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Agenda

AClinical guidelines/standards for clinical
vestibular assessment?

ACaseHxto VNG to BPPV ©tolith Tests

| Best practice in vestibular test administration
I Test interpretation

I Clinical utility/limitations

I Considerations for the veteran population



Evaluation of Tests for Vestibular Evaluation
Aviation, Space, and Environmental Medicine (1992)

A Working Group of researchers and clinicians in
vestibular testing and evaluation

I medicine, psychology, bioengineering

A Charged with reviewing vestibular testing as it
relates to clinical assessment asgggesting
standard procedures for test administration anc
analysis



Working Group (1992) recommended a
Basic Vestibular Function Test Battery

A EOG Calibration

A Saccade Test

A Spontaneous and Gasxoked Nystagmus Test
A Ocular Pursuit Test

A Positioning and Positional Test

A Caloric Test



Working Group (1992) recognized that the Basic Tes
F UUSNE O2dzt R 0S A YLINE

A Lack of standardization

I Multiple disciplines

I No professional organization to promote standardizatiol
A Expensive equipment/lack of funding

Recommended ANSI standard



ANSI S3.43999: American Nationabtandard.
Procedures for Testing Basic Vestibular Function

Working Group: CWall, D. Parker, H.E. vGmerke

FirstANSI Standard that ever attemptedstandardize
proceduresand specifications for vestibular testing

Basic Vestibular Test Battery included
Spontaneoufystagmus
GazeEvoked\ystagmus
Saccaddest
PursuitTesting
PositionalPositioningNystagmus
CaloricTesting



Only Considered ENG (not VNG)

Acceptance of this Standard was very reluctant:

A Air caloricswas not included
Inadequateevidencebase,calibrationissues,

and low thermal mass ofir

A Thespecified sampling frequency for digital ENG wa
100 Hz.



ANSI S3.42009: American Nationabtandard.
Procedures for Testing Basic Vestibular Function

Modification of ANSI S3.45999

C. Wall (Chair), Burkard J. Furman, R. Miles, Monsell
N. Shepard

Manufacturer Audiology, Otolaryngologieurology
A Manyminor revisions werencluded
A Major revision washe inclusion oVNG
A Air caloricsstill omitted
A Test interpretation not included



1999 Role of Audiologisiis Vestibular and
Balance Rehabilitation

ASHA Ad Hoc Committee on Vestibular
Rehabilitation

Focus on knowledge and skills needed for
vestibular rehabillitation



2005 AAA Position Statement of the
l dzZRAZ2f 23Aa0
Diagnosis & Treatment of Vestibular Disorder

A Introduction

A Scope of Practice

A Education & Training

A Patient Care & Safety

A Suggested Evaluation Guidelines

A Treatment

A Professional Referrals & Consultations
A CPT Coding & Billing Considerations



2006 ASHA Preferred Practice Patterns for the
Profession of Audiology
Balance System Evaluation

Expected outcomes
Clinical indications

Clinical Process

Case history

Pretest restrictions

Assessment (lists possible tests)
Interpretation of assessment
Recommendations

Others Who May Perform the Procedures
Setting/Equipment Specifications

Safety and Health Precautions
Documentation



Fife,Tusa Furman, Zee, FronmaBaloh Hain Goebel,
Demer Eviatar(2000) Assessment: Vestibular testing
technigues in adults and childreNgurology 55: 1431
1441.

Report of the Therapeutics and Technology Assessmel
Subcommittee of the American Academy of Neurology

Reviewsaadvantages and limitations of the methods of
stimulating thevestibular system: caloric irrigation,
rotational chair testing, and autootational testing.

Literature review included strength of evidence rating.



Challenges

A Few practice guidelines
A Multi-disciplinary approach to the dizzy patien

A Many new tests available
I Reliability & validity?
I Sensitivity & specificity?
A Lack of training




Case History: Purpose

A Are symptoms consistent with vestibular vs.
non-vestibular disorder?

A May direct vestibular test battery and
management of vestibular disorder



Case History: Key components

A Quality of symptoms
I Vertigo,oscillopsiaimbalance, lightheadedness
A Time course of symptoms

A Associated factors
I Cochlear symptoms? CNS symptoms?

A Exacerbating or relieving factors
I Head movement? Low vision? Loud sounds?



Dizziness Handicap Inventory

25-Item scale of functional, emotional, and
physical problems related to dizziness

Severity Categories
0-14 points
16-34 points
36-52 points
>54 points

no handicap

mild handicap

moderate handicap
severe handicap
KinneySandridgeNewman (1997)



DHI

Good testretest reliability for total (r = .97) and
subscale scores (r = .97 t0)92
Jacobson & Newmai990

Set95% confidence interval famhange
A Standarderror of measurement was 6.23 point:
A 18 points represents significant change
Jacobsor& Newman, 1990

Highestcorrelation with SOT
Jacobsoret al.,1991



Whitney et al., 2004: Is perception of handicap
related to functional performance in persons
with vestibular dysfunction?

A Patientswith vestibular disorders who report
scores of >60 on the DHI are functionally
impaired based on physical examination
findings and reported falls.

A Severely elevated DHI scores suggest an
Increased risk of falling and should influence
physical therapy management and physician
referral.



Ocular Motor Tests: Purpose

A Uncover eye movement abnormalities that
may interfere with the interpretation of
positional or VOR tests

A Rule out ocular motor dysfunction prior to
evaluating VOR



Ocular MotorTests

A Gazeevoked nystagmus
A Smooth pursuit

A Saccades

A Optokinetic nystagmus



Ocular Motor Tests: Interpretation

A Ocular motor abnormalities suggest possible
central pathology (brainstem/cerebellar)

A CNS abnormalities are rare
I occur in 5% of ENG (n = 258#}kwell 2000



Ocular Motor TestsAdministration

A Be sure head is stationary
A Crosscheckprinciple
A If abnormal, then rénstruct, retest



Abnormalsmooth pursuit?

154 Tracking
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Patient reinstructed to keep head stationary
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Saccadic Overshoot




Limitations

A Sensitive to age (particularly smooth pursuit)

A Sensitive to medications
I BrainstemCerebellar Dysfunction Pattern

I Industrial solvents, marijuana, methadone,
sedatives, barbiturates (e.g., Phenobarbital,
Seconal)tranquilizers (Benzodiazepines e.g.,
Valium, Ativan, Xanax)

A Sensitive to inattention or fatigue



Ocular Motor Tests:
Special Considerations

Consider observing eye movement to obtain
gualitative data If patient cannot track target



Spontaneous/Positional nystagmu

A Purpose is to determine presence or absence
of nystagmus

A Spontaneousiystagmusnay suggest
uncompensated vestibular loss

I Caveat: can occur without vestibular loss

A Interpretation is usually notocalizing
abnormality



Spontaneous/Positional nystagmu

A Mental alerting (McGovern & Fitzgerald, 2008’

A Normalshave mild positionahystagmus
I Barber &Stockwel] 1980 (EOG)
I Sunamet al. , 2004 (VOG)
KEEP HEAD STILL



Tests of semicircular canal functior

Semicircula
canals

A Caloric Testing

I Air/water

I Bithermal monothermal
A Rotational Testing

I Active/passive

I High frequency/low frequency




Caloric test: Purpose

A Assesses horizontal semicircular canal functio
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vestibular loss

A Established as an effective testing technique

rating) based on controlled studies and by
expert consensus Fife et al., 2000



Limitations of caloric testing

A Intensity of caloric stimulation depends on
anatomy and technique of irrigation

A Less sensitive and specific than rotational
testing for bilateral vestibular loss



Caloric Testing: Interpretation

A Unilateral weakness = peripheral vestibular
(horizontal semicircular and/or superior
vestibular nerve) loss

A Each laboratory should establish its own
normative values

20 ¢ 25% unilateral weakness
25 ¢ 30% directional preponderance



Unilateral Weakness

Caloric - Bath Eyes Caloric - Both Eyes

Laft Ear / Cool ight Ear / Cool




Unilateral Weakness
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Unilateral Weakness

¥ Right Cool Peak SPV: 11 deg/s A left Warm Peak SPV: 22 deg/s
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Caloric Weakness: 35% in the right ear




Pitfalls to interpretation

A Unequal strength of caloric stimulus
A Patientstate ofalertness
A Spontaneousiystagmus



Unilateral Weakness

Y Right Cool Peak SPV: 8 deg/s A LeftWarm Peak SPV: -5 deg/s
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Bilateral Weakness

A Bilateral weakness occurs with weak or
absent caloric responses in both ears.

A Total foreach ear < 12 15 /s

A Total for both ears 22-30 /s
A Each clinic should establish own norms



Bilateral Weakness
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Bilateral Weakness

A Rule out central pathology
- ocular motor tests

A Confirm bilateral vestibular loss
- rotary chair

A Residual vestibular function?
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Rotational testing




Rotary Chair Testing: Clinical utility

AaD2ft R adl yRI NR¢ aidzRe
vestibular loss

A Measures horizontal semicircular canal function

A Slowharmonic acceleratioprotocol

A Useful for monitoring changes in the VOR over
time

A Established as an effective testing technique (A

rating) based on Class Il, Class lll, and Class IV
studies and expert consensus Fife et al. 2000



Rotary Chair Testing:
Administration guidelines

A Typically performed with patient seated
upright during earth vertical axis rotation

A Head is secured to chair

A Should the head be tilted forward?

I better results with head upright
Vander Stapperet al (1999

A Mental alerting tasks



Rotary Testing: Interpretation

Gain, phase, and asymmetry are measured at
frequencies from 0.01 to 0.64 (1.0) Hz

Averaged Eye Velocities and Head Velocities

RIS F

Fhase:d425 Gain: .23 Phaze: 194 Gain: 36  Asym:1.0 degfes
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Phase:5.0 Gain: 50 Asym: 1.9 degisec Phagse-0.0 Gain: 70 Asym: 2.4 degisec




Vestibular Neuritis Case 3 Days Post Onset

VOR Summary
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Post Onset
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Bilateral Vestibular Loss

Right Coal Pea
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Limitationsof Rotary Chaifesting

A Not widely available, expensive.
A Stimulates both labyrinths simultaneously

A Like the caloric test, valid rotary chair test
NBadz a8 RSLISYR dzLl2y i
alertness

A Not sensitive to chronic unilateral vestibular
losS.



Casestudy:27 y/o male
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Casestudy:27 y/o male

ROTARY CHAIR SUMMARY
Asymmetry




Rotational Testing:
Special consideration

A Post traumatic stress disorder
A Anxiety disorders



Benign Paroxysmal Positioning Vertige

A One of the most common causes of dizziness

I 17% of dizzy patients had BPPV Nedzelsket al.,1988

I 7% of population will have BPPV sometime in life (U.S. Departme
of Health National Ambulatory Medical Care Sujvey

A Most common in elderly patients
Katsarkas1999

A 10¢ 25% of head trauma patients develop BPPV

Proctoret al., 1956; Barbe 964
Davies & .uxon 1995



Clinical Guidelines for BPPV

Fife, lverson,.empert FurmanBaloh Tusa Hain Herdman

Morrow, Gronseth(2008)

Practice Parameter: Therapies for benign paroxysmal positional

vertigo (an evidenc®ased review)Neurology 70: 20672073.
Report of the Quality Standards Subcommittee of the
American Academy of Neurology

Bhattacharyya, BauglQrvidas Barrs Bronston CassChalian
DesmondEarll Fife,Fuller, Judge, Mann, Rosenfebdhuring
Steiner, Whitneyaidari(2008) Clinical practice guideline:
Benign paroxysmal positional vertigotolaryngologyHead &
Neck Surgeryl39: S474581.




Recommendations for Assessing BPF

A Observe nystagmus (VOG) and confirm vertig
while patient is in provoking position




Recommendations for Assessing BPF

A Radiographiémaging orvestibular testings not
recommendedinless diagnosis Is uncertain or

there are additional symptoms unrelated to BPPV

A If a patient
and DixHal
perform su

nas a history compatible with BPPV
pikels negative, then clinician should

nine roll test to assess for lateral

semicircular canal BPPV

A Clinicians should differentiate BPPV from other
causes of imbalance, dizziness, and vertigo



Recommendations for
Treatment of BPPV

A Canalithrepositioningprocedure is effective
and safdfor patients of all ages with posterior
canal BPPV.




Recommendations for
Treatment of BPPV

A Lempertsupine roll (BBQ) maneuvésufoni
method or forced prolonged positioning may
be effective for horizontal canal BPPV.

A Postmaneuver activity restrictions amot
necessargafter CRP.

A There is insufficient evidence to recommend
selttreatment (BrandiDaroff) for BPPV.

A There is no evidence that medications are
effective Iin the treatment of BPPV.




Recommendations for
Followup of BPPV patients

A Clinicians shoulceassess patients within 1
month after treatmentto confirm symptom

resolution

A Cli

B

Inicians should evaluate patients with BPPV

who are Initial treatment failures for persistent

PPV or underlying peripheral vestibular or CNS

disorders

A Clinicians shouldounsel patientsegarding the
Impact of BPPV on their safety, potential for
disease recurrence, and the importance of
follow-up




Limitations of Vestibular Testing

ests of horizontal canal function (VOR)

¢ Caloric test (ENG/VNG)

¢ Rotational testing
61% of ENGs WNL (n = 258#)ckwell 2000
What does normal ENG mean?
Clinical dilemma: Assessment of other
vestibular organs



Labyrinth and Vestibular Nerves

Superior Vestibular Nerve
(Lateral, Superior, Utricle)

“Inferior Vestibular Nerve







Two-channel Recording @ervical VEMP

Left SCM M. Activation/
Left Ear Stimulation

Right SCM
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VEMP Pathway

SacculaMacula

\

SacculaAfferents
(Inferior Vestibular Nerve)

lerNe

Medial Vestibular Nucleus

|

Medial Vestibulospinallract

|

Motoneuronof the SCM M. g ainstem
midline



Clinical Interpretation

500-HzTonebursts

Normals< 3040%

TIME (n9)

Asymmetry Ratio (AR)
100x (Amp ¢ Amps) / (Amp + Amps)



cVEMP Clinical challenges

A Effect of age ocVEMP
i Decrease itVEMPamplitude in 8 decade

A Lack of instrumentation to control or
normalize EMG

| False positives



VEMP Amplitude is Proportional to SCM m. EMG Lev

500 Hz Tone Bursts Clicks

TIME (ms) TIME (ms)




Consequences of Disregarding Effects of EMG

LEFT SIDE RIGHT SIDE
T T T T

T T T
P1-N1 =172 pv P1-N1 =527 pVv
EMG rms = 30 pVv EMG rms=70 pV
Corrected Amp =5.7 Corrected Amp=7.5

2
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Time (ms) Time (ms)

AR forUncorrectecEMG Level: AR forCorrectecdeMG Level:

527uV ¢ 172uVx 100 51% 7.5uV ¢ 5.7uVx 100 =14%
527uV¢ 172pV 7.5UVC 5.7V




International working group tasked Barany
Soclety to develop suggested clinical guidelines
for cVEMP

Papathanasiotlt (Chair), F. Akin,Qolebatch, T.
Murofushy SRauch

Journal of Clinical Neurophysiology




Clinical utility

A Sensitive for superior semicircular canal
dehiscence



SSCD Case Study:.y/o male

RIGHT EAR (CLICK)

P1 100 dB nHL
e 90 dB nHL
85 dB pHL

[25HV 80 dB nHL

75 dB nHL

QMW%

65 dB nHL

i e~ e S N N/

60 dB nHL
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C/o blurred vision with loud sounds

H/o military noise exposure
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Dxwith seizuredisorder



