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outline

• Overview of vestibular function test (VFT)
• Role of VFT  in TITRATE approach to diagnosing dizziness/vertigo 
• Selection of VFT in daily practice 
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overview of VFT 
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The vestibular system contributes to the perception of self-motion and orientation, 
ensuring stable gaze and posture
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Perceptual threshold testing 
pure tone audiometry (PTA)                                                           vestibulometry ?
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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
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Membranous labyrinth

• Otolith organ
• Utricle & saccule 
• Response to liner head motion and 

static head tilt with respect to the 
gravitational axis

• Semicircular canals
• Anterior, horizontal, and posterior
• Head rotational rate sensors
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Vestibular hair cells
• Primary motor sensors – transform a 

mechanic displacement into electric 
energy

• Asymmetric sensitive mechanoreceptor 
cell ( 2nd law of Ewald)

• Semicircular canals
• Angular acceleration detect ( >0.5 °/s²)

• Otolith organs 

• Liner acceleration detect ( >2cm /s²)

• Angular acceleration detect ( >3.0 °/s²)

• Head tilt accuracy about 0.5 °
• Response to sound 
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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 

• aVOR
• One of the fastest reflex in the 

human body
• Produce equal and opposite eye 

movement to head movement 

Vestibular rehabilitation Susan  J. Herdman Richard A. Cledenial
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Neuro-ophthalmology and neuro-otology Daniel Gold
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Frequency spectrum of angular VOR 

Rotational vestibular assessment   Christopher K. Zalewski11



Ewald’s law

• First law
• Maximal stimulation of eye movements 

always occur in the plane of the canal being 
stimulated

• Second / Third law
• Vestibular excitation provokes a stronger 

neural response than inhibition
• Ampullopetal flow in the horizontal canal 

causes stronger response than 
ampullofugal flow

• Ampullofugal flow in the vertical canals  
causes stronger response then 
ampullopetal
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Functional pairs of canals “push – pull”
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Utricular system – two inhibitory interactions
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Saccular system – no commissural inhibition 
• Losing unilateral saccular macula

• no measurable postural or oculomotor change in Guinea pig 
• sudden sensorineural hearing loss without vertigo 
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Calorics
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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 

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

• Vertical canal cHIT introduced in  1998  

Advanced in translational neuroscience of eye movement disorders 
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Video HIT (vHIT)

• Quantitative eye 
movement recording 
• scleral search coil : gold 

standard in academic 
research 

• high-frequency video 
oculography : 
commercialized for 
clinical use 

• vHIT  is now an important 
physiologic evaluation 
tool for aVOR

18



Video HIT (vHIT)

• A valid head impulse test stimulus 
• Passive , unpredictable 
• Abrupt start and stop
• Displacement = 20° - 30°
• Peak head velocity = 200°/s - 400°/s
• Peak head acceleration = 2000°/s²- 4000°/s²

• Patient cooperation
• Gaze remained on the earth-fixed target
• Relax neck muscle

• Covert saccade
• Catch up saccade occurring during the head 

movement , undetectable in cHIT
• Latency usually < 200ms

Advanced in translational neuroscience of eye movement disorders 
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vHIT  analysis

• Gain
• Ratio of the eye movement velocity to the head 

movement velocity 
• Calculation method: velocity/position/regression 
• Relatively stable in ageing process

• Norms : 
• 0.8-1.2 in lateral canal, 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
• Gain asymmetry ratio (gain difference of horizontal HIT) : 0-

13.3%

• Saccade 
• A fast 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)

Advanced in translational neuroscience of eye movement disorders 20
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Gain 
Normal or central type as in posterior circulation stroke (PCS)
Abnormal  or peripheral type as in vestibular neuritis  (VN)
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Saccade
Gathered vs scattered 
Related to central compensation



Timing of test 
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HIMP (head impulse ) vs SHIMP (suppression head impulse)
• 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 

Neuro-ophthalmology and neuro-otology Daniel Gold

Advanced in translational neuroscience of eye movement disorders 24



oVEMP(VOR) & cVEMP(VCR)

utricle

saccule
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VEMPs
• cVEMP first described by Colebatch  in 1994, oVEMP first described by Rosengren in 2005           

• Lack of consistency in recording 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 5th percentile
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OCR (VOR)
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Irregular/ Regular vestibular afferents • 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                               OCR
Transient (kinetic)   vs  Sustained (tonic) 
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pathologic ocular tilt reaction(OTR) 
head tilt , skew deviation , OCR 
tilt of vestibular  perception [subjective visual vertical (SVV)]

Neuro-ophthalmology and neuro-otology Daniel Gold
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vertiginous attacks with low tone AB gap
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OTR : central or peripheral ?              Skew deviation   

¼  patients with acute unilateral vestibulopathy have skew 
deviation
Large skew deviation (> 3.3°) seen in stroke patients
Low sensitivity but high specificity for posterior circulation 
stroke
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SVV
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VSR
• Head acceleration 

• Limbs in the direction of acceleration extended
• Limbs in the opposite contracted

• Lateral head tilt
• Muscles of trunk and or lower limb on the side of 

tilt  extended
• On the 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
• Orthostatic tremor
• Functional dizziness  
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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
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PTA  and VFT( vHIT + VEMPs)  – inner ear mapping
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Rarely pathognomonic
Timing  is important
Pattern recognition 
No  redundancy



VFT  in TITRATE 
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s-AVS
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Stroke. 2009 November 
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Meniere’s  disease (MD)                        Sudden sensorineural hearing loss (SSNHL)

47



48



s-AVS with new hearing loss – SSNHL with vertigo
viral ?
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Ramsay Hunt syndrome vs SSNHL                                                                 VN vs labyrinthitis 
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s-AVS with new hearing loss – SSNHL with vertigo
vascular ?
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central vascular territory 
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• 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

• 21 labyrinthitis 
• vertigo and HL
• abnormal gain of ipsi lateral HIT
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inner ear  vascular territory
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IAA MCA

AVA PVA
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VCA 61



CCA
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IAA
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s-AVS in ENT Clinics – HINT Plus 

• No hearing loss
• HINT 

• Normal HSC vHIT

• Acute hearing loss 
• HINT 

• Abnormal vHIT in ipsilateral HSC
• Abnormal vHIT in ipsilateral PSC–check vascular risk factors 
• Normal ipsilateral vHIT –check VEMPs and/or vascular risk factors 
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s-AVS in ENT Clinics – HINT Plus 

• No hearing loss
• HINT 

• Normal HSC vHIT
• Optional  PSC vHIT  for IVN    

• Acute hearing loss 
• HINT 

• Abnormal vHIT in ipsilateral HSC
• Abnormal vHIT in ipsilateral PSC–check vascular risk factors 
• Normal ipsilateral vHIT –check VEMPs and/or vascular risk factors

• Subsequent VEMPs accordingly
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s-EVS : MD vs VM 
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Diagnostic criteria : MD                  vs               VM
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Suspected Peripheral (MD)  vs   central or mixed (VM)
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Vestibular mapping  :     MD       vs         VM
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t-EVS : CPPV vs BPPV 
(Central paroxysmal positional vertigo)
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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) 
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VEMPs in Third Window Diseases
• Both AC VEMP testing are augmented in third window 

diseases  (superior semicircular dehiscence) with high 
amplitude and low threshold
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CVS
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VFT selection in daily practice
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s-AVS

s-EVS

t-AVS

t-EVS

CVS 
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goggle PTA vHIT HINT Plus VEMP

s-AVS + + + + +/-
CVS + + + +/- +/-
s-EVS + + +/- +/- +/-
t-AVS
t-EVS +/- +/- +/- - +/-
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Thanks 
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