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BACKGROUND: Tinnitus is a common symptom among individuals with a vestibular schwannoma. In recent years, cochlear implantation, often 
combined with tumor resection, is an increasingly used option in the management of these patients. The existing literature does not account 
well for the effect of treatment on tinnitus burden. Thus, this paper reports the effect of cochlear implantation on tinnitus in a cohort of vestibular 
schwannoma patients.

METHODS: Individuals with vestibular schwannoma undergoing cochlear implantation were retrospectively reviewed for tinnitus burden, as 
evaluated by the Tinnitus Handicap Inventory, administered before and after implantation. The outcome measures were total Tinnitus Handicap 
Inventory score and scores from each of the Tinnitus Handicap Inventory subdomains (functional, emotional, and catastrophic). In addition, the 
existing literature on tinnitus in cochlear implanted vestibular schwannoma patients was reviewed.

RESULTS: Tumor management consisted of simultaneous resection (77%), previous resection (9%), observation (9%) and radiation (5%). Complete 
Tinnitus Handicap Inventory evaluation was available for 17 patients. After implantation, the median THItotal changed from 18 to 10 (P = .0006), the 
subdomain THIfunctional from 10 to 3 (P = .006), the THIemotional from 3 to 0 (P = .023) and the THIcatastrophic from 6 to 1 (P = .004). In the scarcely reported 
tinnitus outcomes in the literature, most but not all cases experienced a decrease in tinnitus.

CONCLUSIONS: The tinnitus burden is significantly reduced by cochlear implantation in individuals with a vestibular schwannoma. This agrees 
with findings for other etiologies indicating cochlear implantation and supports the eligibility for hearing rehabilitation with a cochlear implant 
for this specific group of patients.
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INTRODUCTION
Vestibular schwannomas (VS) are derived from the vestibulocochlear nerve and the majority is found in the internal auditory canal 
(IAC) or in the cerebellopontine angle (CPA), although some are located within the labyrinth. The incidence of VS is increasing, likely 
due to improved and increased access to magnetic resonance imaging technology.1 The symptoms most commonly associated 
with VS are ipsilateral hearing loss, tinnitus, and disequilibrium.2,3

As VS tumors are benign in nature, the motive for active tumor management is primarily tumor growth or large size,4 secondarily 
preservation of hearing. Tinnitus is not an indication for active treatment, as several studies have reported a high prevalence of 
postoperative tinnitus after VS resection. Tinnitus postoperatively was associated with the occurrence of tinnitus preoperatively.5,6

Several studies have documented positive effects of cochlear implantation (CI) on tinnitus, and due to the disabling nature of severe 
tinnitus, this has increasingly been included as a dependent or independent indication for cochlear implantation.7–10 Likewise, 
cochlear implantation for hearing rehabilitation of sensorineural hearing loss due to a VS is becoming increasingly common in 
neuro-otology centers around the world.11 A systematic review on sporadic and neurofibromatosis type 2-associated VS undergoing 
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resection and simultaneous CI showed that the literature is scarce in 
terms of the effect on tinnitus.11 A recent study reported 8 patients, 
of which 2 with IAC tumors were elected for resection and implan-
tation due to tinnitus. Tinnitus outcomes were however not 
reported.12 Another recent systematic review on sporadic vestibular 
schwannomas with ipsilateral CI (87% with sequential or simulta-
neous tumor resection and 13% with tumor in situ) found that the 
impact on tinnitus was reported in only 7 patients, of which 5 com-
pleted a standardized tinnitus assessment tool.13

The auditory outcomes of cochlear implantation in VS patients are 
more unpredictable than in other hearing loss etiologies, as both 
the tumor and the tumor management can have detrimental effects 
on the integrity and functionality of the vestibulocochlear nerve. 
Currently, it is unclear how CI affects tinnitus in individuals with VS. 
Thus, this study reports the effect of cochlear implantation on tinni-
tus in a consecutive cohort of VS patients, using a standardized tinni-
tus assessment instrument—the Tinnitus Handicap Inventory (THI). 
Additionally, the sparse literature on the effect of CI on tinnitus in 
individuals with VS is reviewed.

METHODS

Study Design and Participants
A retrospective cohort study of 22 consecutive individuals with VS 
receiving an ipsilateral CI, operated during the period 2015-2020 was 
conducted. Pre- and postoperative tinnitus burden was evaluated by 
the THI.14

Tinnitus Handicap Inventory is a patient-reported instrument 
addressing tinnitus handicap, consisting of 25 questions. Included 
questions can be subdivided into 3 categories: the functional sub-
domain (11 questions), the emotional subdomain (9 questions), and 
the catastrophic subdomain (5 questions). Each question can be 
answered on a graded scale as 0 (no tinnitus), 2 (sometimes), or 4 
(yes) points, resulting in a total score ranging from 0 to 100.

Approval to extract and manage data had previously been granted 
by the Danish Data Protection Agency (2012-58-0004) and the 
Patient Safety Authority (3-3013-2344/1). Patient consent was not 
required as per local legislation and national guideline.

Data Analyses
A Shapiro–Wilk test was performed to check for normality in the data 
distribution. As THI data were not normally distributed, the non-
parametric paired t-test (Wilcoxon rank) was used. Other data were 
analyzed with a paired t-test. P-values <.05 were considered signifi-
cant. Statistical analyses and illustrations were carried out using the 
GraphPad Prism software version 8.0 (GraphPad Software, La Jolla, 
California, USA) for Windows.15

The literature review was based on the search string “schwannoma 
AND (cochlear implantation OR cochlear implant)” using the PubMed 
database.

RESULTS
Between 2015 and 2020, 22 consecutive individuals received a CI 
ipsilateral to their VS. Among these individuals, 9 were female (41%), 
and 13 were male (59%). The mean age at the time of implantation was 

55 years (range 30-76). In 10 cases (45%), the VS was located in the CPA, 
in 1 case (5%) it was isolated within the IAC, and in 11 cases (50%), the 
VS was intralabyrinthine. The VS were sporadic in 21 cases (95%) and 
related to NF2 in 1 case (5%). Regarding preoperative hearing, 16 cases 
(73%) had single-sided deafness ipsilateral to the VS, 5  cases (23%) 
had bilateral sensorineural hearing loss and 1 case (5%) had bilateral 
normal hearing. 17 cases (77%) underwent cochlear implantation 
simultaneous to tumor resection, 2 cases (9%) had previously under-
gone tumor resection and 2 cases (9%) had the tumor left in situ. In 
addition, 1 case (5%) previously reported16 was implanted after receiv-
ing radiotherapy of the VS. The implanted electrodes were Oticon 
Medical Neuro Zti EVO in 17 cases (77%), MedEL Flex 26 in 2 cases (9%), 
Advanced Bionics Midscale and HiRes Ultra 3D in 2 cases (9%) and 
Cochlear Nucleus 522 in 1 case (5%). At the time of evaluation, the self-
reported auditory gain was high in 6 cases (27%), moderate in 10 cases 
(45%), and low in 6 cases (27%). Daily use was >8 hours/day in 13 cases 
(59%), between 1 hour/day and 8 hours/day in 3 cases (13%), and 
<1 hour/day in 3 cases (13%). Information on daily use was unavailable 
in 2 cases (9%). See Table 1 for patient demography, including tumor 
localization, surgical details, self-reported tinnitus, etc.

Tinnitus Handicap Inventory Scores
Pre- and postoperative THI scores were available for 17 cases, as only 
preoperative THI was available for 3 cases and only postoperative THI 
available for 2 cases, of which 1 qualitatively had reported severe pre-
operative tinnitus. Among the individuals with both pre- and post-
operative THI evaluation, 13 cases (77%) experienced a reduction in 
tinnitus burden, whereas the burden was stationary in 3 cases (18%) 
and increased in 1 case (6%).

The median number of days from implantation to completion of 
the postoperative THI was 234 days (corresponding to approxi-
mately 8 months) (interquartile range (IQR) 190 to 302 days). Before 
implantation, the median total THI score was 18 (IQR 10 to 45) and 
after implantation the median total THI score was 10 (IQR 0 to 22) 
(P = .0006; Wilcoxon). Regarding THI subdomains, the median func-
tional subdomain score was 10 (IQR 3 to 20) before and 3 (IQR 0 to 
14) after the implantation (P = .006; Wilcoxon), the median emotional 
subdomain score was 3 (IQR 0 to 16) before and 0 (IQR 0 to 4) after 
implantation (P = .023; Wilcoxon), whereas the median catastrophic 
subdomain score was 6 (IQR 3 to 10) before implantation and 1 (IQR 
0 to 6) after implantation (P = .004; Wilcoxon). Data on THI scores 
including subdomain scores are plotted in Figure 1. Figure 2 shows 
the individual change in total THI from pre- to postoperative.

Individuals with self-reported moderate or high auditory gain had a 
median THI change of −14 points (IQR −24 to −2) compared with 
those with low auditory gain who had a median THI change of 
−4 points (IQR −17 to 3) (P = .29; paired t-test). Individuals with a 
high daily use (>8 hours) had a median THI change of -15 points (IQR 
−24 to −2) compared with those with a rare daily use (<1 hour) who 
had a median THI change of −2 points (IQR −6 to 4) (P = .093; paired 
t-test). Two individuals with low self-reported auditory gain and lim-
ited daily use (ID 8 and 9) reported a substantial reduction in tinnitus 
when wearing the CI processor.

Literature Review
Considering the existing literature, tinnitus outcomes in relation to 
VS and ipsilateral CI have been reported in 9 papers,17–25 including 
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a total of 20 patients (see Table 2). All but 319,23,25 of these were case 
reports. The 3 non-case reports included 3, 4, and 7 patients, respec-
tively. Six of the studies report simultaneous VS resection and con-
comitant CI,17,18,20,23–25 2 studies report a CI sequential to previous 
tumor resection19,22 and 1 study reports CI in an ear with a tumor 
under observation.21 In 3 papers, the THI is used for quantification 
of tinnitus,21–23 2 papers use other measurement tools,24,25 1 paper 
uses the Visual Analog Scale19 and in the 3 remaining papers, the tin-
nitus change is only qualitatively reported.17,18,20 In 6 papers,17–20,23,24 
Cochlear implantation is reported to improve tinnitus burden and in 
1 paper,21 tinnitus is worse after CI. One paper reports that tinnitus is 
initially worsened after tumor resection and subsequently improved 
after the CI.22 Finally, the recently published study of Dahm et  al.25 
reports variable tinnitus outcomes, with stable tinnitus for 3 patients 
and 1 patient experiencing a tinnitus increase.

DISCUSSION
Cochlear implantation for patients with a VS is an increasingly 
offered operation, either as a simultaneous or sequential procedure 
in relation to VS resection, or for observed tumors without resec-
tion. However, until now no extensive reports on tinnitus change 
as a result of this operation have been published (see Table 2). This 
is a paradox, as tinnitus may be the main indication for CI in single-
sided deafness, including VS cases.10,12 Previous studies have shown 
that CI in general can have a positive effect on tinnitus, regardless 
of the hearing loss etiology. However, VS patients are exceptional as 
the tumor represents a lesion on the vestibulocochlear nerve, and 
as for hearing outcomes, tinnitus outcomes may be more unpredict-
able than in other CI recipients.11 We found that among 22 consecu-
tive individuals with VS receiving CI, the vast majority experience a 
substantial drop in tinnitus burden after the operation. The cohort 
included 1 case experiencing a worsening of tinnitus, which has 

Figure 1. Tinnitus in a consecutive cohort of VS patients (n = 16) before and 
after cochlear implantation, according to total THI scores and subdomain 
scores. Individual scores plotted with bars indicating medians. CI, cochlear 
implantation; THI, tinnitus handicap inventory Preoperative indicates total 
preoperative THI score; Postoperative indicates total postoperative THI score. 

Figure  2. Individual changes in total THI scores from pre- to postoperative 
(n = 16). *This case experienced an increase in tinnitus after implantation. THI, 
tinnitus handicap inventory.

Table 2. Overview of the Literature on Tinnitus Following Ipsilateral Cochlear Implantation in Patients with a Vestibular Schwannoma

Author n VS Tumor management Reported tinnitus

Schutt 2013 (17) 1 Intra vesti buloc ochle ar Simultaneous resection Tinnitus improved (unspecified)

Bento 2016 (18) 1 Intracochlear Simultaneous resection Tinnitus improved (unspecified)

Kim 2016 (20) 1 Intracanalicular Simultaneous resection Tinnitus improved (unspecified)

Huo 2016 (21) 1 Intracanalicular Observation Tinnitus worsened (THI increase)

Dagna 2016 (22) 1 Intracanalicular Sequential operation Tinnitus worsening after resection and improvement after CI (THI)

Rooth 2017 (23) 7 Extrameatal Simultaneous resection Tinnitus improved (THI decrease)

Ma 2020 (24) 1 Intracochlear Simultaneous resection Tinnitus improved (TRQ)

Dahm 2020 (25) 4 Intra- or extrameatal* Simultaneous resection Variable tinnitus changes (Mini-TQ)

Hassepass 2016 (19) 3** Intralabyrinthine or intracanalicular Sequential operation Complete tinnitus suppression upon processor activation (VAS)

Reported cases with VS and contralateral implantation are not listed. 
*Specific location not reported, but translabyrinthine approach used indicates non-i ntral abyri nthin e location. 
**Another 8 patients were studied, but tinnitus outcomes were not reported. 
THI, Tinnitus Handicap Inventory; TRQ, Tinnitus Reaction Questionnaire; Mini-TQ, Mini Tinnitus Questionnaire; VAS, Visual Analog Scale.
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also been reported for a few of the previously published cases. Thus, 
although we can conclude that a significant reduction of tinnitus is 
the most common finding in this cohort, a worsening of tinnitus may 
occur in rare cases.

The findings also show that the functional domain is the factor domi-
nating the overall tinnitus score, both before and after implantation. 
The most substantial postoperative drop is also occurring in the func-
tional domain. Although the catastrophic subdomain is represented 
by only a few THI items (5 of the 25 items), this domain is the second 
most influential domain (Figure 1). This explains why the decrease 
in scores is more significant for these subdomains compared with 
the emotional one, which is the least affected domain both pre- and 
post-implantation.

The somewhat ambiguous methods for evaluation of tinnitus may 
be a limitation to the present and previous studies, as patients may 
not be adequately instructed to distinguish between the 2 ears, or 
between the situation with or without an activated processor on the 
implanted ear. As reported in the study of Hassepass et al. the tin-
nitus suppression post-implantation was directly dependent on the 
activation of the processor.19 Future studies should be more atten-
tive to such details, as the patient responses may differ depending 
on to which condition the patient refers. Another limitation of the 
present study is the single postoperative follow-up. Subsequent 
studies should investigate repeated follow-ups, as performed in the 
study of Rooth et al.23 to reveal whether the observed postoperative 
changes are stationary and to what extent they depend on the CI 
being switched on or off. 

As most of the individuals in the present cohort underwent tumor 
resection with concomitant CI in single-stage procedures, it was not 
possible to distinguish between the isolated effect on tinnitus of the 
implantation and the tumor removal. Thus, theoretically, the tumor 
management may per se account for some of the observed tinnitus 
reduction. Nonetheless, the 2 patients who underwent tumor resec-
tion and sequential CI, and the 2 patients with observed tumors all 
experienced a reduction in tinnitus after implantation, suggesting 
that the tinnitus improvement is indeed attributed to the CI, which 
is consistent with the finding in 2 studies allowing differentiation 
between the 2 procedures.19,22

CONCLUSION
This is the first larger study to specifically investigate tinnitus out-
comes related to CI for patients with a VS, using the validated THI as 
an instrument. Most patients receiving a CI ipsilateral to a VS, inde-
pendent of the type of tumor management, experience a reduc-
tion of tinnitus burden. Overall, tinnitus improves significantly after 
implantation. This information is clinically important and may be 
used in the decision-making concerning tumor management and 
hearing rehabilitation in individuals with a VS. Specifically, CI eli-
gibility is supported by the occurrence of severe preoperative 
tinnitus.
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