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Introduction

A vestibular schwannoma (VS) is a benign tumor derived
from Schwann cells of the vestibulocochlear nerve. It is the
most common tumor of the cerebellopontine angle (CPA)
with an incidence of approximately1 in 100,000 people.1 The
most common presenting symptom is unilateral hearing loss
which is present in almost 80% of patients.2 Ten years after
presentation, less than one-quarter of patients who present
with serviceable hearing maintain American Academy of
Otolaryngology -Head and Beck Surgery class A or B3hearing
regardless of intervention or lack thereof.4

The generally accepted treatment options for VSs are
observation with serial imaging, stereotactic radiotherapy,
or surgery.5 The priorities of treatment are: (1) preserving
life, (2) preserving the facial nerve, (3) preserving hearing,
and (4)minimizing other complications.6More recent trends
in management favor less invasive treatment options.7How-
ever, the need for surgical treatment remains in many
patients and inevitably, hearing preservation is sometimes
not possible or unsuccessful.

The treatment algorithm shifts in a patient with neuro-
fibromatosis type 2 (NF2) or a VS in an only hearing ear5 as
the patient may be faced with bilateral deafness. Auditory
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Abstract Objective This study was aimed to perform a systematic literature review by
examining outcomes in patients with sporadic vestibular schwannoma (VS) under-
going ipsilateral cochlear implant (CI).
Data Sources PubMed-NCBI (National Center for Biotechnology Information) and
Scopus databases were searched through October 2017.
Study Selection Studies reporting auditory outcomes for each patient when a CI was
placed with an ipsilateral sporadic VS were included.
Main Outcome Measures Demographic variables, VS characteristics, preoperative
hearing metrics, duration of deafness, CI type, approach to tumor resection, post-
operative auditory outcomes, and postoperative tinnitus outcomes were reported for
each eligible patient within studies. Each study was evaluated for quality and bias.
Results Fifteen studies and 45 patients met inclusion criteria. Mean speech discri-
mination score (SDS) improved from 30.0 to 56.4% after CI placement. The majority
when reported had an improvement in tinnitus. Preoperative ipsilateral SDS was a
negative predictor of postoperative SDS, while neither tumor resection status, tumor
location, duration of deafness, ipsilateral pure tone average, nor timing of CI placement
had a significant effect on patient outcome.
Conclusions Notwithstanding the challenges inherent with surveillance magnetic
resonance imaging (MRI) in the setting of a cochlear implant magnet, select sporadic
vestibular schwannoma patients can be considered for cochlear implantation.
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brainstem implants remain an option when the cochlear
nerve requires sacrifice. When the cochlear nerve is intact,
studies have shown a higher proportion of patients achieve
functional open set speech recognition with CI compared
with auditory brainstem implants.8–12

Advancements in technology have improved outcomes in
patients with cochlear implants (CI), leading to expanded indi-
cations in recent years.13 In single-sided deafness, studies have
shown that CIs are highly beneficial.14,15 Härkönen et al15

showed improvements in quality of life, spatial perception,
sound localization, and speech intelligibility. The natural pro-
gression of this concept led to the considerationof placing aCI in
the setting of a sporadic VS ipsilateral to the tumor regardless of
the hearing status of the contralateral ear. CI could offer an
appealing option for patients with poor hearing in a stable,
nongrowing tumor. An implant could also be considered at
tumor surgery when preoperative hearing is nonserviceable
and/or hearing preservation surgery is not an option, and the
cochlearnerve ispreserved.Theserepresentoff-labelusesofaCI.

Todate,most studies reportingCI inVS involveNF2patients.
Far fewer studies have reported CIs in sporadic VS. Traditional
viewhas held that inmost sporadic VS, single-sided deafness is
acceptable and concern for interference with magnetic reso-
nance imaging (MRI) surveillance precluded placing a CI.
However, we now understand that with few modifications
MRI can still be effectivewith a CI inplace.16,17 The objective of
this study is to perform a systematic review examining out-
comes in patients with sporadic VS undergoing ipsilateral CI.

Methods

Eligibility Criteria
Inclusionwas evaluated for each individual patient in all full
text studies evaluated. Studies were included even if only a
portion of the patients met inclusion criteria. For a study to
be included, the data could not be aggregated; it had to be
reported at a granular, patient level. The inclusion criteria
for each patient were: (1) must have had a sporadic VS, (2)
must have had a CI placed on the side of the VS, (3) must
have had at least 6 months follow-up after their CI was
placed, (4) CI auditory outcomes must have been reported,
and (5) patients with NF2 were excluded. Of note, the VS
need not have been resected for inclusion. We also used one
patient from our personal experience which met set inclu-
sion criteria.

Search Strategy
To identify relevant studies, searches were performed in
PubMed-NCBI (National Center for Biotechnology Informa-
tion) and Scopus by an academic librarian. The search
strategies employed are included in the Appendix A. No
restrictions based on year of publication were used. The
studies could be in English or German.

Study Selection and Validation
Two reviewers independently screened each abstract and
then evaluated the remaining full articles for eligibility.
Discrepancies were resolved by a third reviewer.

Data Abstraction
Information was extracted at two levels, a study level and a
patient level. Information extracted from each study included
author, year of publication, article language, number of
patients, whether it was retrospective or prospective, the
study’s level of evidence was based on the Oxford Centre for
Evidence Based Medicine, 2011 criteria.18 Information
extracted from individual patients, when available, included
gender, age, laterality, tumor location, tumor size, preopera-
tive hearing metrics, duration of deafness before CI, CI type,
whether VSwas resected, approach to tumor resection, timing
of CI placement comparedwith resection, complications, post-
operative auditory outcomes, and postoperative tinnitus out-
comes. The data were entered into an electronic research
database (REDCap hosted at Loyola University Medical
Center).19

Assessment of Quality and Bias of Individual Studies
The National Institutes of Health’s (NIH) Quality Assessment
of Case Series Studies20was used to evaluate quality and bias
of individual studies. ►Fig. 1 shows the criteria used in this
assessment.

Statistical Methods
Descriptive statistics were used to summarize patient char-
acteristics and outcomes of interest. Associations between
predictors and hearing functionwere tested using regression
analysis on the pooled sample. Between-study variation was
accounted for by incorporatingfixed studyeffects. Caseswith
missing data were excluded from the analyses. All analyses
were performed using SAS Version 9.4 (Cary, NC).

Results

Study Selection
A total of 477 studies were identified from the PubMed-NCBI
and Scopus searches. After duplicates were removed, 304
abstracts were screened. After implementation of our selec-
tion criteria, 284 studies were excluded based on their
abstracts. The remaining 20 full articles were reviewed,
and 16 articles fulfilled all criteria for inclusion. The reasons
for exclusion of studies are listed in►Fig. 2. One patient was
included from our own experience.

Fig. 1 Criteria for the National Institutes of Health’s quality assess-
ment of case series studies.18
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Study Characteristics
The studies that met inclusion criteria were published
between 1995 and 2017. ►Table 1 shows studies’ reported
outcome measures. The assessment of bias and quality for
each study is shown in ►Table 2.

Patient Characteristics
Patients of all ages were included in the study. The mean age
was 53 years old, with a range of 22 to 83 years old. Therewas
a male predominance, with males making up 61.5% of
patients.

Preoperative characteristics and hearing results are listed
in►Tables 3 and 4. The tumor was located on the right more
often than the left (61.5%). The internal auditory canal was
the most common location of VS (57.1%) and the vestibular
structures were the second most common at 28.6%. A single
tumor may involve more than one location. Tumors involved

more than one site in 23.8% of cases. Patients presented with
an average of 22.5 months of deafness. The mean preopera-
tive ipsilateral pure tone average (PTA)was 85 dB and speech
discrimination score (SDS) was 30.0%. A CI was placed at the
time of surgical resection of the tumor in 48.7% of patients.
Patients were followed for an average of 20 months after CI
placement. Several different approaches to resect tumors
were performed. The most common approach was transla-
byrinthine (61.5%). Multiple approacheswere used in 7.7% of
cases. Most patients receiving a CI had tumors surgically
resected (86.7%). Promontory stimulation was reported and
positive in 11 patients before implantation.

Auditory Outcomes
Postoperative hearing outcomes are described in ►Table 5.
Average SDS was 56.4% with a standard deviation of 27.6
(►Fig. 3). AzBio testing (Arizona biomedical institute

304 abstracts screened

20 full-text articles assessed

16 articles met inclusion criteria
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PubMed
244

284 Records Excluded

Scopus
233

173 duplicates removed

4 Records Excluded
Aggregated data- 2
Cochlear implant placed 
contralateral to VS- 2

Fig. 2 Study selection process and reasons for exclusion. VS, vestibular schwannoma.

Table 1 Study characteristics

Ref. First Author PY Lang Pts. in
Study

Pts.
Used

Reason for pt.
removal

Outcomes Measures

37 Aschendorff 2017 E 8 5 CI not placed SDS
38 Bohr 2017 G 6 5 NF2 PAT, SDS
39 DeHart 2017 E 1 1 PAT, AzBio, CNC
40 Plontke 2017 E 12 5 CI not placed SDS
41 Carlson 2016 E 10 3 NF2 PAT, AzBio, CNC
42 Dagna 2016 E 1 1 PTA, HINT, THI
21 Hassepass 2016 E 11 3 CI not placed or

no CI outcomes
HINT, localization test, tinnitus VAS,
subjective survey

43 Huo 2016 E 3 2 C/l CI placement PAT, SDS mono/di/sentence, THI, telephone use
44 Kim 2016 E 2 2 PAT, HINT
45 Schipper 2017 G 10 10 SDS
46 Schutt 2014 E 1 1 PAT, SDS
47 Di Lella 2013 E 10 3 C/l CI placement Disyllabic SDS, sentence recognition
48 Helbig 2009 E 1 1 SDS
49 Zanetti 2008 E 1 1 SDS
50 Arriaga 1995 E 1 1 PAT

Abbreviations: AzBio, Arizona biomedical institute sentence test; CI, cochlear implant; CNC, Maryland consonant-vowel nucleus-consonant test; E, English;
G, German; HINT, hearing in noise test; Lang., language; NF2, neurofibromatosis type 2; PAT, postimplant audiometry threshold; Pt, patients; Pts, patients;
C/I, contralateral; Ref, reference number; SDS, speech discrimination score; THI, tinnitus handicap index; VAS, visual analog scale.

Journal of Neurological Surgery—Part B Vol. 80 No. B6/2019

Cochlear Implantation in Sporadic Vestibular Schwannoma Bartindale et al.634

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



sentence test) showed an average of 75%. The average post-
implant audiometry threshold was 28.8 dB.

Auditory Outcome Predictors
Univariable regression analysis found that an increase in
preoperative ipsilateral SDS predicted a lower SDS. ►Table 6

Table 2 Assessment of quality and individual bias for individual studies based on the Oxford Centre for Evidence Based Medicine
(OCEBM)16 2011 criteria and the standardized risk assessment of individual studies based on the National Institute of Health (NIH)
quality assessment tool for case series studies18

Ref. First Author PY P/R OCEBM 1 2 3 4 5 6 7 8 9
37 Aschendorff 2017 R 4 Y Y Y Y Y Y Y NA Y
38 Bohr 2017 R 4 Y Y Y Y Y Y Y Y Y
39 DeHart 2017 R 4 Y Y NA Y Y Y Y NA Y
40 Plontke 2017 R 4 Y Y Y Y Y Y Y NA Y
41 Carlson 2016 P 4 Y Y Y Y Y Y Y Y Y
42 Dagna 2016 R 4 Y Y NA Y Y Y Y NA Y
21 Hassepass 2016 R 4 Y Y Y Y Y Y Y NA Y
43 Huo 2016 R 4 Y Y Y Y Y Y Y NA Y
44 Kim 2016 R 4 Y Y Y Y Y Y Y NA Y
45 Schipper 2017 R 4 Y Y Y Y Y Y Y N Y
46 Schutt 2014 R 4 Y Y NA Y Y Y Y NA Y
47 Di Lella 2013 R 4 Y Y Y Y Y Y Y NA Y
48 Helbig 2009 R 4 Y Y NA Y Y Y Y NA Y
49 Zanetti 2008 R 4 Y Y NA Y Y Y Y NA Y
50 Arriaga 1995 R 4 Y Y NA Y Y Y Y NA Y

Abbreviations: N, no; NA, not applicable; P, prospective; PY, publication year; R, retrospective; Ref., reference number; Y, yes.
Note: Numbers are based on questions from ►Fig. 1.

Table 3 Preoperative characteristics

Characteristic n Result

Side: Right 39

Right 24 (61.5%)

Left 15 (38.5%)

Tumor location 42

CPA 5 (11.9%)

IAC 24 (57.1%)

Intracochlear 11 (26.2%)

Vestibular structures 12 (28.6%)

Two locations 10 (23.8%)

Approach for resection 39

Translabyrinthine 24 (61.5%)

Retrosigmoid 2 (5.1%)

Labyrinthectomy 8 (20.5%)

Cochleoectomy 8 (20.5%)

Retrolabyrinthine 1 (2.6%)

Combined approaches 3 (7.7%)

CI placed concurrent
with resection

39 19 (48.7%)

Tumor resected 45 39 (86.7%)

Abbreviations: CI, cochlear implant; CPA, cerebellopontine angle; IAC,
internal auditory canal; n, number of patients where data reported.

Table 4 Preoperative hearing results

Hearing Results n Mean þ/� SD

Duration of deafness 18 89.8 þ/� 132.9 mo

Follow-up time 41 20.2 þ/� 15.3 mo

Ipsilateral PTA
preoperative

20 79.8 þ/� 32.7 dB

Ipsilateral SDS
preoperative

29 30.0 þ/� 40.0%

Abbreviations: dB, decibels; n, number of patients; PTA, pure tone
average; SD, standard deviation; SDS, speech discrimination score.

Table 5 Postoperative auditory outcomes

Auditory Outcome n Mean þ/� SD

SDS 30 56.4 þ/� 27.6%

PAT 11 28.8 þ/- 8.3 dB

AzBio 5 75.0 þ/� 14.3%

Abbreviations: AzBio, Arizona biomedical institute sentence test; n,
number of patients; PAT, postimplant audiometry threshold; SD, stan-
dard deviation; SDS, speech discrimination score.
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shows that neither tumor resection status, tumor location,
duration of deafness, ipsilateral PTA, nor timing of CI place-
ment had a significant effect on patients’ outcome.

Tinnitus
Tinnitus was reported in seven patients, five among them
completed a standardized questionnaire. In all, except in one
patient, tinnitus improvement was noted. The patient with
worsening of tinnitus postoperatively was the only patient
whose tumor was not resected.

Discussion

Most patients with sporadic VS will experience a decline of
hearing in the involved ear whether undergoing observation,
radiation treatment, or surgery. Current standard treatment
options for this hearing loss including bone anchoredhearing
aids or contralateral routing of signal (CROS) hearing aids

offering contralateral signal routing but do not provide
auditory input into the involved ear.21 There is a relative
abundance of research on hearing restoration using CI in
patients with NF28–12,22–26 but thus far there is limited data
available in CI with sporadic VS. This is the first systematic
literature review focusing on outcomes in patients with
sporadic VS and CI in the affected ear.

Hearing outcomes were evaluated by combining all cases
reported in the literature.We found thatmean SDS improved
from 30.0 to 56.4%. Additionally, studies have shown that
functional hearing can be achieved even if natural hearing
must be sacrificed27 which has precedence in CI after labyr-
inthectomy in Meniere’s disease.28 This study suggests that
despite the presence of tumor and/or potential intraopera-
tive injury, the number of surviving axons in the cochlear
nerve is usually sufficient for CI rehabilitation. Our analysis
showed that a lower preoperative SDS predicted an increased
SDS following CI placement. This is a somewhat surprising
finding and the clinical relevance is unclear.

At this time, there is insufficientdirectlycomparabledata in
the literature to compareCI outcomeswhenaVS is the causeof
deafness compared with other causes of deafness. In compar-
ison to hearing sparing approaches, such as middle fossa or
retrosigmoid, the outcomes with CI in this study compare
favorably. Wilkinson et al’s29 large study showed mean PTA
and SDS was 64.4 dB and 60.8% for middle fossa and 81.3 dB
and46.3% for retrosigmoidapproaches, respectively.Deadears
resulted in 29.0% of patients with middle fossa and 40.7% of
retrosigmoid approaches. In our study, mean postimplant
audiometry threshold was 28.8 dB and SDSwas 56.4%. While
native hearing and digital hearing are inherently different, the
outcomesexpected fromaCI in thesettingof sporadicVS could
be considered comparable to what is expected with a hearing
sparing approach. It is important to note that there is inherent
variability of these audiometric tests across centers, so these
values must be taken as indicative only.

The small sample size of this current review makes
difficult to comment on CI in sporadic VS outcomes regarding
tinnitus and impact of duration of deafness. According to Bell

0 10 20 30 40 50 60 70 80 90 100

%

Postopera�ve SDS

Fig. 3 Postoperative speech discrimination score for each patient. SDS, speech discrimination score.

Table 6 Outcome predictors

Predictor n EC SE p-Value

Tumor resected:
yes vs. no

30 �18.46 20.66 0.380

Tumor location 30

Intracochlear vs. IAC 6.71 17.94 0.712

Vestibular vs IAC 7.75 17.58 0.663

Multiple
locations vs IAC

�4.28 20.49 0.836

Duration of
deafness, mo

10 0.13 0.12 0.303

Ipsilateral PTA 8 0.27 0.60 0.668

Ipsilateral SDS 20 �0.44 0.21 0.049

Timing of CI 28 15.84 10.88 0.158

Abbreviations: CI, cochlear implant; EC, estimated coefficient; IAC,
internal auditory canal; n, number of patients; PTA, pure tone average;
SDS, speech discrimination score; SE, standard error.
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et al,30 preoperative tinnitus persists in 83% of patients
following VS resection. Improvement in tinnitus in six of
seven patients in this study suggests CIs may improve
tinnitus prognosis. We also found no significant difference
in hearing outcomes based on the duration of deafness prior
to CI placement. Lazard et al31 showed that in postlingually
deafened adults, CI speech performance decreased by 0.23%
per year of preimplantationmoderatehearing loss. However,
once again, because of our small sample size, we believe
these questions deserve further study.

Asdiscussed in the introduction, thebenefits to CI placement
in single-sided deafness are well established.14,15 Sanna et al27

prospectively evaluated CI placement simultaneous with trans-
labyrinthine tumor resection with intact contralateral hearing
with good results. The data gathered from this study was
insufficient to evaluate the effect of an intact contralateral ear
on CI outcomes with VS. As long as there is sufficient cochlear
nerve function for a CI to function normally, it is reasonable to
expect similar outcomes in these patients as otherswith single-
sided deafness. It is especially important to make sure these
patients are motivated to learn how to use their CI effectively.

There are several unique challenges to using CIs with
sporadic VS. First, the use of MRI in a patient status post CI is
possible with appropriate precautions; however, imaging
artifact along the posterior fossa with a CI magnet in place
is inevitable and may limit the ability to closely follow a
VS.16,17 The patient must also be comfortable in accepting
the challenges of undergoing MRI if deemed necessary. For
these reasons, the practitioner should choose to implant
sporadic VS patients with tumor deemed low risk for requir-
ing future intervention and counsel the patient appropri-
ately. Second, obtaining insurance approval for a single-sided
deafness CI can be difficult in many cases.

There are several potential contexts where CIs could be
implemented in the treatment of hearing loss in sporadic VS
patient. In all scenarios the cochlear nervemust be intact, that
is, tumors undergoing observation, radiation treatment, or
resection with preserved cochlear nerve. The first scenario
would involve placing a CI in a patient undergoing observation
or radiation treatment. As hearing declines, the practitioner
offers CI after havingobserved a small stable tumorwith serial
MRI and deeming the patient low risk for future intervention.

A second scenario would involve patients under consid-
eration for hearing ablative translabyrinthine tumor surgery.
Admittedly, many of these patients will have tumors of size
and position such that the cochlear nerve cannot be pre-
served at time of surgery. However, in selected patients, a
plan for possible CI placement with translabyrinthine
approach when the cochlear nerve can be functionally pre-
servedmay be an appealing option. Implantation concurrent
with tumor surgery should be considered because of the
potential for cochlear ossification following labyrinthect-
omy, although this is controversial.32

A final application would be in the uncommon case of an
intracochlear or intravestibular VS. Eighteen of the patients
in this study had intracochlear or intravestibular involve-
ment and CI hearing outcomes were reasonably goodwith or
without resecting the tumor. CI is especially appealing in

isolated intravestibular tumors where the cochlear nerve is
uninvolved. Cochlear implant placement following a trans-
mastoid labyrinthectomy for intractableMeniere’s disease is
an analogous established practice.28

There are several ways that an intact cochlear neural path-
way could be verified before placement of a CI. A positive
promontory stimulation test has been shown to be predictive
of positive CI outcomes at 100 and 200 Hz,33 but since the
patient must be awake it could not be used at the time of
resection for a potential simultaneous CI placement. Neural
response telemetry could be used to confirm CI function;
however, the absence of a response does not necessarily
indicate lackof stimulation/transmission through the cochlear
nerve,34 and since committing to CI would be necessary to
perform neural response telemetry (NRT), a poor test result is
unlikely to change management. If the auditory brainstem
response (ABR) is monitored in a hearing sparing approach for
resection, a delay in latency and reduction in amplitude in
waveVcanpredict cochlearnervedamageandportends apoor
CI functional outcome.35 This could be taken into account if a
delayed CI placement is being considered with a poor hearing
outcomefollowing resection.AnelectricalABRcanbeused ina
translabyrinthine approach because of the accessibility of the
cochlea and it has been shown to correlatewithCI outcomes.36

This represents an excellent option for simultaneous VS resec-
tion with CI placement.

Cochlear implantation is not meant for all patients with
sporadic VS. In selected patients with a functionally pre-
served cochlear nervewhere the practitioner and patient are
comfortable with the challenges inherent to MRI surveil-
lance, a CI can improve auditory function.

Conclusion

CI in sporadic VS can be considered in a subset of patients
where the cochlear nerve is intact. This study demonstrates
that selected patients with sporadic VS can benefit from
ipsilateral CI placement, notwithstanding the challenges
inherent with surveillance MRI in the setting of a CI magnet.
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Appendix A

Search strategies
1. PubMed-NCBI: “Neuroma, Acoustic” or vestibular schwan-

noma or acoustic neuroma and “Cochlear Implantation” or
“Cochlear Implants” or cochlear implant.

2. Scopus: (TITLE-ABSTRACT-KEY (acoustic neuroma or ves-
tibular schwannoma) and TITLE-ABSTRACT-KEY (cochlear
implantation or cochlear implants or cochlear implant))
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