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* Clinical trial with MED-EL

* Therapy protocol based on what we’ve learned so far
* Special considerations

*  What questions remain
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Disclosures M—C

MEDICINE

MED-EL sponsored study.

* CAUTION: Investigational Device Exemption. Not an approved FDA
Indication.

* Dr. Park receives research grant support from MED-EL Corporation.
* Dr. Brown serves on the MED-EL surgical advisory board.
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20 children ages 3.5-6.5

* Two children who were older were implanted under compassionate use.
* Ages 12 and 7 years with 2 years of reported deafness

Varying etiologies: (i.e. EVA, CMV, Waardenburg Syndrome, head
trauma, unknown)

The duration of deafness varied and was unknown for 9 subjects.
All had normal cognition and spoken language skills
Two had articulation delays at the time of implant.



Procedures: Tracking Progress g
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An informal auditory skills tracking tool was developed using a
hierarchy of auditory skills

Baseline information on auditory skills was obtained at activation
with the participants listening with both ears

The Cl ear was isolated using direct connect

Checked progress by presenting stimuli to the Cl ear at 2 wks, 5 wks,
3mos, 6mos, 9mos, and 12mos post-activation
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Procedures: Therapy
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* Intervention program focusing on isolating the Cl ear

* Children received therapy for the first 12 mos
* Every other week for the first 6 mos
* Once per month for the 2" 6 mos

* Therapy setting - in clinic or teletherapy
* Home carryover



Isolating the Implanted Ear S
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Plugging the normal hearing ear: Not enough attenuation to

com

Mas
mas

nletely block sound.
King noise in the normal hearing ear: Can cause central

KIng and make therapy way too challenging.

ISOLATE THE EAR BY STREAMING AND DIRECT CONNETIONS!
* Determine which accessories are available with child’s processor to

ta

ke sound from a computer to their ear.



Polling Question

?
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* Roger Pen

* Roger Select

* Roger Touchscreen Mic
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MED-EL Equipment Set-Up: Connecting to Computer or Tablet

* Put the FM sleeve on the processor.

* Use 90/10 adapter cable to plug into
the FM sleeve on processor and
then into headphone jack of a
phone, computer or tablet.




Equipment Set-Up: Connecting to Computer or RUNC
Tablet with Wireless Transmitter

MEDICINE

P o

* Synchronize the transmitter to the child’s processor.

* Use auxiliary cable to plug into the bottom of the Roger Pen

(transmitter) or the charger with Roger Pen inserted, then into the
headphone jack of computer/tablet.



Therapy Set-Up In-Clinic with Parent S
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* Clinician goes to another room with tablet or computer and a cell
phone. Select a room far enough away so that the child cannot hear
the clinician through the walls with his/her normal hearing ear.

* Parent stays in the room with the child.



Therapy Set-Up In-Clinic with Parent S
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Child is connected to the tablet or computer by synchronizing the
transmitter with the processor (seen on the left).

OR

Directly plugging in using a 90/10 adapter cable with MED-EL device
(seen on the right).



Therapy Set-Up In-Clinic with Parent S
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 Parent & child join a video-conference with the clinician (ex.
~acelime, WebEx, Zoom).

* Parent and clinician connect by cell phone. Parent plugs
neadphones into their cell phone.

 Parent must mute mic on cell phone.
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Home Carryover

Set up similar to in-clinic with two
caregivers/adults/older siblings.

OR

Play pre-recorded stimuli appropriate for the child’s
skill level through their CI for input, or to have them
identify from a given closed set available to the child.
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Skills Developed

Trend for improvement in all skills between 2 weeks - 9mos post ClI
*  Progress began to taper off around 9mos

Most children developed the ability to identify songs, stereotypic
phrases, answer common questions from a closed set, and identify
words from categories by 6 mos post Cl

Most were able to identify multi-syllabic words from an open set, and

answer questions about a paragraph with the topic disclosed by 9 mos
post CI

Performance with speech babble, identifying Ling 6 sounds, and
identifying environmental sounds was highly variable
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*  Brown KD, Dillon MT, Park LR. 2021. Benefits of cochlear imBIantation in childhood unilateral hearing
loss (CUHL Trial). Laryngoscope. [Published Online Ahead of Print]. DOI: 10.1002/lary.29853.

. Lopez EM, Dillon MT, Park LR, Rooth MA, Richter ME, Thompson NJ, O’Connell BP, Pillsbury HCP, Brown
KD. 2021. Influence of cochlear imFIant use on perceived listening effort in adult and pediatric cases of

unilateral and asymmetric hearing loss. Otol Neurotol. [Published Online Ahead of Print]. DOI:
10.1097/MAO.0000000000003261.

Park LR, Dillon MT, Buss E, O'Connell B, Brown KD. 2021. Spatial release from masking in pediatric
cochlear implant recipients with single-sided deafness. Am J Audiol. 26: 1-9. [Published Online Ahead of
Print]. DOI: 10.1044/2020_AJA-20-00119.

*  Park LR, Preston E, Noxon SA, Dillon MT. 2021. Comparison of test methods to assess the implanted
ear alone for pediatric cochlear implant recipients with single-sided deafness. Cochlear Implants Int. 24:
1-8. [Published Online Ahead of Print]. DOI: 10.1080/14670100.2021.1903715.
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We now have numerous recipients who were not part of the MED-
EL clinical trial

Varying in ages from 6 mos to 16 yrs
* ©6mo old had meningitis; 16yr old experienced sudden loss

Expectations are different than those for children with bilateral
loss

Therapy recommendations differ from those for bilateral Cli
recipients or children with bilateral hearing loss



Therapy Protocol g
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* For children ages 3-4 yrs +

* Goal for 15t 9 weeks post-activation is to achieve full-time device
use and move through programs

* At 9 wk mapping teach parents how to set up direct connect
using accessories in their kit

* Encourage parents to do some direct connect practice at home
(familiar auditory info) before first therapy session

* |nitial sessions focus on teletherapy set-up and INPUT of familiar
auditory stimuli



Remote Mic Technology




BUNC

SCHOOL OF

Streaming Technology b

Smart App

N 7 Processor

MED-EL
AudioStream

Kanso 2




Therapy Protocol
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SOUND AWARENESS
___(Spesch ond Environnental Sounds)

PHONEME LEVEL**
Spesch Sabiie)

Auditory Learning Guide

DISCOURSE LEVEL
(Avditory Drocessing of Connscted Spaech)

SENTENCE LEVEL

WORD LEVEL

Step 1- Detect * the presence of any
speech syllable.

Step 2- Detect * vowel varniety, (¢] [2) [i] |

and raspberries [b-rr).

Step 1 - Imitate physical actions (before
speech imitations).

Step 1a - Imitate motions of nursery

| Step 1 - dentify familiar sterectypic phrazes or

Y g with yng
vocakzaton

“Step 2 - Imitate any phoneme that chid

produces spontancously when given hand
cue [or other cue).

“Step 1b - Identify nurzery rhymes or zongs.

Step 2 - Recall two critcal elements in 3 mezsage.

Step 1a - Ident#y and imitate approximations of “Learning To
lm'w&:vﬂmhw@s“mﬁcm&g.
{3-3-alawplcne, (v)-{u)/train, (o) {0il/psg in izolation, at the end,
|_and then in the middie of 3.
| Step 1b - identify coe, mo.mdu\ru.yﬂauc-otdsmmbtm
€.g, cot vs. chicken vs. kongaroo.

Step 3 - Detect * conzonant variety,
g, [m-m-m], ) B*) 4] and [wa)
fwa).

Step & - Detact * the presence of
environmental sounds at loud, medsum
and soft levels at close range, ata
distance of 6-12 it and at 2 distance of
greater than 12 R
Step 5 - Detect * whispered (hae] [hae]
and [p] p) Ip)-

Step 6 - Detect * the sounds of the Six
Sounds Test.

sw 3 - Imitate varymg m;nqmmnl
qualites in ph {vary

Stwl Answer common questions with
support, e g, “What's

duration, and pitch) secee now ulx 2c)
(pulsed); [se-2¢) loud/quictiwhizpered; [22]

| highvmic/iow pitch.

Step 4 - Imitate vowe! 3nd diphthong
vanety, e.g. (], [2¢], (aul. (i), etc.

Step S - Imitate alternated vowels 3nd
diphthongs, e.g., [>u) e [a-).

Step € - Imitate conzonants varying n

manner (f nasals, and

that?”, “Where's mamal?”, “Whatis _
dong?”

Step 3 - Recall three critical elements in 2
meszage.

Step 3 - identify 3 picture that corresponds
to 3 story phease in 3 three or four
scene-story.

Step 4 - Complete known lingustic messages
2 closed set (ex nursery rhymes, songs, familiar
stones).

Step & - Identify an object from several
related descriptors (closed set).

Step § - Follow 3 comverzation with the

Usze phonemes previously produced, e g,
M vz fov-m-mf vs. [pf.

topic

Step S - Answer common questions about 3
disclozed and familiar topic: a) without pictorial
cues b) over the telephone ¢) on audiofvideo.
Step € - Recall four or more critical elements in a
mesz2ge to follow multiple element drections.

Step 2 - identify words having the same number of syllables but
difierent P = and c.g, horse va. cow vs.

sheep.

Step 2a - Identify words in which the initiol corzonants are the
same but the vowels and final consonants are different, e.g., bollvs.
bike.

Step 3b - Identify words m which the final conzonants e the zame |
bt the vowels and initial conzonants are different, e.g, food ve.
cord.

Step 4 - Identify words in which the initial and final consonants are
identical but the vowels/diphthongs are difierent, e g book v,
bock.

Step 7 - Detect * the sounds of the Six
Sounds Test at various dstances.

Step 7 - Imitate conzonants differing in
woiced vs. unwoiced cues, e.g., [bY) [BA) v
() () and then with vowel vaniety, (bobo]
[pac-pac]

Seep €a - Answer questions about 3 story
with the topic disclosed.

Step 7 - Complete known Enguists
(open set).

Snp‘l Identify words in which the vowels and final conzonants
but the initiol diffier by three features -
mwxcx.pbceolamcuhbon.ardvomng,e.g mouse v house.

Step 8 - Locate the direction of sound
ampified bisnunally.

KEY

Yoar 1 The color codes in the
e chartdesignate auditory

| Yoar2| behaviors to be mastered
i ‘_,] by the end of the specified
L == year, given optimally fitted
Yeard hearing devices.

Step 8 - Alternate conzonants varying in
place cues, first with varying vowels, e g,
fma-mal [no-nof; /go-gol Ibbil, etc.

Step 6b - Anzwer questions about 3 story
with the topic disclosed; story is
teacher-recorded.

Step 8 - Foliow open =t directions and
instructions (disclosed)

Step Sb - Identify words m which the vowelz and nibia! conzonants.
are identical but the finol conzonants differ by three features -
manner, place of articulation, and voxing, e.g . comb v. coot.

Step 9 - Alternate syllables with varying
consonants and same vowel, e g, (i), (di],
fhol. (go}-

This guide  intended to aid profess

ks in the beginning stages of learning an

auditory-based approach. As professionals acquire more expenience in auditory
teaching, children should progress more rapicly.

The information on thiz chart was adapted from Judy Simser’s article in the Voito
Rewiew (1933) {**items), from the Auditory Skills Program, New South Wales

of School Education , from the Foreworks Auditory Skills Curriculum (1976,
North Hollywood, CA), and from teacher input.

Notes:

“A detection response could include turming head, pointing to ear, clapping, dropping 2

toy in 3 container, etc.

Reference:
Simaer, J1. (1993). Auditory-verbal intervention: Infants and toddiers. Volte Review

95(3): 217-229.

Acknowledgement:
Originally dmbptdkwmeﬂRS 3 trainng program for profeszionals in listering
Mbpednp:mmshpu\dobc«dbyﬂleumtyduoﬂh

and spoken
Caoh\an(hapdulland he

for the Deaf and

Hard of Hearing with funding from I!':Obcrtotm Found:uon €Beth Walker, 2009

Seep 7 - Recall details of 3 story (topic
diclozed.

Step 8 - Sequence the events of a story

| {opi disclosed).

" Seep9 - Retsil 3 story with the topic

disclozed, recaliing ol the details in
sequence.

Step 10 - Make identification based on
several related dexcriptors (open zet)

Step 11 - Follow 3 conversation of an
undizclosed topic.

Step 12 - Retell 3 story about an
undizclozed topic, recalling as many
details 2z pozzible.

Step 13 - Process information in nowse and
3t vanous distances.

Step 14 - Process group conversations.

Step 9 - Recal specic elements in 3 sentence by
but

Step € - identify words in which the vowels and the final/inital
are identical but the initial/final conzonants differ by

s about an
familiar topec.

Step 10 - Repeat each word in 2 sentence exactly.
23) predictable sentences “I'm going to the grocery
store to buy cereal and milk”

b) less predictable sentences “A woman hit me sof
told her o calm down.

Step 11- Qxﬂ»mﬁma:mby
5 on an undisclosed topic.

2

two features: 3) manner and place (voicing i common), moot vs.
goot; b) manner and voicing (place in common), mon v. pom; d

place and voicing (manner in boot vs. coot.

S&p‘h Identify words in which the vowels and final conzonants
are but the indtiol difier by only one feature -
manner of articulation, e.g., boll vs. moil.

Step Tb - Identify words m which the vowels and the intial
conzonants are identical but the finol consonants differ by only cne
feature - manner of articulation, e.g. cloud vs. down.

| Step Ba - Iderafy words in which the vowelz and firal consonants

are entical but the initiol conzcnants défcr by only one feature -
ve«.w@e&.malvsgmt

| Step Bb - Idertify words in which the vowels and mitia! comsonants
are identica! but the finol conzonants differ by only one feature -
e vs. bock.

Step 9a - [dentify words in which the vowelz and final conzonants

are dentical but the initiol consonants difler by only one feature -

| piace of articulation, e.g bun vz. qun.

Snp* wemlymdsmmhmchammscmnc
h but the finol differ by only one feature -

plx:olmu{mn.c; sheep vs. sheet.

Revised: 03/15/16
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Early goals to address in a closed set include:

. nput/identification of Ling six sounds

. nput/identification of familiar songs

. nput/identification of phrases and answering common
questions

. nput/identification of Learning to Listen Sounds

. nput/identification of 1, 2, 3 and 4 syllable words










‘ THE LING SIX Sounds
ah

00
s &
eeee sh
2y~ @

mmm

&

wn
w
n
wn

Tha cow sayi 900000000 The shees 53 basas Saaass

Yaaaaaay, | did it!

It's broken.

P, Be careful, it's hot!

OUCH! That hurts!

Tha moniey $3y3 02024000

The dog says woof wpgt. Thgcot says meow

The car goes brrrmrrrrr, beep beep The train goes chos choo
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Therapy Protocol g
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Once the child has demonstrated mastery of the above goals, increasing the
complexity of goals is next:

|dentification of objects from several related descriptors

Imitating Predictable Sentences (Let’s go play outside, She forgot to bring
her lunch)

Answering questions about a story with the topic disclosed

|dentification of words within a category (Category: animals,desserts,
furniture, Halloween words...)

Minimal Pair Words with final consonants and vowels the same, but
Initial consonant is different in manner (hat/cat) or voicing (bear/pear)



Therapy Protocol g
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Lastly, more advanced goals with increased information within an

open set:

. ldentifying absurdities (The sun shines at night)

. Retelling details of a five sentenced story in sequence

. Minimal Pair Words with final consonants and vowels the

same, but initial consonants differ by place (boat/goat).



Special Considerations S
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* Often kids will report that they can’t hear. This typically does not mean that
they hear silence; rather they can't understand what they’re hearing or
recognize the signal as speech.

* Using a wireless transmitter outside the room results in an intermittent
signal going to the child’s Cl

* Bluetooth can be glitchy

* The Cl outreach representative and audiologist can be helpful in technology
set-up.



Special Considerations S
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WEAR TIME
Target speech & language goals using both ears
Child might not notify adult if processor is not working

Benefits not measured same as with bilateral Cl users (speech in
noise, localization & reduced fatigue rather than speech perception)

Children tend to fatigue quickly when beginning listening through
direct connect - 15-30 min sessions tend to be all they can handle

Good internet connection is crucial



Polling Question

?



Additional Goals M—C
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* Activities to target localization

*  Play hide & seek around the house and call to the child as they are searching for you

* Hide your cell phone and make it ring, then let the child try to find it while listening to the
ringing

*  Sit behind child and play noisemakers on either side; have child point to direction they heard
the sound coming from

* Activities for listening in noise

*  Practice goals mastered through direct connect, while listening with both ears in the presence
of background noise

*  Play white noise, single speaker babble, then multi-talker babble on cell phone nearby



Case Examples



Neena,

5 years old
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Background Information

Mild loss rising to Normal inner ear

Congentital HL; normal in right ear
diagnosed at age & _ structtu = g_f[‘d
Ayrs Profound loss in present audaitory

the left ear NErves

Cause of HL Received left Cl at
unknown age 4yrs, 9mos




Background Information s
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* Speech & language scores pre-Cl:

Oral and Written Language Scales-Second Edition (OWLS-I): This tests understanding and use of language for children and young
adults aged 3 through 21 years. Scores between 85 and 115 are considered normal.

Standard Score Percentile Rank Severity Rating
Listening Comprehension 103 58 Within normal limits
Oral Expression 92 30 Within normal limits
Oral Composite 96 39 Within normal limits

Goldman-Fristoe Test of Articulation (GFTA-3): This test is administered to assess a child’s phoneme production in single
words. Standard scores are based on a mean of 100 and standard deviation of 15. Scores between 85 and 115 are considered within normal
[imits.

Standard Score Percentile Rank Severity Rating

85 18 low average



BUNC
g 2 Week: Hearing Hours Re
POSt CI AUdIOIOgy Percentage (HHP) 62.5% &

reporting that Cl sounds like
“beep beep boop boop tsk tsk”

5 Week: Parents reported patient

2 9 is more aware of the direction of
Week Week sound and notices that she is
asking “where are you?” less.
. ‘ . . 9 Week: parents reported patient
now says she can “hear” them
5 3 instead of reporting hearing
Week Month

beeps and sounds; weekly
teletherapy began

3 Month: HHP=65%; parents

reported improvements listening
in noise




Treatment/Intervention mgNmC

MEDICINE

* Bbmos post Cl - through direct connect listening

Neena was able to:
* Imitate Ling 6 sounds
* |dentify familiar songs
* |ldentify words within a given category
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*  5mos post-Cl updated speech & language testing demonstrated
significant improvements:

Oral and Written Language Scales-Second Edition (OWLS-II): This tests understanding and use of language for children and young adults aged
3 through 21 years. Scores between 85 and 115 are considered normal.

Standard Score Percentile Rank Severity Rating
Listening Comprehension 111 (103) 77 (58) Within normal limits
Oral Expression 113 (92) 81 (30) Within normal limits
Oral Composite 111 (96) 77 (39) Within normal limits

Goldman-Fristoe Test of Articulation (GFTA-3): This test is administered to assess a child’s phoneme production in single words. Standard scores
are based on a mean of 100 and standard deviation of 15. Scores between 85 and 115 are considered within normal limits.

Standard Score Percentile Rank Severity Rating
109 (85) 73 (18) Within normal limits



Treatment/Intervention mgNmC

MEDICINE

Continued progress with speech recognition through direct
connect listening with her Cl only:

* identify words w/in given category - 100% accuracy
* follow open set directions - 100% accuracy
* follow conversation with topic disclosed

Dismissed from therapy after 6 mos, with recommendation to
continue full-time Cl use all waking hours



Dallas, 3 Years Old

HUNC

SCHOOL OF
MEDICINE
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Background Information

Behavioral testing MRI revealed normal
typical hearing right Inner ear structure
and severe-profound and present auditory

loss in the left ACEIES

Passed NBHS in
right ear; failed in
left ear

Cause of HL Received left Cl at
unknown age 2yrs, 7Tmos




Background Information

Preschool
Language Scales- | Standard Score Percentile Rank
S5th Edition

Auditory 103 58
Comprehension

Expressive 103 58
Communication

Total Language 103 58
Score

Severity Rating

Within Normal
Limits
Within Normal
Limits

Within Normal
Limits

HUNC

SCHOOL OF
MEDICINE




Background Information s

MEDICINE

|ldentifying Early Phonological Needs Test in Children with Hearing Impairment (IEPN):

Word
Patterns

Syllables
Stress
IC

FC




Post Cl Audiology

2 9
Week Week
@ O o o
5 3
Week Month

DUNC

SCHOOL OF

2 Week: HHP 77.6%, increased MEDICINE
sound awareness, noticing new
sounds

5 Week: HHP 58.5%, told teacher
Cl was not working at school

9 Week: HHP 55.4%, with direct
connect noticing music, but not
what song

3 Month: HHP 44%, giving
information on volume of sound
with Cl only




Treatment/Intervention

5 3
Week Month
@ O o o
9 6
Week Month

DUNC

SCHOOL OF

5 Week: began bi-monthly tele- MEDICINE
therapy

9 Week: increased tolerance to
Cl alone practice

3 Month: identifying some Ling
Six, beginning id songs and
phrases

6 Month: "Wow mommy, the
sounds. They're in my implant,
it's working"




Joshua,
6 years old

OOOOOOOO
EEEEEEEE



Background Information

Placed in foster care
at age 3.byrs; foster
mother reported
known medical
history was brief

NBHS - passed in
left; referred in right

Born premature -
unknown how early

Natural sleep ABR
Indicated normal
hearing in left ear; at
least severe loss in
right ear

HUNC

SCHOOL OF
MEDICINE

Spent some time in
NICU - possibly NAS
symptoms

Lost to follow up
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Background Information

Behavioral testing
Foster parents reported revealed normal hearing
that he speaks very in left ear, but fatigued to
loudly, is impulsive, and testing and could not
hyperactive obtain thresholds in the
right ear

Referred to UNC Pediatric
Audiology, by PCP, due to
speech delay at age 4yrs

Foster parents working
with county school
Sedated ABR & MRI system to develop IEP &
recommended access support services
— process disrupted by
COVID
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Background Information

Sedated ABR
MRI revealed normal revealed normal
hearing anatomy hearing in left ear; no
response in right ear

Received Cl in right
ear at byrs, bmos

Referred to Cl center




Background Information s

MEDICINE

* Speech & language scores pre-Cl:

Oral and Written Language Scales-Second Edition (OWLS-I): This tests understanding and use of language for children and young
adults aged 3 through 21 years. Scores between 85 and 115 are considered normal.

Standard Score Percentile Rank Severity Rating
Listening Comprehension 84 14 Within normal limits
Oral Expression 110 75 Within normal limits
Oral Composite 96 39 Within normal limits

Goldman-Fristoe Test of Articulation (GFTA-3): This test is administered to assess a child’s phoneme production in single
words. Standard scores are based on a mean of 100 and standard deviation of 15. Scores between 85 and 115 are considered within normal
[imits.

Standard Score Percentile Rank Severity Rating

87 19 low average



Post Cl Audiology

Initial
stimulation 5 Week 3 Month

2 Week 9 Week

DUNC
Initial Stimulation: detected sound T
in Cl and reported “too loud” at b

one point

2 Week: foster parents reported
sound awareness clues from
Joshua

5 Week: Joshua wearing his CI
approximately 5hrs per day

9 Week: Joshua wants to wear
his Cl and asks for it; Weekly
teletherapy began after this apt

3 Month: Joshua wearing his ClI
approximately 10hrs per day
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* Weekly teletherapy began after 9 week mapping

* First two sessions foster mom was unable to connect to

virtual visit; home internet not adequate; scheduled for
internet upgrade

* First time participating in direct connect listening Joshua
reported

* “l can’t hear anything”

* “I'hear beeping” while listening to input of familiar songs
* “l kind of hear it” while listening to input of Ling 6 sounds



Treatment/Intervention mgNmC

MEDICINE

* Next several teletherapy sessions were inconsistent due to
various reasons

* © mos post Cl - Joshua wearing Cl 11hrs per day

* Began identifying familiar songs & Learning to Listen Sounds
from closed set through direct connect listening, but performance
was inconsistent

* A couple more missed sessions; great difficulty attending &
focusing during teletherapy sessions; inconsistent performance
on listening tasks

* Take a break from teletherapy & direct connect listening



Therapy/Intervention S

MEDICINE

* 9 mos post Cl - SLP cotreat w/audiologist: Joshua continuing to
wear Cl 10-11hrs per day

* Joshua reporting “I need my CI” while at home; particularly in
background noise

* Teachers reporting behavior at school significantly improved since
receiving CI

* Discontinued teletherapy with the goal of continued full-time CI
use



Questions that
Remain

How much direct connect therapy is
needed?

How much benefit do kids achieve
without direct connect listening
practice?

How much practice with localization
activities and listening in noise do
Kids need?

Is therapy needed for youn
toddlers’.y &

BUNC

SCHOOL OF

MEDICINE




Thank youl!



