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ABSTRACT

All audiological tests are site-of-lesion tests and are used as a
part of a test battery. Pure tone audiometry gives estimate of
peripheral hearing status. Speech audiometry, acoustic reflex
testing and auditory brain stem response differentiate cochlear
and retrocochlear sites of lesion. Addition of cervical vestibular
evoked myogenic potentials (VEMP) and ocular VEMP to this
battery can further differentiate between saccular vs utricular
lesions and between lesions of inferior vs superior vestibular
nerve. Overall, this battery of tests provides useful insights into
the otoneurological diagnosis of vertigo. Few case examples
are cited to elucidate the utility of audiovestibular test battery.

Keywords: Vestibular evoked myogenic potentials, Auditory
brain stem response, Acoustic reflex testing, Speech
audiometry.

How to cite this article: Valame DA, Nandapurkar P.
Audiovestibular Test Battery Approach in Patients with Vertigo.
Int J Otorhinolaryngol Clin 2012;4(1):5-16.

Source of support: Nil

Conflict of interest: None declared

INTRODUCTION

Vertigo or sensation of rotation isacommonly encountered
complaint in an ENT and audiological set up and may be
associated with amyriad of clinical conditionsranging from
a cochlear condition like Meniere's disease, vestibular
conditions such as vestibular neuritis, benign paroxysmal
positional vertigo (BPPV), labyrinthitis to retrocochlear
pathologies such as vestibular schwannoma. The role of
audiovestibular testing in these patientsisto ascertain degree
of associated hearing impairment and to identify the site of
lesion (whether cochlear or retrocochlear) leading to the
vertigo and other associated symptoms like hearing loss,
tinnitus, etc. Retrocochlear pathology refersto site of lesion
at the VIIIth cranial nerve, cerebellopontine angle (CPA),
or root entry zone of the nerve into the brain stem.*

All audiovestibular tests are topological and provide
information about site of lesion and not the type of lesion.
Further, each test assesses different site in the audio-
vestibular system and is based on different principle thus
assessing the system in a unique perspective. Therefore
audiological diagnosis is aways based on a test battery
approach. This is further justified by Jerger’s cross-check
principle which states that the results of a single test must
be cross-checked by an independent test measure. When

the results on independent tests correlate, it increases our
confidencein thediagnosisand even when they do not agree,
they further add to our understanding of the site and type of
lesion.

The inclusion of tests in the battery depends on the
sensitivity and specificity of the test in detecting the site of
lesion. Following is a review of the contemporary
audiological test battery used in evaluating patients with
vertigo. Thisisfollowed by three case examplesillustrating
thelr utility.

Pure Tone Audiometry

Pure tone audiometry (PTA) is the most basic test in
audiological assessment. Being a test of detection, it uses
pure tones from 250 to 8000 Hz to estimate hearing
thresholds. An audiogram is a plot of hearing thresholds
(in dB hearing level) obtained using air-conduction and
bone-conduction tones as a function of frequency. It thus
provides ear-specific and frequency specific information
about peripheral hearing status. It can indicate the degree
of hearing loss, its type and configuration, thus being a
starting point for conduction of further tests.

Patients with vertigo may present with different
audiometric patterns upon the underlying pathology. Pure
vestibular disorders may present with normal hearing
sensitivity whereas those with labyrinthitis may show
profound hearing loss. Meniere' s disease may present with
fluctuating low frequency sensorineural hearing loss
(SNHL) in theinitial stages when the loss accompanies the
episodes of vertigo; later it may become a permanent flat
SNHL. Inthese patients PTA isused asan outcome measure
in glycerol testing for the diagnosis of the disease.
Asymmetric, typically high frequency SN hearing loss is
characteristically seenin RCP; however; it isnot uncommon
to witness an early lesion with normal hearing sensitivity.

Speech Audiometry

It involves use of standardized speech samples to estimate
various measures of performance like the speech recognition
threshold (SRT), word recognition score (WRS),
performance intensity function (Pl function), most
comfortable loudness level (MCL) and uncomfortable
loudness level (UCL).
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SRT isthe lowest level at which a person can identify
the stimuli as speech 50% of thetimesitispresented andis
routinely determined using spondees, i.e. bisyllabic words
with equal stress on each syllable. SRT-PTA agreement is
an important diagnostic tool wherein SRT poorer than PTA
is associated with presence of RCP. WRSisthe percentage
of correctly identified monosyllabic words from standard
word list and gives us an idea about the patient’s ability to
recognize speech at suprathreshold levels. Poor WRS than
would be expected based on audiometric configuration and
severity is indicative of RCP. Further, poorer WRS with
increase in the intensity of speech stimulus or roll-over
phenomenon is diagnostic of RCP. Patients with cochlear
pathologies show fair to good SRT-PTA agreement, fairly
good WRS and reduced dynamic range (UCL-SRT) dueto
lowered UCL.

Acoustic Reflex Testing

It is an important test in the immittance test battery and
plays an important role in the differentiation of cochlear
lesions with RCP. It involves presentation of tonal/noise
stimuli to elicit reflexive stapedial contraction. Theresulting
changeinthe ear'simmittanceis measured by theimmittance
meter. The acoustic reflex threshold (ART) refers to the
lowest intensity of the stimulus needed to €elicit the reflex.
ART for individuals with normal hearing sensitivity is
generally 60 dB SL, i.e. 70 to 100 dB HL.

Cochlear losseslessthan 70 dB HL will typically show
presence of reflexes at normal hearing levels (70-100 dB
HL) but at low sensation levels (< 60 dB SL) referred to as
Metz test of recruitment. The degree of cochlear hearing
loss affects the ART. The median ART sensation level
decreases from 70 dB for personswith 20 dB SN lossto 25
dB for persons with 85 dB SN loss.?

Degree of cochlear loss Likelihood of
presence of ART
<60 dB 90%
85 dB 50%
100 dB 5to 10%

Findings in RCP should also be considered in the light
of degree of hearing loss. Absence of ART/elevated ART
in persons with normal or near normal hearing sensitivity
is strongly suggestive of retrocochlear site of lesion. AR is
absent 30% of personswith eighth nervelesionswith normal
hearing whereasin 70% of personswith eighth nervelesions
with a mild 30 dB hearing loss.? In persons with hearing
loss greater than 75 to 80 dB, absence of reflex cannot be
considered diagnostic of RCP thus leading to confounding
results.

As the reflex is consensual, it is elicited in ipsilateral
and contralateral conditions. Comparison of ipsilateral and
contralateral reflex findings gives different reflex patterns
thereby providing useful insights to the site of lesion
decision.

Presence of acoustic reflex when stimulus presented to
the ear with RCP is an exception rather than the rule. In
such casestesting is done to find evidence of reflex decay:
Relaxation of stapedius muscle during sustained
presentation of reflex activator. Stimulusis presented at 10
dBSLre:ART for 10 sec at 500 and 1000 Hz. Following
guidelines may be used for the interpretation of acoustic
reflex decay testing:®

RD*** Reflex amplitude declines > 50% within 5
seconds at 500 and 1000 Hz is a positive indicator of 8th
nerve lesion

RD** Reflex amplitude declines > 50% within 5 seconds
at 1000 Hz but not at 500 Hz is a questionable indicator of
8th nerve lesion

RD* Reflex amplitude declines <50% within 5 seconds
at 500 and 1000 Hz is not indicative of eighth nervelesion.

Auditory Brain Stem Response

Auditory brain stem response (ABR) is the result of
synchronous neura activity of the 8th nerve and auditory
brain stem, evoked in response to certain specific stimuli
such as clicks. Stimuli are delivered to the ears, typically
by means of earphones. Bioelectric activity, which may
includethe ABR, is picked up from the scalp and processed
to enhance the response and minimize the background
random EEG activity. The processed response, which is a
graph of voltage vs time, is then visually assessed. Jewett
and Williston* were the first to record systemically these
responses from the scalp of human subjects to various
stimulus and recording parametersand to suggest itsclinical
utility.

In normal adults, the ABR to click stimuli presented at
relatively low rates (less than 10/s) at relatively high
intensity levels (60 to 70 dB SL) consists of five to seven
well-formed vertex-positive wave peaks, each designated
consecutively with Roman numerals | to VII and separated
in duration by approximately 1 msec. Judgement of such a
response, accurate identification of various peaks and their
measurements generally have very high reliability (cases
with retrocochlear sites of lesion are a major exception
which itself will be of diagnostic significance).

Features of any ABR can broadly be classified into two
categories:

Quantitative

i. Response latency: Measured in milliseconds.
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a. Absolutelatency: Thetime period between stimulus
onset and the peak of a measured response.

b. Interpeak/interwave interval: Time interval
between two wavepeaks

ii. Response amplitude

a. Absolute amplitude: Height between the peak of
one wave component to its following trough. It is
measured in micro- or nanovolts.

b. Relative amplitude ratio (RAR): The ratio of
absolute amplitude of two wavepeaks.

Quialitative

Morphology of ABR refers to the visual appearance of the
wave configuration.

Theclinical applications of ABR can be summarized as
under:

}

Audiological Other
l l l Neurological,
pediatric,
Differential Degree and Screening intraoperative
diagnoses (site type of loss (neonates monitoring, etc.

of lesion coch.
vs retrococh)

and infants)

There are two prerequisites for anormal ABR:
e Adequate functioning of peripheral hearing mechanism
e Integrity of CANS up to perhaps mid brain structures.

If one of these is known to be intact, the status of the
other can be inferred.

Jagadeesh and Gore® proposed several indices based on
empirical considerations for the differentiation of cochlear
vs retrocochlear sites of lesion as summarized below.

S Measure Criterion

no.

Remarks

1. Absolute latency Delayed
of wave V

High false-positive
rate because wave V
latency isdelayed in
many non-retroco-
chlear conditions, like:

— Conductive hearing
loss

— Low intensity of
stimulation

— High stimulus
repetition rates

— High frequency
hearing loss (esp. at
4 kHz > 50 dB HL:
0.1-0.15 msincrease

for 10 dB increasein

4 kHz threshold
>50 dB HL
2. L-I function I: Normal — Time consuming
V:Delayed — Inapplicable, if | is
not identified
3. ILD forV >0.4ms — Hit rate: >90%

— High fase-negative
because of possibility
of bilateral abnormal
latency

— Fase-positive due to
interaural asymmetry

4. IPL/IWI | -V >N — Perhaps the best
(mean = — Inapplicableif |
4 ms) isnot identified
— Fase-positive:
Notched audiogram
5. BTT >N
(mean = — Not very popular
4.5 ms)
6. Morphology Selectiveloss— False positive:
of waves; Subject movement,
Grossly tension and
degraded equipment artefacts,
morphology electrode impedance
mismatch, etc.

— Very subjective

7. Ratevariations Delayed — Not popular
latencies — Time consuming
and degraded — Extensive norms
morphology

8. Amplituderatio Vamp<05 — Highly variable
lamp — Least useful

Notes: L-I function: Latency-intensity function; ILD: Interaural
latency difference; IPL/IWI: Interpeak latency/interwave
interval; BTT: Brain stem transmission time: Interval between
| and negative trough following V peak

ABR has been one of the sensitivetestsin the diagnosis
of acoustic tumors. Also using ABR, ‘silent’ plagues of
multiple sclerosis were demonstrated,® brain stem death
could be ascertained’ and atered myelin development in
childhood.? Currently therole of ABRisnot asrelevant for
detection of such abnormalities because of the availability
of imaging methods like magnetic imaging that can identify
tumors measuring few mm. Sensitivity of ABR to detect
tumors <1 cm is 53%.° Normal ABR may be seen in small
sizetumorsasthay affect audibility of anarrow frequencies
and a click evokes ABR from the gross response of the
basilar membrane. Lutman'® suggested that ABR may be
considered primarily a screening test for acoustic tumors.
According to him the preferred diagnostic tests for patients
suspected of a CP angle tumor were high-resolution CT, or
preferably MRI. If these tests are not readily available,
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patients with normal ABR results might forego imaging
studies. However, in such cases there is a risk that target
cases may be missed. Stacked ABR may be used toincrease
the sensitivity of ABR toidentify smaller lesionsnot picked
up in conventional ABR.

Cervical Vestibular Evoked
Myogenic Potentials

Cervical VEMP are short latency electromyograms (EMG)
evoked by high level acoustic stimuli recorded from surface
electrodes over tonically contracted SCM muscles.! These
responses arise from the saccule as the response was
preserved in patients with semicircular canal ablation due
to streptomycin toxicity and in patients with Benign
Paroxysmal Positional Vertigo (BPPV) but absent in patients
with advanced Meniere's disease and in those who had
undergone cochleosacculotomy.? Colebatch and
Halmagyi®® (1992) established areliable procedureto record
the myogenic potentials evoked by clicks. They recorded
the potentials with surface electrodes placed on the
sternocleidomastoid (SCM) muscle and with high quality
EMG recording techniques; they showed the responses to
berepeatable. They studied VEMPfindingsin three patients
before and after selective sectioning of the vestibular nerve
on one side and found absence of VEMP on ipsilateral side
but VEMP were preserved in subjects with severe to
profound hearing loss thus concluding that the vestibular
afferents to be important in mediating VEMP. Studies on
human participants and animal models reveal that VEMP
is mediated by an ipsilateral reflex pathway.

VEMP is recorded from the SCM in either supine or
sitting position. In supine position, the subject is asked to
elevate his head thereby causing bilateral activation of
VEMP whereasin sitting position, subject isasked to rotate
his head to the side contralateral to acoustic stimulation
causing unilateral activation of SCM. The noninverting
electrode is placed at the center of the belly of SCM,
inverting electrodeis placed at the sternoclavicular junction
and ground electrode is placed at the mastoid.****15 This
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electrode placement resultsin abiphasic waveform (Fig. 1).
Thefirst positive-negative complex is present in almost al
normal participants as cited in published studies and occurs
at latency of 13 and 23 msrespectively. Thisisreferred to
asP13-N23 or P1-N1 peak.* Latency of the P1-N1 complex
is a stable measure and does not show much variation.
However, therearevariationsin VEMP amplitudes ranging
from a few microvolts to several hundred microvolts
depending upon many factorslikethe stimuli used, intensity
level, muscle tension, etc. hence it is advisable that clinic
collect its own normative data for the protocol followed.
Akin and Murnane'® reported P1-N1 amplitudes of 13 to
178 micro voltsfor 100 dB nHL clicksand 15 to 337 micro
volts for 500 Hz tone bursts at 90 dB nHL. Most studies
use interaural amplitude difference/amplitude asymmetry
ratio (AAR) for clinical interpretation where

AAR = 100 (amplitude left — amplitude right)/
(amplitude left + amplitude right)

Ratios above 40% are found to be clinically significant.
VEMP results have been studied in various clinical
conditions and a brief review of the same is presented.

VEMP and Meniere's syndrome (MD): VEMP is a useful
tool in the assessment of patients with MD as saccule is a
frequent site of endolymphatic hydrops. MD may lead to
absenceof P1-N1 complex ontheaffected sideor may affect
itsamplitude; however latency of P1 and N1 isnot affected
by the hydrops.**® Murofushi et a'” showed that 51% of
their 43 patients with MD showed abnormal amplitudes on
their affected sidewith normal responsesin 21 cases. Y oung
et al*® found that VEM P were normal in 24 ears, augmented
in3ears, depressedin 6 earsand absentin 7 earsin 40 patients
with MD. Latencies were not significantly delayed in any
case. They aso studied how different stages of MD affected
VEMPresults. VEMPwerenormal in 83% of stagel earsof
MD indicating that the sacculocollic reflex retains normal
velocity conductionintheearliest stagesof MD. Augmented
VEMP were explained by these authors as the dil atation of
the saccule dueto the hydrops, extending to pressagainst the
footplate of stapes thereby enhancing the sensitivity of
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Fig. 1: cVEMP tracings in the right and left ears
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saccular macula to loud sounds. A dilated saccule with
atrophied saccular macula could be the explanation for
depressed VEMP. Absent VEMP in stage IV of MD could
result from the saccular wall collapsing onto the otolithic
membrane. They demonstrated that the AAR of VEMP
increased significantly with the stage of MD and was better
correlated with disease stage than caloric testing.

Many investigators have used VEMP as a part of
glycerol test wherein amplitudes of VEMP in MD patients
were measured pre- and postglycerol intake.X>2° Cianfrone,
Gagliardi, Cuiuli and D’ Amico™® used distortion product
otoacoustic emissions (DPOAE) and VEMP to monitor
cochlea saccular performancein 29 patients with early MD
pre- and postglycerol intake. After analysis of DPOAE and
VEMP results, they divided their patientsin 4 groups; first
group had a postglycerol improvement with both measures
suggestive of hydrops in both anterior and posterior parts
of the labyrinth. In the second and third groups, there was
an improvement in either one of the measures indicating
that only one endolymphatic compartment was involved.
In the last group all patients had positive glycerol test with
DPOAE on onesideand with VEMP on the other side. Thus,
they highlighted theimportance of both thetestsintheearly
diagnosis of endolymphatic hydrops.

VEMP and Acoustic Neuroma

Sincethe neural pathway for VEMP involvesthe vestibular
nerve, VEMP has been used in evaluation of nerve
functioning in patients with acoustic neuroma (AN).
Murofushi, Matsuzaki and Mizuno® reported abnormal
VEMP in 80% of 17 patients with AN.™ Patients had no
VEMP while remaining two showed decreased amplitude.
Another study by Murofushi et al showed that 77% of 48
patientswith AN had absent or decreased amplitude VEMP,
4 patients with large tumors showed prolonged P1 latency
suggestive of lesion in vestibule-spinal tract.

Further, Wang, Hsu and Y oung? studied VEMP and
Caloric responses in patients with neurofibromatosis
type 2 (NF2) and found 71% ears exhibited abnormal caloric
responses while only 14% ears displayed absent VEMP—a
significant difference. This indicated that NF2 tumors
originated from the superior vestibular nerve more often
than the inferior vestibular nerve. Inferior vestibular nerve
invasion is possible if the NF2 tumor is sufficiently large.
Thus VEMP can serve as an indicator of the degree of NF2
infiltration without operation.

VEMP and Multiple Sclerosis

Shimizu, Murofushi, Sakurai and Halmagyi?® tested
3 patients with multiple sclerosis (MS) using VEMP and
found P1 latency to be significantly delayed. They attributed

thisdelay to demyelination of either primary afferent axons
at theroot entry zone or the secondary vestibulospinal tracts
and concluded that VEMP could be a useful clinical test to
evauate the function of vestibulospinal pathways. Tu and
Y oung®* evaluated a M S patient with ABR, caloric testing
and VEMP and found all theteststo be useful in monitoring
theaudiovestibular functioning in M S. They speculated that
absent VEMP implied aprogressive demyelinating process
causing severe damageto the myelin sheath while prolonged
P1 latency was attributable to reduction in conduction
velocity aong the demyelinated fibers. Patko, Simo and
Aranyi®® conducted an extensive study in 30 patients with
M Sto determinethefactorsleading to abnormality of VEMP
in MS patients. They found that the amplitude of VEMP
was significantly lower and the latency of the P1 peak was
longer in MS group as compared to the typical group.
However, the sensitivity of VEMP in identification of MS
was 39%, i.e. lower than the other evoked potentials. They
stated that VEMP was able to demonstrate subclinical
dysfunction as majority of their patients with abnormal
VEMP were free of vertigo or other clinical signs of
vestibular dysfunction. Majority of patients with abnormal
VEMP had extensive morphological abnormality in the
brain stem asshown on MRI; the correlation was statistically
significant. Further the chances of VEMP abnormality was
higher in advanced stages of the disease.

VEMP and Tullio Phenomenon

Tullio phenomenon refers to patients who have vestibular
symptoms in response to acoustic stimulation such as
vertigo, imbalance and discomfort. Colebatch, Rothwell,
Bronstein and Ludman?® tested seven patients with tullio
phenomenon and showed that all patients had a reduced
(better) threshold of click-evoked VEMP; threshold of
<70 dB nHL could be used as a diagnostic criterion for
Tullio effect. They thought that the better threshold could
be due to increased effectiveness of transmission of sound
energy to saccular receptorsand this overactivation probably
contributed to the vestibular symptoms experienced by these
patients.

One of the conditions causing Tullio phenomenon is
superior semicircular canal dehiscence (SCD), i.e. adefect
of the bony capsule forming the roof of the superior
semicircular canal. Watson, Halmagyi and Colebatch?’
studied high resolution CT scansand VEMP in four patients
with Tullio phenomenon. VEMP thresholds were lower
(better) for all affected ears and normal for three unaffected
ears. All ears showed SCD on CT scan. They proposed that
patients with Tullio phenomenon should undergo both
HRCT and VEMP. If both reveal dehiscence, further
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investigations, such as middle ear exploration to exclude
stapes dislocation or a perilymph fistula are not required.
Similar findingsof lower VEM P thresholdsare also reported
in patients with perilymph fistula.

VEMP and Vestibular Neuritis

Vestibular neuritisis afrequent cause of vertigo diagnosed
onclinical history and caloric testing which showsunilateral
deficit. Superior vestibular nerve (SVN) is more frequently
affected than inferior vestibular nerve (IVN), hence many
researchersdid not find VEMP auseful tool intheevaluation
of patients with vestibular neuritis. However, if the IVN is
affected, VEMP may reveal absence of response or
significant AAR or prolonged latency.?® Halmagyi and
Colebatch? studied 22 patientswith vestibular neuritisusing
VEMP and caloric testing. All patients had no caloric
responses on the affected side indicating dysfunction of the
lateral semicircular canals whereasV EM P showed reduced
amplitudesin five patients, absent responsesin 11 patients
indicating involvement of the IV N; normal responsesin six
patients were seen. Thus, VEMP can help to localize lesion
in cases of vestibular neuritis. Further, Murofushi et a®
found that in patients with vestibular neuritis, presence or
absence of VEMP was prognostic of BPPV occurrence. In
47 patients of acute vestibular neuritis, 10 developed
subsequent BPPV of the posterior canal of the same side as
the neuritis. All these patients had normal VEMP inspite of
vestibular neuritis whereas BPPV did not occur in any of
the 16 patients with absent VEMP responses. They
concluded that if VEMP is absent after vestibular neuritis,
BPPV isunlikely to develop asthe IV N is affected in these
cases.

Fujomoto, Murofushi, Chihara, Suzuki, Yamasha and
Iwasaki®® reported three patients with bilaterally absent
VEMP in presence of normal caloric responses. They
considered these casesto be asubtype of idiopathic bilateral
vestibulopathy which had selectively affected the IVN and
spared the SVN.

VEMP and Sudden Hearing Loss

Stamatiou, Gkorista, Xendlis, Rigaand Korres® evaluated
VEMP findings in 86 patients with unilateral idiopathic
sudden hearing loss and compared results with caloric
responses. They found that 30.2% patients showed abnormal
VEMP while 52.3% had abnormal caloric responses.
Combining results of these both tests gave a clearer picture
of the vestibular involvement. Patientswith normal findings
on both tests had alesion confined to the cochlea whereas
those with abnormal findings on both tests had extensive
lesions involving the cochlea, saccule and semicircular

canals. Prevalence of vertigo as a clinical symptom was
greater in patients with lesions of both saccule and
semicircular canals.

Ocular Vestibular Evoked Myogenic Potentials

Rosengren, Todd and Colebatch® demonstrated that short
latency electromyographic changes could be recorded from
extraocular musclesin response to auditory stimulation and
|abelled them as ocular VEMP or oVEMP. Theresponseis
vestibular in origin and reflects contralateral otolith-ocular
function.> The oVEMP waveform is characterized by an
initial negative peak at 10 to 12 msec (N1) and asubsequent
positive peak (P1) at 15 to 20 msec. It can be elicited using
air conduction or bone conduction clicks or tonebursts as
well as using forehead taps and galvanic stimulation. It is
typically recorded from the inferior oblique muscle with
active electrodes placed 1 cm infraorbitally beneath each
eye and the reference el ectrodes placed directly beneath the
active electrodes, i.e. 3 cm infraorbitally. The ground
electrode is placed at FPz. The patient is asked to gaze
upwards by 30° to activate the inferior oblique muscle.

The oVEMP response can be used as an diagnostic tool
along with other vestibular tests as air conducted cVEMP
represents the saccular and inferior vestibular nerve
functioning whereas AC oVEMPsmainly helpin evaluating
utricular or superior vestibular nerve functioning.***® The
combination of oVEMP and cVEMP test can be used as
screening tool in order to assess crossed vestibular ocular
reflex and ipsilateral sacculocollic reflex in patients with
unilateral vestibular hypofunction.® In patients with total
unilateral vestibular neuritis in whom saccular function is
intact but utricular functioning is affected, shows reduced
n10 response.®’

Lin, Hsu and Young® used a combined approach of
oVEMP and cVEMP to test children with BPPV. Normal
OVEMPs are obtained in BPPV patients as compared to
abnormal cVEMPs thus, reflecting intact vestibulo-ocular
reflex pathway that travel sthough upper brain stem. Hence,
OVEMP helps in differentiating site of lesion to lower vs
upper brain stem when compared with cVEM P that reflects
retrolabyrinthine lesion along the sacculocollic pathway.

Patientswith semicircular canal dehiscence (SCD) have
significantly larger sound evoked vestibular reflexes. In
patients with SCD the oVEMP amplitude is significantly
large as compared to the normals with reduced nl10
latencies.®

The oVEMP test aso helps in detecting patients with
Meniere's disease. Patients with Meniere's disease show
lower amplitudes and higher thresholds as compared with
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normal subjects. The frequency tuning also vary in these
patients as compared with normals, i.e. 1000 Hz.%°

In addition, oVEMP test can also differentiate between
cerebellar and brain stem lesions. Abnorma oVEMPs are
obtained in patients with cerebellar disorder which may
indicate adjacent brain stem involvement.*! wasaki et al*?
found that oVEMP response was reduced or absent with
asymmetry in amplitude ratios in patients with vestibular
schwannoma.

Thus, use of acomprehensive battery of abovetestsand
caloric testing/ head-impul se test, can help to determine the
integrity of the entire labyrinth noninvasively. PTA gives
an estimate of peripheral hearing loss. Speech audiometry,
acoustic reflex testing and ABR can differentiate cochlear
vs retrochlear lesions causing SNHL. cVEMP can assess
saccule and inferior vestibular nerve functioning whereas
OVEMP is a diagnostic indicator of lesions of the utricle
and superior vestibular nerve. Inclusion of these testsalong
with the more commonly used cal oric testing/head-impul se
test will lead to a holistic assessment of the audiovestibular
system. The utility of the above-mentioned test battery can
be elucidated using afew case examples as presented bel ow:

Case 1

LK, a 28-year-old case was referred by neurology
department for ABR. Shewasaknown case of |eft cerebello-
pontine angle tumor. She complained of decreased hearing
and tinnitus in the left ear since 1 year. Complaints of
headache, nausea and giddiness were also present.
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Pure tone audiometry of the patient revealed:

Right ear: normal hearing sensitivity

Left ear: severe sensorineural hearing loss.

Click ABR was done:

Wave morphology was extremely degraded in the left
ear (Fig. 2) with no identifiable waves even at maximum
intensity and low repetition rates. Right ear shows well-
formed early wavesl, |1 and 111 but | atter waveswere reduced
inamplitude and delayed. At high repetition rates, no waves
were clearly defined.

Comments

Left ear: Patient has a severe sensorineura hearing lossin
theleft ear. In ABR testing, no peakswereidentifiable even
at maximum intensity of 100 dB nHL theleft ear. Thiscould
be aresult of the severity of peripheral hearing loss or due
to presence of retrocochlear pathology—cerebellopontine
angle tumor on the left. Thus, ABR aoneis not areliable
tool for differential diagnosis of cochlear vs retrocochlear
sites of lesion, if the hearing loss in that ear exceeds 65 to
70 dB HL. However, in cases of large mass lesions,
contralateral effects on ABR may provide diagnostic
information.

Right ear: Patient had normal hearing sensitivity intheright
ear and no complaints. So awell-defined ABR with normal
valueswas expected. However, the ABR showed an atypical
morphology wherein the early waves(1-111) wererobust and
well-formed than waves 1V and V that were relatively less
well-defined and smaller in amplitude. Further, the early
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Fig. 2: ABR findings
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waves showed normal absolute latencies and Interpeak
latency intervals(IPL). But IPL V-1l andtherefore V-1 were
significantly prolonged. At higher repetition rate of 72/sec,
the wave morphology showed complete degradation with
absence of al the wave peaks.

These findings cannot be attributed to any pathology of
the right ear. It is the contralateral effect of the cerebello-
pontine angle tumor on the left side. MRI of the patient
revealed an extraaxial massof theleft cerebellopontineangle
causing a mass effect in the form of rotation of the brain
stem toward the right and effacement of fourth ventricle
with resultant dilatation of bilateral lateral ventricles and
thethird ventricle. The pressure effects of the tumor at upper
brain stem level near the fourth ventricle dueto the rotation
of the brain stem toward the right is responsible for the
delayed latencies of latter waves and their reduced
amplitudes.

Note that in this case the MRI was available prior to
ABR testing. The case emphasizes the utility of ABR in
cerebellopontine angle tumors large enough to cause
pressure effects by brain stem displacement to the opposite
sideby virtue of significant latency and morphology changes
in the latter waves. Complete absence of latter waves may
also be seenin such cases. L atter waves are affected astheir
generators/sources are mainly the superior olivary complex
and the Lateral Lemniscus located in the upper brain stem.

In this case, tone decay tests and immittance testing,
especially reflex testing and reflex decay testing would help
to corroborate the results. Otoacoustic emission (OAE)
testing could also be undertaken.
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Case 2

KR is a 22-year-old known case of acoustic schwannoma
in the right internal auditory meatus. He presented with
complaint of decreased hearing in right ear since 1 year
and objective vertigo.

His pure tone audiometry revealed bilateral hearing
sensitivity within normal limits.

MRI findings: A 4.5 mm intracanalicular mass seen in
the right internal auditory meatus, probably acoustic
schwannoma.

His click ABR was done (Fig. 3):

Wave morphology was good in the left ear but poor in
the right ear. Only wave V could be identified in the right
ear even at 80 dB nHL presented at a rate of 9.3/second.

Thefollowing arethe absolute latenciesand the I nterpeak
intervals based on the averaging of 4000 responses at 80 dB
nHL for the right ear and 70 dB nHL for the left ear.

Right Left
93 193 72 93 193 72
| — — — 177 18 190
m — — — 392 398 403
Vv 74 742 822 578 608 6.25
i — — — 215 213 213
V-l —  —  — 185 210 222
V-l — —  — 400 423 435

Following points are to be noted:
» The absolute and interpeak latencies in the left ear
are within normal limits
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Fig. 3: ABR findings
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Absolute latency of wave V in the right ear is
significantly prolonged as compared with the left ear
leadingtointer aural latency differencesof 1.62, 1.34
and 1.98 ms at the repetition rates of 9.3/sec, 19.3/
sec and 72/sec respectively. In the presence of
symmetrical hearing, this finding is strongly
indicative of retrocochlear pathology.

Cervical and Ocular Vestibular evoked myogenic
responses (VEMP) were recorded to ascertain the integrity
of the sacculocollic pathway and the vestibulo-ocular
pathway respectively.

CERVICAL VEMP

cVEMP was recorded unilaterally using 81 dB nHL tone
bursts presented viainserts and response was recorded from
the sternocleidomastoid muscle (Fig. 4).

Wave morphology was good. P1 and N1 waves were
recorded at normal latencies in both ears and amplitude of
P1-N1 complex waswithin normal limitsbilaterally. These
findings indicate integrity of inferior vestibular nerves and
the descending vestibule-spinal tracts as is expected in a
small intracanalicular tumor.

OCULAR VEMP

oVEMPwasrecorded with 81 dB NHL tone bursts presented
via inserts and reponses were recorded from the inferior
oblique muscles.

Right ear amplitude (Fig. 5) is significantly reduced as
compared to left ear, and latency of N1 is prolonged in the
right ear, suggestive of compromised integrity of the
vestibule-ocular reflex, inv/o MRI findings, it could suggest
involvement of superior vestibular nerve.

Comments

Findings on ABR strongly suggestive of retrocochlear
pathology on the right side consistent with presence of
acoustic neuroma. This case highlights the use of ABR in
early detection of acoustic tumors. Further, use of VEMP
further can give us an idea of the branch of vestibular nerve
involved tumor. Periodic monitoring of the patient with ABR
and VEMP will help to determine the growth of the tumor
and aid in the decision making for further management.

Case 3

MG, M/55 years reported with complaint of decreased
hearing and tinnitusin theleft ear since 2to 3years, episodic
vertigo and vomiting. PTA revealed normal hearing
sensitivity in the right ear and a moderate sensorineural
hearing loss in the left ear. ABR revealed good waveform
morphology with replicable waves bilaterally. The inter-
peak latencieswere also within normal limitsthus suggestive
of normal findings in the right ear and a cochlear site of
lesion in the left ear. MRI testing was done to confirm
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Fig. 5: oVEMP findings
Otorhinolaryngology Clinics: An International Journal, January-April 2012;4(1):5-16 13



Deepa A Valame, Preeti Nandapurkar

Preglycerol amplitude 426.62 microvolts
Postglycerol amplitude 1146.43 microvolts

Pa

Preglycerol amplitude 988.46 microvolts
Postglycerol amplitude — no change
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Fig. 6: cVEMP findings pre- and postglycerol

absence of space occupying lesion and no abnormality was
detected.

Based on the above findings and case history, Meniere's
disease was suspected and patient was undertaken for
cVEMP testing. Following were the cV EMP amplitudes of
the patient in two ears:

Right: 988 microvolts

Left: 426 microvolts

Thus, left ear had reduced amplitude as compared with
theright ear aswell asin comparison to age-specific norms.
The AAR was 0.36 that is greater than the norm and was
diagnostic of saccular lesion. To confirm the diagnosis,
glycerol testing was done where in the patient was
administered glycerol mixed with saline solution oraly in
a single dose of 1 ml per kg per body weight. PTA and
cVEMP were repeated two hours postglycerol intake and
these readings were compared with the preglycerol test
results (Fig. 6).

Aswecan see, intheaffected ear, i.e. |eft ear, the cVEMP
amplitude showed an increase by more than 100% whereas
no improvement was noted in the right ear. Thus, cVEMP
can be used in the diagnosis of Meniere's disease and, in
this case, denotes saccular hydrops.

Presence of hypoactive lateral semicircular canal was
observed on the head impulse test. Overal, the findings
suggest that the disease has affected the cochlea, saccule
aswell assemicircular canalsthus hel ping to reach aholistic
assessment of the labyrinth.

ACKNOWLEDGMENTS

The authors are indebted to Prof RK Jagadeesh and Prof
Geeta Gore for providing insights into this topic and for
permitting us to quote their diagnostic criteriafor ABR.

REFERENCES

1. Desmond, AL. Vestibular evaluation. Vestibular function:
Evaluation and treatment. Thieme Medical and Scientific
Publishers: New Y ork 2004;85-110.

2. Jerger J, Jerger S, Mauldin L. Studiesinimpedance audiometry.
I. Normal and Sensorineural ears. Arch Otolaryngol
1972;96:513-23.

3. Hirsch A, Anderson H. Elevated stapedial reflex threshold and
pathologic reflex decay. Acta Otolaryngologica, Supplement
1980;368:1-28.

4. Jewett D, Williston J. Auditory evoked far fieldsaveraged from
positive scalp of humans. Brain 1971;94:681-96.

14

- JAYPEE
)



A1jOC

Audiovestibular Test Battery Approach in Patients with Vertigo

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21

22.

23.

Jagadeesh RK, Gore GB. ABR—clinical application: Cochlear
vsretrocochlear sites of lesion testing 2002. Paper presented at
the first neuroaudiology conference held at ISH, Bangalore.
Chiappa KH. Pattern-shift visual, brainstem auditory and short
latency and somatosensory evoked potentials in multiple
sclerosis. Ann New York Acad of Sci 1984;436:315-27.

Starr A, Hamilton A. Correlation between confirmed sites of
neurological lesions and abnormalities of farfield auditory
brainstem responses. EEG and Clin Neurophys 1976;41:
596-608.

Garg BP, Markand ON, DeMyer WE, Warren C Jr. Evoked
response studies in patients with adrenoleuko dystrophy and
heterozygous relatives. Arch Neur 1983;40:356-59.

Schmidt R, Sataloff R, Newman J, Siegel J, Myers D. The
sensitivity of auditory brainstem response testing for the
diagnosis of acoustic neuromas. Arc Otolaryngol—Head Neck
Surg 2001;127:19-22.

Lutman ME. Diagnostic Audiometry. In StephensD (Ed): Adult
Audiology, pp.12/1-31. In Scott-Brown's Otolaryngology (6th
ed). Oxford: Butterworth-Heinemann. (Indian edition: KM
Varghese Company, Mumbai.) 1997;2.

Murnane OD, Akin FW. Vestibular evoked myogenic potentials.
Seminars in Hearing 2009;30(4):267-80.

Townsend GL ,Cody DTR. The averaged inion response evoked
by acoustic stimulation: Its relation to the saccule. Ann Otol,
Rhinol Laryngol 1971;80:121-31.

Colebatch JG, Halmagyi GM. Vestibular evoked potentiasin
human neck muscles before and after unilateral vestibular
deafferentation. Neurology 1992;42:1635.

Colebatch JG, Halmagyi GM, Skuse NF. Myogenic potentials
generated by a click-evoked vestibullocollic reflex. J Neurol,
Neurosurg Psy 1994;57:190-97.

Zhou G, Cox LC. Vestibular evoked myogenic potentials:
History and overview. Am J Audiol 2004;13:135-43.

Akin FW, Murnane OD. Vestibul ar evoked myogenic potentials:
Perlimnary report. JAm Acad Audiol 2001;12:445-52.
Murofushi T, Shimizu K, Takegoshi H, Cheng PW. Diagnostic
value of prolonged latenciesin the vestibular evoked myogenic
potential. Arch Otolaryngol Head Neck Surg 2001;127:
1069-72.

Young YH, Huang TW, Cheng PW. Assessing the stage of
Meniere's disease using vestibular evoked myogenic potentials.
Arch Otolaryngol Head Neck Surg 2003;129:815-18.
Cianfrone G, Gagliardi M, Cuiuli G, D'Amico R. Vestibular
evoked myogenic potential s and distortion product Otoacoustic
emissions combined with glycerol testing in endolymphatic
hydrops: Their value in early diagnosis. Ann Otol, Rhinol and
Laryngol 2004;113:1000-04.

Magliulo G, Cuiuli G, Gagliardi M, Ciniglio-Appiani G,
D'Amico R. Vestibular evoked myogenic potentialsand glycerol
testing. Laryngoscope 2004;114(2):338-43.

Murofushi T, Matsuzaki M, Mizuno M. Vestibular
evokedmyogenic potentials in patients with acoustic neuroma.
Arch Otolaryngol Head Neck Surg 1998;124:509-12.

Wang CP, Hsu WC, Young YH. Vestibular evoked myogenic
potentials in neurofibromatosis. Ann Otol Rhinol Laryngol
2005;114:69-73.

Shimizu K, Murofushi T, Sakurai M, Halmagyi M. Vestibular
evoked myogenic potentials in multiple sclerosis. J Neurol,
Neurosurg Psychiatry 2000;69:276-77.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Tu CE, Young YH. Audiovestibular evolution in a patient with
multiple sclerosis. Ann Otol Rhinol Laryngol 2004;113:726-29.
Patko T, Simo M, Aranyi Z. Vestibular evoked myogenic
potentials: Sensitivity and factors determining abnormality in
patients with multiple sclerosis. Multiple Sclerosis 2007;13:
193-98.

Colebatch JG, Rothwell JC, Bronstein A, Ludman H. Click-
evoked vestibular activation in the Tullio phenomenon. JNeurol
Neurosurg Psychiatry 1994;57:1538-49.

Watson SRD, Halmagyi M, Colebatch J. Vestibular
hypersensitivity to sound (Tullio phenomenon)- structural and
functional assessment. Am Acad Neurol 2000;54:722-28.
Murofushi T, Halmagyi M, Yavor R, Colebatch JG. Absent
vestibular evoked myogenic potentials in vestibular
neurolabyrinthitis. Arch Otolarngol Head Neck Surg
1996;122:845-48.

Halmagyi M, Colebatch JG. Vestibular evokedmyogenic
potentialsin the sternocl el domastoid muscle not of |ateral canal
origin. Acta Otolaryngologica 1995;Suppl 520:1-3.

Fujomoto C, Murofushi T, Chihara Y, Suzuki M, Yamasha T,
Iwasaki S. Novel subtype of idiopathic bilateral vestibulopathy:
Bilateral absence of vestibular evoked myogenic potentialsin
the presence of normal caloric responses. J Neurol 2009;
256:1488-92.

Stamatiou G, Gkorista E, Xenellis J, Riga M, Korres S.
Semicircular cana versus otolithic involvement in idiopathic
sudden hearing loss. J Laryngol Otol 2009;123:1325-30.
Rosengren SM, Todd NP, Colebatch JG. Vestibular evoked
extraocular potentials produced by stimulation with bone-
conducted sound. Clin Neurophysiol 2005;116:1938-48.
Iwasaki S, Smulders YE, Burgess AM, McGarvie LA,
MacDougall HG, Halmagyi GM, Curthoys|S. Ocular vestibular
evoked myogenic potentialsto bone-conducted vibration of the
midline forehead at Fz in healthy subjects. Clin Neurophysiol
2008;119:2135-47.

Curthoys IS. A critical review of the neurophysiological
evidence underlying clinical vestibular testing using sound,
vibration and galvanic stimulate. Clin Neurophysiol
2010;121(3):132-44.

Welgampola M S, Carey JP. Waiting for the evidence: VEMP
testing and the ability to differentiate utricular versus saccular
function. Otolaryngol Head Neck Surg 2010;143(2):281-83.
Chou CH, Wang SJ, Y oung Y H. Feasibility of the simultaneous
ocular and cervical vestibular evoked myogenic potentials in
unilateral vestibular hypofunction. Clin Neurophysiol 2009;
120(9):1699-705.

Curthoys IS, Manzari L, Smulders YE, BurgessAM. A review
of the scientific basis and prsctical application of a new test of
urticular function -ocular vestibular evoked myogenic potentials
to bone-conducted vibration. Acta Otolaryngologica ltalica
2009;29(4):179-86.

Lin KY, Hsu YS, Young YU. Brainstem lesion in benign
paroxysmal vertigoin children: Evaluated by acombined ocular
and cervica vestibular evoked myogenic potential test. Int J
Pediat Otorhinolaryngol 2010;74(5):523-27.

Rosengren SM, Aw ST Halmagyi GM, Todd NP, Colebatch
JG. Ocular vestibular evoked myogenic potentials in superior
canal dehiscence. J Neurol Neurosurg Psychiatry 2008;
79(5):559-68.

Otorhinolaryngology Clinics: An International Journal, January-April 2012;4(1):5-16

15



Deepa A Valame, Preeti Nandapurkar

40.

41.

42.

Winters SM, Berg IT, Grolman W, Kliss SF. Ocular vestibular
evoked myogenic potentials: Frequency tuning to air-conducted
acoustic stimuli in healthy subjects and Meniere's disease.
Audiol Neurotol 2012;17(1):12-19.

Su CH, Young YH. Differentiating cerebellar and brainstem
lesions with ocular vestibular evoked myogenic potential test.
Eur Arch Otolaryngol 2011;268(6):923-30.

Iwasaki S, Murofushi T, Chihara Y, Ushio M, Suzuki M,
Curthoys 1S, Yamasoba T. Ocular vestibular evoked myogenic
potentials to bone conducted vibration in vestibular
schwannomas. Otol Neurotol 2010;31(1):147-52.

ABOUT THE AUTHORS

Deepa A Valame (Corresponding Author)

Assistant Professor, Department of Audiology and Speech Therapy
TNMC and BYL Nair Hospital, Mumbai, Maharashtra, India
e-mail: deepa_valame@yahoo.co.in

Preeti Nandapurkar

MASLP, Audiologist, Hedgewar Hospital, Aurangabad, Maharashtra
India

16

- JAYPEE
)



