BOX 25.2

COCHLEAR IMPLANTS

The cochlear implant is one of the most successful prostheses used to stimulate the nervous system (Niparko et al., 2000). The cochlear implant can provide partial restoration of hearing for individuals with sensorineural hearing loss. In sensorineural hearing loss, there is usually a partial or complete loss of the sensory cells (hair cells) in the inner ear (cochlea). Hair cells normally transduce the mechanical energy of sound into the electrical energy of receptor potentials. They synapse on primary auditory nerve fibers, which send information to the brain. Hair cells can be damaged irreversibly by intense sound, ototoxic drugs, or the aging process. Once lost, hair cells are not regenerated in mammals. Often, however, individuals with hair cell loss retain a significant complement of auditory nerve fibers. It is these fibers that are stimulated by the cochlear implant. 

The cochlear implant consists of a microphone to detect sound, an electronic “processor” that transforms the sound waveform into a code of electrical stimuli, and an array of stimulating electrodes in the cochlea. The electrode array (Fig. 25.10) is inserted through or near the round window into scala tympani where it lies close to the peripheral axons of primary auditory neurons. Usually, the implant consists of more than 20 electrodes that begin in the base and are spaced at intervals along the cochlear spiral. Those electrodes in the most basal regions are positioned to stimulate nerve fibers that originally responded to high frequencies and those in more apical regions are positioned to stimulate fibers that originally responded to lower frequencies. 

In some individuals who have received implants, comprehension of speech is possible, even when there are no other cues such as lip reading. These individuals can carry on a normal conversation, even via telephone. In other individuals, however, full speech comprehension is not restored but the implant, together with lip-reading ability, assists with spoken conversation. It also provides for the detection of important sounds such as the ring of a telephone and the approach of a vehicle. Individuals who have become deaf after the acquisition of spoken language have better comprehension than prelingually deafened individuals, almost certainly because of differences in the central nervous system. 
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FIGURE 25.10 Drawing of the human cochlea showing cochlear implant electrodes. The electrode array is inserted through the round window of the cochlea into the fluid-filled space called the scala tympani. It stimulates peripheral axons of the spiral ganglion neurons, whose central axons (auditory nerve fibers) send impulses into the brain. In the normal cochlea, frequency is mapped along the cochlear spiral, with the lowest frequencies at the apex of the cochlea (at the top of the figure). The different electrodes of the cochlear implant are designed to stimulate different groups of nerve fibers that originally responded to different frequencies, although because of spatial constraints the implant is not inserted all the way to the cochlear apex. From Loeb (1985).
