subjects in sitting position, looking up (angle = 30° )

— Results:
* Very difficult to obtain reliable test results!

 Low response rate: 70%

nl0 latency | pl5 latency | latency nl1l0 — pl5 threshold (dB
(ms) (ms) difference | amplitude (uV) | SPL)
(ms)
Average 9,8 14,3 4,5 3,3 127,0
SD 0,8 1,3 0,8 2,0 6,3
Median 9,7 14,4 4,4 2,9 127,5
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o-VEMP: normative data

e Our experience with ACS oVEMPs
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o-VEMP: normative data

 Our experience with ACS oVEMPs:
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o-VEMP: clinical relevance

« OVEMP: before using oVEMP clinically, determine
what settings are most suitable for obtaining
reliably test-retest results in a normative dataset

...especially for ACS oVEMPSs!

 Use these normative data to compare with patient
results (for clinical purposes)

« We all have to take our responsibility: the oVEMP
may not become the ‘over-hyped’ VEMP
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