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(57) ABSTRACT 

A hybrid cochlear implant hearing aid system provides loW 
frequency acoustic energy boost, if needed, and high fre 
quency direct neural stimulation. Tinnitus suppression may 
also be provided. The neurons responsible for sensing high 
frequency sounds are located at the basal end of the cochlea. 
A short basal electrode that extends into the cochlea only at 
the basal region alloWs direct stimulation of these neurons 
by an appropriately-controlled cochlear stimulator. The 
basal electrode array typically has from four to eight elec 
trode contacts. The hybrid implantable cochlear stimulator 
and hearing aid system relies primarily on the cochlear 
stimulator portion of the system for being able to sense high 
frequency sounds, and relies primarily on normal hearing 
processes, or other acoustic boosting devices and systems, 
for being able to sense loWer frequency sounds. 
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HYBRID IMPLANTABLE COCHLEAR 
STIMULATOR HEARING AID SYSTEM 

[0001] The present application is a Continuation of US. 
application Ser. No. 09/979,804, ?led Nov. 13, 2001 (to be 
issued as US. Pat. No. 6,754,537 on Jun. 22, 2004), Which 
application claims the bene?t of International Application 
Number PCT/US00/ 13122, ?led May 12, 2000, Which 
claims the bene?t of US. Provisional Patent Application No. 
60/134,289, ?led May 14, 1999, all of Which applications 
are incorporated herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to hearing aid sys 
tems, and more particularly to a hybrid hearing aid system 
that combines a cochlear stimulator and a hearing aid to 
provide a hearing aid system that relies primarily on the 
cochlear stimulator portion of the system for being able to 
sense high frequency sounds, and that relies primarily on 
normal hearing processes, or a hearing aid, for being able to 
sense loWer frequency sounds. Such hybrid hearing aid 
system is best suited for use With a short cochlear electrode 
array of the type described in applicant’s copending patent 
application, ?led concurrently hereWith, entitled “Electrode 
Array for Hybrid Cochlear Stimulator” (Attorney Docket 
Number AB-084-PC), Which application is incorporated 
herein by reference. 

[0003] A hybrid cochlear stimulation system provides 
electrical stimulation only to the basal end of the cochlea to 
stimulate ganglion cells responsible for sensing higher 
frequency sounds, and relies on normal hearing (activation 
of hair cells through ?uid motion Within the cochlea), Which 
may occur With or Without the assistance of a conventional 
or a custom hearing aid, to sense middle-to-loWer frequency 
sounds. 

[0004] Hearing loss is generally of tWo types: conductive 
and sensorineural. Of these, conductive hearing loss occurs 
Where the normal mechanical pathWays for sound to reach 
the hair cells in the cochlea are impeded, for example, by 
damage to the ossicles. Conductive hearing loss may often 
be helped by use of conventional hearing aids, Which 
amplify sound so that acoustic information does reach the 
cochlea and the hair cells. Some types of conductive hearing 
loss are also amenable to alleviation by surgical procedures. 

[0005] Sensorineural hearing loss, on the other hand, 
results due to the absence or the destruction of the hair cells 
in the cochlea Which are needed to transduce acoustic 
signals into auditory nerve impulses. Persons Who suffer 
from sensorineural hearing loss are unable to derive any 
bene?t from conventional hearing aid systems, no matter 
hoW loud the acoustic stimulus is made, because their 
mechanisms for transducing sound energy into auditory 
nerve impulses have been damaged. Thus, in the absence of 
properly functioning hair cells, there is no Way auditory 
nerve impulses can be generated directly from sounds. 

[0006] To overcome sensorineural deafness, there have 
been developed numerous cochlear implant systems—or 
cochlear prosthesis—Which seek to bypass the hair cells in 
the cochlea by presenting electrical stimuli directly to the 
ganglia of the auditory nerve located adjacent the modiolar 
Wall of the cochlea. When triggered, the ganglia, also 
referred to as ganglion cells send nerve impulses to the brain 
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via the auditory nerve, leading to the perception of sound in 
the brain, and an at least partial restoration of hearing 
function. The common denominator in these cochlear pros 
thesis systems has been the implantation into the cochlea of 
electrodes Which are responsive to a suitable external source 
of electrical stimuli and Which are intended to transmit those 
stimuli to the ganglion cells, and thereby to the auditory 
nerve ?bers. 

[0007] As people age, they frequently experience progres 
sive hearing loss. Usually this loss is more prevalent and 
more sever at higher frequencies. Thus, it is estimated that 
a large segment of the hearing-impaired population exhibit 
sensorineural hearing loss relative to high frequency sounds, 
but maintain the ability to transduce middle-to-loWer fre 
quency sounds through functioning hair cells. 

[0008] The usual method to restore this high frequency 
hearing loss is by using a hearing aid that increases the 
amplitude of the acoustic energy applied to the tympani 
membrane. Although effective, this approach does not pro 
vide the same level of restoration to high frequencies as it 
does to loWer frequencies. Also, the increase in acoustic 
amplitudes used in this method can ofttimes further degrade 
residual hearing, resulting in a further decrease in the ability 
to hear the higher frequencies. 

[0009] It is thus evident that there is thus a need for a 
“hybrid” cochlear stimulation system that electrically stimu 
lates only the ganglion cells responsible for sensing higher 
frequency sounds, While alloWing or permitting the normal 
hearing process (e.g., activation of hair cells through Wave 
motion of the ?uid Within the cochlea) to function for the 
purpose of sensing loWer-to-middle frequency sounds. 

[0010] A cochlear prosthesis operates by direct electrical 
stimulation of the auditory nerve cells, bypassing the defec 
tive cochlear hair cells that normally transduce acoustic 
energy into electrical activity in such nerve cells. Because 
the ganglion cells responsible for sensing higher frequency 
sounds are all generally located in or near the basal end of 
the cochlea (the end of the cochlea nearest the basal mem 
brane), a hybrid cochlear stimulation system thus requires an 
electrode array that can be inserted Within the cochlea a 
suf?cient depth to be near such cells, but Which also does not 
block or signi?cantly interfere With the normal functioning 
of the cochlea for hair cells located deeper Within the 
cochlea. Thus, there is a need for such an electrode array that 
may be used With a hybrid implantable cochlear stimulator 
hearing aid system. 

SUMMARY OF THE INVENTION 

[0011] The present invention addresses the above and 
other needs by providing a hybrid implantable cochlear 
stimulator and hearing aid system that relies primarily on the 
cochlear stimulator portion of the system for being able to 
sense high frequency sounds, and that relies primarily on 
normal hearing processes, or other acoustic boosting devices 
and systems, for being able to sense loWer frequency sounds. 
Such hybrid hearing aid system uses a relatively short and 
unobtrusive cochlear electrode array, e.g., of 6-8 mm in 
length, of the type described in applicant’s copending patent 
application, previously referenced, entitled “Electrode Array 
for Hybrid Cochlear Stimulator” (Attorney Docket Number 
AB-084-PC), or something equivalent thereto. 



US 2004/0230254 A1 

[0012] A hybrid cochlear implant hearing aid system in 
accordance With the present invention provides loW fre 
quency acoustic energy boost, if needed, and high frequency 
direct neural stimulation. The high frequency neurons are 
located at the basal end of the cochlea, providing easy access 
for the surgical placement of a short electrode that stimulates 
only the high frequencies. The electrode array typically has 
from four to eight electrode contacts, e.g., 4 or 5 electrode 
contacts. The design of the electrode array alloWs the 
surgeon to place the array using minimally invasive surgical 
techniques and requires no cochleostomy. The electrode 
array is thin, and can typically be inserted directly through 
the round WindoW membrane to make contact With, or to be 
positioned in close proximity to, the modiolus Wall in the 
basal region of the cochlea. 

[0013] The front-end ampli?er and processor and spectral 
decomposition ?lters used With the hybrid system of the 
present invention may be the same for both acoustic boost 
and neural stimulation applications. The frequencies are 
separated and sent to circuits that either convert them into 
mechanical vibrations to boost loW-to-middle frequency 
acoustic energy, or into high frequency energy that is further 
divided and converted to stimulation pulses that are applied 
directly to the neurons located in the basal region of the 
cochlea through the short electrode. A smoothing circuit 
may be provided to alloW a smooth, seamless transition from 
the acoustic enhancement provided for loW-to-middle fre 
quencies and the neural stimulation provided for the high 
frequencies. 
[0014] In accordance With one aspect of the invention, 
tinnitus (Which is a buZZing, or ringing, sound in the ear) is 
suppressed by delivering special pulse sequences on some of 
the electrodes located in the basal region of the cochlea, 
While acoustic enhancement is provided in the loW fre 
quency range. 

[0015] Advantageously, the hybrid system of the present 
invention may be used for several applications. Such appli 
cations include, but are not limited to: 

[0016] (a) high frequency neural stimulation com 
bined With residual loW frequency hearing; 

[0017] (b) high frequency neural stimulation signal 
enhancement combined With loW frequency acoustic 
signal enhancement; 

[0018] (c) tinnitus suppression; 

[0019] (d) tinnitus suppression combined With acous 
tic signal enhancement; 

[0020] (e) high frequency neural stimulation signal 
enhancement, acoustic signal enhancement, and tin 
nitus suppression stimulation; or 

[0021] tinnitus suppression combined With 
cochlear neural stimulation. 

[0022] It is thus a feature of the present invention to 
provide a hybrid cochlear stimulation and hearing aid sys 
tem that restores hearing function over a Wide frequency 
band, e.g., from loW frequencies to high frequencies. 

[0023] It is a further feature of the invention to provide 
such a hybrid system Wherein minimally invasive surgical 
techniques are employed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above and other aspects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing more particular description thereof, presented in 
conjunction With the folloWing draWings Wherein: 

[0025] FIG. 1 is a functional schematic diagram of the ear, 
shoWing the manner in Which an implantable cochlear 
stimulator and short cochlear electrode in the basal region of 
the cochlea may be used to practice the invention in accor 
dance With one embodiment thereof; 

[0026] FIG. 2 is a functional schematic diagram of the ear 
as in FIG. 1, and further shoWs the manner in Which a 
conventional in-the-ear hearing aid may be used to supple 
ment the practice of the invention; 

[0027] FIG. 3 is a functional schematic diagram of the ear 
as in FIGS. 1 and 2, and further shoWs hoW a middle-ear 
acoustic boosting system or hearing-aid device may be used 
as part of the hybrid system of the invention; and 

[0028] FIG. 4 is a block diagram of the signal processing 
portions of the invention. 

[0029] Corresponding reference characters indicate corre 
sponding components or elements throughout the several 
vieWs of the draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] The folloWing description is of the best mode 
presently contemplated for carrying out the invention. This 
description is not to be taken in a limiting sense, but is made 
merely for the purpose of describing the general principles 
of the invention. The scope of the invention should be 
determined With reference to the claims. 

[0031] Turning ?rst to FIG. 1, one embodiment of the 
hybrid cochlear stimulation system of the present invention 
is shoWn. Such embodiment relies upon an implantable 
cochlear stimulator (ICS) 50 to provide direct electrical 
stimulation of the ganglion cells located at the basal end of 
the cochlea, to thereby enhance the hearing of high fre 
quency sounds; and relies upon the patient’s normal hearing 
processes, e. g., the patient’s residual loW and mid frequency 
hearing, to sense loW-to-mid frequency sounds. 

[0032] As seen in FIG. 1, the major relevant components 
of the outer, middle and inner ear are illustrated. To better 
understand the present invention, It Will ?rst be helpful to 
brie?y revieW the normal operation of a fully functional ear. 
Thus, as seen in FIG. 1, the outer ear includes the auricle 14 
and the ear canal 16. An acoustic pressure Wave, or sound 
Wave, represented in FIG. 1 by the short parallel lines 12, is 
collected by the auricle 14 and funneled into the ear canal 
16. At the end of the ear cannel 16 is the “ear drum”18, or 
in medical terms, the tympanic membrane 18. In a person 
Who is not signi?cantly hearing impaired, the received 
acoustic Wave 12 causes the tympanic membrane 18 to 
vibrate, Which vibration is coupled through three tiny bones, 
the malleus (“hammer”) 20, the incus (“anvil”) 22 and the 
stapes (“stirrup”) 24, to the fenestra 30. 

[0033] In anatomical terms, the fenestra comprises an 
opening resembling a WindoW. The fenestra ovalis, or oval 
WindoW, is the opening betWeen the middle ear and the 
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vestibule of the inner ear. It is closed by a membrane to 
Which the stapes is attached. The fenestra rotunda, or round 
WindoW, is the opening betWeen the scala tympani of the 
cochlea and the middle ear. The round WindoW is also closed 
by a membrane, Which for purposes of the present applica 
tion, may be referred to as the round WindoW membrane. For 
purposes of the schematic diagram shoWn in FIG. 1, as Well 
as the other ?gures presented herein, the function of both the 
oval WindoW and round WindoW is represented by the single 
membrane 30. 

[0034] The bones of the middle ear serve to ?lter and 
amplify the perceived acoustic Wave 12, causing the fenestra 
membrane 30 to articulate, or vibrate, in response to the 
acoustic Wave 12. Vibration of the membrane 30 sets up 
Waves of ?uid motion Within the ?uid contained Within the 
snail-shaped cochlea 36. Such ?uid motion, in turn, activates 
tiny hair cells (not shoWn in FIG. 1) that line the inside of 
the cochlea 36. Activation of the hair cells causes appropri 
ate nerve impulses to be transferred through the spiral 
ganglion 40 to the brain, Where they are perceived as sound. 

[0035] The spiral ganglion cells that are responsible for 
the perception of high frequency sounds are generally 
located at the basal end of the cochlea 36, i.e., that end of the 
cochlea closest to the membrane 30. For those individuals 
Who suffer from high frequency hearing loss, the hair cells 
in the basal region of the cochlea are ineffective or otherWise 
damaged to the point Where it is not possible to activate 
them. Hence, in accordance With the present invention, an 
implantable cochlear stimulator (ICS) 50 may be implanted 
near the ear, and a short cochlear electrode array 52, having 
a plurality of spaced apart electrodes 54 thereon, is inserted 
into the cochlea 36 through the membrane 30. (In practice, 
the electrode array 52 may be inserted directly through a slit 
made in the round WindoW.) Such ICS 50 is coupled to a 
microphone, e.g., an external microphone 40 (although an 
internal, i.e., implanted, microphone could also be used) that 
senses sounds. The microphone signals are ampli?ed and 
processed by a suitable speech processor (S.P.) 42, Which 
S.P. may also be eXternal or implanted. The speech processor 
generates appropriate control signals that are coupled to the 
ICS 50. Such coupling may occur through various means, 
but is usually achieved through an inductive coupling link, 
represented by the arroW 44, With an eXternal head piece, 
connected to the speech processor 42. Such link also pro 
vides a Way for poWer to be coupled into the implanted ICS 
50. HoWever, it is also possible for the processor and poWer 
source to be implanted, either as an integral part of the ICS 
50 or in a separate housing coupled to the ICS. (See, e.g., 
International Publication No. WO 99/06108, published 11 
Feb. 1999, incorporated herein by reference.) 

[0036] In operation, the speech processor 42 functions as 
a signal processing means for processing the electrical 
signals received from the microphone and for generating 
high-frequency control signals therefrom representative of 
the higher frequency content of the sensed acoustic sounds. 
These control signals are then coupled to the ICS 50 through 
the link 44. The ICS 50 has means responsive to the 
high-frequency control signals for selectively generating 
electrical stimuli and applying the electrical stimuli to the 
electrode (52). In this manner, the basal region of the scala 
tympani duct is stimulated With electrical stimuli represen 
tative of the higher-frequency content of the sensed acoustic 
sounds. 
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[0037] In accordance With the embodiment of the inven 
tion depicted in FIG. 1, the sounds sensed by the micro 
phone 40 are processed and ?ltered to separate out the high 
frequency sounds. These high frequency sounds are then 
converted to appropriate electrical stimuli that are selec 
tively applied to the electrode contacts 54 of the electrode 
array 52 positioned in the basal region of the cochlea. Such 
electrical stimuli bypass the defective hair cells in the basal 
region of the cochlea and directly activate the nerves Within 
the of the spiral ganglion, causing nerve impulses to be 
transferred to the brain, Where they may be perceived as high 
frequency sounds. 

[0038] The other hair cells in the cochlea, i.e., those in the 
apical and mid regions of the scala tympani duct, retain their 
functionality. That is, these hair cells are able to sense the 
?uid Waves set up by vibrations of the membrane 30 
corresponding to loW-to-mid frequency sounds. Hence, the 
patient (or user of the hybrid system shoWn in FIG. 1) is able 
to sense high frequency sounds through the ICS portion of 
the system, and is able to sense loWer frequency sounds 
through the normal hearing processes of the ear. 

[0039] In FIG. 2, another embodiment of the invention is 
depicted. The embodiment shoWn in FIG. 2 is the same as 
the embodiment shoWn in FIG. 1 eXcept for the addition of 
an in-the-canal hearing aid 15. The in-the-canal hearing aid 
15, Which may be of conventional design, receives the 
acoustic Waves 12 and ampli?es them, thereby presenting 
ampli?ed acoustic Waves 13 to the tympanic membrane 18. 
The ampli?ed acoustic Waves 13 are thereby able to increase 
the magnitude of the vibrations that pass through the middle 
ear and articulate the membrane 30, thereby increasing the 
magnitude of the ?uid Waves Within the cochlea, Which 
higher-magnitude ?uid Waves may be more effective at 
activating the hair cells throughout the cochlea. Typically, 
hoWever, the high-frequency hair cells at the basal end of the 
cochlea remain defective and unresponsive to the higher 
magnitude ?uid Waves. Thus, the cochlear stimulator portion 
(ICS 50 and electrode array 52) of the hybrid system must 
still be used if high frequency sounds are to be perceived. 

[0040] Turning neXt to FIG. 3, yet another embodiment of 
the invention is shoWn, comprising a middle ear hearing aid 
system 60 Which is inserted into the middle ear. Such system 
60 includes an implanted acoustic microphone 62 attached 
to the malleus 20 and an implanted acoustic ampli?er and 
driver 64 coupled to the stapes 24. Thus, as acoustic signals 
vibrate the tympanic membrane, such signals are sensed by 
the microphone 62 attached to the malleus 20 and trans 
duced to an electrical or other (e.g., optical or magnetic) 
signal. This signal is then applied to the acoustic ampli?er 
and driver device 64, Where they are transduced back to 
mechanical vibrations that drive the stapes 24, and hence 
vibrate the membrane 30 With an ampli?ed or increased 
intensity. The vibration of the membrane 30 With an 
increased intensity or magnitude, in turn, increases the 
intensity of the ?uid Waves that are set up Within the scala 
tympanic duct of the cochlea, thereby more effectively 
activating the non-defective hair cells throughout the 
cochlea. For a hearing impaired individual, having defective 
high frequency hair cells, such middle ear hearing aid 
system 60 thus provides an increased ability to sense loWer 
frequency acoustic signals. To sense high frequency sounds, 
a stimulator circuit 50‘, coupled to the basal electrode array 
52, senses the high frequency sounds and converts them to 
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appropriate electrical stimuli for application to the respec 
tive electrode contacts 54 on the electrode array 52. 

[0041] Turning neXt to FIG. 4, a block diagram of the 
signal processing circuits used by the hybrid system of FIG. 
3 is depicted. As seen in FIG. 4, a front-end ampli?er and 
processor 70, including an analog-to-digital converter 
(ADC), senses acoustic signals. The processor further uses 
appropriate spectral decomposition ?lters to separate the 
high frequency signal components from the loW and middle 
frequency components. The high frequency signal compo 
nents are then sent to a cochlear signal processor 72, and the 
loW and middle frequency signal components are sent to an 
acoustic signal processor 74. Each of these processors 72 
and 74 applies appropriate signal processing strategies to the 
signals and then applies them to a signal phase compensa 
tion and balance processor 76. This phase compensator and 
balance processor performs, inter alia, a smoothing function 
that alloWs a smooth, seamless transition from the acoustic 
enhancement provided for loW-to-middle frequencies and 
the neural stimulation provided for the higher frequencies. 
After balancing and phase compensation, Which may be 
considered as “signal enhancement”, the acoustic signals are 
sent to the output-to-acoustic ampli?er and driver circuit 64 
and the cochlear stimulator signals are sent to the stimulator 
circuits 50‘. At the output-to-acoustic ampli?er and driver 
circuit 64, the signals are converted into mechanical vibra 
tions to boost loW-to-middle frequency acoustic energy. At 
the cochlear stimulator circuits 50‘, the signals are converted 
into high frequency energy that is further divided and 
converted into stimulation pulses that are applied directly to 
the neurons located in the basal region of the cochlea 
through the short basal electrode 52. 

[0042] One important aspect of the invention relates to its 
ability to suppress tinnitus. Tinnitus suppression is carried 
out by generating appropriate pulse sequences in the stimu 
lator 50 or 50‘ and then delivering these pulse sequences to 
selected electrodes 54 on the electrode array 52. Such 
suppression may occur at the same time that acoustic 
enhancement takes place for the loWer frequencies. 

[0043] The various components of the invention, i.e., high 
frequency neural stimulation, residual loWer frequency hear 
ing, high frequency neural stimulation With signal enhance 
ment, loWer frequency acoustic signal enhancement, and 
tinnitus suppression, may advantageously be combined in 
various Ways to address several different applications. For 
eXample, the invention may be used for any or all of the 
folloWing applications: 

[0044] (a) high frequency neural stimulation com 
bined With residual loWer frequency hearing; 

[0045] (b) high frequency neural stimulation signal 
enhancement combined With loWer frequency acous 
tic signal enhancement; 

[0046] (c) tinnitus suppression; 

[0047] (d) tinnitus suppression combined With acous 
tic signal enhancement; 

[0048] (e) higher frequency neural stimulation signal 
enhancement, acoustic signal enhancement, and tin 
nitus suppression stimulation; or 

[0049] tinnitus suppression combined With 
cochlear neural stimulation. 

Nov. 18, 2004 

[0050] As described above, it is thus seen that the present 
invention provides a versatile hybrid cochlear stimulation 
and hearing aid system that may restore hearing function 
over a Wide frequency band, e.g., from loW frequencies to 
high frequencies. 
[0051] As described above, it is further seen that the 
invention provides such a hybrid system Wherein minimally 
invasive surgical techniques need be employed. 

[0052] As described above, it is additionally seen that the 
invention provides a versatile hybrid system that can be used 
for a Wide variety of applications, ranging from higher 
frequency neural stimulation, With or Without signal 
enhancement (balancing, smoothing and phase compensa 
tion); tinnitus suppression; residual loWer frequency hear 
ing, or loWer frequency acoustic signal enhancement. 

[0053] While the invention herein disclosed has been 
described by means of speci?c embodiments and applica 
tions thereof, numerous modi?cations and variations could 
be made thereto by those skilled in the art Without departing 
from the scope of the invention set forth in the claims. 

What is claimed is: 
1. A hybrid cochlear stimulator and hearing aid system 

comprising: 
a cochlear electrode array, having a plurality of spaced 

apart electrodes thereon, adapted for insertion into the 
basal region of the scala tympani duct of a human 
cochlea; 

an implantable stimulator electrically connected to the 
electrodes on the cochlear electrode array; 

a microphone for sensing acoustic sounds and converting 
the sensed acoustic sounds to electrical signals; and 

a signal processor for processing the electrical signals and 
generating high-frequency control signals therefrom 
representative of the higher frequency content of the 
sensed acoustic sounds; 

the implantable stimulator having means responsive to the 
high-frequency control signals generated by the signal 
processor for selectively generating electrical stimuli 
and applying the electrical stimuli to the electrodes of 
the electrode array, Whereby the basal region of the 
scala tympani duct is stimulated With electrical stimuli 
representative of the higher-frequency content of the 
sensed acoustic sounds. 

2. The hybrid system of claim 1 further including an 
acoustic boost device for amplifying the loWer frequency 
content of the sensed acoustic sounds. 

3. The hybrid system of claim 2 further including com 
pensation and balancing means for providing a smooth 
transition from loWer frequencies sensed With the aid of the 
acoustic boost device to the higher frequencies stimulated 
through the cochlear electrode array and implantable stimu 
lator. 

4. The hybrid system of claim 2 Wherein the acoustic 
boost device comprises a hearing aid adapted to be placed in 
the ear canal of a user. 

5. The hybrid system of claim 2 Wherein the acoustic 
boost device comprises a middle ear hearing aid system. 

6. The hybrid system of claim 5 Wherein the middle ear 
includes a malleus and a stapes, and Wherein the middle ear 
hearing aid system includes an implantable acoustic micro 
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phone adapted to be coupled to the malleus, and an 
implanted acoustic ampli?er and driver adapted to be 
coupled to the stapes. 

7. The hybrid system of claim 6 Wherein the middle ear 
hearing aid system and the signal processor share common 
front-end processing circuitry. 
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8. The hybrid system of claim 1 further including means 
coupled With the signal processor for generating speci?c 
sequences of electrical stimulation pulses applied through 
the electrodes on the cochlear electrode array that suppress 
tinnitus. 


