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ABSTRACT
Introduction: At present, no current pharmacological or surgical interventions have been approved for the treatment 
of debilitating tinnitus. Since the late 1970s, it has been known that electrical stimulation of the cochlea can achieve 
partial or complete suppression of tinnitus percepts. This effect is also widely observed in users of cochlear implants. 
For individuals without concomitant severe-to-profound deafness, cochlear implantation is not a realistic option. Here 
we evaluated a promontory round window electrical stimulation device (PromStim, MED-EL, Innsbruck, Austria) as a 
potential treatment for severe tinnitus.

Methods: 30 participants with grade 5 tinnitus were randomized into either an intervention or control group (n=15 
each). All participants underwent myringotomy or micro flap surgery under local anesthesia. A stimulating electrode 
was placed at the round window niche. In the intervention group, stimulation was performed with biphasic pulses 
delivered at a rate of 100 or 5000 Hz. Stimulation was initially performed at an amplitude of 100 µA and incrementally 
increased. The control group underwent sham stimulation. The Tinnitus Handicap Inventory (THI) and a visual analog 
scale (VAS) of tinnitus severity were administered to all participants before and after the procedure.

Results: In the intervention group, 9/15 participants (60%) had total suppression, 4/15 (26.6%) had partial suppression, 
and 2/15 (13.3%) had no suppression. In the control group, 2/15 participants (13.3%) had partial suppression and 13/15 
(86.6%) had no suppression. After treatment, tinnitus severity was reduced to grade 4 in 10/15 participants (66.6%) in 
the intervention group and in 1/15 participants (6.6%) in the control group. Mean VAS scores of tinnitus severity were 
also reduced in the intervention group after stimulation. The mean duration of residual inhibition was 24.9 hours.

Conclusion: Electrical stimulation of the round window niche can induce rapid and sustained suppression of tinnitus 
percepts, accompanied by reductions in self-reported severity. This may be a useful method for tinnitus control when 
cochlear implantation is not an option. 
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INTRODUCTION

Tinnitus is the perception of sound in the absence of an 
external source. In extreme cases, tinnitus can have a severe 
negative impact on quality of life1,2. The commonly-used 
Tinnitus Handicap Inventory (THI) categorizes tinnitus into 
five grades of increasing severity, ranging from grade 1 
(slight; when it is only heard in quiet environments, is very 
easily masked, and causes no interference with sleep or 
daily activities) to grade 5 (catastrophic; when it is always 
heard, disturbs sleep patterns, and causes difficulty with 
any activity). Tinnitus is common, being experienced 
by 12–30% of the world’s adult population3, with the 
prevalence of problematic and severe tinnitus reported 
to be 5% in adults and 3% in children4,5. To date, there 
are no approved pharmacological or surgical therapies to 
reduce the perception of tinnitus, or to treat its underlying 
cause (which is still a matter of considerable debate and 
research). Current interventions focus on psychological 
management strategies to reduce the stress and anxiety 
associated with problematic tinnitus such as cognitive 
behavioral therapy, acceptance and commitment therapy 
advice, and relaxation techniques. Sound therapies such 
as acoustic maskers have also been tested and shown to 
have some degree of efficacy.

An alternative method to reduce the perception of 
tinnitus is through electrical stimulation of the cochlea. 
The tinnitus suppressing effects of electrical stimulation 
delivered to the round window (RWES) have been known 
since the 1970s6,7. Although the mechanism behind 
this effect is incompletely understood, it is thought that 
stimulation can inhibit chronically hyperactive hair cells 
or neurons which generate abnormal auditory activity8. 
RWES is not approved as a stand-alone therapy, 
however tinnitus suppression has been widely observed 
in cochlear implant users, and these benefits can be quite 
large in magnitude and sustained over long durations9-11. 
Cochlear implants are indicated for only the most severe 
forms of sensorineural deafness and thus are not a realistic 
option for individuals without severe degrees of hearing 
impairment. The development of an RWES approach 
that does not rely on chronically implanted electrodes, 
cochlear or otherwise, may therefore be of great benefit 
for individuals suffering from debilitating tinnitus but who 
do not have concomitant sensorineural deafness.

Here we performed a randomized controlled trial to 
evaluate the clinical efficacy of RWES for suppression of 
severe (grade 5) tinnitus. The main objective of this study 
was to determine if tinnitus can be suppressed using 
a promontory electrical stimulation device (PromStim 
System, MED-EL, Innsbruck, Austria). This device 
employs a golf club type stimulating electrode which is 
placed acutely in the niche of the round window via a 
transtympanic route. Stimulation is managed using control 
devices and clinical software which are used for cochlear 
implant fitting and are thus readily available in many 
clinical audiological settings. We sought to determine 
the minimum thresholds of electrical stimulation required 

to achieve partial or total suppression of tinnitus, as well 
as the most effective stimulation rate. The secondary 
objective was to determine the duration of tinnitus 
suppression after stimulation is ceased (the residual 
inhibition, RI).

MATERIALS & METHODS

Study design, ethics, and informed consent: This 
was a prospective randomized analytical observational 
and interventional study. Participants were randomized 
into either the intervention or control group. Both 
groups underwent surgery for transtympanic electrode 
placement, but only the intervention group underwent 
electrical stimulation. This study was approved by 
the Institutional Health Research Ethics Committee of 
Sanatorio Allende (approval number: CIEIS-RePIS n2107-
22). All participants gave their expressed signed informed 
consent before the start of any study related procedures.

Inclusion and exclusion criteria: The inclusion criteria 
for this study were adults (≥18 years) with catastrophic 
tinnitus (grade 5 on the THI instrument) who had no 
hearing loss or mild hearing loss (pure tone average 
thresholds lower than 20 dB HL or 45 dB HL, respectively, 
measured from 500–4000 Hz) and with measurable 
distortion product otoacoustic emissions or transitory 
evoked otoacoustic emissions. The exclusion criteria were 
the presence of central or retrocochlear disturbances; 
alcohol consumption (more than a glass of wine during 
the prior 24 hours); the use of melatonin, alprazolam, 
clonazepam, or any substance used to induce sleep; 
cigarette smoking during the test; or listening to loud 
music prior to the study. A prior history of treatment for 
tinnitus was not an exclusion criterion, but a washout 
period of at least one month following any drug treatment 
was a pre-requisite.

Surgery, electrode placement, and stimulation: 
After local infiltrative anesthesia with 4% lidocaine, all 
participants underwent a myringotomy or a micro flap 
surgery in the skin of the external auditory canal to access 
and visualize the round window niche. Under microscopy 
or endoscopy, the PromStim stimulating electrode (MED-
EL, Innsbruck, Austria) was placed at the niche of the round 
window. The ground and reference were disposable surface 
electrodes. One was placed in the preauricular region and 
the other was placed in the angle of the mandible. The 
electrodes were connected to a Stimulation Box which was 
then connected to a MAX programming interface, which was 
then connected to a PC with the clinical stimulation software 
MAESTRO (all MED-EL).

Participants in the control group underwent myringotomy 
or a micro flap surgery and electrode placement, but 
no stimulation was performed. For participants in the 
intervention group, stimulation was controlled using the 
EABR task of the MAESTRO clinical stimulation software. 
The stimuli consisted of alternating biphasic pulses with a 
phase duration of 40 µs which were presented in a semi-
continuous stimulation pattern. Based on prior studies, 
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two different stimulation rates were tested: a low rate of 
100 Hz12 and a high rate of 5000 Hz13.

Stimulation was initially performed at a stimulus level of 
100 µA. The level was then increased in increments of 
100 µA until either tinnitus suppression or an auditory 
response was observed. This procedure was repeated 
for both stimulation rates. The order in which the two 
stimulation rates were tested was randomized. If a level 
was found at which tinnitus suppression occurred, 
stimulation was continued at this level for 10 minutes. 
After this, the stimulation was reset to 100 µA and the 
second stimulation frequency was tested, followed by a 10 
minute stimulation period if an effective suppression level 
was found. The participant was asked to report verbally 
if, during the stimulation, their tinnitus had diminished or 
been completely suppressed.  The duration of RI was 
measured starting from the end of this stimulation period.

If no tinnitus suppression or auditory response was 
observed at the maximum permissible stimulation level 
of 1000 µA, or if the participant expressed discomfort or 
painful sensations, stimulation was discontinued, and the 
participant was considered untreatable.

Audiometric and patient reported measures: Three 
timepoints were selected for analysis: prior to stimulation 
(T0), immediately after the stimulation (T1), and at one 
week post-stimulation (T2).

At T0, all participants underwent pure tone audiometry 
to measure the pure tone average thresholds from 500–
4000 Hz and the measurement of the frequency (Hz) 
and intensity (dB) of their tinnitus percepts through pitch 
matching and intensity matching, respectively.

For the patient reported measures, the validated Spanish 
version of the Tinnitus Handicap Inventory (THI) and a 
Visual Analogue Scale (VAS)14 of perceived tinnitus 
intensity were administered. Both were administered 
at T0, T1, and via a telephone interview at T2. During 
the telephone interview, the participant was also asked 
to report if the tinnitus had returned during or after 
stimulation, and if so, when it had returned. From this, the 
RI was calculated. 

Statistical analysis: For descriptive statistics, group 
mean values, Standard Deviations (SD), and ranges are 
used to summarize group-level data. Absolute frequencies 
and percentages are also given, when appropriate. 
For inferential statistics, a p-value of 0.05 was set as 
the threshold for significance. Wilcoxon signed-rank 
tests were used to assess the statistical significance of 
differences in VAS scores between different timepoints. 
The Chi-squared (χ2) test was used to assess the 
statistical significance of differences in the degree of 
tinnitus suppression with different stimulation rates. The 
McNemar test with χ2 was used to assess whether there 
was a significant effect of stimulation rate presentation 
order on VAS scores or on the RI. A permutation test was 
used to compare the mean stimulation levels required to 
achieve suppression across different stimulation rates.

RESULTS

In total, 30 patients (8 female) participated in this study. 
Participants were randomized into a control group (n=15, 
5 female) and an intervention group (n=15, 8 female). 
The mean (SD) age was 51.6 (±15.9) years in the control 
group and 47.7 (±15.4) years in the intervention group.  
The mean pure tone averages were 37.8 dB (±10.8, 
range: 10–50 dB) for the control group and 25.7 dB HL 
(±11.7, range: 10–45 dB) for the intervention group. 

The mean tinnitus frequency was 5.7 (±2.0, range: 4–8) 
KHz and the mean tinnitus intensity was 59.0 (±18.6, 
range: 25–95) dB for the control group. The mean tinnitus 
frequency was 5.5 (±1.9, range: 4–8) KHz and the mean 
tinnitus intensity was 66.7 (±14.0; range: 40–80) dB for 
the intervention group. Individual data for the intervention 
group are provided in (Table 1).

Responses to testing were classified into 3 categories: total 
suppression, partial suppression, and no suppression. In 
the intervention group, 9/15 participants (60%) had total 
suppression of tinnitus during the test, 4/15 (26.6%) had 
partial suppression, and 2/15 (13.3%) had no suppression. 
In the control group, 2/15 participants (13.3%) had partial 
suppression and 13/15 (86.6%) had no suppression.

Prior to testing, all participants had grade 5 tinnitus 
according to the THI. In the intervention group, tinnitus 
was reduced to grade 4 in 10/15 participants (66.6%) after 
stimulation. The other five participants (33.3%) remained at 
grade 5. In the control group, tinnitus was reduced to grade 
4 in 1/15 participants (6.6%) after sham stimulation and 
remained at grade 5 in the other 14 participants (93.3%).

Stimulation or sham stimulation was suspended in two 
participants, one from each group, due to reported 
intense pain.

In the intervention group, mean (±SD) VAS scores were 
9.1 (±0.6) points at T0, 2.0 (±2.7) points at T1, and 6.7 
(±1.6) points at T2 (Figure 1A). The mean reduction in 
VAS scores between T0 and T1 was 7.1 (±3.1) points. 
This reduction was statistically significant (Wilcoxon signed-
rank, z = 3.40, p = 0.0006). The mean reduction in VAS 
scores between T0 and T2 was 2.4 (±1.8) points. This 
reduction was statistically significant (Wilcoxon signed-rank, 
z=2.93, p = 0.0034). Seven participants in the intervention 
group achieved VAS of 0 points at the T1 timepoint.

In the control group, mean (±SD) VAS scores were 9.3 
(±0.8) points at T0, 9.1 (±1.2) points at T1, and 9.0 
(±1.1) points at T2 (Figure 1B). The mean reduction in 
VAS scores between T0 and T1 was 0.2 (±0.6) points. 
The mean reduction in VAS scores between T0 and T2 
was 0.3 (0.6) points. Due to the large number of ties 
between the T0 and T1 timepoints and between the T0 
and T2 timepoints (all participants had VAS scores of 7 
or greater at all timepoints), the statistical significance of 
these comparisons could not be reliably calculated. Six 
participants in the control group had VAS scores of 10 
points at all three timepoints.
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The mean RI in the intervention group was 22.1 (±17.5, 
range: 0–48) hours. Neither of the two participants in the 
control group reported experiencing RI.

Comparing the 100 Hz vs 5000 Hz stimulation rates, there was 
not a significant difference in the degree of tinnitus suppression 
at the first stimulation (χ2, p > 0.05) nor was there an effect of 

presentation order of the stimulation type on VAS scores or on 
the RI (McNemar test with χ2, p = 0.683).

Across both stimulation sessions, the mean (±SD) 
stimulation level required to achieve any degree of 
suppression with the 100 Hz stimulation rate was 500 
(±302.3, range: 200–1000) µA (Figure 2). The mean 

ID Sex Age at testing (years)
Audiometric PTA (dB 

HL)
Tinnitus frequency 

(kHz)
Tinnitus magnitude 

(dB)
1 M 47.4 10 8 45
2 M 66 40 4 75
3 M 28.8 40 8 70
4 F 55.8 30 4 70
5 M 47.7 15 4 50
6 M 29.9 15 8 50
7 M 46.8 37 4 60
8 F 60.4 37 6 75
9 M 60.5 20 4 80
10 M 57.3 17 4 75
11 M 30.5 15 4 80
12 M 42.2 45 8 80
13 F 52.2 20 8 40
14 M 72 30 4 70
15 M 17.8 15 4 80

Table 1: Individual demographic and clinical data for the intervention group. PTA: Pure Tone Average at 500–4000 Hz.

Figure 1A: Mean VAS scores at the pre-stimulation (T0), immediate post-stimulation (T1) and one week post-stimulation (T2) 
timepoints for the intervention group (A) and the control group.

Figure 1B: Mean VAS scores at the pre-stimulation (T0), immediate post-stimulation (T1) and one week post-stimulation (T2) 
timepoints for the intervention group (B). Individual changes in VAS scores are given as dashed lines, which are semi-transparent to 
visualize individual trajectories.



126
International Tinnitus Journal, Vol. 28, No 1 (2024)

www.tinnitusjournal.com

(±SD) stimulation level required to achieve any degree of 
suppression with the 5000 Hz stimulation rate was 654.2 
(±295.0, range: 200–1000) µA. This difference was not 
statistically significant (permutation test p-value = 0.304).

DISCUSSION

Here we reported a randomized controlled trial of RWES 
for the suppression of grade 5 tinnitus. We observed that 
electrical stimulation at the round window niche under local 
anesthesia was able to suppress tinnitus in the majority of 
participants. In the intervention group, 9/15 participants 
(60%) experienced total suppression and 4/15 (27%) 
experienced partial suppression. Two participants (13%) 
experienced no suppression. Due to the subjective nature 
of tinnitus, it is possible that placebo effects may play a role 
in any observed suppression. For this reason, we also used 
a control group in which surgery and electrode placement 
were performed, but who underwent no RWES. In the control 
group, 2/15 participants experienced suppression, in both 
cases it was partial. These data would seem to provide 
evidence for a genuine effect of electrical stimulation.

Our findings that electrical stimulation of the round window 
niche can yield benefits for individuals suffering from 
tinnitus are largely in accord with prior literature. A recent 
systematic review by Assouly et al. examined 25 studies 
involving 1109 participants who underwent extracochlear 
electrical stimulation for tinnitus14. All studies found 
subjective improvement in tinnitus perception during or 
after electrical stimulation, and a wide range of different 
stimulation parameters were reported. The weight of 
evidence thus suggests that this is a viable and effective 
therapeutic option for this condition.

The tinnitus suppressing effects of cochlear electrical 
stimulation were discovered in the 1970s by researchers who 
were attempting to induce hearing percepts in patients with 
severe or profound deafness15,16. Portmann et al. published 
a case series of 15 participants where they applied RWES. 
It was found that the application of negative-polarity pulse 
trains induced auditory percepts, while positive-polarity 
pulse trains induced tinnitus suppression. They observed 
a rather large spread in the threshold stimulation levels 
required to achieve suppression in different participants 
(25–500 µA), as well as in the most effect stimulation rates 

(50–1600 Hz). It was noted that in all cases there was no 
RI, i.e., the suppression effect ceased as soon as electrical 
stimulation was stopped. This stands in contrast to the 
findings of the present study, which found that suppression 
typically endured for many hours after stimulation was 
ended (our mean RI was 22.1 hours, and suppression for 
48 hours was achieved in one case). The cause of this 
difference in outcomes is unclear. The main methodological 
difference between our study and Portmann et al. is that we 
employed alternating biphasic pulses rather than positive 
polarity pulses. Charge balanced biphasic pulses are the 
standard type of stimulation used in cochlear implants 
today, as this type of stimulation prevents charge buildup 
within the cochlea. 

Regarding stimulation rate, we did not observe a 
noteworthy difference between the low (100 Hz) and high 
(5000 Hz) stimulation rates in the incidence of suppression. 
This suggest that, at least on a group level, stimulation 
rate is not a dominant factor affecting the success of the 
procedure. Different stimulation rates have been reported 
across in prior studies. In a single-case study of a cochlear 
implant user, Zeng et al.17 used low-rate stimulation 
(<100 Hz) with extracochlear stimulation of the round 
window niche, similar to the present study. It was found 
that stimulation at a high rate of 5000 Hz (on the same 
electrode) was ineffective at suppression. This suggest 
that, on the individual level, some stimulation rates may be 
more effective than others. Rubinstein et al. studied RWES 
in a group of eleven individuals with bothersome tinnitus 
and high-frequency hearing loss. It was found that high-rate 
stimulation at 4800 Hz was sufficient to induce partial or 
complete tinnitus suppression in 5/11 participants (45%)15. 
Other stimulation rates were not tested in that study, so the 
comparative efficacy of different stimulation rates could not 
be compared. In the present study, stimulation rates of 100 
Hz and 5000 Hz were tested and no statistically significant 
difference in efficacy was found between the two stimulation 
rates.

Regarding the stimulus level, individuals in our study 
required a mean stimulus level of 500 µA at 100 Hz and 
654.2 µA at 5000 Hz to achieve partial or total suppression. 
There was a large spread in this required level (200–1000 
µA for both stimulation rates). This suggests a great deal of 

Figure 2: Distributions of stimulation levels required to achieve partial or total suppression at each stimulation session.
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inter-individual variation, suggesting that stimulation levels 
may have to be determined empirically on an individual 
basis. Rubinstein et al.11 achieved partial or complete 
tinnitus suppression in 5/11 participants who underwent 
RWES via myringotomy. The stimulus levels required to 
achieve suppression ranged approximately from 750 to 
1500 µA in three of these participants. One participant 
who achieved tinnitus masking (i.e., an evoked auditory 
percept that masked the tinnitus percept) achieved 
this with a stimulation level of approximately 1200 µA. 
Portmann et al.15 achieved suppression with a stimulation 
level as low as 25 µA in one participant, although this 
study used monophasic shaped pulses, making it less 
comparable with the present work. 

The extent and degree of any RI is an important 
characteristic of any tinnitus suppression therapy. This 
determines the nature of any medical application derived 
from this research (i.e., how frequently RWES must be 
applied). The mean RI in our study was 24.9 hours (range: 
0–48 hours). Rubinstein et al.11 showed a RI ranging from 
45 minutes to 72 hours in four of their five participants 
who achieved suppression. Based on these two studies, 
we can tentatively conclude that biphasic RWES can 
achieve post-stimulation RI of tinnitus which lasts from 
minutes to days.

The exact mechanism of tinnitus suppression with 
electrical stimulation is currently not well understood. 
One model suggests that neural degeneration within 
the cochlea leads to a compensatory hyperactivity in 
central auditory pathways, leading to the generation of 
tinnitus percepts. This model is supported by a recent 
study which found that in individuals with tinnitus 
and audiometrically normal hearing, cochlear neural 
degeneration could be observed in the form of reduced 
amplitudes of click-evoked action potentials measured 
via electrocochleography12. This was accompanied 
by increased amplitudes of post-Wave I components 
of the auditory brainstem response, consistent 
with hyperactive generators in the central auditory 
pathways. Within this framework, it is possible that 
electrical stimulation of the cochlea may act to impede 
this abnormal hyperactivity.

One limitation of the present study is that we did not 
investigate the site of origination of tinnitus (peripheral 
versus central). Aran and Cazals pointed out that electrical 
stimulation is only beneficial if the tinnitus is of peripheral 
origin 14. If correct, this could be seen as a limitation of 
the RWES approach. Alternative methodologies may be 
required for the treatment of tinnitus of central origin.

CONCLUSION

Electrical stimulation of the round window niche can 
induce rapid and sustained suppression of tinnitus. 
However, we observed a relatively high degree of 
inter-individual variation in the magnitude of tinnitus 
suppression and in the duration of residual inhibition. 
More detailed studies will be performed to elucidate the 

roles of different stimulation parameters and determine 
which clinical and demographic variables influence these 
outcomes.
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