Hearing and Balance: Impact and Outcomes of Dual Sensory
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CAA webinars count towards CEUs.
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Sensory Interaction / Integration ickKids
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Human = Language Predators

PROGRAM

olfaction
vision
motor skill

audition
linguistic ability
executive function
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Connecting During a Pandemic




Wired for Connection — Mirror Neurons

(A) Monkey at rest

(B) Grasping execution

(C) Observation of grasping movements

A mirror neuron is in a resting state
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(No electrical signals)

A mirror neuron fires
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Restoring Connection with Cochlear
Implants: What are we missing?

Sharon L. Cushing







ik



ik



Building a Brain

Intellect

Perceptual Percepti Development
Motor ol

Awamess of Two

Sides of Body

CENTRAL NERVOUS SYSTEM
Pyramid of Learning. (Williams & Shellenbeger,1-4)



Building a Brain

Intellect

Perceptual Samee Development
Motor s

Awamess of Two

Sides of Body

CENTRAL NERVOUS SYSTEM
Pyramid of Learning. (Williams & Shellenbeger,1-4)



Normal Aural Preference
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Auditory Deprivation

Duration of
deafness
Reduced

activity BB

6.5 yr
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Abnormal Aural Preference

Long Delay
(> 2 years)

Short Delay |

(< 1.5 years)

Simultaneous |

Normal |

Left cortex Right cortex
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Vestibular Effects of Cochlear Implantation
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Vestibular Dysfunction is Common in
Children with SNHL N

/0% dysfunction

35-40% complete
areflexia

vestibular impairment is the single

most common associated feature of SNHL Ot Neurotol. 2013



Measuring Balance

Bruininks-Oseretsky (BOT2) Balance Subtest

1. Standing with feet apart on a line Eyes Open 10 sec.
Eyes Closed 10 sec.
2. Walking forward on a line 6 steps
3. Standing on one leg on a line Eyes Open 10 sec.
Eyes Closed 10 sec.
4. Walking forward heel to toe on a line 6 steps
5. Standing on one leg on a balance beam Eyes Open 10 sec.
Eyes Closed 10 sec.
6. Standing heel-to-toe on a balance beam 10 sec.

N= 190 children with CI tested






Vestibular Loss Impacts Balance

balance deficits are not always apparent










When Balance is Poor — Implants Fail

e static and dynamic balance — BOT-2

16
14
12
10 |

BOT-2 Balance Subset Score

o N M OO

Standardized non-
normals reimplanted Otol Neurotol. 2015
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When Vestibular Function is Poor — Implants Falil

p =0.0002

bilateral
areflexia

B abnormal
B normal

non re-implanted

re-implanted
Otol Neurotol. 2015



When Vestibular Function is Poor — Implants Falil

vestibular & balance
dysfunction

risk of Cl failure

Bilateral Areflexia
Odds ratio: 8.6
Implant failure

Otol Neurotol. 2015
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Building a Brain
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Perceptual Development
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Balance and Navigation




Development of Spatial Knowledge
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Development of Spatial Knowledge
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Development of Spatial Knowledge
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Hearing Loss Impacts Balance
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BOT-2 Scale Score
r ® ® o N o
1 J

N

o

normal hearing hearing loss Otol Neurotol. 2009



Bilateral

©
e
()
)
©
[=
=)







Effects of Poor Spatial Hearing

Normal binaural hearing

Abnormal binaural hearing

No binaural hearing

Normal hearing (n=36)
10.0 £ 3.3 years of age

Bilateral Cl (n=32)
9.1 £ 3.0 years of age

Untreated SSD (n=20)
10.8 £ 4.1 years of age
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Memory Deficits are Visuospatial
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Dot Matrix Test Corsi Block Test
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Memory and Learning Deficits
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Component 1: Memory and Learning
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Development of Spatial Knowledge

[Balance and Navigation]
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Sensory Loss Impacts Balance
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Sensory Loss Impacts Balance

BOT-2 Scale Score
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Development of Spatial Knowledge
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Balance is Impaired in Developmental

Visual Anomalies

BOT2 Balance Score

30
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Control Strabismus

Amblyopia
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Balance is Impaired in Developmental
Visual Anomalies
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Development of Spatial Knowledge
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Vestibular Effects of Cochlear Implantation

(positive)
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Measuring Plasticity

Left Hemisphere Right Hemisphere




Plasticity is Required for Listening
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Right Stimulation
Cl Experienced — Normal Hearing Dipole Differences
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The Effort of Processing
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Binaural fusion & listening effort
Pupil Diameter vs. Reaction Time
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Can Electrical Current from a Cochlear Implant
Spread to the Vestibular System ?
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VEMP Waveforms (same ear)

acoustic

P 100.00pV
5.00ms

electric




VEMP Waveforms (same ear)

acoustic electric

100.00pV
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Vestibular Abnormalities Cause Functional Deficits




Subjective Visual Vertical (SVV)

4

—

e Positive = tilt to the right
e Negative - tilt to the left

e Normal range: = 2°
(Brodsky 2015, 2016)

e Bias —2initial direction of

linear marker
(Pagarkar 2008; Toupet 2015)



Electrical Stimulation Shifts the Perception of Vertical
Back to Center

SWh score change with CI stimulation

77 Leaning left
<
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5- Shifted right
4 L
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- Legend
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SVV Score with no stimulation Front Integr Neurosci. 2016



TransCochlear Stabilization of Balance

® accelerometer and
gyroscopic sensor

e conversion to ClI
stimulation
head referenced
deviation signalled

transferred electrically
to implant

16 patients
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Meaningful Implant Stimulation Improves
Balance

10 -

BOT-2 Scaled Score

/

off on

BalanCl condition Audiol Neurootol. 2019



Time to Fall Approaches Normal

10.0 1
7.51
0
E © Normal Hearing
o 5.01 @BalanCl on
® @ BalanCl off
£
|_
2.51
0.0 1 o .
Audiol Neurootol. 2019
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Postural Stability Improves
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Single Sided Deafness in Children




Single Sided Deafness in Children




Unilateral Hearing Loss Has Impact

e 1/3 failed at least one grade B

e 50% failed a grade or el
needed additional =y
resources at school ~ 3

tats -t
3rd 6th 9th

Grade Level

Bess and Tharpe, Int J Pediatr Otorhinolaryngol. 1991



Consequences of SSD in Children

Quality of Life

Speech & Language Grade Failure

Unilateral
Loss

School IEP &

Performance Speech Therapy

Behaviour

Lieu et al.. Laryngoscope. 2012




Etiology of SSD circa 1990

O Unknown (60%)

. Perm. Conductive (25%)
B Meningitis (4%)

B TBI (3)

B Heredity (2%)

O viral (22)

B ras (1%)

[ Other (3%)

English et al, LSHSS 1999



Etiology of SSD circa 1990

absent cochlear nerve
asymptomatic cCMV

O Unknown (ﬁ{::-%}/
. Perm. Conductive (25%)
B Meningitis (4%)

B TBI (3)

B Heredity (2%)

O viral (22)

B ras (1%)

[ Other (3%)

English et al, LSHSS 1999



Etiology of SSD circa 1990

absent cochlear nerve
asymptomatic cCMV

O Unknown (ﬁ{::-%}/

. Perm. Conductive (25%)

B Meningitis (4%)

B TBI (3)

B Heredity (2%)

O viral (2%) ——— > symptomatic CMV
B ras (1%)

[ Other (3%0)

English et al, LSHSS 1999



cCMV is Common in SSD

Children with SSD
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Proportion of Children with cCMV
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HNO. 2019



Children with cCMV Proceed to Implant

Children with SSD and cCMV
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Congenital Cytomegalovirus
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Congenital Cytomegalovirus Klds
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Congenital Cytomegalovirus

PROGRAM

photos courtesy of Dr. Rokert, Harrison,

PO
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Congenital Cytomegalovirus Klds
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92% Vestibular end-organ Dysfunction
33% Complete Bilateral Loss

50% Progressive

Bernard et al. Pediatrics. 2015

50% Otolithic Dysfunction

cVemp
Maes, Ear & Hearing. 2016

20-50% Sensorineural Hearing Loss

RO
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Balance is Impaired in SSD

BOT-2 Scaled Score

25

20

15

10

P=0.004

Unilateral Hearing
Loss

Normal Hearing

Otol Neurotol. 2016



Balance is Impaired in SSD

25 -
P=0.004

|

20

15 -

hearing loss

10 -

5 bilatera
vestibular
loss

BOT-2 Scaled Score

Unilateral Hearing Normal Hearing
Loss Otol Neurotol. 2016



Vestibular Dysfunction in SSD Kuds
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Horizontal Canal Dysfunction
48% Caloric Reduction
50% VOR loss VHIT

Otolithic Dysfunction
62.5%

Utricular 42% oVEMP

Saccular 25% cVEMP

Z
II

20
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Consequences of SSD in Children

Quality of Life

Speech & Language Grade Failure

Unilateral
Loss

School IEP &

Performance Speech Therapy

Behaviour

Lieu et al.. Laryngoscope. 2012




Consequences of SSD in Children

Quality of Life

Grade Failure

Unilateral Hearin
Loss =

IEP &
Speech Therapy

Speech & Language

School

Performance

Behaviour

Lieu et al.. Laryngoscope. 2012



Aural Preference Restored

IMPLANT
PROGRAM

Source Activity Underlying Peak 1 (P1)

' Early Chronic Stimulation ‘ Chronic Stimulation

Acute Stimulation

0.5£0.7 Weeks _ 1.1 £0.2 Months 5.8 * 3.4 Months

Left Ear Right Ear Left Ear Right Ear Left Ear Right Ear

(Implanted) (Normal) (Implanted) (Normal) (Implanted) (Normal)
0.29 - 0.18 0 0.35 0.10 18
T o T T o T
2] 2] 2] o 7] w
] ® 0] [0] © (0]
c = c = = =
o o o [= R (= (=1
o 2 2 o 2 o
' U N 4 Q N N N N N

0 0

Duration of Stimulation

( AA Canadian Acadery of Audiology
Heard. Understood.

Academie canadienne d'audiologie A( A
Entendus. Compris.




Summary

e sensory deficits lead to impairment
performance and development

e implants restore sensation
limits
compensation with effort
cross-modal?

e outcomes are complicated
extend beyond hearing & language
many gaps in knowledge exist



What Drives Plasticity in Children?




What Drives Plasticity in Children?




Delta Grand Marriott Hotel, Kelowna, B.C.
Save the date: October 13-16, 2021 in

CAA Conference 2021
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Upcoming and On Demand Webinars
canadianaudiology.ca/webinars/

« Therapeutic Techniques for Counseling Complex Patients with

Hearing Challenges and Their Families with Michael Hoffman - Nov
12

 Measuring and Understanding Tinnitus - including patients views on
the 'Meaning of Life' with Richard S.Tyler Nov 19th

« Adult amplification and Aural Rehabilitation with Gurjit Singh - Nov
24t

 Audibility-based Hearing aid Candidacy for Children with Ryan
McCreery Nov 10th
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