
326

HISTORY

Tinnitus is sufficiently common and distressing that it
has been described in medical texts for more than three
millennia. According to Feldmann, the first mention of
tinnitus in archival materials derived from Egyptian
papyri dates to the second or third century BCE.1,2 It is
not unexpected that efforts to treat tinnitus would be
comparably ancient and would attempt to use all avail-
able technologies of a given era. Thus, the topical herbal
treatments of ancient Egypt made way for the applica-
tion of the battery at the dawn of the nineteenth centu-
ry.3 Volta first determined that current flowed from his
battery by touching it to his tongue; it is not surprising
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that he subsequently applied it to his own external au-
ditory canals.3 The 50-volt shock he applied to himself
reportedly knocked him down, plausibly owing to
vestibular stimulation, and produced a loud and persis-
tent tinnitus-like auditory percept. Volta’s experiment
arguably heralded the twin birth of cochlear implanta-
tion and electrical manipulation of tinnitus, but, ap-
parently, he chose not to repeat the experience himself.

Within 1 year of Volta’s publication describing the
battery, the first reliable source of ongoing electrical
current, a subsequent paper detailed a complex appa-
ratus for electrical stimulation of the external ears
(Figure 24-1).4 Throughout the nineteenth century,
various authors described multiple methods for such

FIGURE 24-1. Apparatus for electrical
stimulation of external auditory canals
for treatment of deafness and tinnitus.
Reproduced with permission from
Grapengiesser CJC.4
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stimulation as a treatment for deafness and tinnitus.
Stimulation sites included the external auditory canal,
auricle, zygoma, tragus, mastoid, and eustachian tube
orifice. Electrodes included balls, wicks, and, in one
case, needle electrodes applied simultaneously to the
eustachian tube transnasally and the promontory
transtympanically. Although, in the first half of the
nineteenth century, all such stimulation used direct
current, known as galvanization, the invention of the
induction coil spawned the use of alternating current,
or faradization. Such treatments were apparently so
widespread that an entire book by Brenner was devot-
ed to electrical stimulation of the ears: Investigations
and Observations on the Effect of Electric Current on the
Hearing Organ in the Healthy and Ill.5 The subtitle of
the book, Attempts to Create a Rational Electro-Otology,
suggests a response to the appropriate skepticism with
which claims of cures of deafness and tinnitus were
met. By the early twentieth century, therapeutic elec-
trical stimulation of the ears had fallen out of favor.

Despite the uncontrolled nature of the experi-
ments reported during the nineteenth century, multi-
ple authors noted a number of consistent observations.
They frequently observed that anodal direct current
applied to the ipsilateral mastoid or zygoma could
temporarily suppress or eliminate tinnitus in some pa-
tients, whereas cathodal stimulation more common-
ly caused auditory percepts and an increased intensity
of tinnitus. In this century, Hatton and colleagues
replicated these findings using electrodes placed on
the zygomatic arches bilaterally.6 Similar findings were
also noted in multiple publications from Bordeaux,
France.7–10  The latter group applied electrical stimuli
via a transtympanic electrode to the round window
and promontory.

The 200-year-old finding that anodal direct cur-
rent can suppress tinnitus in some cases has, unfortu-
nately, not resulted in a useful clinical intervention.
This is due to limitations in the ability to stimulate bi-
ologic tissue with direct current chronically. Such stim-
ulation leads to tissue necrosis from multiple
mechanisms, including hydrolysis and other toxic elec-
trochemical reactions.11 Only specific frequencies and
intensities of alternating current, such as those used in
cochlear implants, are safe for chronic stimulation.

With the increasing use of cochlear implantation
as a treatment for profound hearing impairment, a
substantial literature documented that tinnitus sup-
pression is a common beneficial side effect of this
modern form of electrical stimulation.12–20 Although

the reported efficacy rate varies from 28 to 79%, it is
quite unusual, even in a large cochlear implant center,
to have implant recipients complain of disabling tin-
nitus. This is in contrast to individuals with moder-
ate to severe hearing impairment using hearing aids,
for whom marked and bothersome tinnitus is quite
common. One might expect that patients with im-
plants would suffer similarly if they were deprived of
their speech processors for a period of time.

The promising early results with anodic direct
current stimuli, the knowledge that direct current
cannot be applied continuously without causing tissue
injury, and the success with cochlear implants have led
to numerous studies of alternating current stimula-
tion for suppression of tinnitus.21–27 These studies have
used external and middle ear electrodes and a variety
of stimulus waveforms and again suggest that in some
patients, tinnitus can be suppressed and occasionally
eliminated. The results of these studies are variable and
confusing, however, and none of them were placebo
controlled, limiting the conclusions that can legiti-
mately be drawn. A tinnitus suppression device, the
Audimax Theraband, initially produced considerable
enthusiasm28 but was relegated to historical interest by
a carefully designed, double-blind, placebo-controlled
trial.29 It is of note, however, that this device produced
a verifiable, repeatable, and clinically relevant tinnitus
suppression in one subject using electrodes located on
the mastoid.

PHYSIOLOGIC MECHANISMS

As described in the previous section, a wide variety of
stimulus waveforms, electrode locations, and patients
with tinnitus have been tested in an empiric and un-
controlled manner. Our current understanding of tin-
nitus pathophysiology is not much more advanced
than it was in Volta’s era, and well-executed empiric
studies are still important and potentially powerful
tools. It is, however, important to understand the pos-
sible mechanisms by which electrical stimulation can
suppress tinnitus. It should be noted that although all
of the mechanisms to be discussed presume a pe-
ripheral cause of tinnitus, none of them exclude the
possibility of secondary central dysfunction, such as
an increase in central auditory “gain” in response to
loss of peripheral input. Many recent data point to
such central dysfunction as an important physiolog-
ic correlate of tinnitus.30–34
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An electrical stimulus to a normally functioning
cochlea can evoke a variety of possible responses, in-
cluding electrophonic activation of the basilar mem-
brane, direct polarization of hair cells with modulation
of transmitter release, and direct polarization of spiral
ganglion cells with modulation of spontaneous firing
or induction of spike activity.35 Thus, if tinnitus were
due to some abnormal increase in peripheral activity,
a stimulus that decreased this activity could potentially
suppress tinnitus without producing audible percepts.
Alternatively, a stimulus that increased peripheral ac-
tivity could potentially “mask” the tinnitus but would
presumably also be audible, offering little advantage
over acoustic masking.

Because tinnitus is most commonly associated
with sensorineural hearing loss, the most plausible
hypothesis is that tinnitus is due, at least initially, to
a pathologic decrease in peripheral spontaneous ac-
tivity.36,37 If this is the case, an electrical stimulus could
potentially suppress tinnitus without producing au-
dible percepts through the restoration of normal levels
of peripheral spontaneous activity. This intriguing
concept is explored further in this chapter.

SITE OF EXCITATION

It is clear from work with galvanic stimulation of the
vestibular system that small (~ 1 mA) currents applied
to the external ear can excite the labyrinth.38–40 Such
stimuli can, however, also excite the somatosensory
system. Stimuli on the zygoma will evoke trigeminal
activity, whereas those posterior to the auricle will
stimulate the cervical roots. Recent clinical work doc-
uments craniocervical somatosensory modulation of
tinnitus,41 and neurophysiological studies have doc-
umented the mechanisms by which such modulation
can occur.42 It seems likely that at least some of the
electrical stimulations in studies discussed earlier, par-
ticularly those that demonstrate differences between
anodal and cathodal stimuli applied to the skin around
the ear, achieved their effects through modulating the
somatosensory system and its connections to the
cochlear nuclei. It is known that anodal electrical stim-
ulation of fiber terminals hyperpolarizes the termi-
nal but depolarizes the fiber more centrally. This
would lead to increased excitability of a somatosenso-
ry axon43 and possible tinnitus suppression via so-
matosensory modulation. A similar mechanism would
lead to decreased excitability with cathodal stimuli.

These effects are precisely the opposite of what is seen
in auditory nerve fibers with intracochlear electrical
stimulation.44

The previous discussion indicates that “electrical
stimulation of the ear” implies only inner ear stimu-
lation when the electrodes are intracochlear, and
thresholds for auditory nerve fibers are typically well
below those of other cranial nerves. Electrical stimu-
lation in the middle ear allows the potential for stim-
ulation of Jacobson’s nerve or of somatic afferents
from the tympanic membrane or external auditory
canal. All have the theoretic potential to modulate tin-
nitus without altering firing in the auditory nerve di-
rectly. Thus, “middle ear stimulation,” including
round window and promontory electrode place-
ments, suffers from similar ambiguity as “external ear
stimulation” with regard to the neurons affected by
the stimulus.

The possibility of multiple sites of excitation with
both external and middle ear electrodes may be partly
responsible for the variety of outcomes observed both
within and across studies of electrical stimulation for
tinnitus. This possibility is strengthened by contrast-
ing this extraordinary variability with the far more
consistent observation of tinnitus suppression in pa-
tients with cochlear implants. Studies in recipients of
cochlear implants are complicated only by the vari-
ability of tinnitus and its perception, not by ambigu-
ity as to the site of excitation. Although the variability
of tinnitus perception is itself a significant experi-
mental problem, psychoacoustic studies demonstrate
that it is a tractable one.45,46

PLACEBO CONTROL

It is unclear to what degree placebo responses have
played a role in earlier trials of electrical stimulation
for tinnitus. Some investigators report minimal place-
bo effects,22 whereas in other studies, placebo was
more frequently effective than the treatment.29 It
should be noted, however, that even in the latter study,
placebo effects were rare enough that 75% of subjects
had no tinnitus improvement with the placebo or the
test condition. Owing to substantial placebo effects in
drug trials for tinnitus,47,48 any potential therapy for
tinnitus, including electrical stimulation, should un-
dergo a rigorous placebo-controlled trial prior to
widespread clinical use. Depending on the relation-
ship between any percepts produced and the tinnitus
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suppression achieved by a given electrical stimulation
paradigm, adequate placebo control may or may not
be possible. If the stimulation is perceived by the sub-
ject, it is necessary to devise some sort of placebo stim-
ulus that is identically perceived but has a different
effect or no effect on the tinnitus. If this is not possi-
ble, other procedures can be used to minimize the like-
lihood of placebo responses. The time course of
tinnitus suppression and recovery can be monitored
and repeatedly measured. Repeatable tinnitus sup-
pression with a consistent time course argues against
placebo effects. The stimulus waveform, frequency,
and intensity can be modified to search for some “op-
timal” parameter. If, for example, a “best intensity”
exists, this argues against placebo effects.22 Lastly, false
trials without a stimulus presented can be imple-
mented randomly without feedback to the subject.

“RATIONAL ELECTRO-OTOLOGY?”

As discussed earlier, one possible mechanism for tinni-
tus associated with sensorineural hearing loss is the loss
of normal spontaneous activity that occurs with damage
to inner hair cells.36,37 Normally, the peripheral audi-
tory nerve fibers are spontaneously active in quiet.49

This spontaneous firing of the auditory nerve is due to
continuous, undriven release of neurotransmitter at the
inner hair cell synapse.50 This release process and the re-
sulting firing patterns of the spiral ganglion have been
extensively observed, modeled, and analyzed in multi-
ple species. For durations on the order of seconds, trans-
mitter release reflects a Poisson process, a specific
pattern of random vesicle release.51 Refractory proper-
ties of the auditory neurons modify the transmitter re-
lease process, resulting in spike times reflecting what is
known as a renewal process or a Poisson process with
dead time. Early theories for the peripheral origin of
tinnitus suggest that loss of this normal pattern of spon-
taneous activity can lead to abnormal central auditory
activity perceived as sound.36,37 In this light, sponta-
neous activity may be viewed as the “code for silence.”
This theory is consistent with the fact that most tinni-
tus is associated with hearing loss and most hearing loss
is associated with loss or alteration of spontaneous ac-
tivity.52 It also explains why cochlear nerve section is
usually ineffective and, not uncommonly, makes tinni-
tus worse.12 Although investigators using animal models
associate tinnitus with increased spontaneous activity
in the dorsal cochlear nucleus, the presence of lateral

inhibition in the cochlear nuclei could produce this
finding in response to decreased spontaneous activity
in the periphery.53,54 The efficacy of acoustic masking
with white noise can then be explained through the
effect of such noise on the periphery; it evokes spike in-
tervals similar to those of spontaneous activity. The pri-
mary difference between spontaneous activity and
noise-evoked responses is the across-fiber correlation
that acoustic noise produces in neurons innervating ad-
jacent locations on the basilar membrane.

It has been demonstrated with a computational
model that an appropriate electrical stimulus may pro-
duce a spontaneous-like renewal process in the audi-
tory nerve, a process that is uncorrelated across fibers.55

Much of the underlying theory has been confirmed in
animal studies,56–58 which demonstrate uncorrelated,
Poisson-like activity across a population of auditory
nerve fibers activated by an unmodulated 5,000 pulse/s
stimulus. A rational hypothesis is that such stimuli can
suppress tinnitus without producing an auditory per-
cept by restoring the “code for silence.” No prior stud-
ies have effectively examined such stimuli for tinnitus
suppression owing to the engineering difficulties of de-
livering such high rates; these rates have become avail-
able only in cochlear implant stimulators recently.59

Because most tinnitus sufferers do not have severe to
profound hearing loss, such a hypothesis should be
tested, at least initially, with stimuli applied outside the
cochlea. As mentioned earlier, this then leads to am-
biguity as to exactly what is stimulated, so a parallel test
of the hypothesis should involve patients with severe
to profound hearing impairment managed with
cochlear implants. The recent advent of “hybrid” or
“electroacoustic” cochlear implantation allows partial
intracochlear insertion of an electrode array with
preservation of residual low-frequency hearing.60 If the
hypothesis is correct, such technology creates the future
potential for intracochlear stimulation for tinnitus sup-
pression even in patients with mild hearing loss.

RESULTS

The hypothesis that unmodulated high-rate pulse
trains can suppress tinnitus without producing a per-
cept has now been tested using transtympanic stim-
ulation in 13 subjects with mild to moderate hearing
loss and intracochlear stimulation in four subjects
with profound hearing loss who were managed with
cochlear implants.27
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NO RESPONSE OR LIMITED BY PAIN (FOUR

TRANSTYMPANIC SUBJECTS, ONE COCHLEAR

IMPLANT SUBJECT)

In two transtympanic subjects, no perception of the
stimulus, pain, or effect on tinnitus could be elicited
up to the maximal current output of the stimulator
(> 1.1 mA at 80 µs/phase). In two other subjects, stim-
ulation above approximately 400 µA evoked pain. No
significant sound percept or tinnitus effect was noted
below this pain threshold. Jacobson’s nerve was found
to be posteriorly displaced in one of these subjects.
It was resting on the anterior lip of the round window
niche and was likely responsible for the atypical pain
percept in this subject. Multiple electrode placements
were attempted to avoid pain perception without suc-
cess. The cochlear implant subject noted no change
in her tinnitus with current levels up to most com-
fortable loudness on multiple electrodes.

ELECTRICAL TINNITUS “MASKING” (THREE

TRANSTYMPANIC SUBJECTS, ONE COCHLEAR

IMPLANT SUBJECT)

Three transtympanic subjects showed tinnitus sup-
pression only in the presence of a stimulus percept.
All noted that the stimulus percept sounded similar
to their underlying tinnitus. Figure 24-2 illustrates the
tinnitus and stimulus percepts over time, along with
the stimulus current presented for one of the subjects.
The response pattern was similar for all three subjects
and did not demonstrate any significant residual in-
hibition. No particular subject preference for the
stimulus percept over the underlying tinnitus was
noted in response to questioning. Figure 24-3 demon-
strates a similar “masking” pattern in the cochlear im-
plant subject. Tinnitus is suppressed only during
perception of the stimulus and virtually mirrors this
perception. There was no residual inhibition.
Although this phenomenon is clearly different from
acoustic masking, we call it a “masking” pattern to
differentiate it from tinnitus suppression in the ab-
sence of a percept. It is virtually identical to the results
reported by Dauman.61
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FIGURE 24-2. Tinnitus and stimulus perceptions of sub-
ject with transtympanic electrical stimulation of the round
window. Stimulus frequency 4,800 Hz, 80 µs/phase. Dashed
line is stimulus percept; solid line is tinnitus percept. The
perception of the stimulus appeared to produce a masking
effect on the perception of tinnitus in this subject.
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FIGURE 24-3. Tinnitus and stimulus perceptions of a sub-
ject with activation of his Cochlear Corporation CI-24M
cochlear implant. Stimulus frequency 4,800 Hz, 25
µs/phase using electrode 14 in monopolar mode. Stimulus
onset at time 0, offset at 18 minutes. Dashed line is stimu-
lus percept; solid line is tinnitus percept. The perception of
the stimulus appeared to produce a masking effect on the
perception of tinnitus in this subject.
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ELECTRICAL TINNITUS SUPPRESSION (SIX

TRANSTYMPANIC SUBJECTS, TWO COCHLEAR

IMPLANT SUBJECTS)

Six subjects showed suppression of tinnitus in the ab-
sence of a stimulus percept or after complete or nearly
complete adaptation to the stimulus percept. In the
development of speech processing strategies for
cochlear implants, we noted that there is a dramatic
degree of adaptation to the unmodulated high-rate
pulse trains used in this study.62 Round window stim-
ulation demonstrated this phenomenon in four of the
subjects, who initially perceived loud tinnitus-like
sounds when the stimulus was ramped up. After sev-
eral minutes, a time course comparable to that ob-
served in our cochlear implant subjects, the stimulus
perception adapted to zero or near-zero followed
shortly after by a decrement in the perceived tinnitus.
There was a residual inhibition lasting from 45 min-
utes to 72 hours in five of the subjects. Five of the six
patients who suppressed in this manner found clini-
cally significant relief from the annoyance of their tin-
nitus and were very pleased with the result. Figure
24-4 demonstrates the tinnitus and stimulus percepts
from one of these subjects. In all of these individuals,

stimulation at lower pulse rates and/or at lower cur-
rent levels did not evoke tinnitus suppression.

Figure 24-5 demonstrates tinnitus suppression in
one of the four cochlear implant subjects. It verifies
that tinnitus suppression in this subject was repeat-
able. There appeared to be a level-dependent effect,
with higher currents evoking more rapid and com-
plete tinnitus suppression. The perceptions produced
by the two stimuli were identical, and the tinnitus
suppression was therefore effectively single-blinded
because no feedback was given to the subject. Residual
inhibition lasted approximately 45 minutes.

CASE STUDY

R. H. is a 63-year-old woman with a past history of
Meniere’s disease in the left ear. She underwent an en-
dolymphatic shunt 10 years previously, which elimi-
nated her incapacitating vertigo but was complicated
by profound deafness and bothersome tinnitus in the
involved ear. After informed consent was obtained, she
underwent transtympanic round window stimulation
following the protocol above,27 and nearly complete
tinnitus suppression was obtained for a period of
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FIGURE 24-4. Tinnitus and stimulus perceptions of sub-
ject T. S. with transtympanic electrical stimulation of the
round window. Stimulus frequency 4,800 Hz, 80 µs/phase.
Dashed line is stimulus percept; solid line is tinnitus per-
cept. The perception of the stimulus was followed by rapid
adaptation and subsequent suppression of tinnitus.
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FIGURE 24-5. Tinnitus and stimulus perceptions of a sub-
ject with activation of her Cochlear Corporation CI-24M
cochlear implant. Stimulus frequency 4,800 Hz, 25
µs/phase using electrode 7 in monopolar mode. The dashed
line represents a stimulus intensity of 134 clinical units; the
solid line represents 142 clinical units. Error bars represent
the range of three repetitions on three separate days.
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about 45 minutes. After further informed consent was
obtained, she elected to undergo cochlear implanta-
tion in the deaf ear with the intention of determining
whether chronic tinnitus suppression could be
achieved with the same stimulus protocol. Surgical im-
plantation of a CI-24 contour (Cochlear Corporation,
Lane Cove, Australia)  was uneventful.

One month postoperatively, her device was acti-
vated, and an apical electrode was pitch-matched to
her low-frequency tinnitus. This electrode was then
stimulated with a 4,800 pps unmodulated pulse train
that was slowly increased while tinnitus and stimulus
percepts were noted. Her transtympanic suppression
was replicated with intracochlear stimulation, but,
unfortunately, the effect was not long lasting.
Although the tinnitus was nearly completely sup-
pressed without any lasting percept of the stimulus, it
would slowly rise back to prestimulation levels after
approximately 45 minutes of continuous stimulation.
After many sessions, we demonstrated that tinnitus
suppression without a stimulus percept can be main-
tained over at least a 5-hour period by turning the
stimulus on and off at several different levels every few
minutes. Our current studies are focused on devel-
opment of a placebo-controlled paradigm that pro-
duces similar transient percepts but does not suppress
the tinnitus. R. H. is extremely gratified that she is able
to exercise some level of control over her tinnitus. Her
subsequent artwork provides her depiction of the dis-
tress caused by her tinnitus (Figure 24-6).

DISCUSSION

At this time, the only clinically effective treatment that
decreases the loudness of tinnitus is acoustic masking.
Although this is helpful for some patients, for others
it simply replaces one undesirable sound with anoth-
er. An ideal therapy for tinnitus would create the per-
ception of silence or at least decrease the loudness of
tinnitus without introducing any new sounds. We
demonstrated in 6 of 13 subjects that this is possible,
at least temporarily. Although placebo control in the
current experimental paradigm is not ideal, we doubt
that these six subjects are demonstrating significant
placebo effects given the similarity of their responses
to those of the cochlear implant subjects, for whom
single-blinded placebo control was possible. In addi-
tion, multiple stimulus frequencies and intensities
failed to suppress tinnitus in the process of data ac-

quisition for these subjects. Because of the prolonged
residual inhibition of tinnitus produced by the stim-
ulus, test–retest variability could not be assessed in the
transtympanic subjects because this would have re-
quired a second myringotomy at a later testing session.

Although the theory underlying the hypothesis
tested would suggest rapid (< 20 milliseconds) onset
and offset of spontaneous-like activity in the audito-
ry nerve, tinnitus suppression as induced in the seven
subjects appears to be a slow process. Onset of tinni-
tus suppression typically required between 5 and 15
minutes of stimulation, and residual inhibition lasted
from minutes to days. This suggests involvement of an
unknown central process and is in contrast to the im-
mediate “masking” effects in four subjects. The pro-
longed residual inhibition is puzzling but must also
represent some central effect and does not support or
refute the underlying theory. Gibson reported that 8%
of 27 cochlear implant patients with tinnitus note
residual inhibition lasting from 30 to 60 minutes.15

FIGURE 24-6. Painting by chronically implanted subject
R. H. depicting her perception of the impact of tinnitus on
her life. She performed this work after undergoing the stud-
ies described in the text.
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One of our cochlear implant patients, who is not in
this study, reported that his tinnitus returns only when
his implant is turned off for more than 24 hours.
Although unusually long relative to residual inhibition
with acoustic masking,63 the residual inhibition re-
ported here may, in fact, make clinical application of
a tinnitus suppression device easier.

Our findings support the hypothesis that high-rate
electrical pulse trains applied to the round window can
result in tinnitus suppression without an ongoing stim-
ulus percept. Two problems must be addressed before
a clinical device becomes feasible. First, with the no-
table exception of two cochlear implant subjects, it is
still not clear whether the effects we describe are re-
peatable within a subject. Repeatability is critical for
the long-term use of a tinnitus suppression device and
for placebo control during a clinical trial. Second, it is
not clear whether the stimulation has an effect on
acoustic thresholds. On questioning, none of our sub-
jects noted decreased hearing during stimulation. In
fact, one subject spontaneously noted improved clari-
ty of speech perception during the stimulation.
Nevertheless, increased hearing thresholds and/or de-
creased speech recognition are a possibility owing to
either a mechanical effect of the round window elec-
trode or interaction between electrical stimulation and
acoustically evoked hair cell activity.35 Answering these
questions will require that more human subjects un-
dergo surgical implantation of a modern, cochlear im-
plant–like device in the cochlea or at the round window
that can be tested repeatedly and used chronically.
Although electrical stimulation is clearly not a panacea,
it will likely play a future role in the management of
some patients with severe tinnitus.
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EDITORIAL COMMENTARY

Rubinstein and Tyler review the evidence that tinni-
tus is initially due to decreased spontaneous activity
in the auditory nerve. They point out the ambiguity
that exists in electrical stimulation of the middle ear
as to whether the effect is due to auditory nerve stim-
ulation or somatosensory stimulation that is known
to be capable of modulating tinnitus.  

In stimulating the inner ear, that ambiguity is
avoided. A high rate of electrical pulses (5,000/s) re-

stores spontaneous-like activity in the auditory
nerve, and this may be the way in which it suppresses
tinnitus.

Rubinstein and Tyler demonstrated that high-rate
electrical pulse trains can suppress tinnitus without
producing an audible percept. The remaining prob-
lems of repeatability, placebo control, and hearing
effect require further research with surgical implan-
tation of advanced cochlear implant–like devices in
the cochlea to determine the future role of electrical
suppression in the management of tinnitus. 

James B. Snow Jr
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