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ORIGINAL PAPER

Sustained reduction of tinnitus several years after sequential cochlear
implantation

Arne K. Rødvika,b , Marte Myhruma,c, Evelina L. A. Larssonb, Eva-Signe Falkenbergb and Kari J. Kværnerd,e

aDepartment of Otorhinolaryngology and Head and Neck Surgery, Oslo University Hospital, Oslo, Norway; bDepartment of Special Needs
Education, University of Oslo, Oslo, Norway; cInstitute of Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo, Norway; dCentre for
Connected Care, Oslo University Hospital, Oslo, Norway; eBI Norwegian Business School, Oslo, Norway

ABSTRACT
Objective: This study aimed to explore the short- and long-term effects of a second cochlear implant (CI-
2) on the reduction of tinnitus annoyance and tinnitus handicap.
Design: In a combined retrospective and prospective cohort study, tinnitus annoyance was measured
before receiving the CI-2 (Pre), more than two years after (Post1) and more than seven years after (Post2),
using the Tinnitus Handicap Inventory (THI), the Visual Analog Scale for the assessment of perceived tin-
nitus loudness (VAS-L) and annoyance (VAS-A), and a self-report questionnaire.
Study sample: Twenty sequentially bilaterally implanted adults with bothersome tinnitus.
Results: CI-2 implantation resulted in a statistically significant reduction of tinnitus handicap from severe
at Pre to mild at Post1 (THI mean score reduced from 61.3 [SD ¼ 19.4] to 29.3 [SD ¼ 23.5]). The reduction
in tinnitus annoyance was statistically significant from Pre to Post 2 (VAS-A reduced from 7.1 [SD ¼ 1.5]
to 3.4 [SD ¼ 2.2]). The reduction in tinnitus loudness was not statistically significant.
Conclusions: The provision of a CI-2 for severely and profoundly hearing-impaired individuals with
bothersome tinnitus is an effective method of providing long-term tinnitus relief.

ARTICLE HISTORY
Received 12 August 2020
Revised 31 May 2021
Accepted 1 June 2021

KEYWORDS
Tinnitus; cochlear implants;
second implant; long-
term effect

Introduction

The term tinnitus describes the conscious perception of an audi-
tory sensation in the absence of a corresponding external stimu-
lus (Baguley, McFerran, and Hall 2013). The most common form
of tinnitus is a subjective, auditory and distressing phantom phe-
nomenon (Pattyn et al. 2016). Hazell (1998) argued that tinnitus
first becomes a problem when the sound represents a threat,
when the sound is constantly intrusive, or when the patient
experiences tinnitus as a stress factor.

Henry, Dennis, and Schechter (2005) showed evidence in
their review article that the prevalence of tinnitus in adults falls
in the range of 10 to 15%. For severely and profoundly hearing-
impaired individuals, a prevalence of tinnitus of between 66 and
86% was reported in a systematic review by Quaranta, Wagstaff,
and Baguley (2004). Martines et al. (2010) argued that approxi-
mately one-third of the population in western societies experi-
ence tinnitus at least once in their life and approximately 1 to
5% develop serious psychological complications.

Tinnitus-related activity in the nervous system is hypothesised
to be present in every human being. The tinnitus signal is usu-
ally perceived as a weak sound that is not bothersome or intru-
sive. It may be influenced by cochlear pathology. Tinnitus and
hearing deficits are thus often related phenomena (Martines et
al. 2010). The comorbidities of tinnitus, such as anxiety or
depression, is often reported, as is the association with a reduced

quality of life (Halford and Anderson 1991; Falkenberg,
Tungland, and Skollerud 2003; Mo, Lindbaek, and Harris 2005;
Falkenberg and Wie 2012). It is also reported that patients with
tinnitus score low on self-esteem and well-being assessments
(Krog, Engdahl, and Tambs 2010).

Cochlear implants (CIs) as a tinnitus treatment

In recent decades, a considerable number of treatment methods
for tinnitus annoyance have been suggested and tested. Tinnitus
retraining therapy (Jastreboff 2007), which focuses on the habitu-
ation of reactions evoked by tinnitus and the subsequent habitu-
ation of tinnitus perception, is one of the more successful
methods. Cognitive behavioural therapy, which is a structured,
time-limited psychological therapy that involves a systemic col-
laboration between therapist and patient to establish common
goals in treatment (Beck 1979), is another. Good treatment
effects have also been observed following the provision of unilat-
eral and bilateral cochlear implants (CIs) to adults with severe
and profound hearing impairment in addition to annoy-
ing tinnitus.

The tinnitus suppressing effect of CIs has been compared
with the functionality of a tinnitus masker, which is provided to
individuals with normal hearing or mild to moderate hearing
loss to either ‘drown’ the tinnitus with other sounds or facilitate
the habituation. Other explanations for the tinnitus-suppressing
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effect of CI stimulation include the direct electrical stimulation
of the cochlear nerve and the reorganisation of the central audi-
tory pathways and associative cerebral areas. It is also possible
that the implantation surgery itself has a tinnitus-reducing effect,
due to the positive expectations of the patients regarding receiv-
ing a CI (Bovo, Ciorba, and Martini 2011). The latter is in line
with the neurophysiological explanation of tinnitus, which states
that stress and negative events in a person’s life may activate the
limbic and autonomic nervous systems and create negative emo-
tions that can trigger the tinnitus annoyance, while positive
events may do the opposite.

In the last couple of decades, a body of evidence has been
established that unilateral CIs provided to bilaterally hearing
impaired persons have a dampening effect on tinnitus. The
review study by Quaranta, Wagstaff, and Baguley (2004) found
that CI use was associated with a reduction of tinnitus intensity
and awareness in up to 86% of patients, and sometimes with an
exacerbation of it (up to 9%). In the study by Bovo, Ciorba, and
Martini (2011), 51 post-lingually, profoundly hearing-impaired
adults were asked to scale tinnitus loudness and annoyance
before, and six months after CI activation with the Tinnitus
Handicap Inventory (THI) questionnaire. In total, 36% of the
participants reported total loudness suppression and another
42% reported a reduction. Annoyance scores were reduced in
75% of patients and the THI-score was reduced in 72% of
patients. In a study by Kim et al. (2013), the THI-score was
decreased for all patients (n¼ 35) after receiving a CI and the
tinnitus was eliminated in about half of the patients. The most
severe cases had the greatest benefit. Finally, Liu et al. (2016)
showed that cochlear implantation led to a decrease in average
THI-scores in a group of 234 participants.

There is, not surprisingly, also increasing evidence that simul-
taneously implanted bilateral CIs have a corresponding tinnitus-
suppressing effect. It must be noted that sequential and simultan-
eous bilateral CIs are only offered as treatment of profound
hearing impairment in a limited number of countries. Ramakers
et al. (2015) found an overall reduction of tinnitus in their sys-
tematic review on the effect of bilateral cochlear implantation on
tinnitus, but none of the included primary studies offered a high
level of evidence. van Zon et al. (2016) investigated the effect of
both unilateral and simultaneous bilateral cochlear implantation
on tinnitus perception in a group of 38 profoundly hearing
impaired patients. They found a significant decrease in the THI
for both groups. However, for six participants, five in the bilat-
eral and one in the unilateral group, the tinnitus increased or
was induced by the cochlear implantation itself.

In some cases, bilaterally hearing impaired CI recipients have
first been provided with a unilateral implant and have later been
offered a second CI, if the tinnitus has not, or has only partly,
been reduced after the first implantation. Investigation into the
effect of a second CI on tinnitus has been sparsely conducted.
Summerfield et al. (2006) showed that the changes in tinnitus
observed by providing 24 severely hard-of-hearing patients with
bilateral CIs do not significantly differ from the changes that
accompany a unilateral CI. In contrast, Olze et al. (2012) found
that treatment with a second CI led, not only to better hearing
and a reduction of tinnitus annoyance, but also to an increased
quality of life and increased psychological well-being; this study
was conducted with a group of 40 patients whose inter-implant
interval was 3.6 ± 4.0 years and who completed a German self-
report tinnitus questionnaire before and after the activation of
the first and second CI. In a multi-centre study by Ramakers et
al. (2017), the effect of a second implant after three years was

investigated for 38 bilaterally, simultaneously and sequentially
implanted adults. In the simultaneous group, tinnitus scores fluc-
tuated three years after implantation, and a total suppression of
tinnitus burden occurred in four out of nine participants. In the
sequential group, the tinnitus had disappeared or decreased in
four out of seven participants after a three-year follow-up period.

In summary, the abovementioned studies have shown that
there often is a decrease in tinnitus after unilateral cochlear
implantation, although an increasing burden of tinnitus has also
been reported. The effect of a second implant on tinnitus reduc-
tion for those who experience remaining or increased tinnitus in
their contralateral ear has been subject to little investigation, and
this study thus adds to the sparsely conducted research in
this field.

Aim

This study aimed to explore the effect of a second CI on tinnitus,
measured before receiving a second CI, in the short term
(>2 years) and in the long term (>7 years), for severely and pro-
foundly hearing-impaired persons with a single-sided CI suffer-
ing from annoying tinnitus.

Materials and methods

We chose a combined retrospective and prospective design for
this study. Tinnitus annoyance was measured before receiving
the CI-2 (Pre), more than two years after (Post1) and more than
seven years after (Post2). Retrospective data collected before the
participants received CI-2 was retrieved from medical records,
and prospective data was collected after they agreed to partici-
pate. The prospective data collection included questions on tin-
nitus annoyance experienced before receiving CI-2.

Participants

Twenty-five adult patients provided with sequential bilateral CIs
due to tinnitus annoyance were invited to participate in this
study. They received the sequential CI between 2007 and 2012,
and the study invitation was sent in 2014. Thus, all had used
bilateral CIs for more than two years at the time they were asked
to participate. Twenty of the patients responded to the invita-
tion— four men and sixteen women. All participants had under-
gone CI surgery at the Department of Otorhinolaryngology,
Head and Neck Surgery, Oslo University Hospital, and all who
were granted a second CI as tinnitus treatment were invited to
participate. Their mean age at the time of the first CI was
47.4 years (SD ¼ 15.0; range ¼ 23.0–72.5 years). Mean inter-
implant interval was 4.9 years (SD ¼ 4.3, range ¼ 0.9–19.4 years).
The participants’ demographic information is given in Table 1.

Informed written consent was obtained from all participants
according to the guidelines of the Declaration of Helsinki
(World Medical Association 2018). The Regional Committees for
Medical and Health Research Ethics in Norway and the data pro-
tection officer at Oslo University Hospital approved the project.

Procedure

First, tinnitus was classified for clinical purposes before the CI-2
surgery for the 20 participants, using two instruments: the
Tinnitus Handicap Inventory (THI) and the Visual Analogue
Scale for the assessment of chronic tinnitus annoyance (VAS-A)
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and loudness (VAS-L). Second, THI, VAS-A and VAS-L was
used for the same 20 participants as part of this project two and
seven years after the activation of CI-2. In addition, a self-report
questionnaire (SRQ) developed for this study was used to assess
each patient’s experience with a second CI related to tinnitus
annoyance and loudness.

Complete THI-scores before CI-2 activation (Pre), more than
two years after receiving the CI-2 (Post1) and after a further
5 years (Post2) were available for 12 participants, and complete
VAS-A- and VAS-L-scores at Pre, Post1 and Post2 were available
for 9 participants. The largest part of the missing data is from
the period before implantation of CI-2 and is due to the THI
and VAS not tested or the completed questionnaires not
retrieved, although the tinnitus handicap was documented in the
patient files for all participants. For details, see Figure 1 and
Table 2.

Materials

The THI is a 25-item self-report inventory of tinnitus impact on
daily living (Newman, Jacobson, and Spitzer 1996). Guidelines
for the grading of tinnitus severity with the THI were developed
by McCombe et al. (2001), who suggested the tinnitus handicap
scale: slight (0–16), mild (18–36), moderate (38–56), severe

(58–76), and catastrophic (78–100). The THI has been widely
validated and translated into many languages. The Danish valid-
ation (Zachariae et al. 2000) suggests that the Danish THI-Total
scale may be a reliable and valid indicator of general tinnitus-
related distress that can be used in a clinical setting to quantify
the impact of tinnitus on daily living. The Danish THI has been
translated into Norwegian and the Norwegian version was
recently validated (Heggdal et al. in press). The Norwegian trans-
lation of the THI has been in clinical use for more than 15 years.

The VAS was chosen to measure tinnitus loudness (VAS-L)
and annoyance (VAS-A). The participants were asked to set
marks on two horizontal lines with endpoints anchored by
“tinnitus not audible” and “tinnitus not annoying” (correspond-
ing to 0), and “tinnitus extremely annoying” and “tinnitus
extremely loud” (corresponding to 10). The VAS is frequently
used to measure changes in tinnitus annoyance and loudness,
and Adamchic et al. (2012) found good test reliability and valid-
ity for the VAS-L and VAS-A; the minimally clinically identifi-
able difference (MCID) estimates were between 10 and 15 points
when VAS results were measured using the endpoints 0 and 100,
corresponding to MCID estimates between 1 and 1.5 when using
the endpoints 0 and 10.

An SRQ was constructed for this study and designed to assess
the self-reported effect of the CI-2 on tinnitus, to compensate for
the missing THI and VAS data pre CI-2. The questionnaire was

Figure 1. Flowchart demonstrating the study’s process.

Table 1. Demographics in the cohort of patients provided with sequential bilateral CIs due to tinnitus annoyance (N¼ 20).

Patient ID Sex
Age at CI-1
(years)

Inter-implant
interval (years)

Implant model
CI-1

Implant model
CI-2

1 F 53.6 19.5 CI22 CI24M
2 F 25.1 11.6 CI-24M CI24RE(CA)
3 F 23.0 9.3 Combi40þ CONCERTO
4 F 54.9 6.6 Combi40þ SONATA ti100
5 F 72.4 6.9 CI24RE(CA) CI24RE(CA)
6 F 44.6 2.4 HiRes 90 K HiRes 90 K
7 F 58.2 5.5 PULSAR ci100 CONCERTO
8 F 63.1 0.9 PULSAR ci100 SONATA ti100
9 F 72.5 3.1 PULSAR ci100 SONATA ti100
10 M 45.0 3.7 SONATA ti100 CONCERTO
11 F 36.6 4.8 HiRes 90 K HiRes 90 K
12 M 57.5 4.0 HiRes 90 K HiRes 90 K
13 F 66.0 1.9 CI24RE(CA) CI512
14 F 48.2 3.2 SONATA ti100 CONCERTO
15 M 51.4 3.1 SONATA ti100 CONCERTO
16 F 25.4 2.9 SONATA ti100 CONCERTO
17 F 38.1 2.3 HiRes 90 K HiRes 90 K
18 M 37.2 2.5 HiRes 90 K HiRes 90 K
19 F 39.7 2.2 SONATA ti100 CONCERTO
20 F 35.3 2.0 CI24RE(CA) CI512

Note. CI, cochlear implant; ID, identification; M, male; F, female. HiRes90K is an implant manufactured by Advanced Bionics. Combi 40þ,
PULSAR ci100, SONATA ti100 and CONCERTO are implants manufactured by Med-El. CI22, CI24M, CI24RE(CA) and CI512 are implants in the
Nucleus series manufactured by Cochlear.
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quality checked by an educational and a technical audiologist,
each with more than 20 years’ clinical experience, before using it
in the research project. It contained the following questions
about tinnitus annoyance before and after CI-2 activation
(SRQ Annoyance):
1. To what extent did you experience your tinnitus as annoy-

ing before the second implant? (response at time-point
Post1 and referred to as the variable SRQ Annoyance ‘Pre’.)

2. To what extent did you experience your tinnitus as annoy-
ing after the second implant? (responses at time-points
Post1 and Post2.)
The response alternatives were as follows: 1 – no annoyance,
2 – moderate annoyance and 3 – considerable distress.
The questionnaire also contained the following question on the
overall effect of the CI-2 on tinnitus loudness (SRQ CI-2 effect):

3. What effect did the second implant have on the tinnitus
loudness? (response at time-point Post2.)
The response alternatives for this question were as follows: 1
– reducing effect, 2 – no effect and 3 – amplifying effect.

Statistical analyses
Repeated measures analyses of variance (RMANOVAs) were
used to determine the mean differences of the THI, VAS-A, and
VAS-L at the time-points Pre, Post1, and Post2, and this reduced
the data sets to 12 participants for the outcome measure THI
and to nine participants for the outcome measures VAS-L and
VAS-A. A Greenhouse–Geisser correction was used if the spher-
icity assumption was violated (which was the case for THI and
VAS-A, but not for VAS-L). Statistical significance was defined

Table 2. Individual and group results for THI total, VAS Loudness, VAS Annoyance, SRQ Annoyance and SRQ CI-2 effect at Pre, Post1 and Post2 time-
points (N¼ 20).

Patient ID

THI Total VAS Loudness VAS Annoyance SRQ Annoyance SRQ CI-2 effect

Pre Post1 Post2 Pre Post1 Post2 Pre Post1 Post2 ‘Pre’ Post1 Post2 Post1 Post2

1 78�� 12 0 8 1 – 8 1 – 3 1 1 1 1
2 – 8 18 – – 5 – – 3 3 2 2 1 2
3 90�� 44 – 7 3 – 7 2 – 3 2 – 1 –
4 – 24 18 – 6 7 – 6 6 3 2 2 1 1
5 44 0 0 7 4 1 6 3 1 2 1 1 1 1
6 – 82�� 76 – – 7 – – 9 3 3 3 2 3
7 52 16 18 7 7 5 8 5 4 3 2 2 2 1
8 – 48 48 – – 9 – – 9 3 3 3 2 2
9 18 50 34 – – – – – – 2 2 2 2 2
10 66� 38 14 6 9 7 7 7 5 3 2 2 1 1
11 78�� 48 18 7 5 5 7 5 3 3 2 2 1 1
12 50 52 24 4 5 4 5 6 3 3 2 1 1 1
13 90�� 26 24 7 4 8 7 5 5 3 2 2 1 1
14 – 4 4 – – 8 – – 8 2 1 1 1 1
15 – 86�� 46 – – 5 – – 5 3 2 2 2 1
16 60� 14 56 – – 6 – – 6 3 1 2 1 1
17 70� 14 – 8 5 – 9 2 – 3 1 – 1 –
18 72� 76�� 38 5 7 8 6 9 4 3 3 2 3 1
19 54 20 8 9 5 1 9 3 1 3 2 1 3 1
20 74� 0 10 9 1 6 9 1 2 3 1 1 1 1
Median 63� 23 18 7 5 5 7 5 3 3 2 2 1 1
Range 18–90 0–76 0–56 4–9 1–9 1–8 5–9 1–9 1–8 2–3 1–3 1–3 1–3 1–3
Mean 61.3 29.3 20.3 6.8 5.4 5.0 7.1 4.9 3.4 2.8 2.0 1.8 1.5 1.3
SD 19.4 23.5 16.3 1.8 2.4 2.6 1.5 2.5 2.2 0.4 0.7 0.6 0.7 0.6

THI: Tinnitus Handicap Inventory; VAS: Visual Analog Scale; SRQ: Self-Report Questionnaire. SRQ Annoyance was represented by 1 (no annoyance), 2 (moderate
annoyance), and 3 (considerable distress); SRQ CI-2 effect was represented by 1 (reduced tinnitus handicap), 2 (no effect on tinnitus), and 3 (increased tinnitus). Em
dash means no data obtained. �Severe handicap (58–76); ��Catastrophic handicap (78–100). Medians, means, ranges and SDs are calculated from the number of
responses included in the analyses (n¼ 9 for the VAS-L and VAS-A; n¼ 12 for the THI and n¼ 18 for the SRQ).

Figure 2. The Pre, Post1 and Post2 THI-scores for all 20 participants. The colours
of the lines show the self-reported CI-2 effect (SRQ-score) on tinnitus from Post1
to Post2; the red line represents the participant who experienced increased tin-
nitus, the blue lines represent those who experienced no effect following CI-2
implantation and the green lines represent those who experienced a reduction
in their tinnitus handicap after the CI-2 implantation. The number to the right of
each line represents the patient identification, presented in Table 2.
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as p< 0.05, and post-hoc testing using Student’s t tests was used
to discover which specific pairwise means differed. A Bonferroni
correction was used to keep the Type I error at 5% overall.

The reported answers from the SRQ were only counted and
reported as distributions (Table 2). Answers on SRQ question 3 at
Post 2, which reported the effect of CI-2 on tinnitus burden, were
used to colour the lines in Figure 2, which shows the individual
THI answers at the time-points (Pre, Post1, and Post2). The lines
showing a descending THI value from Pre via Post1 to Post2
should match a reported effect of CI-2 (e.g., answer to SRQ ques-
tion 3 equal to 1 [reducing effect] is shown with green lines).

All statistical analyses were performed by using SPSS v. 26.0
(SPSS Inc., Chicago, IL, United States).

Results

Individual and group characteristics

An overview of individual and group characteristics for the THI,
VAS-A, VAS-L and SRQ is shown in Table 2.

The line–plot of individual THI–scores in Figure 2 shows that
all participants except three experienced a decrease in perceived
tinnitus two years after their CI-2 activation, and all except three
experienced a further reduction or had a stable score after an
additional five years (i.e., from Post1 to Post2). Among the three
who had an increased score, only one had a relatively large
increase in THI-score, going from a score of 14 to 56. Still, this
participant reported that the CI-2 had a positive effect on tin-
nitus (SRQ ¼ 1), illustrated by a green line in Figure 2.
Furthermore, the SRQ CI-2 effect measured at time-point Post 2
revealed that after receiving the CI-2, 16 participants experienced

a reduction of tinnitus, 3 experienced no reduction and 1 experi-
enced an increase.

The SRQ Annoyance ‘Pre’ (Table 2), which contains a retro-
spective view of the tinnitus annoyance before the patients
received CI-2, shows that 17 participants reported 3 (consider-
able distress) and three reported 2 (moderate annoyance). At
time-point Post1, only three reported SRQ tinnitus annoyance 3
(considerable distress), 11 reported annoyance 2 (moderate
annoyance), and six reported annoyance 1 (no annoyance). At
time-point Post2, the self-reports are quite similar to the self-
reports at Post1; two still reported SRQ tinnitus annoyance 3
(considerable distress), 10 reported annoyance 2 (moderate
annoyance) and six reported annoyance 1 (no annoyance). Two
did not report on SRQ Annoyance at time-point Post2.

Short–term and long–term effects

Figure 3 shows a box-and-whisker plot of subgroups of the par-
ticipants who had a complete set of THI (n¼ 12), VAS-A (n¼ 9)
and VAS-L (n¼ 9) assessments at the Pre, Post1 and Post2
time-points.

A RMANOVA with Greenhouse–Geisser correction deter-
mined that the mean THI- scores differed significantly between
Pre, Post1 and Post2 (F[1.17, 18.89]¼ 15.4, p< 0.0005). Since
time-points revealed a significant main effect, post-hoc tests
using Student’s t tests and Bonferroni correction were used to
understand the effect; the tests revealed that the decrease in
THI-score from Pre to Post1, from 61.3 (SD ¼ 19.4) to 29.3 (SD
¼ 23.5), was statistically significant (p¼ 0.014); however, the fur-
ther decrease in THI-score to 20.3 (SD ¼ 16.3) from Post1 to
Post2 was not statistically significant (p¼ 0.496).

Figure 3. Box-and-whisker plots showing the THI-, VAS-A- and VAS-L-scores at the Pre, Post1 and Post2 time-points for the participants with complete THI (n¼ 12),
VAS-A (n¼ 9), and VAS-L (n¼ 9) assessments throughout the study period. One asterisk (�) indicates a statistically significant difference, with p< 0.05. The means are
marked with x in the same plots for each assessment (i.e., Pre, Post1 and Post2).
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The mean VAS-A differed significantly between Pre, Post1
and Post2 (F[1.32, 10.58]¼ 11.43, p¼ 0.004). Post-hoc tests using
Bonferroni correction revealed that the decrease in the VAS-A
from Pre to Post1 from 7.1 (SD ¼ 1.5) to 4.9 (SD ¼ 2.5) was
not statistically significant (p¼ 0.165). The mean VAS-A was
also reduced from Pre to Post2, from 7.1 (SD ¼ 1.5) to 3.4 (SD
¼ 2.2), and this was statistically significant (p¼ 0.002). The
mean VAS-L did not differ significantly between Pre, Post1 and
Post2 (F[1.93, 15.45]¼ 1.9, p¼ 0.184). The mean VAS-L was 6.8
(SD ¼ 1.8) at Pre, and it reduced to 5.4 (SD ¼ 2.4) at Post1 and
to 5.0 (SD ¼ 2.6) at Post2.

Discussion

The present study found a significant long–term reduction in
self-perceived tinnitus severity following the implantation of a
second CI in a population of patients with persistent bothersome
tinnitus following first CI activation. The THI-score measured
before and a minimum of two years after the implantation of a
second CI showed a decrease from a severe to a mild tinnitus
handicap. The mean decrease in the VAS-A (4.2 from Pre to
Post2) is about three times larger than the MCID estimate of
between 1 and 1.5 for the VAS-A and VAS-L, reported by
Adamchic et al. (2012). A minimum of seven years after CI-2
implantation, a long–term effect was confirmed for both general
tinnitus handicap (THI) and tinnitus annoyance (VAS-A). For
tinnitus loudness (VAS-L), a significant long–term effect of CI-2
activation was not found.

Our results are in line with those of Olze et al. (2012), look-
ing specifically at their results for participants with high tinnitus
questionnaire (TQ) scores, which are comparable to the THI-
scores in the present study. Olze et al. (2012) split the group of
participants into two subgroups; those with a TQ score above or
equal to 47 (high score) and those with a TQ score below 47
(low score). The study found that those with high tinnitus
annoyance obtained a statistically significant reduction in TQ
score, while those with moderate tinnitus annoyance did not
obtain a significant TQ score reduction. Generally, all partici-
pants in our study had a high THI-score (above 44) prior to CI-
2 activation, with the exception of one participant, who had a
mild tinnitus handicap (i.e., a THI-score of 18). Our results
show that in average, the whole group of participants experi-
enced an improvement in tinnitus annoyance after CI-
2 activation.

Our study, that of Olze et al. (2012) and that of Ramakers et
al. (2015) all indicated that bilaterally severely and profoundly
hearing impaired patients often benefit from two CIs to suppress
their tinnitus. However, Summerfield et al. (2006), reached the
opposite conclusion; they found that the first implant decreased
the tinnitus annoyance of the participants, while the second
implant increased their tinnitus annoyance. This may be due, at
least in part, to the use of a non-validated questionnaire in that
study. Comparing our study with the three other studies men-
tioned above, we see that the sample sizes are all rather small
and that the instruments that have been used to measure tinnitus
annoyance do not allow for direct comparisons.

Our study includes a time span of approximately seven years
between the provision of the CI-2 and the last assessment of tin-
nitus annoyance. This is more than twice the time span covered
by the studies of Ramakers et al. (2017), who investigated tin-
nitus outcomes three years after simultaneous and sequential
cochlear implantation (N¼ 38), and Kraaijenga et al. (2019), who
investigated tinnitus outcomes two years after bilateral

implantation (N¼ 38). Thus, the current study adds significantly
to the knowledge of the field and confirms that the implantation
of a second CI provides a durable tinnitus relief.

Limitations

This combined retrospective and prospective study had several
limitations. Although tinnitus severity was an inclusion criterion
for a second CI, tinnitus severity is self-reported and may be due
to selection bias. In the data collection period, Norwegian guide-
lines only allowed for a second implant in patients with both
profound hearing loss and another handicap, such as severe tin-
nitus, and as such, we cannot exclude the possibility of an over-
reporting of tinnitus.

Furthermore, the outcomes should be interpreted with cau-
tion due to the small sample sizes of the groups, the lack of a
control group and the self-report data being collected only in the
subgroup of patients who received a second CI during the study
period. The study included 20 participants, but for the compari-
son of the mean scores at the Pre, Post1 and Post2 time-points
in the analysis of the VAS-A and VAS-L, only the 9 participants
who had completed ratings at all three time–points were
included. This rather small number of participants could cause
non-significant results even if differences exist, and we need
more participants to detect the mean differences.

The misclassification of THI- and VAS-scores is unlikely to
have occurred, as these questionnaires have been validated; how-
ever, the SRQ was constructed for this study and has not been
validated. The SRQ results are therefore possibly less reliable.

Conclusions

Tinnitus annoyance is often reduced after a severely or pro-
foundly hearing–impaired person receives a unilateral CI; how-
ever, contralateral hearing loss can still be accompanied by
tinnitus, which requires a second implant. Our study confirms
that a second CI is an adequate treatment for tinnitus handicap
and tinnitus annoyance in patients with a unilateral CI and
contralateral hearing impairment with accompanying tinnitus.
The long–term results show that the implantation of a second CI
provides a durable tinnitus relief.
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