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Electrical stimulation of the cochlea to treat tinnitus has been
explored for decades. The effect of cochlear implantation on
tinnitus varies significantly, ranging from 54% to 86% of adults
reporting partial to complete tinnitus suppression (e.g., Sou-
liere et al, 199228; Kou et al, 199429; Tyler, 199429; Ito, 199714;
Mo et al, 200219). Despite these positive results, tinnitus will
remain bothersome for some patients (2-9%; Tyler and Kelsay,
199030; Hazell et al, 199511; Mo et al, 200219) receiving a
cochlear implant (CI). The goals of electrical stimulation for
tinnitus suppression are different than for improving speech
perception, i.e., to provide ‘silence’ versus maximize audibility
and speech understanding. Therefore, it is likely that the
optimal stimulation parameters for tinnitus suppression will
differ from those for speech perception (Zeng et al, 201135).
There are many reports on the effect of programming param-
eters on speech perception of CI patients (e.g., Plant et al,
200221; Koch et al, 200426; Balkany et al, 20073; Firszt et al,

20096). These CI programming parameters include signal
processing/coding strategy (e.g., ACE, FSP, and HiRes), stimula-
tion mode of electrodes (e.g., bipolar versus monopolar),
stimulation rate (e.g., 125–5100Hz), input frequency to elec-
trode allocation table, stimulation channels (e.g., 12 to 24),
threshold levels (minimum level producing audible sound,
abbreviatedT), andmost comfortable levels (MCLs) (maximum
output level, abbreviated MCL, M, or C).

However, few large-scale studies have investigated the
most salient programming parameters for tinnitus suppres-
sion in CI patients who remain bothered by their tinnitus
after implantation. Dauman and Tyler (1993)4 were the first
to vary the current level of the electrical stimulation and
document the effects on tinnitus loudness for two CI
patients. Rubinstein et al (2003)26 developed a high-rate
conditioner stimulus of 5000 Hz in an attempt to restore
spontaneous neural activity without producing audible
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Abstract Background Electrical stimulation of the cochlea to treat tinnitus has been explored
for decades. However, few studies have investigated the most salient programming
parameters for tinnitus suppression in cochlear implant (CI) patients.
Purpose The purpose of this study was to review the available CI programming
parameters for tinnitus suppression and to consider possible clinical research designs
for selecting the optimal programming parameters for CI patients.
Results Across research studies, the optimal parameters vary significantly and are
often based on data fromonly a fewparticipants. Electrical stimulation using lowand
high rates, different electrode numbers, and low T-levels were helpful in suppressing
tinnitus, although more research is needed from a greater number of CI patients.
Possible designs for evaluating these parameters in a clinical setting are presented.
Conclusions Programming a CI to reduce the prominence of tinnitus is complex, and
audiologists should consider adjusting CI parameters systematically for CI patients with
bothersome tinnitus.
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sound. Tinnitus was successfully suppressed in 30-50% of the
participants using transtympanic electrodes (11 adults) and
CIs (three adults), and there was minimal detection of the
conditioner stimulus. In three participants who experienced
tinnitus suppression, lowering the stimulation rate and cur-
rent level of the conditioner stimulus provided less tinnitus
reduction than a high-rate conditioner stimulus. By compari-
son, other researchershave reported tinnitussuppressionwith
low stimulation rates (e.g., <100Hz; Zeng et al, 2011).35

More recently, Liu et al (2016)18 assessed the effect of
programming adjustments for CI patients with tinnitus.
They hypothesized that electrode impedance, an indicator of
changes in the CI over time, would decrease following pro-
gramming adjustments andmay alter tinnitus symptoms. The
patientswere grouped by tinnitus onset: (a) 108with tinnitus
preimplantation, (b) 88 with tinnitus after surgery, but before
initial activation, and (c) 44 with tinnitus one year postim-
plantation. Patients in each group were randomly assigned to
receive regular programming at 4, 6, 8, and 12 weeks postim-
plantation or programming at four weeks postimplantation
(i.e., at initial activation) with no subsequent programming.
Results revealed that electrode impedance was significantly
lower in the programming subgroupswith pre- and postoper-
ative tinnitus. In addition, a greater, more immediate reduc-
tion was reported in tinnitus handicap for the groups who
received regular programming (Liu et al, 201618). They con-
cluded that regular CI programming lowered electrode im-
pedance, which effectively suppressed tinnitus in the patients
who experienced it preoperatively, postoperatively before
initial activation, and postoperatively by at least one year after
initial activation. Programming adjustments were limited toT
and C levels with other parameters set consistently across
participants: ACE strategy at 900Hz stimulation rate with 22
channels and eightmaxima. Finally, previous studies found no
significant correlation between CI device type to tinnitus
awareness, tinnitusdistress, or tinnitushandicapscores (Quar-
anta et al, 2008;24 Andersson et al, 2009;1 Gomersall et al,
201910). In summary, studies indicate that regular program-
ming adjustments, different programming parameters, and
various CI devices can result in tinnitus suppression, although
an exploration of the most salient programming parameters
for tinnitus suppression is needed.

The purpose of this article was to review the available CI
programming parameters for tinnitus suppression and to
consider possible clinical research designs for selecting the
optimal programming parameters for clinical applications.
This information may be helpful to audiologists who provide
tinnitus management to their CI patients and has direct
implications in the development of therapeutic interven-
tions for CI patients with tinnitus.

Programming Parameters for Tinnitus
Suppression

Signal Coding Strategy
Few studies have directly evaluated the impact of signal
coding strategies on tinnitus. Quaranta et al (2008)24 found
that more sophisticated and higher rate strategies (ACE,

HiRes, and CIS) were more effective than slower strategies
(SAS and SPEAK) in suppressing tinnitus for 41 CI patients.
Significant differences emerged between the signal coding
strategies when the CI was on but not when the CI was off.
However, the effect on individual patients was not consid-
ered because only group data were presented. A review of 32
studies (Quaranta et al, 200423) found that multichannel CIs
were more effective for tinnitus suppression than single-
channel CIs. As suggested by Quaranta et al (2008)24, more
complex stimulation may provide additional temporal infor-
mation to stimulate the auditory nerve fibers and the central
auditory pathway and result in tinnitus suppression. Greater
auditory input from the CI has the potential tomask tinnitus,
effectively changing the neural representation within the
brain and allowing patients to refocus their attention away
from tinnitus. Therefore, although few studies have evaluat-
ed signal-coding strategies for tinnitus suppression, the
literature suggests that more sophisticated and higher rate
strategies appear to be more effective.

Rate of Stimulation
Low and high rates of electrical stimulation are effective in
suppressing tinnitus in CI patients, although the specific
results varyacrossstudies.DaumanandTyler (1993)4 reported
that a stimulation rate of 125Hz at 20% of the stimulus
loudness was effective in suppressing tinnitus for two CI
patients. Furthermore, they found that less electrical current
was needed at 125Hz to suppress the tinnitus comparedwith
ratesof80,250, and500Hz.Hazell etal (1989)12demonstrated
that tinnitus could be suppressed with a low, 100-Hz sinusoid
in six CI patients. Zeng et al (2011)35 reported that low-rate
stimulation (<100Hz)waseffective in suppressing tinnitus for
one CI patient with unilateral hearing loss and severe tinnitus.
In that study, they investigated various high-rate stimulation
rates and patterns, but complete tinnitus suppression resulted
when using a low, 100-Hz stimulation rate. Early reports also
suggested that the optimal stimulation rate for tinnitus sup-
pression might be different for different patients (Kuk et al,
198917). Electrical stimulation using rates from 62 to 8000Hz
was effective in reducing tinnitus for 5 of 10 participants using
a ball electrode on the eardrum.

Rubinstein et al (2003)26 developed a novel high-rate
conditioner stimulus (i.e., 5000Hz) presented along with the
CI signal to suppress tinnitus in patients using both intra-
cochlear and transtympanic electrodes (Rubinstein and Tyler,
200426). In the development of the conditioner stimulus,
multiple rates of stimulation were compared, but a high-rate
stimulus was found to be themost effective in suppressing
tinnitus when presented in conjunctionwith the signal
fromthe CI (Rubinstein et al, 200326). Although these studies
were conducted with a small number of participants, the
results fromindividual participants indicate that audiologists
should try programs with low- and high-stimulation rates for
their CI patients with bothersome tinnitus.

Several findings resulted from these studies on rate of
stimulation for tinnitus suppression. First, the length of
electrical stimulation for tinnitus suppression ranged from
3 (Zeng et al, 201135) to 15minutes (Rubinstein et al, 200326),
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suggesting that a slow, central adaptation process may be
involved for some patients. Once electrical stimulation was
turned off, the effects on tinnitus varied significantly. In
some patients, a ‘rebound’ of tinnitus occurred that was
worse than baseline (Zeng et al, 201135). For other patients,
residual inhibition of the tinnitus lasted from 45minutes to
three days (Rubinstein et al, 200326). Across studies, it was
observed that tinnitus suppression diminished steadily over
time with continuous stimulation. When this occurred,
changes to the stimulus parameters (i.e., increasing current
level)were required to suppress tinnitus successfully. Finally,
some studies (Rubinstein et al, 2003;26 Zeng et al, 201135)
used custom research platforms to deliver the electrical
stimulation due to the limitations in the stimulus parameters
within the manufacturer’s sound processors and software. It
is anticipated that more options for programming CIs for
tinnitus suppressionwill be available from CI manufacturers
as more research is conducted with a greater number of CI
patients with tinnitus.

Electrode Location and Number
Studies have found that the electrode location affects the
current that is needed to suppress tinnitus. In addition, the
optimal location for tinnitus suppression appears to vary from
patient to patient, although these results are limited to reports
from single participants. Dauman and Tyler (1993)4 reported
that the middle electrodes required less current to suppress
tinnitus comparedwithmore apical or basal electrodes for two
patients using intracochlear devices. Specifically, data from one
tinnitus patient with only 11 active electrodes (only electrodes
21 to 11 were available because of a severe labyrinthine
fracture) revealed that the electrodes positioned in the middle
of the array (e.g., 13 and 15) required considerably less current
to suppress tinnitus than those at the end (e.g., 21). Other
researchers suggested that stimulation using the entire elec-
trode array was more effective in reducing tinnitus compared
with stimulation of only the basal electrodes (Punte et al,
201322). Furthermore, Zeng et al (2011)35 found that the four
most apical electrodes with a low-rate of stimulation (20-
100Hz) weremore effective in suppressing high-pitched tinni-
tus than thebasal electrodes. It has been suggested that tinnitus
suppression using the low-rate stimulation in the apex of the
cochlea rather than the base indicates that a certain place
mechanism might be related to restored inhibition within the
auditory system (Zeng et al, 201135).

In an attempt to determine the electrodes that are most
effective for tinnitus suppression, some researchers (Rubin-
stein et al, 2003;26 Rubinstein and Tyler, 200425) have
matched electrodes to the patient’s tinnitus pitch. Using
this approach, Rubinstein et al (2003)26 found that tinnitus
suppression occurredwith the pitch-matched electrodes of 7
and 14 located in the middle of the array. In addition,
Rubinstein and Tyler (2004)25 reported on a case study of a
patient with unilateral hearing loss and severe tinnitus due
to Meniere’s disease who received a CI. One month post-
activation, the patient matched the pitch of her tinnitus to an
apical electrode, and the high-rate conditioner stimulus was
effective in suppressing her low-frequency tinnitus. Results

across studies are variable with regard to the optimal elec-
trode location for tinnitus suppression likely because of the
small number of participants included in each study. With
this limitation in mind, preliminary results indicate that
measuring the pitch of the patient’s tinnitus might be a
necessary step for tinnitus suppression via a CI.

In addition, decreasing or increasing the number of
electrodes in the patient’s program may alter the tinnitus
percept. First, many studies have reported that speech
perception (e.g., vowel and consonant perception) improves
as the number of electrodes is increased up to about eight
electrodes, and adding additional electrodes above 8 to 12
produces less improvement (Fishman et al, 1997;7 Dorman
et al, 2000;5 Friesen et al, 20018). More recently, Schvartz-
Leyzac et al (2017)27 found that performance improved for
more challenging speech tests when 20 electrodes were
activated compared with only eight electrodes. Consistent
with these findings, one study found that some bilateral CI
patients showed a gradual degradation in performance on
more complex tasks such as sound localization and speech-
in-noise perceptionwhen the number of electrodeswere
gradually reduced from 20 to 1 (Perreau et al, 201020).
Multiple studies have observed large individual differences
in performance when the number of CI electrodes is reduced
(Fishman et al, 1997;7 Frijns et al, 2003;9 Perreau et al,
2010;20 Schvartz-Leyzac et al, 201727). In addition,many
factors may influence performance with reduced electrodes
such as the signal coding strategy (ACE versus CIS), channel
interaction, and stimulation mode (tripolar versus monop-
olar). Thus, a more conservative approach is advocatedwhen
deactivating electrodes tomaintain optimal CI performance.

From our informal discussions with audiologists, many
audiologistswill eliminate CI electrodes if the patient reports
that high- or low-pitched sounds interfere with or worsen
their tinnitus. For example, if stimulation from a basal
electrode exacerbates a patient’s tinnitus, then this electrode
might be eliminated from the patient’s program. As a result,
the frequency allocation table is changed because those
frequencies are assigned to the remaining electrodes, which
might stimulate different neural fibers. Although it may be
detrimental for speech perception when spectral resolution
is decreased (Schvartz-Leyzac et al, 201727), eliminating
certain electrodes may be helpful for some patients to
suppress their tinnitus. Conversely, for some CI patients
with bothersome tinnitus, adding electrodes back into the
CI program might be indicated if they were deactivated
because of performance and sound quality issues. Reactivat-
ing certain electrodes may provide a low-level background
sound to mask tinnitus and change the neural excitation
patterns that produce tinnitus (Tyler et al, 2008a31). Regard-
less, speech recognition performance should be monitored
when changing the number of electrodes in a CI patient’s
program or when using low-level background sound tomask
tinnitus in CI patients (Rubinstein et al, 2003;26 Tyler et al,
201533). If the audiologist takes a more conservative
approach to programming, adjusting T and C levels as a first
attempt to maintain speech perception would be advised
before eliminating CI electrodes.
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Threshold (T-Levels)
Based on our discussions with audiologists and CI manufac-
turers, decreasing T-levels have been recommended in CI
fittings for patients with bothersome tinnitus because a lower
threshold setting may provide low-level background sound to
mask the patient’s tinnitus. Van de Heyning et al (2008)34

implemented this clinical approach by setting T-levels to 0
current units. The 22 patients in their study had unilateral
hearing loss with severe tinnitus and received a standard-
length CI for tinnitus relief. If the tinnitus percept was still
present when T-levels were decreased to 0 current unit, then
the levels were globally raised to 10% of the MCLs. The study
revealed that fitting the unilateral CI in this manner was
effective in reducing the patients’ tinnitus loudness and hand-
icap scores (Van de Heyning et al, 200834). Moreover, Liu et al
(2016)18 adjusted global T-levels using standard threshold
measures for the 234 CI patients included in their study. Liu
et al (2016)18 reported that adjusting T-levels on electrodes
that were pitch matched to the patient’s tinnitus was not
successful compared with a standard fitting procedure. No
further details were provided. Finally, other groups have
modified T-levels on individual electrodes on the array
when stimulating the cochlea for tinnitus suppression (e.g.,
Rubinstein et al, 2003;26 Zeng et al, 201135). There appears to
be many methods for adjusting T-levels for tinnitus suppres-
sion, and more research is needed to determine which
approach is beneficial.

We have known for years that low-level background
sounds and amplification from a hearing aid can be effective
for many patients in reducing the prominence of tinnitus
(e.g., Hazell et al, 198513). Low-level background noise and
amplified sound not only interferes with the tinnitus-related
neural activity coded by the brain but also allows the listener
to concentrate on external sounds instead of tinnitus.

MCLs
Several studies have shown that electrode current level influ-
ences tinnitus loudness. Rubinstein et al (2003)26 found that
higher current levels (equating to MCLs) were associatedwith
rapid changes in tinnitus loudness for one CI patient whose
tinnituswas suppressedwith the conditioner stimulus.Higher
current levels also elicited complete tinnitus suppression in
many participants. Zeng et al (2011)35 found a similar result
where tinnitus was suppressed at higher current levels near
theMCL foroneCIpatient. In that study, loudness scalingof the
patient’s tinnitus was completed by first obtaining a baseline
measurement of the patient’s tinnitus loudness, and then
setting the MCL on selected electrodes for tinnitus suppres-
sion. Finally, Dauman and Tyler (1993)4 showed that the
current level needed to suppress tinnitus was also dependent
on several factors, including the electrode position in the
cochlea and the interelectrode distance. Specifically, less cur-
rent was needed for tinnitus suppression when the electrode
distance was greater (bipolar 13 versus bipolar 11; Dauman
and Tyler, 19934).

For some tinnitus patients, decreasing the MCL on certain
electrodes (i.e., the basal electrodes that stimulate the co-
chlea at the same frequency of tinnitus) could reduce tinni-

tus loudness. This might be effective for patients who
experience changes to the pitch or quality of their tinnitus
with CI use (Souliere et al, 199228). These results onMCLs and
tinnitus loudness are limited to a few participants, and more
research from a greater number of CI patientswith tinnitus is
needed. In sum, the results currently suggest that the CI
current level should be sufficient to suppress the patient’s
tinnitus, but not too high to cause loudness discomfort, pain,
facial sensations, or other complications (Zeng et al, 201536).

Possible Clinical Research Designs

Given the lack of large-scale studies that systematically inves-
tigate CI programming for tinnitus suppression, we have
considered possible research designs for clinical applications.
First, in a daily alternating method, the audiologist fits two
programs with different programming parameters and
patients alternate daily between these programs to determine
the optimal setting for tinnitus suppression. This strategy has
been applied to CI and tinnitus patients and is a feasible
method for selecting optimal programming parameters (Tyler
et al, 2008b;32 201533). Some patients required at least three
months to determine their preference using the daily alternat-
ing method, and preferences changed over time from those at
initial activation (Tyler et al, 2008b32).

Anothermethod to evaluate the effectiveness of CI param-
eters for tinnitus suppression in a clinical setting is by
changing only one parameter at a time during an at-home
trial (see ►Table 1). Audiologists start in step 1 by adminis-
tering a pretrial tinnitus measure, such as a questionnaire or
psychoacoustic measurement of tinnitus, to document the
effectiveness of the current CI parameters in suppressing
tinnitus. In step 2, the audiologist adjusts a single parameter
in their CI program and provides the patient with an at-home
trial for 2-3 months. We recommend changing only one
single parameter at a time to isolate the effects of adjusting
electrical stimulation for tinnitus suppression. The patient
returns to the clinic after 2-3months, and at step 3, the same
tinnitus measure would be re-administered after the trial to
document the effectiveness of the new program in suppress-
ing tinnitus. A speech recognition test is administered in
steps 1 and 3 to ensure that speech perception is not
significantly affected by the programming adjustments. In
our studies, word recognition tests are presented at a normal
conversational level (i.e., 60 dB HL) in the sound field with

Table 1 A Within-Subject Clinical Design for Evaluating the
Effectiveness of CI Programming Parameters for Tinnitus

Step Action Description

1 Administer pretrial
tinnitus measure,
speech recognition test

Document current
effectiveness of CI to
suppress tinnitus

2 Adjust CI programming At-home trial for
two months

3 Administer posttrial
tinnitus measure,
speech recognition test

Document effectiveness
of new CI programming
to suppress tinnitus
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and without sound therapy. There are several advantages to
these research designs alternating daily among program-
ming parameters or providing an at-home trial with a new
tinnitus suppression program. Specifically, these are within-
subject clinical research designs such that each patient
serves as their own control and individual differences within
the heterogeneous tinnitus population are considered.

Finally, the timing of the implementation of this protocol
likely depends on each patient. For patients with severe
tinnitus, this protocol may be appropriate to begin at initial
activation, whereas if the tinnitus is not bothersome, a
waiting period (e.g., after three months of CI use) may be
warranted. Research that includes more participants with
varying patient characteristics and tinnitus symptoms is
needed to better understand which patients will benefit,
when intervention should begin, andwhich parameters yield
the best results for tinnitus suppression.

Conclusions

It is clear from the research literature that adjusting a CI to
reduce the prominence of tinnitus is complex. The optimal
stimulus parameters are likely to be different for different
patients (Tyler et al, 2008a31), and currently, the results are
limited to a few participants across studies. There is no
straightforward advice that can be given at this time for how
to program a CI to suppress tinnitus. For patients with preop-
erative tinnitus that remains bothersome after implantation,
the researchsuggestsprogramming theCIusingasophisticated
signal coding strategy at high and low rates of stimulation and
setting the current at a sufficient level to suppress tinnitus, but
not causing discomfort. Then, the audiologist could consider
adjusting the electrode number (e.g., eliminate or reactivate
particular electrodes), T-levels (e.g., set at 0 versusmeasuredT-
levels), andMCL adjustments at a later time using the proposed
clinical research designs. Audiologists should explore some of
theseparameters for tinnitus suppression systematicallywhen
working with their CI patients. Single-participant experiments
can be very helpful.

There are some CI patients who report tinnitus as a
complication from CI surgery. In that group, tinnitus is
largely experienced in the implanted ear and remains after
surgery. A small portion of these patients experience
improvements in their tinnitus once the CI is activated
(Arts et al, 20152). Therefore, if the patient presents with
tinnitus after the surgery and it improves with CI use, there
would be no need to further evaluate programming param-
eters for tinnitus suppression. However, an observation
periodmay bebeneficial to ensure that the tinnitus improves
for patients who have tinnitus as a complication from CI
surgery.We suggest the following as next steps in the clinical
management of CI patients with tinnitus:

• Document what audiologists are currently doing to man-
age their CI patientswith tinnitus such as implementation
of tinnitus management protocols, administration of
questionnaires, testing with tinnitus psychoacoustic
measurements, and counseling.

• Determine the successful approaches for managing tinni-
tus in CI patients, including CI programming parameters
and sound therapy options.

• Develop a clinical protocol for programming CIs for tinni-
tus for busy clinics.

Abbreviations

CI cochlear implant
MCL most comfortable level
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