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Abstract

Background/Objective: To compare functional hearing and tinnitus outcomes in

treated large (~ 3 cm) vestibular schwannoma (VS) and posterior fossa meningioma

cohorts, and construct willingness-to-accept profiles for an experimental brain

implant to treat unilateral hearing loss.

Methods: A two-way MANOVA model with two independent variables (tumor type;

time from treatment) and three dependent variables (hearing effort of tumor ear;

abbreviated Speech, Spatial, and Qualities of Hearing scale (SSQ12); Tinnitus Func-

tional Index (TFI)) was used to analyze data from VS (N = 32) and meningioma

(N = 50) patients who were treated at a tertiary care center between 2010 and 2020.

A query to probe acceptance of experimental treatment for hearing loss relative to

expected benefit was used to construct willingness-to-accept profiles.

Results: Tumor type was statistically significant on the combined dependent variables

analysis (F[3, 76] = 19.172, p < .0005, Wilks' Λ = 0.569). Meningioma showed better

outcome for hearing effort (F[1, 76] = 14.632, p < .0005) and SSQ12 (F

[1, 76] = 16.164, p < .0005), but not for TFI (F[1, 76] = 1.247, p = .268) on univariate

two-way ANOVA analyses. Superior hearing effort and SSQ12 indices in the short-term

(< 2 years) persisted in the long-term (> 2 years) (p ≤ .017). At the 60% speech under-

standing level, 77% of respondents would accept an experimental brain implant.
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Conclusion: Hearing outcome is better for posterior fossa meningioma compared to

VS. Most patients with hearing loss in the tumor ear would consider a brain implant if

the benefit level would be comparable to a cochlear implant.

Level of Evidence: 2

K E YWORD S

hearing, meningioma, tinnitus, vestibular schwannoma, willingness-to-accept

1 | INTRODUCTION

Vestibular schwannoma (VS) and meningioma are the two most common

cerebellopontine angle (CPA) tumors.1,2 Both of these tumors can present

with hearing loss and tinnitus.3,4 Key decision-making factors for tumor

management include tumor size, audiovestibular deficits, brainstem com-

pression, patient age, treatment preference, and co-morbidities. While

both tumor types share common presentation symptoms and intervention

approaches, there are few studies that have directly compared hearing

outcome after surgical resection for similarly sized tumors.5,6

From a pathogenesis standpoint, the tumor originating cell-type dif-

fers between VS andmeningioma suggesting that hearing outcomes may

be different between the two. Schwann cells that envelope audiovestibu-

lar nerve fibers give rise to VS,7,8 whereas arachnoid cap cells that sur-

round the brain and spinal cord give rise tomeningioma.9,10 Furthermore,

tumor cells from the vestibular nerve of origin in VS may invade the

cochlear nerve,8,11 a finding that has not been reported for meningioma.

As such, we hypothesized VS patients will demonstrate poorer hearing

outcome comparedCPAmeningioma patients for the same tumor size.

In addition to evaluating traditional threshold-related audiometric

outcomes between VS and meningioma, pre-treatment counseling on

hearing expectations could be enriched by the addition of functional

features such as, speech comprehension, spatial hearing, and tinnitus.

The adoption of a multidimensional approach to assess hearing would

be more comprehensive and enable structured data collection that

would be suitable for statistical analyses deploying multivariate and

linear mixed models,12,13 which is often used to handle missing data.

Moreover, a more detailed understanding of hearing impairment fea-

tures following treatment is necessary to establish benefit levels for

the acceptance of experimental treatments under development con-

sideration. Motivated by the growing success of cochlear implantation

for single-sided deafness14–16 and recognizing the cochlear nerve may

not be suitable for electrical stimulation following treatment for VS or

meningioma, we probed patient benefit expectation for an experimen-

tal brain implant and constructed willingness-to-accept profiles.

2 | MATERIALS AND METHODS

2.1 | Subject Recruitment

This study was approved by the institutional review board and

informed consent was obtained from all participants. The study

followed the principles outlined in the Declaration of Helsinki and by

the STROBE reporting guideline. An online study invitation was dis-

tributed to 502 patients with VS or CPA meningioma treated between

2010 and 2020 (SAP QualtricsXM; Provo, Utah). The fully integrated

Neurotology and Neurosurgery team at this tertiary care facility

attempted to preserve cochlear nerve anatomic continuity in all cases.

2.2 | Survey Instruments

Three survey instruments were used for this study: (1) a 5-point Likert

rating scale for hearing effort in the ear impacted by the tumor

(i.e., “tumor ear”) (1 = not applicable, ear is deaf; 2 = extreme effort;

3 = moderate effort; 4 = minimal effort; and 5 = no effort); (2) Tinni-

tus Functional Index (TFI);17 and (3) the abbreviated Speech, Spatial,

and Qualities of Hearing scale (SSQ12).18 Patients who reported deaf-

ness in the tumor ear or extreme hearing effort were considered to

have functional single-sided deafness (SSD). SSD patients were

invited to provide likelihood (never, very unlikely, unlikely, neutral,

likely, very likely, and definitely) of willingness-to-accept an experi-

mental brain implant that would deliver benefit along two hearing

dimensions: (a) spatial hearing (sound detection in the deaf ear hemi-

field) and (b) speech understanding at four levels of benefit (20%,

40%, 60%, and 80%). The TFI is a validated self-reported scale for tin-

nitus severity, where scores between 0 and 18 are low severity;

scores between 18 and 42 are lower moderate; scores between

42 and 65 are upper moderate; and scores greater than 65 are high

severity.19 The SSQ12 instrument measures hearing abilities across

three subdomains: speech hearing, spatial hearing, and hearing quali-

ties.18 SSQ12 scores range from 0 to 10, where 0 = significant disabil-

ity and 10 = no disability.

2.3 | Statistical Analyses

All analyses were performed with SPSS software (IBM; Armonk, NY). A

two-way MANOVA model with two independent variables (tumor

type; time from treatment) and three dependent variables (hearing

effort of tumor ear; SSQ12; TFI) was chosen for primary statistical anal-

ysis. The combined dependent variables were used to assess hearing

outcome. There was a nonlinear relationship between the dependent

variables, as assessed by scatterplot. There was no evidence of multi-

collinearity, as assessed by Pearson correlation (|r| < .9). There were
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rare univariate outliers in the data, as assessed by inspection of a box-

plot. These outliers were included in the analysis as the results were

not substantially affected. There were no multivariate outliers in the

data, as assessed by Mahalanobis distance (p > .001). SSQ12 scores

were normally distributed as assessed by Shapiro–Wilk's test (p > .05),

however, TFI scores and hearing effort were not normally distributed

(p < .05). There was homogeneity of covariance matrices, as assessed

by Box's M test (p < .001). All data is available upon request.

3 | RESULTS

Five-hundred and two survey invitations were sent to prospective

respondents. Fifty out of one-hundred and ninety-eight CPA meningi-

oma patients completed the entire survey. The average preoperative

linear tumor size was 29 mm, measured as the largest diameter in the

axial plane, parallel to the petrous apex. One–hundred and twenty-

one CPA VS patients completed the entire survey. Thirty-two VS

patients matched by tumor size to the meningioma cohort were

included in the study.

3.1 | Meningioma Cohort

There were 6 males and 44 females (Table 1), consistent with the

female predisposition for this tumor type.20 The mean age was

62 years (95% CI: 58–65 years). The average tumor size was 29 mm

(95% CI: 26–33 mm). The mean time from treatment was 5.5 years

(95% CI: 4.3–6.7 years). Fifty meningioma patients underwent primary

microsurgical tumor excision (39 retrosigmoid/suboccipital, 5 transla-

byrinthine/retrolabyrinthine, 6 middle fossa). Meningioma cohort

hearing outcome descriptive statistics showed mean hearing

effort = 3.4 (95% CI: 3.0–3.8), mean TFI = 11 (95% CI: 5.7–18), and

mean SSQ12 = 6.6 (95% CI: 6.0–7.3).

3.2 | VS Cohort

There were 12 males and 20 females (Table 1). The average age was

56 years (95% CI: 50–62 years). The average pre-operative tumor size

was 29 mm (95% CI: 28–30 mm). The average time from treatment

was 3.4 years (95% CI: 2.3–4.5 years). Thirty VS patients underwent

primary microsurgical tumor excision (27 retrosigmoid, 3 translabyr-

inthine) and two received radiation therapy only. VS cohort hearing

outcome descriptive statistics showed mean hearing effort = 1.3

(95% CI: 0.8–1.8), mean TFI = 18 (95% CI: 9.6–24), and mean

SSQ12 = 4.5 (95% CI: 3.8–5.4).

3.3 | Outcome Data

Tumor type was statistically significant on the combined dependent

variables analysis (F[3, 76] = 19.172, p < .0005, Wilks' Λ = 0.569).

The interaction effect between tumor type and time from treatment

on the combined dependent variables was not statistically significant,

F(3, 76) = 0.622, p = .603, Wilks' Λ = 0.025, partial η2 = 0.024

(Table 2). However, there was a statistically significant tumor type

effect on the combined dependent variables, F(3, 76) = 19.172,

p < .0005, Wilks' Λ = 0.569, partial η2 = 0.431. The main effect of

time from treatment on the combined dependent variables was not

statistically significant, F(3, 76) = 1.050, p = .376, Wilks' Λ = 0.960,

partial η2 = 0.040.

Meningioma exhibited better hearing outcome on follow-up uni-

variate two-way ANOVA analysis (Table 3). There was a statistically

significant main effect of tumor type for SSQ12 score, F

(1, 76) = 16.164, p < .0005, partial η2 = 0.172 and hearing effort

score, F(1, 76) = 14.632, p < .0005, partial η2 = 0.158, but not for the

TFI score, F(1, 76) = 1.247, p = .268, partial η2 = 0.016.

TABLE 1 Vestibular schwannoma and meningioma cohorts

Cohort

Vestibular

schwannoma Meningioma

Number of subjects 32 50

Gender, male:female 12:20 6:44

Age, mean (95% CI), yr 56 (50–62) 62 (58–65)

Tumor size, mean (95% CI), cm 2.9 (2.8–3.0) 2.9 (2.6–3.3)

Time from treatment, mean

(95% CI), yr

3.4 (2.3–4.5) 5.5 (4.3–6.7)

Treatment type, R:S:C 2:9:21 0:32:18

Tinnitus Functional Index,

mean (95% CI)

18 (9.6–24) 11 (5.7–18)

SSQ12, mean (95% CI) 4.5 (3.8–5.4) 6.6 (6.0–7.3)

Hearing effort, mean (95% CI) 1.4 (1.0–1.8) 3.4 (3.0–3.8)

Abbreviations: C, combined radiation and surgery; CI, confidence interval;

cm, centimeter; R, radiation; S, surgery; SSQ12, the abbreviated Speech,

Spatial and Qualities of Hearing scale; yr, year.

TABLE 2 Effect on combined hearing and Tinnitus outcome by
factor

Factor F value p value

Tumor type F (3, 76) = 19.17 < .0005

Time from treatment F (3, 76) = 1.050 .376

Tumor type � time from treatment F (3, 76) = 0.622 .603

Note: Combined dependent variables are hearing effort of the tumor ear,

the abbreviated Speech, Spatial, and Qualities of Hearing scale, and the

Tinnitus Functional Index.

TABLE 3 Main effect of tumor type on hearing and Tinnitus

Outcome F value p value

Hearing effort of the tumor ear F (1, 76) = 14.63 < .0005

SSQ12 F (1, 76) = 16.16 < .0005

Tinnitus Functional Index F (1, 76) = 1.247 .268

Abbreviation: SSQ12, the abbreviated Speech, Spatial, and Qualities of

Hearing scale.
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Meningioma superior hearing effort and SSQ12 indices persisted

beyond 2 years. Tukey pairwise comparisons were performed for

short-term (< 2 years) and long-term (> 2 years) time intervals

(Table 4). Meningioma hearing effort mean score at < 2 years after

treatment was 1.836 (95% CI: 0.726–2.524) higher compared to VS

(p < .001). Meningioma hearing effort mean score at > 2 years after

treatment was 2.485 (95% CI: 1.805–3.437) higher compared to VS

(p < .001). Meningioma SSQ12 mean score at < 2 years after treat-

ment was 2.402 (95% CI: 0.914–3.890) higher compared to VS

(p = .002). Meningioma SSQ12 mean score at > 2 years after treat-

ment was 1.655 (95% CI: 0.305 3.005) higher to VS (p = .017).

The willingness-to-accept experimental brain implant profile to

mitigate SSD was constructed from 39 patients reported who

reported deafness in the tumor ear or extreme hearing effort

(Figure 1 and Table 5). Twenty-five of the 39 respondents (62%) were

willing to consider an experimental brain implant to improve hearing

in the deaf ear. For the benefit of sound detection in the hemifield of

the deaf ear, 74% of respondents would likely accept (likely, very

likely, or definitely categories) an experimental brain implant. For

speech: at the 80% of speech understanding level, 100% would likely

accept, and at the 60% of speech understanding level, 77% would

likely accept (Figure 2). At the 40% and 20% speech understanding

levels, the willingness-to-accept a brain implant dropped off steeply

to 32% and 18%.

The willingness-to-accept experimental brain implant profile to

mitigate SSD was dichotomized to examine the spatial and speech

subdomains of the SSQ12. A chi-square test for association was used

for the analysis. There was a statistically significant association

between SSQ12 spatial hearing subdomain scores and willingness-to-

accept, χ2(1) = 22.800, p < .001. There was also a statistically signifi-

cant association between SSQ12 speech perception subdomain

scores and willingness-to-accept, χ2(1) = 20.119, p < .001.

4 | DISCUSSION

In this comparison study of treated, size-matched meningioma and

VS, hearing outcome was better for meningioma. Using a multidimen-

sional features approach to assess hearing outcome, and multivariate

and univariate analytics, hearing effort of the tumor ear and SSQ12

features were found to be superior and persisted in the long term.

This clinical outcome difference may be used to guide pre-treatment

counseling of patient expectations.

Few studies directly evaluated hearing outcomes between trea-

ted CPA VSs and meningiomas. A prior study by Cohen et al. reviewed

161 patients with CPA tumors and reported tumor type did not have

prognostic value on hearing outcome.5 However, sampling was

strongly biased toward VS, which accounted for 146 cases. The

remainder was distributed between meningioma and neurofibroma.

Tumor size was not controlled for tumor type comparisons. Joarder

et al. reported on hearing outcome for 34 CPA tumors (27 VSs,

6 meningiomas, and 1 epidermoid).6 Hearing preservation was

attempted in three VS and two meningioma cases. Post-operative

hearing was preserved in three of the five cases, but limited sample

sizes precluded comparison by tumor type.

Tumor pathophysiology may be an important contributor of the

differential hearing outcome. VS originates within the internal audi-

tory canal7,8 and may interdigitate into the auditory nerve,8,11

whereas meningioma arises from arachnoid and displace the auditory

nerve without invasion.9,10 Additionally, VS may be more intimate

with the labyrinthine artery. Inner ear ischemia risk during surgical

manipulation may differ between the two tumor types, although this

has not been directly studied.21 There have been reports of hearing

loss recovery after surgical resection of CPA meninigioma,22–28

whereas this has been rarely described for VS.29,30 A plausible expla-

nation for meningioma hearing loss recovery is resolution of transient

TABLE 4 Hearing difference between vestibular schwannoma
and meningioma

Time after treatment Mean (95% CI) p value

< 2 years after treatment

Hearing effort (M) 3.2 (2.4–4.0)

Hearing effort (VS) 1.4 (0.8–1.9)

Hearing effort difference (M-VS) 1.8 (0.7–2.5) <.001

SSQ12 (M) 6.5 (5.6–7.4)

SSQ12 (VS) 4.1 (3.0–5.3)

SSQ12 difference (M-VS) 2.4 (0.9–3.9) .002

> 2 years after treatment

Hearing effort (M) 3.5 (3.0–4.1)

Hearing effort (VS) 1.1 (0.9–1.2)

Hearing effort difference (M-VS) 2.5 (1.8–3.4) <.001

SSQ12 (M) 6.8 (5.8–7.7)

SSQ12 (VS) 5.1 (4.2–6.0)

SSQ12 difference (M-VS) 1.7 (0.3–3.0) 0.017

Note: Positive difference indicates better hearing.

Abbreviations: CI, confidence interval; M, meningioma; SSQ12, the

abbreviated Speech, Spatial, and Qualities of Hearing scale; VS, vestibular

schwannoma.

F IGURE 1 Hearing effort of the tumor ear
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auditory nerve edema or stretch, in contrast to VS irreversible hearing

loss from permanent cochlear ischemia or infarction. However, audi-

tory nerve functional integrity may be compromised by microsurgical

treatment of either tumor type.

Current management options for SSD following CPA tumor inter-

vention are no treatment, cochlear implants, bone conduction hearing

devices, and contralateral routing of signal (CROS) hearing aids.31 In

the non-tumor SSD populations, cochlear implantation has been

demonstrated to improve sound localization,14,15,32 speech

understanding,14,15,32 and disease-specific quality of life out-

comes14,15,33 in children and adults.34 This success has led to the con-

sideration of ipsilateral cochlear implantation in patients with a

sporadic, non-growing VS35,36 and Neurofibromatosis type

2 (NF2).37–41 The enthusiasm for cochlear implantation in those

patients and other tumor patients should be balanced against the

need for tumor surveillance by magnetic resonance imaging42 and

generally poorer benefit due to cochlear nerve impairment by tumor

infiltration or intraoperative injury.35

Auditory brainstem implantation (ABI) is an option for patients

with SSD who are not candidates for cochlear stimulation.43 Hearing

benefit remains rather limited, however, with an average score of 10%

on open-set speech test.44–46 Auditory midbrain implantation (AMI) of

the inferior colliculus to bypass compromised brainstem areas attrib-

utable to tumor or microsurgery has been proposed by Lim and

Lenarz.47 Early trial data show improvement in lip-reading capabilities

and environmental awareness, but speech understanding benefit is

limited (~10%).48,49

Auditory thalamic implantation (ATI) is potentially an option in

the future for posterior fossa tumor-related SSD. In a preclinical ani-

mal study,50 cortical activation dynamic ranges were similar to those

reported for cochlear stimulation, suggesting a deep brain stimulation

probe may be developed to deliver an MR conditional central auditory

prosthesis for clinical evaluation.51 In this study, we queried patients

who reported deafness in the tumor ear or extreme hearing effort to

construct willingness-to-accept profiles. Patients with poor SSQ12

subdomain scores in spatial localization or speech understanding were

more likely to accept an experimental brain implant than those with

high subdomain scores. Notably, a brain implant under development

consideration would need to provide at least a 60% speech under-

standing level to be of interest to this patient population. Remarkably,

this benefit level is similar to the speech perception outcome of

cochlear implantation in adults with sensorineural hearing loss.52,53

4.1 | Limitations

There are two main limitations to this study. First, unilateral profound

hearing loss in the tumor ear is based on a qualitative Likert scale for

categorization, without quantitative threshold data for confirmation.

While the addition of audiometry at the time of survey would have

been more rigorous, patient qualitative assessment of complete

dependence on the better ear maps to ≥45 dB interaural threshold

difference.54 Second, both tumor cohorts show a female respondent

bias. The somewhat higher female bias in meningioma may have had

an unclear increment impact on hearing outcome analyses.

5 | CONCLUSION

CPA meningioma is associated with better hearing outcomes com-

pared to VS after treatment. This difference may be used to guide

pre-treatment counseling of patient expectations. Most patients with

hearing loss in the tumor ear would consider a brain implant if the

benefit level would provide at least a 60% speech understanding

level.
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TABLE 5 SSQ12 and willingness-to-accept experimental brain
implant

Spatial

subdomain

Low score

(1–5)
High score

(6–10)
p

value

Willing 17 7

Not willing 9 6 < .001

Speech subdomain

Willing 20 4

Not willing 9 6 < .001

Abbreviation: SSQ12, the abbreviated Speech, Spatial, and Qualities of

Hearing scale.

F IGURE 2 Willingness-to-accept an experimental brain implant
for hearing improvement across decreasing levels of expected speech
understanding in patients with single-sided deafness. Willingness-to-
accept was defined as responses reporting “likely”, “very likely”, or
“definite” acceptance

JIAM ET AL. 2061



FUNDING INFORMATION

The Bauer Family Charitable Fund (Steven W. Cheung), Hong Kong

Lounge Bistro Research Fund (Steven W. Cheung), and Coleman

Memorial Fund (Steven W. Cheung).

CONFLICTS OF INTEREST

None.

ORCID

Nicole T. Jiam https://orcid.org/0000-0001-9838-5065

Steven W. Cheung https://orcid.org/0000-0003-1724-4944

REFERENCES

1. Friedmann DR, Grobelny B, Golfinos JG, Roland JT Jr. Nonschwan-

noma tumors of the cerebellopontine angle. Otolaryngol Clin North

Am. 2015;48(3):461-475. doi:10.1016/j.otc.2015.02.006

2. Kankane VK, Warade AC, Misra BK. Nonvestibular schwannoma

tumors in the cerebellopontine angle: a single-surgeon experience.

Asian J Neurosurg. 2019;14(1):154-161. doi:10.4103/ajns.AJNS_

335_17

3. von Kirschbaum C, Gurkov R. Audiovestibular function deficits in ves-

tibular schwannoma. Biomed Res Int. 2016;2016:4980562. doi:10.

1155/2016/4980562

4. Gerganov V, Bussarsky V, Romansky K, Popov R, Djendov S,

Dimitrov I. Cerebellopontine angle meningiomas. Clinical features and

surgical treatment. J Neurosurg Sci. 2003;47(3):129-135. discus-

sion 135.

5. Cohen NL, Lewis WS, Ransohoff J. Hearing preservation in cerebello-

pontine angle tumor surgery: the NYU experience 1974-1991.

Am J Otol. 1993;14(5):423-433. doi:10.1097/00129492-199309000-

00002

6. Joarder MA, Karim AKMB, Sujon SI, et al. Surgical outcomes of cere-

bellopontine angle tumors in 34 cases. Pulse. 2016;8(1):8-14. doi:10.

3329/pulse.v8i1.28095

7. Helbing DL, Schulz A, Morrison H. Pathomechanisms in schwannoma

development and progression. Oncogene. 2020;39(32):5421-5429.

doi:10.1038/s41388-020-1374-5

8. Merchant SNMM. Cochleovestibular schwannoma (acoustic neu-

roma). In: Merchant SNNJ, ed. Schuknecht's Pathology of the Ear. 4rd

ed. PMPH USA; 2010:492-494.

9. Huntoon K, Toland AMS, Dahiya S. Meningioma: a review of clinico-

pathological and molecular aspects review. Front Oncol. 2020;10:

579599. doi:10.3389/fonc.2020.579599

10. Kalamarides M, Stemmer-Rachamimov AO, Niwa-Kawakita M, et al.

Identification of a progenitor cell of origin capable of generating

diverse meningioma histological subtypes. Oncogene. 2011;30(20):

2333-2344. doi:10.1038/onc.2010.609

11. Nam SI, Linthicum FH Jr, Merchant SN. Temporal bone histopathol-

ogy in neurofibromatosis type 2. Laryngoscope. 2011;121(7):

1548-1554. doi:10.1002/lary.21822

12. Sammel M, Lin X, Ryan L. Multivariate linear mixed models for multi-

ple outcomes. Stat Med. 1999;18(17–18):2479-2492. doi:10.1002/(
sici)1097-0258(19990915/30)18:17/183.0.co;2-f

13. Gebregziabher M, Eckert MA, Matthews LJ, Teklehaimanot AA,

Dubno JR. Joint modeling of multivariate hearing thresholds measured

longitudinally at multiple frequencies. Commun Stat Theory Methods.

2018;47(22):5418-5434. doi:10.1080/03610926.2017.1395045

14. Galvin JJ 3rd, Fu QJ, Wilkinson EP, et al. Benefits of cochlear implan-

tation for single-sided deafness: data from the house clinic-University

of Southern California-University of California, Los Angeles clinical

trial. Ear Hear. 2019;40(4):766-781. doi:10.1097/AUD.00000000

00000671

15. Peters JPM, van Heteren JAA, Wendrich AW, et al. Short-term out-

comes of cochlear implantation for single-sided deafness compared

to bone conduction devices and contralateral routing of sound hear-

ing aids-results of a randomised controlled trial (CINGLE-trial). PLoS

One. 2021;16(10):e0257447. doi:10.1371/journal.pone.0257447

16. Falcon Benitez N, Falcon Gonzalez JC, Ramos Macias A, Borkoski

Barreiro S, Ramos de Miguel A. Cochlear implants in single-sided

deafness. Comparison between children and adult populations with

post-lingually acquired severe to profound hearing loss. Front Neurol.

2021;12:760831. doi:10.3389/fneur.2021.760831

17. Meikle MB, Henry JA, Griest SE, et al. The Tinnitus Functional Index:

development of a new clinical measure for chronic, intrusive tinnitus.

Ear Hear. 2012;33(2):153-176. doi:10.1097/AUD.0b013e31822f67c0

18. Noble W, Jensen NS, Naylor G, Bhullar N, Akeroyd MA. A short form

of the Speech, Spatial and Qualities of Hearing scale suitable for clini-

cal use: the SSQ12. Int J Audiol. 2013;52(6):409-412. doi:10.3109/

14992027.2013.781278

19. Gos E, Rajchel JJ, Dziendziel B, et al. How to interpret Tinnitus Func-

tional Index scores: a proposal for a grading system based on a large

sample of tinnitus patients. Ear Hear. 2020;42(3):654-661. doi:10.

1097/AUD.0000000000000967

20. Wiemels J, Wrensch M, Claus EB. Epidemiology and etiology of

meningioma. J Neurooncol. 2010;99(3):307-314. doi:10.1007/

s11060-010-0386-3

21. Carlson ML, Link MJ. Vestibular schwannomas. Reply. N Engl J Med.

2021;385(4):381-382. doi:10.1056/NEJMc2108279

22. Nakamura Y, Shimizu T, Ohigashi Y, Itou N, Ishikawa Y. Meningioma

arising in Werner syndrome confirmed by mutation analysis. J Clin

Neurosci. 2005;12(4):503-506. doi:10.1016/j.jocn.2003.12.022

23. Christiansen CB, Greisen O. Reversible hearing loss in tumours of the

cerebello-pontine angle. J Laryngol Otol. 1975;89(11):1161-1164. doi:

10.1017/s0022215100081536

24. Maurer PK, Okawara SH. Restoration of hearing after removal of

cerebellopontine angle meningioma: diagnostic and therapeutic impli-

cations. Neurosurgery. 1988;22(3):573-575. doi:10.1227/00006123-

198803000-00023

25. Goebel JA, Vollmer DG. Hearing improvement after conservative

approach for large posterior fossa meningioma. Otolaryngol Head Neck

Surg. 1993;109(6):1025-1029. doi:10.1177/019459989310900609

26. Kileny PR, Edwards BM, Disher MJ, Telian SA. Hearing improvement

after resection of cerebellopontine angle meningioma: case study of

the preoperative role of transient evoked otoacoustic emissions. J Am

Acad Audiol. 1998;9(4):251-256.

27. Nakamura M, Roser F, Dormiani M, Matthies C, Vorkapic P, Samii M.

Facial and cochlear nerve function after surgery of cerebellopontine

angle meningiomas. Neurosurgery. 2005;57(1):77-90; discussion 77–
90. doi:10.1227/01.neu.0000154699.29796.34

28. Fatima N, Maxwell AK, La Dine A, et al. Predictors of hearing

functional outcome following surgery for cerebellopontine angle

meningioma. J Neurooncol. 2022;157(1):165-176. doi:10.1007/

s11060-022-03958-0

29. Hitotsumatsu T, Sasaki T. Recovery from postoperative hearing loss

in retrosigmoid vestibular schwannoma surgery: report of 5 cases and

the recovery rate. Neurosurgery Open. 2021;2(1):okaa024. doi:10.

1093/neuopn/okaa024

30. Meiteles LZ, Liu JK, Couldwell WT. Hearing restoration after re-

section of an intracanalicular vestibular schwannoma: a role for emer-

gency surgery? Case report and review of the literature. J Neurosurg.

2002;96(4):796-800. doi:10.3171/jns.2002.96.4.0796

31. Hassepass F, Arndt S, Aschendorff A, Laszig R, Wesarg T. Cochlear

implantation for hearing rehabilitation in single-sided deafness after

translabyrinthine vestibular schwannoma surgery. Eur Arch Otorhino-

laryngol. 2016;273(9):2373-2383. doi:10.1007/s00405-015-3801-8

32. Benchetrit L, Ronner EA, Anne S, Cohen MS. Cochlear implantation in

children with single-sided deafness: a systematic review and meta-

2062 JIAM ET AL.

https://orcid.org/0000-0001-9838-5065
https://orcid.org/0000-0001-9838-5065
https://orcid.org/0000-0003-1724-4944
https://orcid.org/0000-0003-1724-4944
info:doi/10.1016/j.otc.2015.02.006
info:doi/10.4103/ajns.AJNS_335_17
info:doi/10.4103/ajns.AJNS_335_17
info:doi/10.1155/2016/4980562
info:doi/10.1155/2016/4980562
info:doi/10.1097/00129492-199309000-00002
info:doi/10.1097/00129492-199309000-00002
info:doi/10.3329/pulse.v8i1.28095
info:doi/10.3329/pulse.v8i1.28095
info:doi/10.1038/s41388-020-1374-5
info:doi/10.3389/fonc.2020.579599
info:doi/10.1038/onc.2010.609
info:doi/10.1002/lary.21822
info:doi/10.1002/(sici)1097-0258(19990915/30)18:17/18&lt;2479::aid-sim270&gt;3.0.co;2-f
info:doi/10.1002/(sici)1097-0258(19990915/30)18:17/18&lt;2479::aid-sim270&gt;3.0.co;2-f
info:doi/10.1080/03610926.2017.1395045
info:doi/10.1097/AUD.0000000000000671
info:doi/10.1097/AUD.0000000000000671
info:doi/10.1371/journal.pone.0257447
info:doi/10.3389/fneur.2021.760831
info:doi/10.1097/AUD.0b013e31822f67c0
info:doi/10.3109/14992027.2013.781278
info:doi/10.3109/14992027.2013.781278
info:doi/10.1097/AUD.0000000000000967
info:doi/10.1097/AUD.0000000000000967
info:doi/10.1007/s11060-010-0386-3
info:doi/10.1007/s11060-010-0386-3
info:doi/10.1056/NEJMc2108279
info:doi/10.1016/j.jocn.2003.12.022
info:doi/10.1017/s0022215100081536
info:doi/10.1227/00006123-198803000-00023
info:doi/10.1227/00006123-198803000-00023
info:doi/10.1177/019459989310900609
info:doi/10.1227/01.neu.0000154699.29796.34
info:doi/10.1007/s11060-022-03958-0
info:doi/10.1007/s11060-022-03958-0
info:doi/10.1093/neuopn/okaa024
info:doi/10.1093/neuopn/okaa024
info:doi/10.3171/jns.2002.96.4.0796
info:doi/10.1007/s00405-015-3801-8


analysis. JAMA Otolaryngol Head Neck Surg. 2021;147(1):58-69. doi:

10.1001/jamaoto.2020.3852

33. Härkönen K, Kivekäs I, Rautiainen M, Kotti V, Sivonen V, Vasama JP.

Single-sided deafness: the effect of cochlear implantation on quality

of life, quality of hearing, and working performance. ORL J Otorhino-

laryngol Relat Spec. 2015;77(6):339-345. doi:10.1159/000439176

34. Vlastarakos PV, Nazos K, Tavoulari EF, Nikolopoulos TP. Cochlear

implantation for single-sided deafness: the outcomes. An evidence-

based approach. Eur Arch Otorhinolaryngol. 2014;271(8):2119-2126.

doi:10.1007/s00405-013-2746-z

35. Bartindale MR, Tadokoro KS, Kircher ML. Cochlear implantation in

sporadic vestibular schwannoma: a systematic literature review.

J Neurol Surg B Skull Base. 2019;80(6):632-639. doi:10.1055/s-0038-

1676768

36. Lassaletta L, Aristegui M, Medina M, et al. Ipsilateral cochlear implan-

tation in patients with sporadic vestibular schwannoma in the only or

best hearing ear and in patients with NF2. Eur Arch Otorhinolaryngol.

2016;273(1):27-35. doi:10.1007/s00405-014-3450-3

37. Lloyd SK, Glynn FJ, Rutherford SA, et al. Ipsilateral cochlear implanta-

tion after cochlear nerve preserving vestibular schwannoma surgery

in patients with neurofibromatosis type 2. Otol Neurotol. 2014;35(1):

43-51. doi:10.1097/mao.0000000000000185

38. Roehm PC, Mallen-St Clair J, Jethanamest D, et al. Auditory rehabili-

tation of patients with neurofibromatosis Type 2 by using cochlear

implants. J Neurosurg. 2011;115(4):827-834. doi:10.3171/2011.5.

Jns101929

39. Carlson ML, Breen JT, Driscoll CL, et al. Cochlear implantation in

patients with neurofibromatosis type 2: variables affecting auditory

performance. Otol Neurotol. 2012;33(5):853-862. doi:10.1097/MAO.

0b013e318254fba5

40. North HJ, Mawman D, O'Driscoll M, et al. Outcomes of cochlear

implantation in patients with neurofibromatosis type 2. Cochlear

Implants Int. 2016;17(4):172-177. doi:10.1080/14670100.2016.

1197587

41. Trotter MI, Briggs RJ. Cochlear implantation in neurofibromatosis

type 2 after radiation therapy. Otol Neurotol. 2010;31(2):216-219.

doi:10.1097/MAO.0b013e3181c348e7

42. Edmonson HA, Carlson ML, Patton AC, Watson RE. MR imaging and

cochlear implants with retained internal magnets: reducing artifacts

near highly inhomogeneous magnetic fields. Radiographics. 2018;

38(1):94-106. doi:10.1148/rg.2018170135

43. Wilkinson EP, Eisenberg LS, Krieger MD, et al. Initial results of a

safety and feasibility study of auditory brainstem implantation in con-

genitally deaf children. Otol Neurotol. 2017;38(2):212-220. doi:10.

1097/MAO.0000000000001287

44. Colletti V, Shannon R, Carner M, Veronese S, Colletti L. Outcomes in

nontumor adults fitted with the auditory brainstem implant: 10 years'

experience. Otol Neurotol. 2009;30(5):614-618. doi:10.1097/MAO.

0b013e3181a864f2

45. Behr R, Colletti V, Matthies C, et al. New outcomes with auditory

brainstem implants in NF2 patients. Otol Neurotol. 2014;35(10):1844-

1851. doi:10.1097/MAO.0000000000000584

46. Colletti V, Shannon RV. Open set speech perception with auditory

brainstem implant? Laryngoscope. 2005;115(11):1974-1978. doi:10.

1097/01.mlg.0000178327.42926.ec

47. Lim HH, Lenarz T. Auditory midbrain implant: research and develop-

ment towards a second clinical trial. Hear Res. 2015;322:212-223.

doi:10.1016/j.heares.2015.01.006

48. Samii A, Lenarz M, Majdani O, Lim HH, Samii M, Lenarz T. Auditory

midbrain implant: a combined approach for vestibular schwannoma

surgery and device implantation. Otol Neurotol. 2007;28(1):31-38.

doi:10.1097/01.mao.0000247819.16325.7d

49. Vince GH, Herbold C, Coburger J, et al. An anatomical assessment of

the supracerebellar midline and paramedian approaches to the infe-

rior colliculus for auditory midbrain implants using a neuronavigation

model on cadaveric specimens. J Clin Neurosci. 2010;17(1):107-112.

doi:10.1016/j.jocn.2009.06.034

50. Atencio CA, Shih JY, Schreiner CE, Cheung SW. Primary auditory cor-

tical responses to electrical stimulation of the thalamus.

J Neurophysiol. 2014;111(5):1077-1087. doi:10.1152/jn.00749.2012

51. He C, Zhang F, Li L, Jiang C, Li L. Measurement of Lead localization

accuracy based on magnetic resonance imaging. Front Neurosci. 2021;

15:632822. doi:10.3389/fnins.2021.632822

52. Boisvert I, Reis M, Au A, Cowan R, Dowell RC. Cochlear implantation

outcomes in adults: a scoping review. PloS One. 2020;15(5):

e0232421. doi:10.1371/journal.pone.0232421

53. Wick CC, Kallogjeri D, McJunkin JL, et al. Hearing and quality-of-life

outcomes after cochlear implantation in adult hearing aid users

65 years or older: a secondary analysis of a nonrandomized clinical

trial. JAMA Otolaryngol Head Neck Surg. 2020;146(10):925-932. doi:

10.1001/jamaoto.2020.1585

54. Chang JL, Huwyler CM, Cueva KL, Henderson-Sabes J, Cheung SW.

Ear preference and interaural threshold asymmetry. Otol Neurotol.

2020;41(10):e1178-e1184. doi:10.1097/MAO.0000000000002785

How to cite this article: Jiam NT, Gillard DM, Morshed RA,

et al. Treated large posterior fossa vestibular schwannoma and

meningioma: Hearing outcome and willingness-to-accept brain

implant for unilateral deafness. Laryngoscope Investigative

Otolaryngology. 2022;7(6):2057‐2063. doi:10.1002/lio2.957

JIAM ET AL. 2063

info:doi/10.1001/jamaoto.2020.3852
info:doi/10.1159/000439176
info:doi/10.1007/s00405-013-2746-z
info:doi/10.1055/s-0038-1676768
info:doi/10.1055/s-0038-1676768
info:doi/10.1007/s00405-014-3450-3
info:doi/10.1097/mao.0000000000000185
info:doi/10.3171/2011.5.Jns101929
info:doi/10.3171/2011.5.Jns101929
info:doi/10.1097/MAO.0b013e318254fba5
info:doi/10.1097/MAO.0b013e318254fba5
info:doi/10.1080/14670100.2016.1197587
info:doi/10.1080/14670100.2016.1197587
info:doi/10.1097/MAO.0b013e3181c348e7
info:doi/10.1148/rg.2018170135
info:doi/10.1097/MAO.0000000000001287
info:doi/10.1097/MAO.0000000000001287
info:doi/10.1097/MAO.0b013e3181a864f2
info:doi/10.1097/MAO.0b013e3181a864f2
info:doi/10.1097/MAO.0000000000000584
info:doi/10.1097/01.mlg.0000178327.42926.ec
info:doi/10.1097/01.mlg.0000178327.42926.ec
info:doi/10.1016/j.heares.2015.01.006
info:doi/10.1097/01.mao.0000247819.16325.7d
info:doi/10.1016/j.jocn.2009.06.034
info:doi/10.1152/jn.00749.2012
info:doi/10.3389/fnins.2021.632822
info:doi/10.1371/journal.pone.0232421
info:doi/10.1001/jamaoto.2020.1585
info:doi/10.1097/MAO.0000000000002785
info:doi/10.1002/lio2.957

	Treated large posterior fossa vestibular schwannoma and meningioma: Hearing outcome and willingness-to-accept brain implant...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Subject Recruitment
	2.2  Survey Instruments
	2.3  Statistical Analyses

	3  RESULTS
	3.1  Meningioma Cohort
	3.2  VS Cohort
	3.3  Outcome Data

	4  DISCUSSION
	4.1  Limitations

	5  CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICTS OF INTEREST
	REFERENCES




