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Objectives

After this course, participants will be able to:

1. Identify children who are candidates for
vestibular testing

2. List causes of pediatric vestibular loss and
dizziness

3. List practitioner types needed for multi-
disciplinary assessment of pediatric vestibular
loss
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Study the effects of vestibular loss on children
(balance, visual acuity, cognition, QOL, etc)

Understanding who is at risk
for having vestibular loss

Appropriate methods for vestibular
function testing in children
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1. Cochlear Implant Candidacy
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Pediatric Vestibular Testing

2. Pediatric Hearing Clinic

Care
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Pediatric Vestibular Testing

3. Vestibular Clinic Administrative
X:jitci)kl)gé?srt * Lead Audiologist, BTNRH
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Which
children are
candidates

for vestibular
assessment?

Prevalence of Vestibular and Balance Disorders

. . Orology & Neurotology
1n C hlldrcn 31414411444 © 2010, Otology & Neurotology, Inc.

*Robert C. O’Reilly, fThierry Morlet, *Brian D. Nicholas, Gary Josephson,
IDrew Horlbeck, §Larry Lundy, and ||[Amel Mercado

* Reviewed 561,151 patient encounters

* 2,546 (0.45%) were diagnosed with a balance disorder
+ 159 (6.2%) peripheral vestibular disorders
+ Odds ratio: 43 times more likely to have SNHL
+ 109 (4.1%) central involvement was diagnosed
+ Odds ratio: 16 times more likely to have headache
+ 2,283 (90%) unspecified dizziness

BOYS TOWN
National Research
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Epidemiology of Dizziness and Balance Problems in Children in the
United States: A Population-Based Study

Chuan-Ming Li, MD, PhD', Howard J. Hoffman, MA', Bryan K. Ward, MD?, Helen S. Cohen, EdD, OTR®,
and Rose Marie Rine, PT, PhD"*

(J Pediatr 2016;171:240-7).

« Parents were asked if during the past year their child was bothered by
symptoms of dizziness and balance problems (10, 954)

* Prevalence 5.3% (female: 5.7%, males 5.0%)
* Prevalence increased with age
+ Associations:
* Hearing loss increased the risk of dizziness and balance by 4.8
» Difficulty seeing increased the risk of dizziness and balance by 3

BOYS TOWN
National Research
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Epidemiological studies tell us that there are at
least 2 categories of kids at risk for vestibular loss:

Kids who complain of dizziness Kids with Hearing Loss

« Children can develop similar « Are all children with hearing
etiologies of vestibular loss loss at equal risk for
and thus similar symptoms as  vestibular loss?
adults, including dizziness,
imbalance, falls, and hearing
Loss

BOYS TOWN
National Research
Hospital Y.
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SNHL is a risk factor for vestibular loss

(Verbecque et al 2017)

* Children are more likely to have vestibular loss with:
] Severe-to-profound sensorineural hearing loss (Janky et al., 2018; Martens et al., 2022) \

« And with specific etiologies of hearing loss:
+ Cytomegalovirus (CMV) infection (30 — 60%)
Auditory Neuropathy (show decline in function over time)
Waardenburg Syndrome (up to 70/80%)
Rubella (30 — 40%)
Pendred Syndrome
Malformations (depends on severity of malformation)
Meningitis (~100%, depends on rate sensor)
Ototoxicity
Usher Syndrome (~100%, depends on type)

Hearing loss etiology is unknown in ~ 35 — 42% of cases (Sokolov 2019, Cushing 2019) and
not all etiologies result in complete vestibular loss (Cushing 2019), suggesting etiology
alone is not a sufficient predictor of vestibular loss.

BOYS TOWN
National Research
Hospital §{.
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T
Not all children with HL have vestibular loss

« Specific to children with CI
* 50% have some degree of vestibular loss

+ 20 — 30% have bilateral loss
» Jacot et al. (2009), Jin et al. (2006), Cushing et al (2013), Janky et al. (2015)

M Vestibular Loss

m Vestibular
Loss
™ Bilateral
Normal Vestibular Loss
Vestibular

Normal Vestibular

BOYS TOWN
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Expanded Cohort and Etiologic Assessment

Vestibular End-Organ Dysfunction in Children With
Sensorineural Hearing Loss and Cochlear Implants: An

Otology & Neurotology

*tSharon L. Cushing, *{Karen A. Gordon, T{John A. Rutka, *{Adrian L. James,

and *¥Blake C. Papsin

*
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50% of children pre-ClI
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vestibular loss — 30 % have
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AJA
Research Article

Predictive Factors for Vestibular Loss
in Children With Hearing Loss

Kristen L. Janky,® Me%an L. A. Thomas,® Robin R. High,”
Kendra K. Schmid,” and Oluwaseye Ayoola Ogun®

« Children are more likely to
have vestibular loss if their

Not all children with hearing loss have vestibular loss

bilateral PTA is > 66 dB

Severe to profound sensorineural
with meningitis, syndromes, congen

anomalies (Martens, 2022)

hearing loss and specifically in those

cytomegalovirus, and cochleovestibular
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Gross Motor Delay is a Common Consequence of
Vestibular Loss in Children

« Gross motor function can be used as
a screening tool for vestibular loss
(Oyewumi, 2016; Janky 2018; Janky 2022)

« Children are more likely to have
vestibular loss if:

» Parents report concern for gross motor
delay

» Infants sit later than 7.5 months or
walk later than 14.5 months

+ Older children cannot stand on one leg
with eyes closed for 4 - 5 seconds

BOYS TOWN
National Research
Hospital §{.

15

What protocol are we using
with children?

BOYS TOWN
National Research
Hospital Y.

16



10/30/23

BPPV: MOST PATIENTS SCDS:
Bedside Exam * AUDIOGRAM Bedside Exam
Case History . Case History
Treat BPPV CASE. HISTORY — | Audiogram

* Bedside (CTSIB) VEMP (0 & c)

Air Bone Gap * VEMP Fistula test
Tympanogram * vHIT = | Calorics; If vHIT normal
ARTs * VNG / ENG
VEMP |Pusl-u-rugwp+ry/ PT Eval |
Wideband / CTSIB abnormal

Rotary Chair Major c/o unsteadiness
Known/suggested pathology involving
| Bilateral weakness on vHIT | postural control pathways
High risk for fall — sig Hx of falls
17
AUDIOGRAM
» CASE HISTORY .
) - Abnormal bedside
* Bedside (SLS, CTSIB, ocular motor, HIT) assessment
« Dix Hallpike . .
P . Chief complaint of gross
» Assessment of Canal function motor delay
+ Assessment of Otolith Function T
PT Eval
NatonetRegeareh
18



Rotary Chair

Remote
Camera vHIT

Bone Conducted
cVEMP

10/30/23

BOYS TOWN
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Rotary Chair

Children 3 - 7 years

Air/bone-
Conducted
OoVEMP

Goggle vHIT

Air/bone-Conducted cVEMP

BOYS TOWN
National Research
Hospital Y.
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Multi-disciplinary
Assessment

N

S

"
»
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CI Candidac

Vestibular
Audiologist

Cochlear
Neurotolog Implant
) udiologist
Patient

\ ﬁeech

Audiologist Language
Pathology

8:00-9:00
Audiology Clinic
Boys Town Hospital

Vestibular Evaluation
A test of the balance system will be performed. Since the balance system is housed within the inner
ear, it could be impacted by cochlear implant surgery; therefore, we want to determine how your
balance system is working prior to surgery. Please eat lightly before this appointment and avoid

Vestibular clinic medication that would suppress vertigo. See attached document for more details.
9:30-10:00 Otological Evaluation
ENT Clinic This evaluation is to ensure that you are healthy enough to undergo the cochlear implant surgery.
Boys Town Hospital The doctor will also discuss the surgical procedure, risks, and complete an examination.
Neurotology
10:00-12:00 Audiological Evaluation
Lied Learning and A hearing test will be performed without hearing aids to determine if your hearing loss falls within
Technology Center the cochlear implantation candidacy guidelines. Your hearing aid function and settings (if applicable)
Audiology will be assessed. A trial hearing aid may be pr'ovided for subsequent aided speech perception testing
if needed.
1:00-2:00 Communication Evaluation
Lied Learning and This evaluation will determine how you use language to communicate. We will review current
Technology Center services within or outside of Boys Town and recommend future services following cochlear
SLP i i
2:00-4:00 Speech Recognition Evaluation/Device Ori
Lied Learning and At the start of this appointment, speech perception testing with hearing aids will be performed. We
Technology Center will discuss how cochlear implants work and the different companies that manufacture cochlear
N implants. Please bring your hearing aids or loaner hearing aids fit at the previous evaluation to this
CI - Audiology appoi
4:00-5:00 Expectations Visit
Lied Learning and - . . . -
Technology Center ‘We will discuss what you believe a cochlear implant will be able to do for you. We will discuss what
€1 Audi realistic outcomes may look like based on our previous experience with cases like yours.

BOYS TOWN
National Research
Hospital
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—————————————————————
Case: 33-month-old male

* Normal hearing in the right ear

* Profound sensorineural hearing loss in
the left ear
» Gross motor skill development:
» Sat independently at 6 months
* Walked independently at 18 months

» Parents expressed concern for
delayed gross motor development,

* No signs of dizziness or imbalance

BOYS TOWN
National Research
Hospital §{.
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Is this child at risk
for vestibular loss?

YES

o Degree of hearing loss

o Presence of gross motor
delay

o Parent concern

12



Case: 33-month-old male
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» Absent cervical VEMP
3 1 ¢ Abnormal VHIT
* Both, in the RIGHT,

NORMAL hearing ear.
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Case: 33-month-old male

» Counseling points:

» The presence of vestibular loss can help
account for delays in gross motor
development (reassurance)

» Consultation with vestibular rehabilitation

+ Vestibular loss not lateralizing with the
hearing loss, is suggestive of congenital
Cmv

 Considerations for Cl in the left ear:

* risk of vestibular loss from implantation, which
would result in bilateral vestibular loss.

BOYS TOWN
National Research
Hospital Y.
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cCMV: Laterality of vestibular loss is not
always with the hearing loss

TABLE 6 Correlation Between Laterality of Hearing Impairment and Laterality of Vestibular

Disorders
Hearing Deficits Vestibular Deficits

Bilateral Symmetric Right Left Normal Total
Bilateral symmetric 13 <39 4 2> 28
Right 3 (4) 0 10
Left 0 0 10
Normal 0 0 2 4
Total 25 12 1 4 52

Data are expressed as number of children. There is a significant relationship between the laterality of the disorders
(P = .03), but these are not correlated (x = 0.05).

(Bernard et al., 2015)

BOYS TOWN
Only 7.7% of children (4/52) had normal vestibular function. Nakional Reseerch

27

E———————————————————————
A quick word about Cytomegalovirus (CMV)

- Laterality is not always with the hearing loss.

 More likely to have inner ear dysfunction if they have imaging

lesions and if the infection occurs in the first trimester (Chebib
2022)

 More likely to have vestibular loss if hearing loss is present
(Dhondt 2020)

BOYS TOWN
National Research
Hospital Y.
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CMV: 4 y/o female, positive CMV culture
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Changes in Vestibular Function Following Pediatric
Cochlear Implantation: a Prospective Study

Cleo Dhondt,' Leen Maes,?*? Saartje Vanaudenaerde,® Sarie Martens,? Lotte Rombaut,’
Ruth Van Hecke,? Romain Valette,* Freya Swinnen,* and Ingeborg Dhooge'*

Complete ipsilateral loss of function after
implantation was seen in 5% (3/54)*

*however, all these children had CMV, suggesting that etiology of hearing loss and

not the ClI could have resulted in the vestibular loss

BOYS TOWN

National Research

Hospital §{.
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The most common abnormalities following Cl are
reduced or absent vestibular evoked myogenic
potential (VEMP) and caloric responses.

* HOWEVER:
* VEMP:

* most investigations have used air-conduction stimuli.

* air-bone gaps can occur following CI*° causing reduced air-conducted
VEMP response®’, thus inflating the estimations of vestibular loss
following CI.

* Bone-conducted stimuli is preferred over air-conducted stimuli for VEMP
testing to overcome the presence of post-Cl air-bone gaps®’

BOYS TOWN

National Research

Hospital Y.
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TABLE 3. Response rates for cervical and ocular VEMP to ACS
and BCV stimuli

Cervical VEMP Ocular VEMP

Group ACS BCV ACS BCV
Ears with NH 100% 100% 100% 100%
(n=10)

Ears with CI 1% 67% 15% 52%*
(n=27)

2 10.41 4.41 22.51 7.42
P 0.001 0.036 <0.001 0.006

*Significantly higher response rates compared with ACS (p = 0.004).
ACS, air-conducted stimuli; BCV, bone-conducted vibration; CI, cochlear implant; NH,
normal hearing; VEMP, vestibular evoked myogenic potential.

Effect of Cochlear Implantation on Vestibular Evoked
Myogenic Potentials and Wideband Acoustic Immittance

Gabrielle R. Merchant,' Kyli M. Schulz,'? Jessie N. Patterson,® Denis Fitzpatrick,'
and Kristen L. Janky?

A

Absorbance

1.09

0.8+

0.6

0.4+

0.2+

0.0-

Increased VEMP response rates using BCV

Absorbance by cVEMP Group
Mean +/- SEM

-------
nre

—— NH Present Present (N=10) * &7,
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wes G| Absent Present (N=8)
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T

0.5 1 2 4 8
Frequency (kHz)
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* HOWEVER:
* Caloric:

The most common abnormalities following Cl are
reduced or absent vestibular evoked myogenic
potential (VEMP) and caloric responses.

* Caloric testing is not recommended due to changes in temporal bone
anatomy which can confound pre- and post-Cl caloric test comparisons

BOYS TOWN
National Research
Hospital Y.
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Semicircular

ST Canal

Otolith

Other

6mto3yrs Rotary Chair

Bone-Conducted* (B-71) cervical
VEMP

30 19 yrs Rotary Chair | Bone-Conducted* (B-71 or Mini-
or vHIT shaker) cervical and ocular VEMP
Adults Rotary Chair | Bone-Conducted* (Mini-shaker)
or vHIT cervical and ocular VEMP

Bedside HIT, spontaneous
nystagmus, post head shake
nystagmus, vibration-induced

nystagmus

*If bone conduction responses are absent, complete air conduction
Tympanometry to be completed on all patients prior to testing

BOYS TOWN

National Research

Hospital §{.
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Bone Conduction Vibration Vestibular Evoked Myogenic
Potential (VEMP) Testing: Reliability in Children,

Adolescents, and Young Adults

Nicole, L. Greenwalt,'? Jessie N. Patterson,> Amanda I. Rodriguez,>* Denis Fitzpatrick,?

Katherine R. Gordon,? and Kristen L. Janky?

\

‘ ﬂ J)\ &,
« All BCV methods resulted in consistent cervical and ocular VEMP responses

with at least moderate reliability for all groups; EXCEPT for the B-71 ocular
VEMP in adults.

* Objective: determine which BCV VEMP method (Mini-shaker, B-71, or impulse
hammer) yields the highest response rates and reliability in a group of adults,
adolescents, and children.

BOYS TOWN

National Research

Hospital Y.
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O
CI Candidacy

« Vestibular testing is NOT used for

candidacy Vestibular
. Audiologist
» In RARE instances, can be part of
diSCUSSionS Cochlear
Neurotology. Implant
» Awareness of vestibular loss Patient fudiologist

* The presence of vestibular loss can help
account for delays in gross motor

development (reassurance) Audiologist L:Egjgge
» Consultation with vestibular rehabilitation Pathology
* Pre/post CI evaluations:
« Consider vHIT, rotary chair and VEMP using
BCV!
BOYS TOWN

National Research
Hospital §{.
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BREAK

Five Times
Sit to Stand

BOYS TOWN
National Research
Hospital Y.
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Pediatric Hearing Clinic

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Care 08:00 sLP Audiology-
Coordinator  Speech
Pediatric Language
ENT Pathologist
Audiology
. . 09:30 Ophthalmology ‘Medical Social Worker
Patient &  Vestibular
Audiologist . Audiologist o
Family
Soctal | e Pediatric
Worker . GeNEficist . opnthalmologist I e N
Genetic
Counselor
BOYS TOWN
National Research
Hospital §{.
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Pediatric Hearing Clinic

Care

Coordinator  Speech Diagnose vestibular loss and make
Pediatric Language . .
ENT Pathologist appropriate referrals to physical
/ therapy.
Patient & Vestibular
Audiologist A Audiologist
Family \
How can vestibular outcomes be
Social fep . .
Worker Genetst R o used to determine the etiology of
PN hearing loss?
Counselor
BOYS TOWN
National Research
Hospital Y.
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Audiometric testing demonstrates bilateral

mixed hearing loss

10
20

3883
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Enhanced Air- but not Bone-Conducted
Responses Air-Conduction

Mini-Shaker

Cervical VEMP

N
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Ocular VEMP

=P T

BOYS TOWN
National Research
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Large Vestibular Aqueduct Syndrome (LVAS)
(represents one type of 3" Window Disorder)

Canal dehiscence

Vestibular aqueduct (VA) is
enlarged if >0.9 mm at the
midpoint or > 1.9 mm at the
operculum

Third-window

lesions
air conduction

LVAS is the most common
inner ear malformation,
affecting up to 15% of children
with early-onset hearing loss

43
Hearing loss with LVAS is progressive, so
early diagnosis is critical
 Hearing loss type (i.e., conductive, sensorineural, or mixed*),
configuration, and rate of progression is variable with LVAS
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Hearing loss with LVAS is progressive, so
early diagnosis is critical

* Because children are unable to reliably report changes in
auditory function, LVAS is not suspected until significant hearing
loss progression has occurred.
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Primarily what we know about 3 Window ~
Disorders comes from superior canal
dehiscence syndrome (SCDS)

Tone Evoked oVEMP n10 Amplitudes

 Low cervical VEMP thresholds
« High ocular VEMP amplitudes

 Broad frequency tuning (i.e., present
VEMP responses at high frequencies)

» Making VEMP an excellent screening
tool for SCDS&-11.

Manzari
2013

oVEMP n10 Response Rate (% )

o
100 1000
Frequency (Hz)

10000
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Westibular Evoked Myogenic Potentials and Wideband Acoustic Immittance as

Screening Tools for Large Vestibular Aqueduct Syndrome

Kristen L. Janky, AyQ, PhD, Jessie N. Patterson. Ayll, PhD, Elizabeth A. Kelly. MD,

Gabrielle R. Merchant, 4D, PhD
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Ears with LVAS had significantly higher air-conducted cervical and ocular
VEMP amplitudes, but reduced bone-conducted VEMP amplitudes.
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3
Ocular VEMP Amplitude (V)

Normal Control LVAS Normal Control LVAS

Group Group
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Subtracting air-conducted amplitudes from bone-

conducted amplitudes was the best individual factor

for differentiating control from LVAS ears

» 82% sensitivity and 80% specificity for cervical VEMP
» 88% sensitivity and 80% specificity for ocular VEMP.

BOYS TOWN
National Research
Hospital §{.
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Pediatric Hearing Clinic

« Awareness of vestibular loss

Care

» The presence of vestibular loss can Coordinator  Speech
help account for delays in gross motor Pediatric ponguage
development (reassurance) e

 Consultation with vestibular Patient &  Vestibul

g . estibular
rehabilitation Audiologist ?:alre;ﬂly Audiologist
« Help in determination of hearing
loss etiology Social > Pediatric
. CMV Worker Gene/tlclst Ophthalmologist
. LVAS Genetic

Counselor

 Usher Syndrome

BOYS TOWN
National Research
Hospital Y.
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New Technology

BOYS TOWN
National Research
Hospital §{.
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Remote Camera System: Normative

Values of Semicircular Canal
Vestibulo-Ocular Reflex Gain in
Infants and Children

Syivette B, Wiener-Vacher*** and Sidney 1. Wienee® er (2017) Front. Neurol. | doi: 10.3389/eur.2017.00434
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Pediatric Vestibular Assessment: Clinical Framework

Sarie Martens,' Ingeborg Dhooge,>* Cleo Dhondt,? Saartje Vanaudenaerde,® Marieke Sucaet,’
Lotte Rombaut,? and Leen Maes'?

Age category

N i ) TABLE 3. Normative data of the horizontal vHIT for children until the age of 3 years

| 1. vHIT

iatric vestibular test protocol

3. Rotatory test

| (B-motal, | (Horizontal) 2/VEMP BG /(016 -0.04-0.01 Hz) Age Category (mo) _ Mean
% 5-12] VOR gain 0.87
g
\ / 3 Asymmetry (%) 0.34
S A 4 ; % 12-24] VOR gain 0.91
g
B N - 3 Asymmetry (%) -0.79
B ¢ 24-36] VOR gain 0.92
> N g
7 X (i Asymmetry (%) -0.65
/ \ LK Al 42 ® K [36-48] VOR gain 0.96
\ E A Asymmetry (%) -0.98
| L VHIT \ \ 4. Rotatory test
196 - 48 monthsl  |1oriz0ntal — Vertical) 2.GVEMPBC > 3.0VEMPMS (016 0.04-0.01 Hz)
A b " ' l
Fig. 1. Overview of the age-specific pediatric vestibular test protocol in children until the age of 3 years at the Ghent University Hospital. VHIT, video head
impulse test; CVEMP, cervical vestibular evoked myogenic potentials; BC, bone conduction; oVEMP, ocular vestibular evoked myogenic potentials; MS,
minishaker.
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How can this be used
as a clinical tool?
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Ulmers Case 1: 2-year-old

» Chief Complaint: Imbalance, runs into walls, falls frequently
» She has been receiving PT services twice per week.
* Mild hearing loss in the left ear; she has been utilizing amplification since she was 3 months.

» Balance is better when she is wearing her hearing aid; however, audiometric testing today revealed
that hearing in the left ear has improved within the normal range, and the hearing aid is no longer
necessary.

* Previous vestibular testing noted normal rotary chair and asymmetric VEMP responses, with a 74%
reduced response in the left ear.

» She is being reassessed today due to continued issues with imbalance and to determine if there
has been any change in vestibular function.

* Mom reports that she has a difficult time seeing things that are not in her central vision.
* PT had also suggested possible ocular motor deficit.

BOYS TOWN
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Ulmers Case 1: 2-year-old
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* 63% reduced response in the left ear;

« Did not tolerate wearing the electrodes (difficulty keeping electrodes on and insuring they were on

in the optimal position)

» Normal waveforms were present at appropriate amplitudes in the left ear.
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Ulmers Case 1: 2-year-old

Right Lateral : VOR Gain = 0.96

300
250
200 Impulses VOR
150
100 Mean
Canal n ; a Asymmetry
50 gain
2 R| O
50 Ant.
-1 000 L|O
R| 6| 096 0.02
Lat. 2%
L[5 0.91 0.07
R|O
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L|O

Left Lateral : VOR Gain = 0.91
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—————————————————————
CASE 2 — 8-month-old female

« Chief Complaint: Patient is currently being followed for bilateral
profound sensorineural hearing loss, secondary to bilateral
cochlear nerve deficiency.

* born full-term

« birth history is significant for meningomyelocele.

« She underwent went spinal cord untethering at age 5 months.
 There were perinatal concerns for neural tube defect.

« She did not pass her newborn hearing screening

- Follow-up ABRs at age 2 and 5 months suggest bilateral profound sensorineural
hearing loss.

BOYS TOWN
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E—————————————————————————
CASE — 8-month female

[%] Gain Lead [] Phase Right Weakness [%]
60 o Symmetry
100
40 40+
75 7 2 el
50 ETI 0 1 o —t——+——+—
25 2 20:': 01 02 04 08 .16 32 64 20— 01 02 .04 *28 % 32 64
2 50 40+
N IR SR NN S B | 40 a
01 02 04 08 .16 32 64 Lag [°] Left Weakness [%]
Freq [Hz] Freq [Hz] Freq [Hz]

Family from 4 hours away; wanted to confirm for
moving forward
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CASE — 8-month female

Right Lateral : VOR Gain = 0.15

Left Lateral : VOR Gain = 0.30
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No corrective saccades; vision ok?

250

300 350

National Research
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HEAD IMPULSES IN COMPLETE BILATERAL Nadine Lehnen, MD
VESTIBULAR LOSS: CATCH-UP SACCADES Stefan Glasauer, PhD
REQUIRE VISUAL INPUT Klaus Jahn, MD

Konrad P. Weber, MD
Lights on Lights off

IWOO 3

Y \.¢ .
Head velocity
—_
100ms
Catch-up saccades

No catch-up saccades

Eye velocity

Absent vestibulo-ocular reflex Absent vestibulo-ocular reflex
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How can this be used as a clinical tool?

* Helpful when:
« Patient Intolerance of cVEMP and Rotary Chair
« Confirmatory
» Confirmatory with conflicting test findings

« If/when FDA approved, first tier assessment

BOYS TOWN
National Research
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The Laryngoscope
©2018 The American Laryngological,
Rhinological and Otological Society, Inc.

How | Do It

Vestibular Assessment in the Pediatric Population

Cleo Dhondt, MSc (2; Ingeborg Dhooge, PhD, MD (; Leen Maes, PhD

TABLE II.
Representation of the Proportion of Children Across the Different Age Categories in Which Each Test Could Be Successfully and Reliably
Conducted
Success Rate (%)
Age Category No. of Subjects Median Age (mo) VHIT* cVEMP oVEMP Rotatory Test Caloric Test
5 months-1 year 18 7.0 722 100.0 88.9
1 year-2 years 8 17.0 100.0" 100.0 62.5
2 years-3 years 8 29.0 85.7" 75.0 50.0
Total group <3 years 34 10.5 81£ 94.1 73ﬁ5
3 years—4 years 8 44.0 100.0 100.0 100.0 100.0 62.5
4 years-5 years 8 54.5 87.5 100.0 100.0 100.0 85.7*
5 years-6 years 8 67.5 100.0 100.0 100.0 100.0 100.0
Total group >3 years 24 54.5 95.8 100.0 100.0 100.0 82.6
BOYS TOWN
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cVEMP or vHIT?

Using Functional Outcomes to Predict Vestibular Loss in Children
Kristen L. Janky, Megan LA. Thomas, Jessie Patterson, and Diane Givens

Boys Town National Research Hospital, Department of Audiology, Omaha, Nebraska

« Average horizontal canal VHIT gain was a significant predictor of all
functional outcomes [standing balance test; passive DVA; BOT-2] while
neither corrected cVEMP amplitude nor oVEMP amplitude predicted
performance.

+ Average horizontal canal vHIT best predicts functional performance; if
using a tiered approach, horizontal canal vHIT should be completed first.

BOYS TOWN
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Vestibular Clinic

Vestibular
Audiologist
Physical
Pharmacy Therapist
Patient
Neurotology Audiologist
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Hospital Y.

66

33



10/30/23

Case Study: Dizzy 9-year-old female

* Chief complaint:
* spontaneous onset room spinning dizziness.

» Symptoms began when the family was flying home from vacation,
during descent. Patient also reports headache when she does not
her head down to the right. Dizziness is constant.

» Aggravating factors include sitting up and standing.

have

» Relieving factors include lying on stomach or with head down to the

right.
« Associating symptoms include emesis and lightheadedness.
» Parents report she is clumsy when walking and veers right.

BOYS TOWN
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Hearing Level(HL) in dB

Case Study: Dizzy 9-year-old female

Frequency in Hertz(Hz)

125 230 50 1000 200 4000 3000
750 1500 3000 5000

A A A 2
[ ] [ ]

A » - Patient needed to lay on
] the floor during testing.

* Normal tympanograms

« ECVs were 0.9
« 125 dB SPL could be used
- for VEMPs
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AZL 126 )

Case Study: Dizzy 9-year-old female

* Reduced cVEMP left, present right * Absent oVEMP left, present right
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Case Study: Dizzy 9-year-old female

 MRI
* Normal

* VNG
* Normal Ocular Motor Battery:
« saccades, smooth pursuit and gaze with fixation

» Gaze without fixation
e Center: RBN 19 d/s
» Right: RBN 12 d/s
e Left: RBN 9d/s

» Refused caloric testing; VHIT is not present at our satellite location

« INTERPRETATION
« Left Involvement: absent left VEMPs and RBN

BOYS TOWN

National Research
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Vestibular Neuritis?

 Inflammation of the vestibular nerve; most often superior
branch; however, can affect either/both

« Acute onset room spinning dizziness
* No associated hearing loss

« Symptoms are worse at their onset and improve over the
course of days to weeks

» Represents 1 — 5% of pediatric vertigo

« Children recover more quickly; children < 15 years were found
to recover more quickly (Brodsky 2016)

BOYS TOWN
National Research
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CASE — MALE 31 months

* Chief Complaint: delayed gross motor development.

* born full-term with no birth complications

» passed his newborn hearing screening.

« bilateral myringotomy with tube placement at 8 months and again 5
months ago.

» rolled at 8-9 months of age, sat independently at 11 months, and
began walking at about 1.5 years of age after starting physical therapy.

* Currently enrolled in physical therapy.

» Continues to struggle with balance and occasionally falls, especially on
uneven terrain; has a medical history significant for a tibial fracture
that occurred when he scooted off a bed at 13 months.

BOYS TOWN
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CASE — MALE 31 months

* Previous Testing: age 20 months
« Patent tube left; negative pressure right.

* Phase lead on Rotary Chair and normal cVEMP testing. Thus, unilateral
peripheral vestibular system involvement could not be ruled out at that
time.

* Mom was counseled that recurring otitis media and the presence of a
broken leg can be contributing factors to delayed gross motor
development and at minimum a unilateral vestibular loss is present;
however, the likelihood of this is low, particularly if hearing is normal.
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CASE — MALE 31 months
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There are several theories suggesting that middle ear :
dysfunction directly affects the vestibular system. ’

1. an ionic transfer via the round window, which causes a change in >
endolymph composition (Pazdro-Zastawny et al., 2018). This transfer
results in an indirect change to the kinocilia and stereocilia in the inner
ear, which could result in clumsiness and/or imbalance.

2. Abnormal vestibular function could be the result of an infection in the
middle ear space which causes inflammation of the labyrinth; the
infection could travel via the round window to the inner ear resulting in
inflammation (Goycoolea et al., 1987).

3. The presence of significant negative pressure in the middle ear space
which causes involuntary movement of inner ear fluids (Kobrak, et al.,
1935).
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Hospital §{.

75

Effects of middle ear status on rotary chair
outcomes in children

» The purpose of this study is to evaluate how middle ear status
affects rotary chair outcomes in children 6 to 77 months.

« 21 children with middle ear dysfunction (mean: 30 months, 11
males) and 36 control children with normal middle ear function
(mean: 33 months, 19 males) participated. All participants
completed tympanometry, wideband acoustic immittance, and
rotary chair testing at 0.01, 0.04, and 0.16 Hz.
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outcomes in children
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Effects of middle ear status on rotary chair
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CASE MALE 31 months

not related to middle ear dysfunction severity.
» Repeat rotary chair and VEMP?
« VHIT?

* Rotary chair in the presence of middle ear dysfunction is valid;
however, isolated phase abnormalities can be present that are
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CASE MALE 31 months

1. Continue with ESU physical therapy services to address
balance concerns.

2. Normal results today suggest the vestibular system is
functioning appropriately. As such, repeat vestibular testing is
no longer indicated. Repeat if concerns arise in the future.

3. Mom was counseled that balance is achieved with a
combination of vestibular, vision and somatosensation. If
balance issues persist, vision assessment would be
recommended.
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Vestibular Clinic

« Vestibular Migraine
« Vestibular Neuritis

Vestibular
* OME Audiologist
« SNHL
« Cochleovestibular anomaly :
Physical
* CMV Pharmacy Therapist
+ Concussion Bt
« Psychogenic
» 3PD
* BPPV Neurotology Audiologist

* Meniere’s disease

* Orthostasis

* CNS [seizure, CPA tumor, autoimmune, syncope]

« SSCD BOYS TOWN

*Manuel of Pediatric Vestibular Disorders NetienalResearch T

81

Objectives, revisited

After this course, participants will be able to:

1. Identify children who are candidates for
vestibular testing

2. List causes of pediatric vestibular loss and
dizziness

3. List practitioner types needed for multi-
disciplinary assessment of pediatric vestibular
loss

BOYS TOWN
National Research
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1. ldentify children who are candidates for
vestibular testing

« Children with:
* Dizziness
* Hearing loss (> 66 dB)
» Gross motor delay/imbalance

83

2. List causes of pediatric vestibular loss and dizziness

Hearing Loss (severe-to-profound) Dizziness
» Cytomegalovirus (CMV) infection « Vestibular Migraine
+ Auditory Neuropathy (show decline . \estibular Neuritis

in function over time) . OME
» Waardenburg Syndrome _
 Concussion

* Rubella _
« Pendred Syndrome * Psychogenic

« Malformations * 3PD
+ Meningitis * BPPV
+ Ototoxicity * Meniere’s disease
 Usher Syndrome * Orthostasis
« CNS SSCD BOYSTOWN

National Research
Hospital Y.
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3. List practitioner types
needed for multi-disciplinary
assessment of pediatric
vestibular loss

» Depend on the focus of the clinic
» Cochlear Implant
* Pediatric Hearing Clinic
* Dizzy Clinic
» Neurotology
» Audiology
« Physical Therapy
« Ophthalmology
« Social work
» SLP
» Genetics
» Neurology
» Psychiatry
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Thinking about starting a pediatric vestibular program?

Begin whe . you are. It

Emest Holmes

National Researc|
o

BOYS TOWN

h
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