Bilateral Cochlear
Implantation

IF ONE IS GOOD, ARE TWO BETTER?
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You've probably heard of bilateral cochlear implants and wonder
if taking your journey in that direction is right for you. At some
point in the evaluation process, most cochlear implant candidates
do think about whether they should get implants in both ears.
The information explained in this brochure may provide insights
that can help in making your decision. VWhat's involved in bilateral
implantation? What can you reasonably expect if you decide to
pursue this course! What do current research studies indicate?
What role could technology play in binaural hearing?

Keep reading, and continue to learn as much as possible about what
bilateral cochlear implants could mean for you.
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Why Bilateral?

A look into a growing trend

Until 1995, clinics and patients looked at bilateral implants
as a technology upgrade, rather than an enhancement to
improve binaural listening skills. Bilateral implantation was
attempted only occasionally and only in certain types
of patients. For instance, instead of replacing a still-
functioning older implant, the ear on the other side was
implanted with newer technology. At that time, bilateral
implantation was also used as a promising strategy for

enhancing inadequate performance of a device in the
first ear.

But testing of these early patients promised more
exciting possibilities. Results indicated that their auditory
systems could process sound from both sides, the
same way it worked in people with normal hearing. In
1996, a MED-EL patient at the University of Wirzburg
in Germany was reportedly the first person implanted
with a goal of restoring binaural hearing. In 1998, the
same clinic accomplished the first bilateral implantation
to restore binaural hearing in a child. Since then,
bilateral implantation has gained momentum, resulting

in thousands of bilateral MED-EL users worldwide, more
than two-thirds of them children.

As the research data grows, we can begin to reach some
basic conclusions about the effect of hearing with one
implant versus two. In addition, we can draw conclusions from
the vast amount of research that evaluates binaural hearing in

people with normal hearing, with single-sided hearing loss, and
those using binaural hearing aids.

BILATERAL COCHLEAR IMPLANTATION



With two cochlear implants, there is an
_amazing and comfortable

clarity of sounds -
speech Is clearer,

music is sharper —

and all of this

leads to less effort

on my part to be
connected to

others and

to the world!

BEVERLY E.




What Is Binaural Hearing

The term “binaural hearing” refers to specific listening skills that can only be
achieved with two ears. When we hear with two ears, we are able to orient
ourselves in space and can choose to pay attention to certain sounds or voices
selectively. We can also distinguish important sound information even in difficult
listening environments, such as a noisy room with voices in the background.

Binaural hearing is extremely important for everyday life and helps us with:

The ability to determine the direction of a sound (localisation).
Localisation helps identify the direction of a sound, so that individuals can
react accordingly. For instance, we hear a person call out to us on our right
side, and we know which way we need to turn to respond. Just as the brain
needs two eyes to determine the distance of an object, it needs input from
two ears to hear where a sound comes from.

The ability to perceive speech in noisy situations (speech understanding
in noise). When we hear with two ears, we can more clearly and easily
understand speech in classrooms, where background noise is inevitable.
We are also better able to separate the important information our friend
is telling us from the background noise in a busy restaurant. With two ears,
we do not have to listen as closely to conversations, and need less effort to

follow a conversation, than when we're listening with one ear.

The position of our ears on the sides of our head makes these binaural abilities
unique, and helps us perceive a sound slightly differently with each of our ears.
Our brains then analyse these small differences between the right and the

left ear. The brain processes the rapid and intricate comparison of differences
between ears, giving us the ability to localise sounds, and to distinguish speech
from background noise. When we hear with only one ear, we cannot perceive
these differences easily, which leads to more difficulty with localisation and

speech understanding in noisy environments.
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Hearing with two ears

[t is well-accepted that listening with two ears provides an advantage in noisy
environments'234%6 that is necessary for finding the direction of a sound’

For people with hearing loss, there is overwhelming evidence that, in most
instances, using two hearing aids for amplification helps achieve better
performance than only one across a wide variety of conditions®?. It is also well-
accepted today that binaural hearing aid fitting can restore sound localisation,®

at least in listeners who are moderately to severely impaired."

Hearing with only one ear

People with hearing loss in one ear generally report difficulties with hearing
conversations on the impaired side, finding the direction a sound is coming
from, and understanding speech in noisy situations. However, their speech
understanding in quiet environments is generally as good as that of people with
“normal” hearing. As listening conditions worsen (i.e. become more noisy), the

difficulty experienced by a person with unilateral hearing loss increases.”?

A relatively large number of children experience unilateral hearing loss.™>'*
Children are especially negatively affected by unilateral hearing loss during

the years of language learning and academic development. Up to 35 percent

of children with unilateral hearing loss fail one or more grades in school, and
demonstrate significantly poorer speech understanding in the presence of noise
than their normally-hearing counterparts.'> As expected, localisation ability is
significantly poorer in children with unilateral hearing loss than for children with
“normal” hearing.'¢ Research clearly demonstrates that the benefits of bilateral
hearing are lost when only one normally-hearing ear is available. When these
statistics are considered along with the real-world challenges of ever-changing
noise levels in most school classrooms, the importance of achieving the best
possible hearing to support language growth and academic development
becomes very obvious. These findings in people with unilateral deafness could
lead us to assume that listening with two cochlear implants, rather than one, has
important advantages.

love having two cochlear implants!

Hearing with two is much better

than hearing with just one.

RACHEL S. (AGE 5)



Most surgeons agree that implanting a second device is really no different than
implanting the first. Candidacy requirements are the same, surgical risks should
not vary, and potential benefits/limitations of one implant apply equally to two
implants. However, your implant team may have varying recommendations or
opinions regarding the timing of surgery. Bilateral implants can be placed either

or depending on your decision and consultation
with your surgeon.

implies a new implant candidate chooses to receive
bilateral implants to start his or her cochlear implant journey. Both implants
are placed and activated at about the same time. Although the devices can
be placed during one operation, some implant centres recommend two
separate surgeries within a short time. Typically both implants are activated
together, usually over a day or two. This allows the brain to begin its Cl listening

experience with sound coming from both ears.

means a person initially receives one implant, and then later
on decides to have the other ear implanted. There are still many unanswered
questions about the amount of time that passes between the two procedures
and how the timing affects results. Although it is generally thought that a shorter
time is better, there are implant users who receive their second implant many
years after their first, and are happy they decided to implant the second side. It
makes sense that there is a lot of variability — there is no good way to predict
how well a person might perform with one implant given their unique history,

and that same variability exists with the second implant.

If you are a cochlear implant user who is considering becoming bilateral, talk
to your implant centre. Your cochlear implant team will be able to help you
establish appropriate expectations based on your history and experience
with your first implant. It is very helpful to talk with other implant users

who have been through this experience. You'll find lots of MED-EL cochlear
implant recipients on the hearpeers.com user forum who will be happy to share
their stories.
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What to bExpect

Whether you choose one implant or two, you need to have a clear
understanding of the expectations surrounding cochlear implantation.

Your understanding of the process and how it might relate to your particular
circumstances will greatly influence your experience and outcome. It is
important to work closely with the implant centre to make sure that
expectations are realistic given your situation. In general, there are a few

things that are worth considering:

Expectations may need to be adjusted depending on the hearing history of
each ear. Generally, ears that have shorter durations of deafness, that have
had consistent hearing aid use even without significant benefit, and that
have measurable hearing are viewed as “better” ears for implant. [t may

be important to understand how much each ear contributed with hearing
aids. That doesn’t mean that an ear with a longer duration of deafness,

for example, shouldn't be implanted, or couldn't contribute to a three-
dimensional hearing experience, but expectations may need to reflect

different characteristics of each ear.

If you are choosing bilateral implantation after having one implant for a
while, it will be important to remember that the second ear will need to
go through a learning process in the early days, weeks and months, just
as the first ear did. Some people find that the process speeds up a bit,
but most users would agree that it is realistic to expect an adjustment
period. Sometimes this adjustment can come as a surprise — once you
become accustomed to hearing with the first implant, it is easy to forget
the amount of work that was required to get there. This is especially true
for children, who may have received their first implant at a young age and
don’t remember their early days of implant use very well. It is important
for parents to prepare their child that the “new ear” may need some time
to learn to hear well.

[t is also important to have realistic expectations about equipment maintenance
and cost. Battery use will double (although this is easily managed with today’s
rechargeable batteries). Establish a budget and plan for routine replacements,
such as cables, for the second system. You should also consider long-term costs

for maintenance and external equipment replacement.

BILATERAL COCHLEAR IMPLANTATION



Later in this booklet, you'll find the latest research findings with bilateral

implants. Research studies test subjects in a clinic or lab, and the findings

from these studies could help you and your implant centre decide whether

bilateral implantation is a good decision for you. However, a lab environment

isn't the real world. Aside from clinical test results, patients report practical

considerations.

Many patients suggest that one of the best things about having two
implants is that they are never “off the air.” If you need to replace
batteries on one side, for example, the other side is still on while you're
putting in new batteries. The small size of the MED-EL audio processor,
and our wide variety of wearing options, means you can wear two audio

processors without feeling weighed down.

Special bilateral listening accessories provide a stereo listening experience,
which is very exciting for some users. Some patients report that having a
second device helps them feel somehow ‘balanced” and more connected
to their environment because they have sound input from both sides.
Others tell us that they don't have to think so much about how they
manage difficult environments — for example, positioning their “good” ear
closer to the sound source. Driving might be easier if you are trying to
talk with a passenger, especially if your only hearing ear is facing away from
the passenger on your other side. Listening effort may also be reduced,

as some listeners report feeling less fatigued at the end of the day when

wearing two versus one.

Finally, bilateral implantation ensures that the “best” ear has been
implanted. Based on your history, your implant centre may be able to tell
you that one ear has a better chance of success than the other. But, more
often than not, especially when the hearing loss and history is essentially
the same between the two ears, "“best ear” is impossible to determine.
Some bilateral implant users have reported that the ear they thought would
hear best with an implant actually doesn’t contribute the most. Other
patients start by implanting their “worst” ear, but when it quickly begins

to outperform the “better” ear that is still using a hearing aid, they begin

considering the potential benefit from a second implant.



Listening practice under the guidance of a professional can be very beneficial
whether you have one implant or two. We recommend that all children receive
auditory therapy in addition to any other types of habilitation for speech

and language they might get after implantation. Although fewer adults seek
rehabilitation, those who do generally report that it helped them adjust quickly
when using either a first or second cochlear implant. The therapy environment
is the best place to work on listening in difficult situations, which can translate

into communicating with more ease in the real world.

The addition of a second implant may

or may not change what your therapist Simultaneous :: both cochlear

recommends. In the case of simultaneous implants are received at or

bilateral implantation, most professionals nearly at the same time.
recommend starting off with both implants Sequential :: time has passed

on all the time. There might be times where it between receiving the first and

is important to isolate one ear or the other :
. . . second cochlear implant.
during therapy or for testing, but in general,

both implants are in use simultaneously.

However, in the case of sequential bilateral implantation, therapy
recommendations vary from centre to centre, especially if a significant amount
of time has passed between the two surgeries. Some therapists recommend
using only the new implant for a period of time, so that the “new ear” works
harder to catch up quickly. Others recommend using both right away, while
some may recommend a compromise. For example, a student might initially wear
both implants at school to get academic information, but might only use the new
implant in therapy situations, or at home where the demand to understand is not as
critical. Talk with your therapist about his or her philosophy, and know that there is

no one correct way. If one method doesn’t seem to work for you, try another!
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Experience

with bilateral cochlear implants

The interest in bilateral implantation began building momentum in the late
1990's after several case reports at international research conferences.
Researchers reported that bilaterally implanted individuals were showing
improved ability to understand speech in noisy environments and to locate the
direction of a sound, the primary areas where patients with only one implant
tend to struggle. As interest has grown, many studies have been reported from

both industry and a variety of independent research institutions.

A review of the research
[t is possible to test whether a person is able to use sound coming from both
ears to make these difficult judgments. If having two ears improves the test
score, we call that a "binaural advantage.” Generally, four listening skills are
tested to determine whether a binaural advantage is present:
speech
Head shadow effect. The head helps block noise

for the ear that is farthest away from the noise. If the

head shadow effect is present, the ear farther away

>

from the noise helps the brain more than the ear on

Head Shadow Effect the same side as the noise.

Summation effect. Information presented to
both ears increases ease of hearing, because the

information is presented twice to the brain — once

-

from each ear. Two presentations give the brain a

Summation Effect better chance of understanding the information.

Squelch effect. The squelch effect is the most
difficult to describe. It is the ability of the brain to
analyse the difference in the mix of speech and noise

at each ear In essence, the squelch effect is the result of

A

Squelch Effect the brain using both ears to help minimise background noise.

Localisation. Localisation is the ability to know
which direction a sound is coming from, and helps

us orient ourselves in our environment.

o

Localization



Jacob has a much easier time

localising sound with both
cochlear implants than with just one.
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In the years 20002008, over 200 research studies were published or

presented that investigated bilateral implantation. Across these studies, results
support the possibility of improved outcomes for both adults and children with
bilateral implants. Some of the key findings are summarised here:

Studies in adult users:

= Adult bilateral Cl users demonstrated all of the binaural effects
(head shadow, summation and squelch) that normal hearing
individuals enjoy. 7181920

= Several studies have reported restored ability to localise sounds.?222224
Two of these studies showed that subjects went from guessing where a
sound came from while using one implant, to knowing the direction when
the second implant was added. Another study found that localisation was
nearly as good with implant users as it was with individuals with normal
hearing. One study noted that localisation abilities developed over time and
were stable after five months of bilateral implant use.



: Binaural listening skills seem to develop over the first year of use.

Simultaneously implanted adult bilateral Cl users demonstrated improved
speech understanding in quiet when using both ears compared to only

one? (summation effect).
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This result was found to be present over the first year of bilateral implant
use. The head shadow effect was found to be present by six months,

and although the squelch effect was not measurable at six months, it was
present by one year of bilateral implant use.

: Even when researchers created a more difficult listening situation by using

multiple sound sources, a significant bilateral advantage was found, and the

largest effect was found in the most difficult conditions.?
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Studies in children:

= A study of 39 bilaterally implanted children showed that communication

behaviour improved with the second implant, especially in difficult listening
situations. The children demonstrated better understanding of spoken
words, and significantly better understanding of speech in noise when using
both implants.?”

i Although localisation skills are difficult to measure in children, one study

showed that 2/3 of a group of bilaterally implanted children were able to tell
the difference between two separate but close sound locations, and the
implanted children in the study even outperformed children who listened
with two hearing aids.?® Another study on young children found that
localisation skills were starting to develop in toddlers with bilateral Cls, but

were not seen in toddlers with only one cochlear implant.”



Audrtory Development

and timing of bilateral
implantation in children

Implanted children are a unique group. Unlike adults who may have had hearing
and then lost it, children usually learn to listen using only the sound from the
cochlear implant. We all know that it is more difficult to learn certain things

as we get older — such as learning second languages —v and it has long been
suspected that there is a “critical window” of time early in a child’s life when

he or she has the best chance of making use of sound for the development of
language. To make matters more complicated, it is also very difficult to study
some of the complex effects of binaural hearing in young children because they

can't follow the test instructions.

Taking a very different approach, one group of researchers has studied the brain
waves of children with hearing, those with hearing loss, and those who receive
unilateral and bilateral implants.*®3'32 This research group has been able to show
that hearing brain waves are not present in deaf children, but they develop after
the child receives a cochlear implant. They also found that there appears to be

a “sensitive period” for development of binaural listening abilities. Children who
received their implants prior to age 3”2 were able to take the most advantage of
the brain’s ability to learn new things, but it didn't seem to make a big difference
whether they received both implants at the same time, or one later than the
other, as long as both implants were in place by age 3%%.

BILATERAL COCHLEAR IMPLANTATION |7



Evan thinks it's such a cool thing to

listen to MUSIC on his iPod®
in “stereo sound.” It has now become his

ritual on the bus ride from school.
PARENT

STEVEL. :=



Bilateral implantation and

Technology

We are still learning which sound cues help most with binaural hearing. It
seems rather clear that listeners with bilateral implants currently use loudness
differences between the two ears to determine the direction of a sound
source. Normal-hearing individuals use this loudness difference, but they also
are able to use timing cues — the lag between the time the sound arrives at
one ear until it arrives at the second ear. Such analysis requires the brain to
have access to a special part of the sound wave called fine structure. You can
learn more about the importance of fine structure in MED-ELs booklet called

"“FineHearing™ Technology."

MED-EL recently introduced FineHearing™, a new method of creating the
special sound code that is sent to the implanted electrode. This new method
includes fine structure information. In unilateral implant users, clinical trials
showed that FineHearing helped to improve music appreciation, as well as
the ability to understand speech in difficult situations. It is expected that the
addition of fine structure information might also help with music appreciation

for people with bilateral implants, because fine structure includes timing cues for

low frequency sounds.

BILATERAL COCHLEAR IMPLANTATION



Bilateral User Support 00

The OPUS 2 is the FIRST processor to offer
direct support to bilateral users. One
FineTuner remote control can be used to
make adjustments to two audio processors!

In addition to the coding of sound, technology can support practical
considerations. For the first time, the OPUS 2 processor from MED-EL offers
special built-in features that support bilateral use:

= A FineTuner™ remote control that can operate both audio processors. A
bilaterally implanted listener needs only one FineTuner to make adjustments

to either processor.

= [RIS — Individual Recognition of the Implant System — is a feature that
works in combination with the PULSARCI'®® and SONATATI'%0 implants
to protect against placing the processor on the wrong ear. If the processor
is coded for the right implant, then the left implant will simply refuse to
respond if the processor is placed on that ear.

= A special binaural accessory cable is available to connect to battery-
operated devices, such as an iPod®. This supports
a stereo listening experience without being
any more encumbered than someone using
headphones.

: The DaCapo™ rechargeable battery system
offers two recharge slots in the charger. Fast,
four-hour charging ensures that bilateral users can

always have a charged spare battery on hand.

20
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MED-EL

A Visionary Company

Since MED-ELs founders developed one of the world's first cochlear
implants in 1975, a strong research tradition has continued to fuel the

development of technologically advanced hearing solutions. MED-EL offers

implantable solutions to treat different degrees of hearing loss, including

cochlear and middle ear implants, combined Electric Acoustic Stimulation

and auditory brainstem implants.

fr" Il ]

1994 Introduction
of the COMBI 40,
the world’s first
multi-channel high-
rate cochlear implant.

1990 MED-EL hires | 1991 MED-EL

its first employees. launches the world's
first BTE (behind-
the-ear) speech
processor.

1977 Implantation 1989 Introduction
of the world’s first of the COMFORT
hybrid multi-channel cochlear implant.
cochlear implant in

Vienna.

1975 Cochlear
implant development
started by MED-EL
founders Ingeborg
and Erwin Hochmair.

1996 Introduction
of the COMBI 40+,
the thinnest cochlear
implant available.

1995 Introduction
of the CIS LINK
system.

1997 The COMBI
40+ Split Electrode
(GB) is introduced
for cases of cochlear
ossification.




2003 Acquisition
of the Vibrant
Soundbridge®, the
first implantable
middle ear hearing
device for mild-to-
severe sensorineural
hearing loss.

1999 Launch of the
TEMPO+ behind-
the-ear (BTE) speech
processor.

2004 MED-EL
launches the
PULSARc'00
cochlear implant,
providing future-
ready electronics in a
ceramic housing.

2007 Approval of

EAS, the ideal solution

for partial deafness,
and the Vibrant
Soundbridge® for

conductive and mixed

hearing losses in

Europe. Launch of the

DaCapo rechargeable
battery system.

2005 Introduction
of the MED-EL
DUET EAS™

Speech Processor

in Europe, the first
hearing implant
system worldwide
to integrate cochlear
implant audio
processing and
acoustic amplification
in one compact
device.

2009 EAS in the
2nd generation.
European launch of
the DUET 2 Audio
Processor.

&

2008 The new
MAESTRO™ 3.0
system software
approved in Europe.
The OPUS processors
are now also available
for COMBI 40+
implant users.

2006 Launch of the
OPUS processors.
The SONATA'00
cochlear implant,
with small titanium
housing, and the
FLEX electrode for
all implant types are
introduced.

The Hearing Implant Company
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Worldwide Headquarters

Furstenweg 77a

6020 Innsbruck, Austria

office@medel.com

MED-EL GmbH
Niederlassung Wien
Liechtensteinstr. 22a
1090 Wien, Austria
office@at.medel.com

MED-EL Deutschland GmbH
Moosstr. 7, 2. OG

82319 Starnberg, Germany
office@medel.de

MED-EL Deutschland GmbH
Biiro Berlin

SchloBstr. 57

14059 Berlin, Germany
office-berlin@medel.de

MED-EL Deutschland GmbH
Office Helsinki

Valimotie 13a

00380 Helsinki, Finland
office@fi.medel.com

MED-EL Unita Locale Italiana
Via Maso della Pieve 60/A
39100 Bolzano (BZ), Italy
ufficio.italia@medel.com

VIBRANT MED-EL

Hearing Technology France
Village d'Entreprise Green Side
400 av Roumanille - BP 309
06906 Sophia-Antipolis Cedex
France

office@fr.medel.com

MED-EL GmbH Sucursal Espaia
Centro Empresarial Euronova
Ronda de Poniente num.2, 2°A
Tres Cantos

28760 Madrid, Spain
office@es.medel.com

MED-EL GmbH

Sucursal em Portugal

Av. Sd da Bandeira,

77 — 1° Dt° Fte.

3000 — 351 Coimbra, Portugal
office@pt.medel.com

MED-EL UK Ltd

Great Cliffe Court, Dodworth
Barnsley, S75 3SP, UK
office@medel.co.uk

MED-EL Corporation

North America

2511 Old Cornwallis Road, Suite 100
Durham, NC 27713, USA
implants@medelus.com

MED-EL Latino America S.R.L.
Viamonte 2146 P 9
(CI056ABH) Capital Federal,
Argentina
medel@ar.medel.com

MED-EL Middle East FZE
Dubai Airport Free Zone
P.O. Box 54320, 54321 Dubai,
United Arab Emirates
medeluae@emirates.net.ae

MED-EL India Private Ltd
#505 Pragati House
47-48 Nehru Place

New Delhi, 110019 India
implants@medel.in

MED-EL Hong Kong

HQ Asia Pacific

Room 1301, Ashley Nine

9-11 Ashley Road, Tsim Sha Tsui
Kowloon, Hong Kong SAR
office@hk.medel.com

MED-EL Philippines HQ

1501 Richville Corporate Tower
Industry Road

Madrigal Business Park

Ayala Alabang, Muntinlupa City
RP-1702 Philippines
office@ph.medel.com

MED-EL China Office
Unit 1012, Tower D,
SOHO New Town,
No.88 Jianguo Road,
Chaoyang District,
Beijing, 100022, PR China
office@medel.net.cn

MED ©EL

MEDICAL ELECTRONICS

MED-EL Thailand
326,326/3-4 Sukhothai Road
Suanchitladda, Dusit, Bangkok
10300 Thailand
office@thai.medel.com

MED-EL Malaysia

N8 & N9, Ground Floor
CMC Centre, Jalan Cerdas
Taman Connaught, Cheras
56000 Kuala Lumpur, Malaysia
officec@my.medel.com

MED-EL Singapore

41 Science Park Road

The Gemini, Lobby B #04-03A
Singapore Science Park Il
Singapore 117610
office@sg.medel.com

MED-EL Indonesia
Jalan Perkici 17 Blok
EB 15 no 32, Sektor 5
Bintaro Jaya, Tangerang
Indonesia
office@ind.medel.com

MED-EL Korea

Room 706, Jeil Building,

#256-13, Gongduk-dong, Mapo-ku
Seoul 121-803, Republic of Korea
office@kr.medel.com

MED-EL Japan Co., Ltd
7F TIK Bldg., 3-2-3 Hongo
Bunkyo-ku

Tokyo, 113-0033 Japan
info@medel.co.jp

MED-EL Liaison Office
Australia-NZ

PO Box 585

Cottesloe (Perth), WA 6011
Australia
office@au.medel.com
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