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Electrical stimulation as a medical treatment has been used by 

individuals for centuries, however, the medical establishment 

has historically viewed electricity as something more vaude- 

villian than legitimate medicine. I t  has not been until the lat- 

ter half of this century that certain aspects of electrical stimu- 

lation has been viewed as a viable medical treatment. The 

field with the greatest acceptance has been audiology, specifi- 

cally the cochlear implant. 

In the latter 1930s, researchers first conceived the idea that 

the cochlea may work as a sort of transducer of acoustic to 

electric energy. It took another 20 years before J Djoumo and 

C Eyries first used an electrode to directly stimulate the 

acoustic nerve. Although the results of the procedure were 

minimal, they were great enough to encourage the research of 

Dr William F House, who, in 1961, began using electrode 
stimulation in post-lingual deaf adults. House and engineer 

Jack Urban then began developing a series of implants. 

The development of the cochlear implant, as with all sci- 

entific advances, was driven by the concurrent work of several 

investigators. In the 1970s, doctors F Blair Simmons and 

Robin Michelson found that intra-cochlear electrodes could 

function safely for significant periods of time while producing 

positive results. 

In 1971,Michelson used a modulated radio receiver 

beneath the skin that was stimulated by an external transmit- 

ter antenna positioned over the receiver and held in place by 

a headband. Michaelson's work stimulated the debate that the 

hearing discrimination displayed by his patient was not the 
effect of stimulation of the auditory nerve, but rather on the 

remaining neural tissue. Over the next several years, doctors 

studied the range and degree of hearing of implantation sub- 
jects and debated single- versus multiple-electrode implant 

devices. 
From 1969-70, House and Urban conducted their own 

study, which they reported on at the 1973 meeting of the 

American Otological Society. House and Urban used multi- 

channel electrodes in their patients and developed a take- 

home device for one particular patient. During this period, 

the science of the implant field grew exponentially and many 

questions about the research were answered. The findings of 

positive electrical stimulation to surviving hair cells in post- 

lingually deafened adults greatly spurred the field. 

Having discovered why electrical stimulation would simu- 

late hearing gave researchers freedom to develop consistent, 

stable implants and led to the development of a cochlear 

implant industry. Continued success of the cochlear implant 

and advances in implant design allowed doctors to make the 

next step in the field, implants for children. The importance 

of the development of language and communication in 

childhood led doctors to pediatric cochlear implants, but 



Deafness is defined as any reduction of hearing, no matter how slight. 
Types of hearing loss are separated into the following seven cate- 
gories: conduction-type deafness, sensorineural deafness, central 
deafness, mixed-type deafness, functional deafness, congenital deaf- 
ness, and neonatal deafness. The cochlear implant is used in patients 
with sensorineural (nerve) deafness and may be used in a combination 
of therapies to treat other types of deafness. 

Sensorineural deafness is also referred to as "nerve deafness" 
and involves the cochlear portion of the inner ear and/or the 
cochlear division of the acoustic (vestibulocochlear - VIII* cranial) 
nerve. 
Conduction-type deafness occurs when there is an interference 
wi th the transmission of sounds from the external or middle ear, 
preventing sound waves from entering the inner ear. Many of the 
causes of conduction-type deafness are treatable with medication, 
surgery, or sound amplification. 
Central deafness involves the acoustic center of the cerebral cortex. 
Mixed-type deafness involved both the conduction system and the 
nervous system. Generally, only the conduction portion of this con- 
dition is treatable. 
Functional deafness is said to be of psychogenic nature. No con- 
duction or nerve problem can be identified. Sometimes this condi- 
t ion is referred to as "selective" deafness. 
Congenital deafness is present at the time of birth. This can be 
hereditary or due to the mother's exposure to disease (such as 
rubella) or toxic drugs during the pregnancy. 
Neonatal deafness occurs at the time of birth or shortly afterward. 
Prematurity, trauma, or Rh incompatibility can cause it. 

Excerpted from the Surgical Technology for the Surgical Technologist: 
A Positive Care Approach, scheduled for publication in spring 2000. 
Reprinted wi th permission of Delmar Publishers, a division of Thomson 
Learning. 
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not without debate. Introducing chil- 

dren to any new surgery leads to 

debate, and implanting a bionic device 

into children was rejected by many out 

of hand. 

That debate has been quieted 

greatly as a result of the implants' 

continued success, and pediatric 

implanrs have continued at 3 rapid 

rate. Children as young as 18 months 

now receive implants. The ability to 

grant hearing to subjects so young 

means that deafened children can now 

hear while still in the stage of lan- 

guage acquisition. Continued scirntif- 

ic studies testing the comrnunicativc 

skills o i  child patients show that qual- 

ified implant recipients score much 

higher over a greater range of hearing, 

as children, than do children with 

hearing aids. Allowing children to 

hear, and to interact with the hearing 

community is doubtless the cochlear 

implant industry's greatest achieve- 

ment. 

ANATOMY 

There are three main regions of the ear: 

the outer, middle, and inner (Figure 1). 

The outer ear is comprised of the 

pinna (auricle) and the external audito- 

ry canal (meatus) (Figure 2 ) .  The auri- 

cle is the portion of the ear that is visi- 

ble on each side of the head and encir- 

cles the opening into the external audi- 

tory meatus. Muscles and ligaments 

attach it to the head. The pinna con- 

sists of flexible cartilage that is covered 

with thick skin. The superior rim is 

referred to as the helix. The lobule 

(earlobe) is located inferiorly and lacks 

cartilage. The cartilaginous projection 

located anterior to the opening of the 

canal is called the tragus.' 



The external auditory canal extends from the pinna to the 

tympanic membrane. It has an S-shape and is approximately 
2.5 cm in length. It passes through the auditory meatus of the 

temporal bone. The canal is covered with epithelium, lined 

with fine hairs, and houses the ceruminous glands, which 
secrete a substance called cerumen (earwax).' 

The tympanic membrane or eardrum is the separation 

beween the outer and middle ear. It is comprised of three lay- 
ers. The outer surface is covered with epithelium, the central 

is fibrous connective tissue, and the inner is lined by a mucous 
membrane. It is disk shaped, normaIly concave, and has a 

diameter of about 1 cm. The eardrum is normally pearly gray 

External ear 
I 

Internal ear 

pharyngotympanic) tube connects the middle ear to the 

nasopharynx. ' 
The tympanic cavity houses a series of three small bones 

called the auditory ossicles (Figure 3).  They have been named 

according to their shape and are, from lateral to medial, the 

malleus (hammer), the incus (anvil), and the stapes (stirrup). 
The ossicles have movable (synovial) jotncs between them. 

Ligaments connect the ossicles to the wall of the middle ear 
and two tiny skeletal muscles control their movement. The 
handle and short process of the malleus are embedded in the 

tympanic membrane, the head and neck extend upward into 

the epitympanic space or attic. The head of the malleus artic-
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FIGURE *-The three main regions of the ear are the outer, middle and 
inner ear. 

in color, translucent and has a shiny appearance. It assumes 
an oblique position.' 

The middle ear (tympanic cavity) is an air filled chamber 
located within the temporal bone. The tympanic cavity is 

lined with a mucous membrane, which is a continuation of 

the inner layer of the tympanic membrane. The lateral bor- 

der of the tympanic cavity is the tympanic membrane and 

the cavity ends medially with the superior oval window and 

the inferior round window. There are two openings into the 

wall of the middle ear. The tympanic antrum opens posterior- 

ly into the mastoid sinus and the eustachian (auditory or 

Lobule 

FIGURE 2-Anatomy of the outer ear. 

ulates with the body of the incus, The ossicular chain is com- 

pleted with the connection of the incus to the head of the 

stapes. The footplate of the stapes rests upon the oval 

window.' 

The air cells of the mastoid sinus are located behind the 

auricle within the mastoid process of the temporal bone. The 

mastoid sinus is contiguous with the middle ear through an 

opening called the tympanic antrum (adltus ad antrum).' 

The inner ear, or labyrinth, consists of two main sections, 

the bony (osseous or perilymphatic) labyrinth and the mem- 

branous labyrinth. Labyrinths are complex series of canals and 
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chambers located within the petrous portion of the temporal 

bone. A fluid called perilymph fills the spaces of the bony 
labyrinth, which is then lined by a thin membrane that hous- 

es another fluid called endolymph. The three compartments 

of the osseous labyrinth are the vestibule, the semicircular 
canals, and the cochlea, which are named according to their 

shapes. 

The vestibule separates the cochlea from the semicircular 

canals and is centrally located. The vestibule contains two 

FIGURE %Anatomy of the middle and inner ear. 

sacs called the utricle and the saccule, which are connected 

by the endolymphatic duct. The maculae possess sensitive hair 

cells, are contained within the sacs and function in static 

equilibrium (stationary).' 

Three semicircular canals make up the lateral portion of 

the bony labyrinth (Figure 4). They are at approximate right 

angles to each other and are referred to by their positions: 

anterior, lateral, and posterior. The membranous labyrinth 

extends inside of each of the semicircular canals and these 

extensions are referred to as semicircular ducts. The base of 
each canal has a small swelling called the ampulla. The 

ampullae come together to form the utricle. Each ampulla 

contains ridges called ampullary crests that possess criscae, 
which are clusters of sensitive hair cells, embedded in a 

gelatin-like substance called cupula. Dynamic equilibrium 

(during movement) is controlled by the cristae.' 

Semicircular canal 

-
nerve 

Auditoty tube 

The principal organ of equilibrium, the vestibular appara- 

tus, is made up of the semicircular ducts including their 

ampullae, and the utricle and saccule of the vestibule. The 

vestibular branch of the VIIIth cranial (vestibulocochlear) 

nerve carries the information related to equilibrium to the 
cerebral cortex.' 

The organs of hearing (spiral organs or organs of Corti) 

are contained within the cochlea, a coiled portion of the 

14 Oeeober 1999 t h o  Smr#loal Tochnologlst 



, 

bony labyrinth extending from the vestibule. Two mem- covers the organs of Corti. These hair cells within the basilar 

branes pass through the cochlea dividing it into three cham- membrane directly contact the fibers of the cochlear nerve. 

bers. The chamber between the membranes (vestibular and The cochlear nerve is the branch of the VIIIh cranial nerve 

basilar membranes) is called the scala media or cochlear (vestibulocochlear nerve) that conducts the sound impulses to 

duct. The cochlear duct is filled with endolymph and is con- the auditory cortex of the temporal lobe of the brain.' 

sidered the membranous labyrinth of the cochlea. The 

chamber above the vestibular membrane is the scala COCHLEAR lMPLILNT SYSTEM 

vestibule, communicating laterally with the oval window, When the hair cells are damaged, the nerve is unable to 

and continuing with the scala tympani, which is the cham- process sound. The cochlear implant bypasses damaged hair 

Osseous labyrinth 

Semicircular canals 

Scala vestibuli 

Crista L 
Helicotrema 

RGURE &Anatomy of rht inner ear around the cochlea. 

ber formed below the basilar membrane, at the cochlear cells and directly stimulates the nerve with electric current. 

apex called the helicotrema. The scala tympani terminate How does it work? Sound waves, which would enter 2 

laterally at the round window. Both are filled with healthy ear through the external acoustic meatus, are detect- 

endolymph.' ed by a microphone in a headpiece and converted to an elec- 

The organs of Corti are located along the length of the trical signal. The signal travels through,a cable to a speech 
-basilar membrane. They consist of a series of hair cells and processor that converts the signal to a code, which mimics 

supporting cells, which extend into the endolymph and touch sounds that humans use to understand speech. The coded sig- 

a flexible gelatinous flap called the tectorial membrane that nal is then sent back to the headpiece where the signai is 



transmitted through the skin to the implant. The implant 

decodes the signal and sends it to the electrodes in the 

cochlea. Those electrodes stimulate the hearing nerve fibers 

withtn the cochlea. The process of stimulating the nerves 

sends the electrical impulses through the auditory nerve to 

the brain, which interprets these impulses as sound. The sys- 

tem's impulses vary based on loudness and distance, and the 

speed of the system permits the person to hear sounds as they 

happen. (Figure 5) 

repeat surgery. Antibiotics are administered prophylactically 

prior to initial incision. 

TEMPLATlNG 

A non-sterile elastomer implant template is placed on the scalp 

behind the postauricular crease. The orientation of the long-axis 

of the implant cemplate is oblique-vertical, with a more vertical 

position for a younger patient. The inferior edge of the template 

should be well above the canthomeatal line, especially for younger 

Implant 

Electrodes 

Hearing nerve -

FIGURE &The 
counesy of Advanced B~anics Corporat~on. 

SURGICAL PROCEDURE 

The cochlear implantatton procedure is most commonly per- 

formed under general anesthesia with avoidance of muscle 

relaxers. The patient is placed in the conventional supine oto- 

logic position, with the head turned away from the side of 

surgery. A facial nerve monitor is optional, but is recommend- 

ed in congenital abnormalities of the temporal bone or for 

cochlear implant system bypasses damaged halt cells In the lnncr ear and dlrcctly st~mulates the auditory nerve to promote hearing. Illustation 

patients. The implant's position is marked on the scalp with a 

marking pen, and the incision is drawn with a #10 or 4 5  blade 

beginning at the mastoid tip, ascending just behind thc:postauric-

ular sulcus and swinging in a gentle curve posteriorly above the 

attachment of the auricle. The mcisian should be at leasr 15 mm 
from the edge of the implant in all directions (Flyre 6). 

I 



Hair is removed, and the operative site is draped. The 

shaved area is prepped with Betadine, then dried. This allows 

visualization of the previously marked incision and device 

position. The center of the proposed well is marked with a 

drop of methylene blue on the tip of an 18-gauge needle. The 

incision line is infiltrated with 1:200,000 epinephrine, and a 

#lo blade or electrosurgical cutting current is used to make 

the incision down to the pericranium and the surface of the 

temporalis fascia. 

FWI DESIGN 

Using a combination of blunt and sharp dissection with the 

electrosurgical cutting current, the flap is elevated off the 

pericranium and temporalis fascia, and held posteriorly and 

inferiorly with self-retaining retractors. A large, anteriorly- 

based, soft-tissue flap is raised, with the apex being just past 

the projected location of the well for the electronics pack- 

age. This flap is elevated to the external auditory canal and 

held anteriorly (Figure 7). A pocket for the ball ground elec- 

trode is created deep to the temporalis muscle using a freer 

elevator. The  pericranium above and posterior to the area of 

the bare bone, which was exposed by raising the flap, is care- 

fully elevated with the elevator or the metal implant tem- 

plate. This, in turn, forms a pocket into which the posterior 

part of the implant (antenna coil and magnet) will be 

placed. 

W E U  CREATION 

The well is drilled with cutting and diamond burrs to easily 

accommodate the thickest part of the electronics implant 

package. The  metal recess template is used to check the 

size and depth of the well. The well is round to allow the 

surgeon to adjust the angle of the electronics implant pack- 

age to the canthomeatal line (Figure 8). In younger 

patients, the well will expose the dura, in which case a 

bony island or islands can be created. A ramp is drilled 

posterior-superior to the well for the posterior portion of 

the electronics package. 

MASTOIDECTOMY 

A complete mastoidectomy is ~erformed, taking care to cre- 

ate overhang superiorly and posteriorly, rather than sauceriz- 

ing the bone as in radical mastoidectomy for chronic mas- 

toiditis. Some surgeons prefer to perform the mastoidectomy 

prior to creating the well. This overhang helps maintain the 

proximal electrode lead within the mastoid bowl. A groove is 

created in the superior overhang for the ball ground elec- 

trode. Tie-down holes can be drilled on either side of the 

groove. While the size of the mastoid cavity is not critical, a 

small cavity will limit view of the facial recess and may result 

in cramped positioning of the proximal electrode lead. 

After creation of the mastoid cavity, a channel is drilled 

connecting the well to the posterior portion of the mastoid cav- 

ity. This will direct the electrode lead toward the facial recess. 

FACW RECESS 

Using cutting and diamond burrs, the mastoid cavity is drilled 

further to identify the short process of the incus, as well as the 

vertical portion of the facial nerve. The facial recess is created 

with the superior margin defined by the short process of the 

incus. The posterior margin is defined by the vertical portion 

of the facial nerve, and the anterior margin defined by the 

chorda tympani. 

The skin of the posterior canal wall and the annulus of the 

tympanic membrane should not be exposed. 

The facial recess is opened widely, allowing the remaining 

bone on the anterior surface to protect the facial nerve. 

Drilling continues anteriorly to expose the chorda tympani. If 
necessary, the incus bar can be thinned to no more than 2-2.5 

mm in thickness. 

COCHLEOSTOMY 

A created facial recess allows for the stapedius tendon to bc 

exposed (Figure 9). A direct cochleostomy through the 

promontory is preferred to taking down the round window 

membrane. The latter requires drilling out the crista fenestra 

to visualize the axis of the proximal portion of scala tympani. 



ELECTRODE INSERTION 

Monopolar cautery should be turned off prior to electrode 
insertion and disconnected from the patient. Electrosurgical 

instruments may induce radio frequency currents that can 
flow through the electrode array damaging cochlear tissues or 

the implant. The electrode is then inserted directly into the 

cochlea by grasping the body of the device and guiding the tip 
of the electrode into the cochleostomy. If obstruction is felt, 

or the electrode begins to bend, it can be withdrawn, rotated 

and reinserted. 

The pericranial pocket is then elevated and the posterior 
portion of the implant is backed into the pocket until the 

electronics slip into the well (Figure 10). The posterior por- 

tion is rotated so that the device is correctly oriented and 
both tie-down holes are in the appropriate position. A 3.0 

nonabsorbable suture is used to secure the electronics using 

the bone holes. The ball ground electrode is placed in the 
superior mastoid groove and then inserted into the pocket 

under the temporalis muscle. 

At this point, a titanium hemoclip may be placed in the 

incus bar with a small hemoclip applier, and the electrode is 

slipped into the loop. This fixes the electrode firmly to the 

incus bar and directs the proximal lead toward the tegmen. 
The clip may also be placed either prior to the cochleostomy 

or prior to the electrode insertion. Following electrode inser- 

tion, and securing the implant, the wire lead just proximal to 

the facial recess is placed in the incus slot and under the short 

process. This directs the proximal lead superiorly toward the 

tegmen. A 3-0 suture is placed across the junction of the 

channel and the mastoid bowl to keep both the proximal 

electrodes below the surface of the bone. The proximal elec- 

trode array in the mastoid cavity is adjusted to form a gentle 

curve with the convexity along the tegmen antri. The ground 

electrode may also be sutured into the groove in the upper 

edge of the mastoid cavity. 

INTRAOPERATlVE MONITORING 

Once the electrode array is inserted and the device fixed to 

bone, intraoperative monitoring of electrode impedances, 

brainstem responses, voltages and acoustic reflexes may begin. 

The spacer and transmitting coil are enclosed in a sterile sleeve 

and placed over the implant. (Figure 11) Alternatively, the flap 

is replaced or a gauze sponge placed between the implant and 

the transmitting coil, which is enclosed in a sterile sleeve. 

FICURP &An implant template is used to mark the area. 'Ihe implant's 
position is marked on the scalp with a d i g  pen, and the incision is drawn. 

FIGURE 7-A large, anceriorly-based, soft-tissue flap is raised, with the 
apex being just past the projected location of the well. 

FIGURE &The well is drilled to easily accommodate the chickesc part of 
the electronics implant package and is round to allow the surgeon to adjust 
the angle of the electronics implant package to the canthomeacal line. 



FIGURE 9 1 4  created facial recess allows for rhe stapedius tendon to be 
exposed. 

FIGURE 1@--After the elecnode is insened into the cochlea, the 
pericranial pocket is elevated and the posterior portion of the implant is 
backed into the pocket until the electronics slip into the well. 

CLOSURE 

The flap is sutured over the exit of the electrode from the 

electronics, using 3-0 chromic sutures. The barbless fish hooks 

are released and hemostasis is achieved with an appropriate 

technique, being sure to avoid monopolar cautery and keep 

bipolar cautery at least 1 cm from the implant device or elec- 

trode. The incision is closed m layers using 4-0 mild chromic 

and stainless steel staples. Rarely is it necessary to thin the 

flap. It is usually not necessary to use drainage, but if there is 

excessive oozing, a small suction drain may be placed 

overnight. Large pressure dressings are applied. 

CONCLUSION 

The end of the millennium sees the cochlear implantation 

surgery as commonplace enough that debate is no longer over 

results, but rather the surgical techniques and procedures- 

hard or soft, the aesthetics of the implant, etc. The cochlear 

implant today looks nothing more now than a behind-the-ear 

hearing aid with a tail. The success of the implant industry 

not only means that the implants are going to get smaller and 

better, but that deaf individuals will be able to hear earlier in 

thei; 1ives.A 
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FIGURE 11-The spacer and transmitting coil are enclosed in a sterile 
sleeve and placed over the implant. 




