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| NTRCDUCTI ON

Many severely hard of hearing and profoundly deaf persons
seemto get very little help froman ordinary hearing aid. This
observation has led to the devel opment of tactile aids, cochlear
I npl ants etc.

The first ever cochlear inplant was devel oped nearly twenty
years ago. Since then many devel opnents have taken place in this
ar ea.

The present project was undertaken to give a general over-
view of coehlear inplants to the peoplewho are concerned with
the rehabilitation of the hard of hearing individuals.

In thiaproject it is attenpted to give basic infornation
regarding the coehlear inplant, howit works, determning the
candi dacy for cochlear inplants and then concluding with same
views of the rehabilitation concepts with cochlear inplants.
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=| MILESTONES
1790 — 1986

Know edge that hearing coul d be produced by the application
of electrical currents to the ear is nearly aa old as the

knowl edge of electricity itself.

Year H storical achi evenents

Al essandro vol ta devel oped the electrolytic cell
1790 in paris* shortly after that, volta inserted netal
rods in each ear and attached themto a circuit which

produced around 50 volts.....

The sensation volta felt on closing the
circuit, as communi cated to the Royal society was
| i kened to a blowon the head followed by a sound |ike
the boiling of a viscid fluid. The sensation being

unpl easant experinent was not repeat ed.

Sone years later Ritter attenpted the same pro-

cedure with a battery of sonme 100 to 200 cells: This
was a dangerous under taking: It is not surprising that
t he reported di sagreeabl e cerebral effects which dis-
couraged ot hers fromexperinmenting with this phenonenon

for many years.



Year

1800=1850

N

1850=~1900
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1855

3

H storical achi evenents

Only sporadic reports on the subjects appeared,
calling attention only to the fact that a sound |ike
sensation coul d be produced by this neans. Most
seenmed to assune that the acoustic sensation
resulted fromdirect stinulation of the acoustic

nerve.

In the last half of the 19th century, investi-
gation of electrical stimulation was reviewed aad
carried out. Many investigators attributed the origin
of the acoustic sensation to the sound-conduction
apparatus than to a direct stinmulation of the nerve,

t hus suspecting sone i nductive effect of the current

on the tynpani ¢ menbrane or ossicles.

Dachenne of Boul ogne reported on "stinul ati on of
t he acoustic apparatus with AC. He filled one ear
with warmsaline and inserted an el ectrode insul ated be
an ivory speculumintoit. He also placed an in diffe-
rent el ectrode over the mastoid process. Then usinga
condenser and i nduction coil, he noted (on breaking the
circuit) a sensation resenbling the "crackling of
parchnent*. He reported sounds resenbling "the beat -
ing of a fly's wings between a pane of glass and a
curtain" when a vibrator was placed in thecircuit to
open and close it nore rapidly. He belived that the

sounds originated in the ear canal through the action

of the electrode on the fluid.
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H storical achievements

The first attenpt at a systematic investi-
gation of electrical stinmulation of the auditory

system was published by R Brenner of Leipzig.

He set up certain formulas and rol es which he
felt could be applied to electrical diagnosis

of the aaditory apparatus. In relating these.

he observed the follow ng phenonen.

(a) Restimulation, after reversing the polarity
of the electrodes, resulted in a | ower threshold.
There was al so sone |owering of the threshold
with repeated cathodic stinulation. He explained
that the ear had been placed in an "electrotonic
state of increased irritability".

(b) The auditory sensations were different in
different observers. but were always identical
In the same observer. They resenbl ed buzzing,
hissing, rolling, whistling, ringing, etc, at
various pitches.

(c) Wth increased intensity, the pitch of the
sound became hi gher under cathodal stimulation
and | ower under anodal stinulation.

(d) Perforation of the tynpanic nenbrane or an
active suppuration markedly |owered the resistance
and the threshol d.
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Year H storical achievenents

Brenner viewed some of the individual devia-
tions fromhis fornula aa evidence of disease.
He attributed all the effects of electrical stinu-
lation to the excitation of the VIII nerve.

During the late i9th century, a newfield of
study, referred toas"electro-otiatrics" was born.

1871 Neftel extolled the use of electrical treat-

o ment in alnmost every affliction of the ear, from
tinnitus to otitis media in his book on Gal vano-
Ther apetics.

Pol i tzaer found no inprovenent in treating
tinnitus with electrical stinulation, but found
| nprovements in acconpani ng synptons each as
oppression and verti go.

Gradeni ge was a strong advocate of electrica
met hods for diagnosis. He clainmed that an acoustic

sensation did not result fromelectrical stinula-
tion of the normal ear, and when it did, this was
evi dence of di sease.

1891 D.B. St. John Rossa stated that the val ue of

P electricity in the diagnosis and treatment of
aural di seases had been overrated. He denied the
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1898

1510

6

H storical achievenents

exi stance of an authenticated case, and added t hat
this use of electrical nethods has a "very vaunted
reputation anmong inept observers".

To determne the presence of an electrica
current in the auditory nerve and to ascertain the
limts of auditory sensation in various animals,
Besuregard and Duprey attached an el ectrode to the
acoustic nerve of a frog and another to the
tynpani ¢ menbrane. The electrodes were led to a
gal vanoneter, which indicated a perceptible current
f1 ow when noi se was nmade near the ear.

Scheppegrel | in a book covering the subject
stated that, "Electric tests of the ear should be
as necessary a part in diagnosis of diseases of
this organ as the tuning fork, Galton's whistle,
etc." However he was not sure about the therapeutic
effects of electricity.

As inproved instrumentation becane avail abl e,
Buyt endyk denonstrated el ectrical potential varia-
tions in the medul la of the cat in responseto
acoustic stimli.

Wever and Bray observed the sane phenonenon
whi ch now bears their name. A though they initially
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H storical achievenents

bel i eved that they were recording actual nerve
responses. it was |later shown that they were mainly
recording an end-organ bioel ectrical potential, the
cochl ear m crophone.

The concept that the cochlea acts essentially
as a transducer of acoustic to electrical energy,
whi ch was then transmtted through the nerve in a
relatively unchanged fashion, gave inpetus for the
possibility of artificial hearing through direct
stinmul ation of auditory nerve.

During this tine, several radio engineers dis-
covered that tones coul d be produced by placing
el ectrodes near the ear and stinulatingwith a
nmodul ated alternating current....

Stevens teaned this the el ectrophonic
effect. The el ectrophonic hearing may be produced
by placing electrodes in the external or mddle ear
as wel | as by having an el ectrode on the skin. For
el ectrophoni ¢ hearing, however, a nornmal or near
normal cochlea is a prerequisitive. Therefore
stimulation of hearing in this manner has no appli-
cation in the hearing inpaired.



year

1957

H storical achi evenents

D ourno and Eyries electrically stimulated a
totally deaf patient by neans of a wire inplanted
into the cochlea. They reported that the subject
per cei ved background sounds and that the device
greatly benefitted the patient inlip reading. Wth

practice he was able to recogni ze a few words.

This report ushered in the nodern era of
treating of severe sensory hearing inpairnments by

electrical stimulation.

The first human studies were carried out pri-
marily at the Stanford University under the |eader-
ship of Blair Simmons. Bipolar stinulation of the
auditory nerve was perfornmed. This patient was abl e
to distinguish rate differences easily between 20
and 900 pul ses per second. Above that |evel the

rate difference detection di mnished considerably.

Simmons i npl anted sone el ectrodes into the
audi tory nerve through the nodi ol us. He concl uded
that both periodicity and pl ace pitch were possible

w th nodi ol ar el ectrodes.

At the Ear Research Institute, Los Angel es, Hou
and Uban initiated work on auditory nerve stimila-

tion. Initially three patients were inplanted with



Year

1971

H storical achievenents

a five-contact electrode placed through the round
window into thescaletynpani. The patients were
able to discrimnate both periodicity and pl ace
pitch.

At the University of California, San Francisco,
M chel son and hi s associates inplanted four patients
with bipolar electrode systemin the acala tynpani
and one patient with a bipolar electrode in the base
portion of the cochlea. These patients were able
to respond to sinusoidal electrical stinulation acre
the frequency range of approxi mately 25-10,000 Hz.
They had useful range of discrimnative hearing to
frequenci es bel ow 400- 600Hz.

At the Bar Research Institute, cochlear
inplant clinical trials progranme for the post
l'ingual Iy profoundly deaf patients were started.

| n France, Chouard and Macl eod inpl anted
ei ght intracochlear electrodes. They found that
stinulation of each electrode yields a different
sound sensation of a pitch that depends on its
| ocation along the cochl ea.

under the authority of the Federal food,
drug aad cosmetic Act, the food and drug adm ni —
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1978

1978/1979

10

H storical achievenents

stration (FDA) ia U S A requires manufactures of
new devi ces, such as cochiear inplants to demon-
strat the safety and effectiveness of their

devi ces before marketing them

Eddi ngton and this associates at the
Uni versity of Utah, inplanted nultichannel cochlear
inplant to 4 patient. They reported that their
patients were able to perceive place and periodicit
pi t ches.

In Australia at the University of Mel bourne,
Department of Qtolaryngol ogy; An experinental hear-
ing prosthesis was devel oped.

At the Ear Research Institute, a programe
for prelingually deafened adults was devel oped.

FDA approved the 3M cochl ear inplant device
for the adults. (18 years and above). Thus the
38 cochl ear inplant device becane the first of its
Kind to get FDA approval.

The Nucl eus 22 - channel cochl ear inplant
was approved by the FDA.

Recent|y t he FDA has approved the 3Mcochl ear
I npl ant for children.



- What is it? ?
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A coehlear inplant is a device that hel ps profoundly deaf
peopl e to hear sounds. In ita noat basic form the cochlear
inplant is a transducer which changes acoustic signals into
el ectrical signals which stimulate the auditory nerve.

"Coehl ear refers to the cochles part of theinner ear, which
la the place fromwhich the device stinulates nerve fibers that
enabl es the brain to hear sounds. "Inplant" refers to the way
the device is surgically placed under the skin, behind the ear
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PARTS OF AN COCHLEAR

IMPLANT

Usually der=ctional electret
microphones are used.

MICROPHONE

Yy

SPEECH PROCESSOR

It consits of electronic circuits
to amplify, filter and encode
the signal from the
microphone. It is coustom-
designed.

b

 TRANSMITTER COIL

Consists of copper wire rounded
around a magnet. [t converts
electrical signals into magnetic
signals.

<«— (Qutside the body —>

.

Skin

ELECTRODE (S) |
It stimulates the cochlear
fibers electrically. It is4s- made
up of platinum:

RECEIVER

Implanted in the bone behind
the ear

<— |nside the body —>

[



- How does it work?

Cochl ear inplants operate fromthe flow of electrica
current. The manner in which the current is generated, condi-
tioned (or processed), and applied determnes the utility of the

devi ce.

The el ectrical signals are processed to (1) anplify the
signal level, (2) conpress the signal tolimt stimnulation
| evel s appropriately, (3) filter the signals to shape or divide
t he acoustic frequency spectrumto match neural requirenents, and
(4) encode the information in the signal for transmssion to the
I npl anted recei ver. These four basic processing steps do not

necessarily occur in the order nentioned.

The m crophone changes the nmechani cal sound energy to el ec-
trical energy. The signal fromnost m crophones bei ng of the
magni t ude of several multivolta, it is generally too small for
direct use in electronic circuits. Therefore the processor anpli -

fiestheelectrical energy fromthe m crophone, filtersit and sends

It tothe transmtter. The transmtter changes the electricity
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into magnetic signals. The magnetic current crosses the skin
tothe receiver. Fromthe receiver the signal travels to the
cochlea via the platinumelectrode(s) which are inserted through
or near the round wi ndow into the scala tynpani to a distance

of about 6-10 mm The el ectrode(s) then stinulate(s) the nerve
fibers which in turn send inpulses to the brain Were the

| mpul ses ar e perceived as sound.



- Types

dassification of cochlear inplants can be baaed on (1)
pl acement of electrodes for stirmulation; and (2) the nunber of

el ectrodes used for stinmulation.

c Impl
Intra cochi®er 1
Here the stimulating elece Here the stinmulating elec-
trode(s) is/are placed in trode(s) is/are placed cute
the scale.tympani of the side the cochlea, usually on
cochlea near the basilar the round w or promontorye.
mcmh:ai:/’//"\\\-\h~‘.
Single-electrode lultiwelectrode single-electrode Multi-electrod
Here only a Here more than

slqgle electrode one electrode
pair is used for is used for
stimul ﬂtima stimulation,

NOTES:

It is sometines assuned that a multi-el ectrode device (nost
often referred to as the nulti channel device) provides nore infor-
mati on to t he cochl ea than t he singl e-el ectrode device. But, the
amount of information comng into the signal processor is the sane.
The difference is in terns of what ia delivered to the cochl ea and
howit ia delivered.



- Who is a candidate?

Fromthe |ast one decade or so, cochlear inplants have
received w de spread publicity. W do get many patients who eaquire
wi th us about cochlear inplants. Therefore, it would seem
inmportant for us to know about - who is a possible candidate for

cochl ear inplant and who i s not.

Vari ous cochl ear inplant groups have various criteria for
sel ecting candi dates. However reviewing them it is found that

the following criteria are inportant.

The patient nust be

totally deaf, i.e. he/she should
have no audi onetri c response at
the equi pment limts —especially
in the speech range. Even with
t he nost powerful hearing aids.

he shoul d not be able to get any

satisfactory benefits.




The patient Must have positive response with electrical
stimlation through the round wi ndow of those cochlear fibers
still present. This test is performed with a transneata
approach by renmoving theear drumin order to obtain a good
view of the round wi ndow fossa in which the tip of the stinu-
lating el ectrode has to be placed. This positive response
sterely signifies that atleast a few auditory fibers are present.
|t does not say anything concerning the proportion of fibers
present, or their distribution on the frequency keyboard of the
cochl ea, which would be useful to knowia order to predict the
quality of future rehabilitation

It ia preferable that the case has cochl ear pathol ogy
than retrocochl ear pathol ogy because cochl ear pathol ogy ia nore
l'ikely than retroeochl ear pathology to have intact auditory
nerve fibers suitable for electrical stimulation

The case shoul d al so have normal m ddl e ear and eustachi an
tube functions. Adequate aeration of the mddle ear is a
necessary prerequisite to surgery. Qherwise there ia risk of
infection or accunulation of fluid in the mddle ear and mast ol d
air cells, and this can produce an unfavourabl e environment for
the receiver and el ectrodes, and also lead to the | oss of
residual auditory nerve fibers.

Determnation of dynamc range is also an inportant aspect
of aelection of candidates. The case shoul d al so have favourabl e



lipreading ability as it will assist the post-operative

rehabilitation process.

The probl emof selection of criteria based upon hearing
acuity centers around the evaluation of subjects who show
m ni mal but definite responses with conventional anplification
systens in one or both ears. The residual hearing factor is
further conplicated by subjects who receive sone benefits from
anplification at one ear but who derive no benefit fromthe
other ear. Athough there are several inplant recipients who
successful l y use the cochlear inplant in conjucation w th conven-
tional anplification at the uninplanted ear, it is difficult,
I f not inpossible, to predict the additional benefits afforded

by use of the cochlear inplant prior to surgery.

.Etiological factors:

The etiology in a | arge nunber of patients receiving coch—
lear inplants is varied, the majority being either dtotoxic,
otosclerotic, or neningitic, and the rem nder having di seases
of another (lues, Meniere's disease, trauma) or an unknown

eti ol ogy.

Despite this diversity in etiology, there remain certain
cases of profound sensorineural deafness that m ght prevent
i npl antation. They are -
a) tenporal bone factures (particularly transverse) resulting in

ext ensi ve cochl ear danage.



b) bilateral acoustic neuroma (Von Recklinphausen's di sease).
However, House has successfully stinulated a patient who
had bilateral acoustic neuromas with an el ectrode inplanted

directly in the cochlear nuclei.

c) Congenital malformations of the bony and nenbraneous | abyrinths.

eg. Mondini type of aplasia.

d) Certain disease processes or syndromes in which deafness is
present with other neurological or physical disabilities that
woul d either preclude inplantation or make the rehabilita-
tion process so conplex and | engthy as to be not feasible.
eg. retinitis pignentosa with associated blindness, severe
head trauna, cerebrovascul ar acci dent, degenerative neurol ogi cal

di sorders.

Tonogr aphy of the cochlea should be obtained especially
In those patients whose deafness has resulted frommeningitis
so as to exclude an obliteration of the cochlea as a result of
Labyrinthitis. |n such cases, only an extracochl ear electrode

can be used.

| 11. Age of the subjects:

In the initial years of patient selection and
i npl antation, only subjects ranging in age from18




Recent |y, however, a nunber of children have been inpl anted,
t he youngest being 3 years old. Adults over the age of 75
have al so been inplanted. Age is in itself no |onger an
I nportant variable in patient selection, provided the subject
Is in good health for general anesthesia and all other selec-

tioncriteria are net.

| V. Onset of hearing | oss: Congenital vs acquired | osses:

As with subject age, the onset of the hearing loss is no
| onger an inportant variable in subject selection. A grow ng
nunber of both adults and children with congenital |osses are
bei ng successfully inplanted. although initially only adults

with acquired | osses were selected for inplantation.

No patients are inplanted whose deafness i s of recent onset.
In case of antibiotic or traumati c deaf ness, a mni numof 12
nmont hs nust el apse fromthe first recognition of profound (total)
deaf ness, to allow for every possibility of spontaneous inprove-

ment of heari ng.

In the case of acquired deaf ness patient nust be nade aware
that his newhearing will not be the sane as that which he
remenbers, and that a long auditory training period will be nece-

ssary in order to hear again.

The inportant consideration for congenital |osses is the

ability of the rehabilitative staff to accommodate the additiona



needs of the congenital deaf. Rehabilitation for subjects with
congenital |osses is much nmore conplex and of a |onger duration
than that of acquired | osses, and may involve |engthy training
inthe use of auditory cues as an aid to speech reading, voice
therapy and voice nonitoring, speech correction, and possibly
sone | anguage therapy in addition to auditory training.

V. Psychol ogi cal factors:

A careful psychol ogical examnation is necessary to rule
out any personal ity abbrevations or cognitive dysfunction that
woul d either preclude inplantation or severely limt a subject's
ability to integrate and use mninmal auditory cues. Usually only
non-institutionalized patients are considered for candidacy.

In addition to standardized psychonetric testing, an indepth
interviewwth a potential inplant subject and his famly is
hel pful in identifying other psychol ogical factors that m ght
preclude inplantation, such aa unrealistic expectations regarding
the benefits or limtations of the inplant, or poor or question-
abl e notivation

The question of subject notivation i s probably the nost
critical psychological factor to be evaluated in subject selection
and is also the nmost difficult to assess.

Inspite of other selectioncriteria, if the subject is not
nmotivated for the right reasons, does not have realistic expecta-
tions of the potential benefits and |imtations of the inplant.
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or isnot willing to coomt the time necessary for the rehabi-
litative process, it is doubtful that the outcome will be satis-
factory.

VI. Additional Rehabilitation Needs:

| n sone subjects who are otherw se good candi dates may have
additional rehabilitative needs that woul d nake the post-surgica
rehabilitation too long or too conplex or otherw se not feasible.
Besi des, the rehabilitative staff nmay be inadequate to neet the
subj ects' needs. These additional needs do not by thensel ves
preclude inplantation; rather than rehabilitative staff must decide
whet her they have the resources and the time required and whet her
they are adequately prepared and trained to deal with these
additional factors in the rehabilitative process.
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Rehabi litation Protocols for Cochlear Inplant Recipients:

The cochlear inplant is
different fromother types of
I npl ants such as the heart and
ki dney inpl ants which begin
functioning independently upon
conpl etion of the surgical proce-
dure. In the case of cochlear

I npl ants, rehabilitation protocols

for the recipients are needed which help themto overcone the
handi cap of profound deaf ness, by inproving their overall comu-
nication function.

For effective commnication to take place the recipient of
cochlear inplant nust undergo a period of training. To acconplish
this, the audiologists and speech pathol ogists are entrusted with
the responsibility for training after the actual inplant proce-
dure is over

There are some who do not advocate rehabilitation prograns.
There is no further step beyond adjustnent and fitting of the
equi pment for them Those who do advocate a training program
have different goals. Protocols vary in the procedures used as
well as in the intensity of the rehabilitation efforts advocat ed.
Lack of consistency regarding rehabilitation follow ng inplantation
results in frustration
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At present due to identical rehabilitation and conmunication
needs, the training prograns have borrowed directly and exten-
sively fromstrategi es devel oped for the rehabilitation of post-
lingual |y deafened adults. So, the initial goal is to propose
a hierarchy of conmunication appropriate for all individuals.
This woul d I ead to the devel opnent of conmunication assessnent
procedures and subsequent rehabilitation tools with which to
wor K.

Protocols for rehabilitation

The maj or enphasis of aural rehabilitation is analytic in
nature. The elenental aspects of speech and | anguage - vowel s,
consonants, closed set sentences and repetition of sentences -
receive the greatest attention.

One of the major activities is a procedure called SPEECH
TRACKI NG devel oped by Defilippo and Scott (1978). A passage
which is appropriate for the patient is read. The patient than
has to repeat the passage verbatim In the event of an error.
the section read ia repeated or an alternative cue ia selected
froma hierarchy of possible strategies applied to elicit a
word - for - word response. Strategies include repeating or
rephrasing, segnenting the phrase etc. The session last for two
10-m nute segnents. Performance is measured in terns of the
nunber of words repeated during the session.
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The passages are read under atleast three conditions:
(i) Lip-reading only; (ii) Speech processor only; and (iii)
Li p-readi ng - speech processor conbined. Progress in each
condition is charted over a period of time. This method closely
simul ates running speech and appears to have good validity as
a nmeasure of receptive conmunication function. It also gives
a numerical objective score.

The word-for-word identification used in speech-tracking
I a anal ogous to the anal ytic approach of |ipreading. The analytic
approach enphasi zes the necessity of perceiving the basic parts
before the whol e can be identified. This is in contrast tothe
synthetic approach to lipreading in that the lip reader is to
conmprehend t he general idea of the sentence,

Dependi ng upon t he inplant design,
t he rapeutic procedures includedrills
wi th suprasegnental cues of speech,

stress and intensity cues of auditory

signals, vowel and consonant discrimnation, word identification,
and closed —and - open - set sentences identification. These
stimit|i may be presented through visual nodality only, through
auditory nodality only, and through both auditory - visual noda-
lities. The patients are allowed to guess if unsure of the
stimuli. Verbatimrepetition of stimuli is the goal.
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A techni que used to hel p patients repeat the sentence is
cueing. The use of cues in sentence materials i s nore typica
of the synthetic approach, but verbatimresponse is wore anal ytic

I N nat ure.

The recognition, of environnmental sounds is included in
all existing cochlear inplant rehabilitation prograns. The
sounds may be presented through a | anguage nmaster . Cards with

magneti c tapes are played through this special recorder.

A maj or tool used to screen prospective patients and
assessi ng postoperative perfornmance is the mninmal auditory capa-
bilities (MMO Battery. Tasks presented to patients, include
vowel recognition, famliar sounds, spondees recognition, nouns,

syllabic word identification, |lip-reading testing and so on.

Q her tasks, such as recogni zing nmal e vs fenal e speakers,
and eval uating audi o-vi sual perception with videotaped naterials

were believed to be worthwhil e for eval uati on.

Now one woul d begin to wonder, if there isreally a diffe-
rence in rehabilitation for the cochlear inplant patient as
conpared with rehabilitation for hearing inpaired adults using

heari ng ai ds?

Maxi mum communi cation is required at the hone, work and soci al
situations. Any analysis of the patient's function in these situa-

tions enables us to plan an aural rehabilitation programto overcone



27

any barriers which exist. So the elenental therapy approach
described in cochlear inplant protocols relate to the broader
concept of conmuni cati on.

According to Eagerton(1985), the goals of early rehabilita-
tion period are 4-fold: (1) to obtain an optimal electrical
setting of the device; (2) to provide patient and fam|y with
t he necessary foundation for long-termcare and nai ntenance
of the cochlear inplant stimulation; (3) to introduce the patient
to strategies that yield necessary critical |istening and conmu-
nication skills, and (4) to assess the need for specific |ong-
termrehabilitation prograns.

|f we were to substitute hearing aid for cochlear inplant,
a maj or difference probably woul d be the amount of time in
direct clinical contact with the patient; it is considerably
| onger for the cochlear inplant patient.

Al pi ner (1974) developed a flowchart of the rehabilitative
audi ol ogy process-part of this approach deals with a nore total
approach: -

a) Assessment of communication functions: Cient input provides
significant information regarding comunication ability, apart
fromthe various assessnent scal es avail abl e.

b) Remediation process: The rehabilitation processes racomended
are counsel l'ing, |ip-reading* conmunication training, auditory
training, speech therapy.
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c) Aucillary Referrals: The patient's condition may require
referrals to other professional's |ike the Psychol ogi st, Socia
wor kers, Vocational Counsellors and Fam |y Counsell ors.

d) success of therapy: During the rehabilitation period,
periodic evaluation w || nmeasure the patient's success and even-
tual termnation of therapy. Testing will include - |ipreading,
auditory training, speech and communication function.

Banfai et al. (1984) state (based on 5 years experience)
that rehabilitation programis just as inportant as the surgical
procedure. The cochlear inplant can be further devel oped only
I f patients are continuously seen in early rehabilitation phase
for 4-6 weeks. They reported that the results were poorer when
patients left the programearly and attenpt to have therapy in
the home. Considering this situation it appears to be even nore
significant to devel op rehabilitation prograns that are nore
communi cation oriented than el enental.
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RI SKS AND BENEFI TS

R sks:

The risks associated with the Cl device falls into three
basi ¢ cat egori es.

a) Risks of nmastoid surgery:

The surgical approach for the Cl is essentially a nastoid
operation and invol ves the sane risks as that of conmon otol ogic
procedures: infection, facial paralysis, fluid danage resulting
in meningitis and anesthetic risks.

b) R sks of the inplantation of electrodes and induction coil:

Ri sks of the inplantation of electrodes and induction coi
falls into two categori es.

I ) Bi ovonpatibility:

The materials currently used for the CI have a long history
of bioconpatibility. There have been no "rejections" of the
internal coil, nor any evidence of production of toxic substances
fromwire electrolysis. FEectron mcroscopic studies of electrodes
I npl anted and used in human subjects, then renoved, show no
evi dence of breakdown of insulation or wire.

i) Surgical trauma

Does insertion of the electrode(s) into the cochlea cause
damage to the cochlear structures or nore elements? Mst answers
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to this question cones fromani mal studies, and these have
i ndi cated good tol erance for insertion and presence of electrodes
into the cochl ea.

There is potentially a risk that insertion of the electrode(s)
m ght scratch the endosteumand stimul ate new bone grow h.
Shoul d bone growth in the scala occur, it woul d probably nake
repl acenent of a nonfunctioning inplant nore difficult.

Several studies have shows that serious, irreversible damage
may result frominserting a nulti-electrode cluster into the
cochlea. This danage may be due to the presence of nultiple
el ectrodes (upto 22 in one device) as well as to the length
of the electrodes (upto 25 mml ong).

|f an electrode is inserted past the first turn of the
cochl ea, nechanical rupture of the basilar nenbrane, Reisner's
menbrane, and the osseous spiral |amnacan occur. After the
el ectrode has noved 10 mminto the cochlea, the path is deter-
mned by the curvature of the seala tynpani. The nechanica
rupture of these delicate cochlear conponents significantly
accel erated on going neural degeneration inthe deaf cochl ea.

Once the menbranes are ruptured, the natural barriers
between the fluids of the cochlea are removed, allow ng the fluids
to mx. The conbination of perilynmph, Wich is high insodium and
endol ynph, which is high in potassiumand toxic to nerve cells,
changes the electrol ytic bal ance of the fluid that bathes the
nerve. Over a period of time it may actually Kill the nerves.



Ani mal studies indicated that cochlear danage, should it
occur, woul d produce degeneration of the sensory and neural
elenents in anornmal ear. This risk however, nust be viewed
inthelight of the fact that the ears suitable for cochlear
i npl antation have al ready undergone severe degeneration of
these el enents as a consequence of the etiol ogy of deafness.
Those nerve fibers surviving are probably among the hardi est
and may therefore be nerve resistant to further trauma

c) Risks of stimulation of the auditory systemby electrical current

The cochl ear inplants were put into clinical use since only
t he past 1-2 decades. Therefore we donot have substantial
information regarding the long termeffects of electrical stinu-
lation on auditory systemof man. At present, what little infor-
mation we have gathered is mainly fromthe aninmal studies.

It iswell known that direct current (DO woul d destroy nerve
tissue. Literature shows that stinuli such as nmonopol ar pul ses
i ntroduced directly w thout capacitor or transfornmer coupling
woul d i ntroduce a net DC charge which produces neural damage.

I n aninmal studies, with scala tynpani stimulation, histo-
pat hol ogi cal danage, includingnewbone growth were observed.
Less damage was reported in subjects stimulated via electrodes
placed on the round w ndow and pronontary, as conpared to the
scala tynpani. Melinated fiber density in the osseous spiral
| am nawas [ess in the region imediately adjacent to el ectrode
sites.
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Damage to the auditory nerve aad cochl ear nuclear conpl ex
when a current is passed through the inplanted el ectrodes is
reported. There are al so reports which indicate more pronounced
degeneration ia the coehlear nucleus ipailateral to a stinulated
inplant than in the conatralateral (inplanted but unstimal ated)
si de.

Because of the close proximty of the vestibul ar apparatus
to the cochlea, any deliverance of an electrical stinmulus to the
hearing mechani smmay al so activate the bal ance system Sone
I nvestigators have found evi dences that the inplant m ght disrupt
postural stability. But there is also evidence to indicate that
postural stability may actually inmprove with the cochlear inplant
activated (E senberg et al. 1982). It is speculated that this
phenonmenon nmay be a result of cochlear induced CNS. effect that
may sanme how sharpen postural equilibrium

1. I'nplant patients can hear some soft and most medi um and | oud
environnental sounds. (eg. normal conversational speech occurs
at about 70dB SPL).

2. Patients can al so score significantly above chance on a nunber
of closed-set auditory discrimnation tasks that include speech
and environnmental sound stimuli.
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3. Patients cannot understand speech with the inplant alone,
but those aspects of speech based on intensity and time are
accessible to the inplant recipient.

4. Mbst subjects can distinguish between voi ce and ot her sounds
and they can al so distingui sh between mal e and femal e voi ces.

5. They can hear their own voices and this allows better control
of volune, intonation and ot her aspects of voice production.

6. Sone indicate that they can recognize the voices of highly
fam|iar persons.

7. Inplant recipients report feeling safer since they canhear
warning signals such as sirens and fire al arns.

8. They feel nore secure because they are able to hear door bells,
t el ephones, someone's calling out to get their attention etc.

9. Many also are able to enjoy nusic, eventhough the postlingually
deaf do not find it as pleasant as they did prior to their deaf ness.

10. sone subj ects have experienced a "nonauditory” benefit: a
reduction in the level or anount of their tinnitus and verti go.



34

Bl BLI OGRAPHY

Al piner, J.C, Cheurette, W, d ascoe, G, et al. The Denver
scal e of communi cative function. Unpublished
sgudy, The Uni versity of Denver, Denver, Col orado,
1974.

Alpiner, J.G, Rehabilitation concepts with cochl ear iapl ant,
CGolaryngol.din.North Am, 19 2), 1982.

Bal | antyne, et al. Electrical auditory stinmulation in the
managenent of profound hearing loss. J.Laryngol.
G o0.92, (Suppl), 1-117, 1978.

Banfai, P., Karczag, A, lucrs, S.P., dinical results of
rehabilitation. Acta Golaryngol (stocKh), 411;
183- 194, 1904.

Bebout. J., u.bdot: Cochlear i ng)l ant s- beyond t he first genera-
tion. The Hg.J., 39, 7-15, 1986.

Berlinger, K. I., House, WF., The cochl ear inplant program An

overview. Ann.CGol.Rninol.Laryngol (Suppl), 91,
(2 pt.3) 11-14,7 1982

Berlinger, K 1., Risks versus benefit incochlear inplantation.
Ann. Ot ol . Rhi nol . Lar yngol (Suppl . ), 91, 2 pt.3) 90-98,
19862.
Berlinger, K1, and Edgerton, B.J., Issues in the assessnent of

candi dates for cochlear inplants (Letter). Arch.
Qolaryngol. 109(4), 275-277. 1983.

Aark, et al. dinical assessnent of cochlear inplant patients.
J.Larvngol . ol. 91(8), 697.1977.

Qark,, G. M, OLoughtin, B.J., Rckards, F.WTona, Y.C., and
WIllians, A J., The clinical assessnment of cochl ear
|1r9n%I7ant patients. J.Laryngol.Qol. 91(8), 697-708,

Cark, et al. Amultiple electrode cochlear inplant. J.Lary.
Gol., 91, 935-945, 1977.

Chouard and Macl eod, Inplantation of multiple intra cochlear
el ectrodes for rehabilitation of total deafness.
Prelimnary report. Laryngoscope. 86, 1743-1751, 1976.

Chouard, C.H, The surgical rehabilitation of total deafness
with the mul ti channel cochlear inplant: indication
and resul ts, Audiology, 19, 137, 1980.



Chouard, C. H., The surgical rehabilitation of total deafness
with the nultiple cochlear inplants. Radi ol ogy.
19, 137-145, 1980.

De Filippo, C. L., and Scott, B.L., Anethod for training and
eval uat i n% for reception of ongoi ng speech. JASA,
61, 1337-1351, 1978.

De Filippo, C. L., and Scott, B.L., Anethod for training and
eval uating the reception of ongoi ng speech. JASA
63(4), 1186-1192, 1978.

Eddi ngton, et al . Auditory prosthesis research with nultiple
channel intracochlear stinmulationin man. Ann.
Q ol . Rhi no. Laryngol . (suppl ), 53-59, 1978.

Edgerton, B.J.,Rehabilitation and trai ning of postlingually deaf
adult cochl ear inplant patient. Sem Hear. 6:

65- 89, 1985.

Ei senberg, L. S., Nelson, J.R, and House, WF., Effects of the
si ngl e- el ectrode cochl ear i nplant on the vesti -
bul ar systemof the profoundly deaf adult. Ann.
QG ol . Rhinol. Laryngol (Suppl ), 91(2 pt 3), 47-54,
1982.

Fravel , Cochl ear inplant el ectronics made sinple, Qol aryngol.
Clin.North. Am 19(2), 1982.

House, WF., and Berlinger, K I., Cochlear inplant: Progress
and perspectives. Ann. ol . Rninol. Laryngol ( Suppl),
91, 1-124, 1982.

House, WF., and Berlinger, K. I., The cochl ear inpl ant.
QG olaryngol, din.North. Am 15(4), 917-923, 1982.

Johnson, L.G, House, WF., and Linthicum F.H, Bilateral
cochlear inplants, histological findings in apair
(1)57guman tenporal bones. Laryngoscope, 89, 759,

Lawence, M, Qologic research and the Zeitgeist, In the 1982
Carhart Menorial Lecture. Ear Hear, 4(2), 72-78.

Lason, S. A, Asher, D. L., Balkany, T.J., and Rucker, N. C. ,
H st opat hol ogy of the auditory nerve and cochl ear
electrical stimulation. Qolaryngol.din. North. Am
16(1), 233-243, 1983.

Maddbx, H. E., and Porter, T.H , Wo is a candi date for cochl ear
i nplantation? Golaryngol.din. North. Am, 16(1),
249- 255, 1983.




36

M chel son, R P., B ectrical stinulation of the hunan cochl ear, A
Prelimnary report. Arch.CGolary.93, 317-323, 1971.

Mller, J.M, Duckert, L.G, Malone, MA , and Pfingst, B.E.,
Cochl ear prosthesis; Stinmulation-induced damage.
Ann. G ol . Rhinol. Laryngol. 92(6 pt.1). 599-609, 1983.

Onens, E., Kessler, D K, and schubert, E D, The mninal audi -
tory capabilities (MAC Battery. Hearing Ad J.
34, 9-34, 1981.

Onens, E., Kesslev, D K, and Schubert, E. D., |Interumassessment
of candi dates for cochlear inplants. Arch.Qol aryngol.

108, 147-483, 1982.

Pi al oux, P., Chouard, C.H, Meyer, B., and Fugain, C, Indications
and results of the multicochlear inplant. Acta.
Q ol aryngol . 87, 185-189, 1979.

Schindler, et al. Miltiple channel cochlear inplant: Patient
sel ection, Laryngoscope, 96, 597-603, 1986.

Simons, F.B., Hectrical stimulation of the auditory nerve in
man. Arch. G ol aryngol, 84, 2-54, 1966.

Sutton, D., and MIller, J.M, Cochlear inplant effects on the
Spiral ganglion. Ann. ol +Rhinol . Laryngol . 92(1),
53-58, 1983.




