Annals of Otology, Rhinology & Laryngelogy 122(2):91-99,
© 2013 Annals Publishing Company. All rights reserved.

Vestibular Schwannoma in the Only Hearing Ear:
Role of Cochlear Implants
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Abdelkader Taibah, MD: Maurizio Guida, AuD; Mario Sanna, MD

Objectives: We sought to delineate the role of cochlear implantation in the management of vestibular schwannoma or
other cerebellopontine angle tumors in the only hearin g ear.

Methods: We performed a retrospective analysis in a quaternary referral skull base center of all patients who were af-
fected by vestibular schwannoma (or other lesions of the cerebellopontine angle) in the only hearing ear and received a
cochlear implant before or after tumor treatment (surgery or radiotherapy) or during the wait-and-scan follow-up. We also
performed a systematic review of the English-language literature.

Results: The clinical and audiological results of 10 patients are reported. All patients were managed with contralateral
cochlear implantation. In 7 patients, cochlear implantation was performed before tumor removal. while hearing in the

ear with the tumor was still present. In 3 patients, the im

plant was placed after curative sureery. Nine of the 10 atients
P £CT) P

routinely use their implant with subjective benefit and fairly good auditory performance (median disyllabic word recog-
nition, 90%; median sentence comprehension, 75%). The literature search retrieved no major series with assessment of
the long-term efficacy of cochlear implantation in this rare clinical scenario.

Conclusions: Patients affected by vestibular schwannoma in their only hearing ear may significantly benefit from a co-
chlear implant on the contralateral side prior to tumor removal, Recent and significant hearing deterioration and tumor
growth represent the main indications for cochlear implantation.

Key Words: acoustic neuroma, cochlear implant, hearing loss, only hearing ear, single-sided deafness, vestibular schwan-

noma.

INTRODUCTION

Vestibular schwannoma (VS) in the only hearing
ear is a rare clinical setting that challenges clinicians
and patients with potential bilateral total deafness,
as deterioration of the hearing in the ear with the tu-
mor seems likely. In this category of patients, vari-
ous therapeutic options are available: 1) radiologic
follow-up; 2) radiotherapy; 3) hearing preservation
surgery; 4) tumor removal with preservation of the
cochlea and cochlear nerve and simultaneous or sub-
sequent insertion of a cochlear implant (CI); and 5)
tumor removal without preservation of the cochlea
and/or cochlear nerve and simultaneous or subse-
quent insertion of an auditory brain stem implant
(ABI). Besides these options, cochlear implantation
may be performed in the contralateral (deaf) ear, be-
fore or after curative surgery on the tumor side.!2

Implantable devices such as the CI and ABI in-
troduced new potential strategies for hearing reha-
bilitation in patients with neurofibromatosis type 2
(NF2) and bilateral VS. Still, decision-making in the

presence of VS (or other, less common lesions of
the internal auditory canal [IAC] and/or cerebello-
pontine angle [CPA]) in an only hearing ear is not
easy, and the international literature lacks clear indi-
cations and large case series. The aim of this study
was to delineate the role of cochlear implantation in
the management of patients affected by sporadic VS
in their only hearing ear by reporting the outcomes
and results from a clinical setting accompanied by
an accurate literature review.

MATERIALS AND METHODS

The Gruppo Otologico is a quaternary referral
center for neurotology and skull base surgery with
a surgical experience of about 2,400 VS and 250
CPA lesions of different histologic types (eg, men-
ingiomas, epidermoids) operated on from 1986 to
2010. Besides this surgical database, more than
350 cases of VS are currently being managed with
a wait-and-scan policy. Both databases were ret-
rospectively analyzed to select patients treated for
sporadic tumors (ie, not related to NF2) involving
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the TAC and/or CPA in their only hearing ear. Par-
ticular attention was paid to patients managed with
a CI before or after tumor surgery and patients cur-
rently under a wait-and-scan policy who received a
contralateral CI.

The study was approved by the local Institution-
al Review Board. The clinical investigations were
conducted according to the principles expressed in
the Declaration of Helsinki. The inclusion criteria
were a primary diagnosis of sporadic VS or another
TAC or CPA tumor on one side with ipsilateral ser-
viceable hearing (ie, speech discrimination score of
greater than 60%) and an absence of a tonal thresh-
old in the contralateral ear. Patients with NF2 were
not included in the study population.

The patients’ charts and imaging data were col-
lected and carefully reviewed for cause of deafness,
length of hearing deprivation, use of hearing aids,
and promontory test results. The size of the IAC or
CPA mass and the subsequent clinical or surgical
management, as well as the histopathologic diagno-
sis of the tumor, if available, were reassessed.

The Nucleus Promontory Stimulator (model
Z10012; Cochlear, Sydney, Australia) was used for
all behavioral electrical promontory stimulations.
Electrical promontory stimulation was performed
to obtain information about the functional integ-
rity of the cochlear nerve both in cases of contra-
lateral deafness (with respect to the tumor side) and
in cases in which neural integrity was evaluated on
the side of the tumor after curative surgery. Electri-
cal promontory stimulation was completed at 5 fre-
quencies (50, 100, 200, 400, and 800 Hz), with a 50-
Hz square-wave stimulus initiated at O pA, to ascer-
tain the threshold levels and the maximal acceptable
loudness. The protocol used for electrical promon-
tory stimulation is detailed elsewhere

Postoperative auditory performances were as-
sessed in the auditory-only condition in both closed-
set (vowel identification) and open-set formats (di-
syllabic word recognition, common phrase com-
prehension) with monitored live voice through the
sound field at a level of 70 dB sound pressure level.
Hearing results are reported as measured at the last
available follow-up visit. In patients who received
a CI before curative surgery, masking (white noise)
was achieved in the only hearing ear with a loud-
speaker placed at a horizontal azimuth of 90°. In
these cases, the noise signal intensity was modulat-
ed according to the patients’ hearing thresholds.

A thorough search of the English-language lit-
erature was performed on search engines such as
PubMed and Embase with the following 3 search-

es: “acoustic neuroma” OR “vestibular schwan-
noma” AND “only hearing ear” OR “single sided
deafness” OR “contralateral deafness™; “cochlear
implant” AND “acoustic neuroma” OR “vestibular
schwannoma”; and “only hearing ear” OR “single
sided deafness” OR “contralateral deafness” AND
“CPA tumor” OR “skull base tumor.”

RESULTS

Patients. A total of 8 patients were found who fit
the inclusion criteria; 2 more patients (patients 6 and
8) who did not strictly fit the inclusion criteria were
added to the series because of their pertinent history.
Thus, there were 6 women and 4 men; their mean
age was 49 years (range, 25 to 76 years). In all pa-
tients, the tumor diagnosis was made during clini-
cal and radiologic evaluation of progressive hearing
loss in the only hearing ear. Complete demographic
and clinical management data are presented in Ta-
ble 1. The audiological results from the most recent
follow-up visit are presented in Table 2. In all cases,
a CI was placed contralateral to the tumor side; the
mean follow-up after cochlear implantation was 40
months (range, 11 to 67 months).

This series included patients with different causes
for the hearing loss in their nontumor ear. Three of
these patients (patients 1, 2, and 4) had had anacusis
since early childhood that was presumably of con-
genital origin; patient 3 had profound sensorineural
hearing loss as a consequence of having had viral
parotitis at 7 years of age. Patients 5,6, 7, and 8 had
sudden deafness or progressive sensorineural hear-
ing loss before the diagnosis of tumor in their only
hearing ear was made. Patients 9 and 10 lost the
hearing on the nontumor side after surgical proce-
dures in the middle ear. Patients 6 and 8 underwent
primary treatment elsewhere and did not strictly fit
the inclusion criteria. A VS in the only hearing ear
of patient 6 had been removed 6 years before our
consultation, and patient 8 received a diagnosis of
VS during preoperative evaluation for a CI and was
referred after implantation. As already mentioned,
both patients were included for their pertinent his-
tory.

Surgical Management. Contralateral CI place-
ment was performed as primary treatment before tu-
mor removal (early implantation) in 7 patients (pa-
tients 1,3,4,5,7, 8, and 10); patient 8 has been in-
cluded even though the implantation had been per-
formed elsewhere 3 years earlier. All patients who
underwent tumor removal (patients 1, 4, 7, 8, and
10) routinely use their CI with subjective benefit
and objectively measurable increases in auditory
performance (median disyllabic word and sentence
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TABLE 1. DEMOGRAPHIC, CLINICAL, AND AUDIOLOGICAL FINDINGS OF PRESENTED PATIENT SERIES

Tumor Side/

Side/Duration Histology/ ClI Side and CPA or IAC
of Deafness/ Dimensions/ EPS Date of Tumor
Pr Sex Age Right Ear Left Ear Catuise Behavior Side Surgerv/Use Management
I F 41y Anacusis 45 dB PTA, R/anacusis since L/VS/1.5cm/ +R R Apr2006/ L RS-RL, no hear-
100% SDS  early childhood/ growing sleeper—user ing preservation
unknown Jan 2007, L CI
Mar 2007
2 F 6ly Anacusis 35dB PTA, R/anacusissince L/VS/3cm +R R Jun 2004/ R TLA Jul 2002
80% SDS  early childhood/ (CPA) user
unknown
3 F 46y 25dBPTA, Anacusis  L/anacusis since  R/meningioma +L L Jan 2010/ R wait-and-scan,
100% SDS late childhood/  (NC)/2 cm/stable sleeper stable hearing with
parotitis no tumor growth
after 14 mo
4 M 46y Anacusis 60 dB PTA, R/anacusis since L/VS/3cm +L R Dec 2010/ L TLA Sep 2011
70% SDS  early childhood/ sleeper—user
unknown
5 F 48y Anacusis 35dB PTA, R/12 mo/sudden L/VS (NC)/ +R R Jun 2005/ L wait-and-scan,
85% SDS  deafness intracanalicular/ sleeper—user slight hearing wor-
stable sening with no tu-
mor growth after
60 mo
6 M 41y 35dBPTA*,  Anacusis, L/21 y/sudden R/VS/2 em +L R Jan 2010/ L RS + ABIi 2003
85% SDS ABIT deafness user
7 M 350y Anacusis 20 dB PTA, R/22 y/sudden L/VS/1 em/ +R R Dec 2009/ L TLA+ CIJan
1009% SDS  deafness growing sleeper—user 2010
8§ F 76y Severe SNHL; Anacusis, L/progressive R/VS/2 e/ NA L Jun 20074/ R TLA subtotal
benefit with CIy SNHL/unknown growing user removal Jul 2009
HA*
9 F 57y 40dBPTA, Anacusis L/40 y/radical R/VS/3 cm +L L Nov 2004/ R TLA Jan 2004
90% SDS mastoidectomy  (previous RT)/ user
growing
10 M 25y Anacusis 50 dB PTA, R/10 y/radical L/VS/3 em/ +R R Sep 2006/ L TLA + ABI
80% SDS  mastoidectomy  cystic sleeper—user Nov 2006

PTA — pure tone average; SDS — speech discrimination score; EPS — electrical promontory stimulation; CI — cochlear implant; CPA — cere-
bellopontine angle; IAC — internal auditory canal; VS — vestibular schwannoma; RS-RL — retrosigmoid-retrolabyrinthine approach; TLA —
translabyrinthine approach: NC — not confirmed at histopathologic examination; ABI — auditory brain stem implant; RS — retrosigmoid ap-

proach; SNHL — sensorineural hearing loss; HA — hearing aid; NA -

*Data from another department.
TEnvironmental sound detection.
iPerformed in another department.

not available; RT — radiotherapy.

recognition scores of 68% and 54%, respectively).
In this group, patients 1,4, and 7 reported a remark-
able increase in their CI performance after tumor re-
moval with loss of hearing in what had been their
only hearing ear.

Patient 1 received a second CI after tumor remov-
al (retrosigmoid approach without hearing preserva-
tion), but although the cochlear nerve was spared,
no results were obtained at activation. The same pa-
tient did well with her first implant for more than
60 months (word and sentence recognition scores
reaching 90%), but more recently presented with
a sudden significant drop in performance accom-
panied by dizziness and spells of vertigo. She cur-
rently uses her CI, but her auditory performance is

significantly lower than it was a few months earlier.
Patient 4’s CI was activated in February 2011, and
he initially could identify 35% of vowels in closed
set but had no open-set abilities. His CI performance
increased both subjectively and objectively after tu-
mor removal, reaching a 25% score on the disyllabic
word test and a 20% score on the sentence recogni-
tion test (September 2011). Patient 7 underwent tu-
mor removal through a translabyrinthine approach
with cochlear nerve preservation and simultaneous
cochlear implantation. Patient 8 was included in
this group of patients even though she underwent
implantation elsewhere 3 years earlier. The VS in
her only hearing ear was initially managed conser-
vatively; her residual hearing on the tumor side al-
lowed for bimodal stimulation for about 16 months,
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TABLE 2, AUDITORY PERFORMANCES AS EVALUATED AT LAST AVAILABLE FOLLOW-UP _

User or
Follow- Implant Sleeper Device Disyllabic Word Sentence Telephone Subjective
Pt Sex Up  Age TypelSide Device Use Recognition Recognition Use Comments
1 F 67mo 41y Digisonic User Daily  65% (90% at 15% (90% at  No (yes at  Excellent benefit; per-
SP/R 48 mo) 48 mo) 48 mo) formance improved
Digisonic  Nonuser® after tumor removal;
SP/L decrease in perform-
' ance at 60 mo
2 F 60mo 6ly Nucleus User Daily 90% 65% Yes (close  Sufficient benefit
24/R relatives)
3 F 22mo 46y Sonatati Sleeper 90%T 40% No benefit from im-
100/L plant; maintains nor-
mal hearing in tumor
ear
4 M 1lmo 46y Digisonic User Daily 25% 20% Marked subjective
SP/R benefit; performance
improved after tumor
removal
5 -F 60mo 48y Nucleus User Q0% 90% T Excellent benefit; per-
24/R formance improved
after progression of
hearing loss on tumor
side
6 M 18mo 41y Digisonic User Daily 90% 90% Yes (close  Excellent benefit
SP/R relatives)
7 M 14mo 50y Digisonic User Daily 90% 85% Yes (close  Excellent benefit; per-
SP/R relatives)  formance improved
Digisonic -~ Nonusert after tumor removal
SP/L
&8 F 48mo 57y Nucleus User Daily 90% 90% Yes (close  Excellent benefit
24/L relatives)
9 F 60mo 76y Nucleus User Daily 90% 85% Yes (close  Excellent benefit
24/1L% relatives)
10 M 48mo 25y Digisonic User Daily T0% 75% Yes Excellent benefit
SP/R
Mean 40mo 49y 79% 66%
Median 90% 5%

#No auditory sensation from implant in tumor ear.
+Contralateral masking applied.

tEnvironmental sound detection only from implant in tumor ear.
§Implanted in another department.

at which point tumor growth and hearing deteriora-
tion imposed a change in management strategy.

Of the 2 patients who did not undergo tumor re-
moval, 1 (patient 3) preserved a stable normal hear-

ing threshold with no evidence of tumor growth,

and the CI was therefore maintained inactive or as
a “sleeper.” The other (patient 5) had no increase
in tumor dimensions, but showed progression of the
hearing loss. Her auditory performance with the CI
improved after her hearing decreased, and she is
currently a daily user of the device.

Contralateral cochlear implantation was per-
formed after tumor removal in 3 cases (patients 2,
6. and 9). Patient 6 had been previously managed
elsewhere with surgical removal of the tumor and
simultaneous ABI placement through a suboccipi-

tal approach. His ABI performance never reached
open-set abilities and progressively declined over
time, whereas his CI performance has been quite
impressive since activation, and the patient is now a
daily CI user without any need for the ABI. All pa-
tients in this group routinely use their CI, and their
median disyllabic word and sentence recognition
scores were 90% and 80%, respectively. There were
no major or minor complications after the surgical
procedures.

Literature Review. A thorough search of the Eng-
lish-language literature retrieved a few case reports
in which VS in the only hearing ear was managed
conservatively or with radiotherapy.*”7 Our group,
in 1994, reported on 5 patients who were treated
conservatively and pointed out the possibility of co-
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TABLE 3. REVIEW OF LITERATURE ON PATIENTS AFFECTED BY VS IN ONLY HEARING EAR AND
) MANAGED WITH CI OR ABI INSERTION

No. Results

of Case Premontory — First Second With CT
Authors Year Pts No. Age Hearing (Cause) Stimulation Treatment Treatment (Follow-Up)
Thedingeret al® 1993 3 1 49vyin L profound SNHL on .. LCI R TLA tumor Good; CID sen-
1989  PTA (labyrinthectomy removal 3 mo tences 171/200

for Meniere’ disease 14 y later
earlier); R 65 dB SRT and
16% SDS (2.7-cm VS)
Talbot et al® 1994 1 1 69yin Ltotal HL on PTA (child- NA RCI
1994 hood mumps); R residual
hearing on PTA (2-cm VS)
1998 3 1 66yin Ltotal HL on PTA (Me- +L
: 1994 niere’s disease): R progres-
sive moderate SNHL on
PTA (grade I1 VS)

(open set); dis-
crimination
38% (6 mo)

L TLA tumor NA

removal

Shin et al!? Radiologic R CI
follow-up,

no growth

after 6 mo

Good; 98% open-
set sentence dis-
crimination (12 mo)

2 62yin Ltotal HL on PTA (child- +L  MF tumor LCI3 mo Poor; 13% open-set
1994 hood); R progressive pro- removal later sentence discrimina-
found SNHL on PTA tion (14 mo)
(4-cm VS)
3 44yin Ltotal HL on PTA (child- +R MFdecom- RCI7mo Good; 70% open-set

sentence discrimina-
tion (48 mo)

1992 hood): R progressive pro-
found SNHL on PTA

(1-cm meningioma)

pression and later
subsequent

TLA tumor
removal

Aristegui 2005 1 2 45yin Ltotal HL on PTA (cranio- NA L TLA tumor Good: 90% to 100%
and Denial! 2002  encephalic trauma in child- removal and speech discrimina-

hood); R progressive SNHL simultaneous tion (6 mo)
on PTA (1.5-cm VS) CI

Ramsden et al'2 2005 2 1 45yin L total HL on PTA (con- +L-R RSO tumor LCI4mo Poor; CI useful for

1996  genital); R 30-40 dB removal, HL. later environmental

SNHL on PTA and 100% sound detection and
SDS at 70 dB (2-cm VS) lipreading (12 mo)

]

49y in Ltotal HL on PTA (congeni- +I. L CI
1999  tal); R moderately severe

high-frequency SNHL on

PTA and 0% SDS (2-cm VS)

L TLA tumor Poor; CI useful for

removal 22 environmental

mo later sound detection and
lipreading (12 mo)

Grayelietal> 2008 3 1 Tly Solitary VS on one side and NA  Simultaneous 20% Sentence rec-
contralateral HL on PTA TLA tumor ognition; no ABI
with serviceable hearing, HA removal use (26 mo)

and ABI
placement
2 5ly Solitary VS on one side and NA  Clonsudden TLA tumor  No ABI use: CI use
contralateral SNHL on PTA deafness removal and  with 70% sentence
(sudden deafness) with side and ABI recognition (21 ma)
serviceable hearing, CI placement
3 B9y Solitary VS on one sideand NA  Simultaneous 70% sentence rec-
contralateral total HL on TLA and ABI ognition with ABI
PTA (petrous bone chole- placement + lipreading (35 mo)
steatoma)
SRT — speech reception threshold; CID — Central Institute for the Deaf; HL — hearing loss; MF — middle fossa; SO — suboccipital approach.

chlear implantation in the contralateral deaf ear.!
Only a small number of articles are available on
long-term experience with a CI or ABI, and each
presents 3 or fewer cases (Table 3).28-12 Thedinger
et al® were the first to describe a case in which in-
sertion of a contralateral CI was performed before
the removal of VS in the only hearing ear, in 1989:
other case reports followed.%10 In 2005, Ramsden et
al!? reported on 2 patients with presumed congenital

hearing loss on one side and VS in their only hearing
ear; a CI was inserted in the congenitally deaf ear in
one case before, and in the other case after, removal
of the tumor. In both cases, the auditory results can
be considered poor in comparison to the standard
performance of those with postlingual cochlear im-
plantation. Ramsden et al'2 speculated on a possible
decrease in neural tissue in the spiral ganglion and
cochlear nuclei of congenitally deaf ears that might
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render CI and ABI worthless in the auditory rehabil-
itation of such patients. In light of their results, they
propose ABI placement during tumor removal and
reserving cochlear implantation in the nontumor ear
as a secondary option to be used if the ABI results
should be disappointing.!? Grayeli et al 2 in 2008,
reported on ABI positioning in 3 patients affected
by VS in their only hearing ear. Only 1 of the 3 pa-
tients was a daily ABI user, whereas the ABI results
were poor in the other 2. Remarkably, 1 of these 2
ABI nonusers had previously received a contralat-
eral CI, obtaining good auditory performance.? We
also found reports on intracapsular tumor removal!3
and middle fossa decompression surgery!'# as means
of delaying hearing loss in the only hearing ear, but
nowadays, these strategies play a very limited role.

DISCUSSION

The contemporary management of tumors affect-
ing the central auditory pathway should ideally be
complete surgical removal with facial nerve and
hearing function preservation. Vestibular schwan-
noma in the only hearing ear is an uncommon sce-
nario, with a prevalence of about 0.3% in our ex-
perience.!®> Each patient needs to be treated by tak-
ing into account many parameters such as the tumor
dimensions, the age and preferences of the patient,
surgical risks, alternative treatments, and quality-of-
life outcomes. A conservative attitude (hearing pres-
ervation surgery, radiotherapy, wait-and-scan poli-
cy) should be adopted in cases of small lesions (less
than 1.5-cm cisternal component), in elderly patients
(more than 65 years of age) or patients with a poor
performance status, and in the presence of good or
serviceable hearing. Progression of the hearing loss
should be expected in about 30% of cases as a con-
sequence of the natural tumor history and radiother-
apy, and in more than 60% of cases after hearing
preservation surgery,16-18

Younger patients are exposed to the risks of both
tumor growth and hearing deterioration and should
be treated aggressively. It is mandatory for the neu-
rotologic team to adopt a strategy that reduces the
chances of total bilateral deafness. When VS is diag-
nosed on one side with serviceable or good hearing
and there is no useful hearing in the opposite ear, an
electronic device such as a CI or ABI should be con-
sidered as part of the management plan.

The patients described in this report represent, to
the best of our knowledge, the largest series in the
existing English-language literature from a single
center. Their clinical management can be summa-
rized as follows.

Contralateral CI placement as primary treat-

ment before tumor removal (early implantation) was
counseled and carried out in 7 patients (patients 1,
3.4.5,7.8, and 10) because of young age and the
possibility of hearing loss progression in the tumor
(and only hearing) ear (patients 3 and 5); young age
and rapidly declining hearing (patients 1 and 7); or
large tumor dimensions (patients 4 and 10). Patient
8 received a CI at another institution, 3 years before
tumor removal. Six patients (patients 1, 4, 5, 7, 8,
and 10) are daily users of the CI, and 5 of them have
shown good auditory performance (patients 4, 5, 7,
8, and 10).

Contralateral CI placement following tumor re-
moval was performed in 3 patients. It was the pa-
tient’s choice in 1 case (patient 2). Another case had
large tumor dimensions with signs of intracranial
hypertension requiring immediate tumor removal
(patient 9). One patient (patient 6) had previously
undergone surgery elsewhere for simultaneous re-
moval of the tumor and ABI placement through a
suboccipital approach and received a contralateral
CI 6 years later at our institution.

Ipsilateral cochlear implantation was performed
in 2 patients (patients 1 and 7). Patient 1 underwent a
retrosigmoid-retrolabyrinthine approach for remov-
al of a left-sided tumor in order to preserve hear-
ing. Anatomic maintenance of the cochlear nerve
was achieved, but after the operation the patient had
anacusis. However, her auditory scores with use of
the right CI that was positioned a few months earli-
er reached 85% on open-set speech comprehension,
and after 12 months from the initial fitting, she was
able to use the telephone with her family. At the pa-
tient’s request, left promontory stimulation was per-
formed 3 months after surgery and showed positive
responses; it was then decided to perform a left co-
chlear implantation. In December 2007, a CI was
placed in the left ear, but no auditory sensations were
felt by the patient at activation; raising of the signal
intensity led to facial nerve stimulation, and because
of the reasonable performance obtained with the
right implant, it was decided not to use the one on
the left side. Patient 7 underwent a translabyrinthine
approach for removal of right-sided VS. The deci-
sion to operate was based on the radiologic evidence
of tumor growth and on the results obtained with
the left CI placed 6 months earlier (sentence rec-
ognition score, 70%; speech comprehension score,
65%). The cochlear nerve was spared, and a CI was
simultaneously placed. The second implant was ac-
tivated in March 2011, and the patient showed only
sound detection abilities while reporting a marked
subjective improvement of right CI performance.
In both of these cases, ipsilateral implantation was
performed as a secondary procedure because of the
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good results obtained with contralateral CIs and the
fact that the functional status of the cochlear nerve
is unpredictable after surgical manipulation even if
anatomic integrity is maintained.

Analysis of the presented case series showed pos-
itive effects following placement of a CI in the non-
tumor ear. Implanting a CI in patients before or after
contralateral tumor removal led to good CI results,
with overall median word and sentence recognition
scores of 90% and 75%, respectively. Except for pa-
tient 3, who retains good hearing in the tumor ear
and has no benefit from electrical hearing, the re-
maining patients are daily CI users with subjective-
ly reported advantages to their social life. Patient 1
experienced an unexplained deterioration in CI per-
formance 60 months after CI placement and is cur-
rently under evaluation. Accurate masking was per-
formed when we evaluated individuals with good
hearing on the tumor side (patients 3 and 5); the
masking may nevertheless have been inadequate to
completely exclude the influence of their only hear-
ing ear on their auditory performance.

Long-term deafness and even congenital hear-
ing loss cannot be considered as contraindications
to insertion of a CI in the nontumor ear. Except for
patient 5, the length of deafness in the study group
was at least 10 years. Four patients with evidence of
complete hearing loss since early (patients 1, 2, and
4) or late childhood (patient 3) have undergone im-
plantation; still, it is difficult to define as congenital
a long-term deafness in adult individuals evaluated
30 or 40 years after their first diagnosis. The results
for these patients are fairly good — especially pa-
tients I and 2 — as are the auditory performances of
patients who were deaf from other causes and had
long-standing hearing deprivation.

A remarkable increase in CI performance was
seen in some patients after tumor removal and sub-
sequent loss of hearing in what had been their only

(Patient 6) Postimplantation radiograph shows evi-
dence of cochlear implant in right cochlea and au-
ditory brain stem implant on left side.

hearing ear (patients 1, 4, and 7). Patient 5 experi-
enced a significant improvement in CI performance
associated with progression of the hearing loss on
the tumor side. From these data, one could theorize
that the auditory cortex gives precedence to the best
hearing pathway, or that the improvement of the de-
prived auditory pathway via electrical stimulation is
hampered by the normal hearing. By the same to-
ken, once the hearing starts to deteriorate, the per-
formance of the CI seems to improve dramatically.

Although CI insertion in the nontumor ear shortly
before or after tumor removal may avoid total bilat-
eral deafness and reduce the time needed for hear-
ing rehabilitation, inserting a CI in a patient being
followed with a wait-and-scan policy with no evi-
dence of tumor growth (early implantation with de-
vices maintained inactive or as a “sleeper”) may be
a matter of debate. It could be years before auditory
performance in the only hearing ear declines, and —
as a major drawback of early implantation — this
strategy could lead to the presence of a non—state-
of-the-art device.

Implantation prior to contralateral tumor remov-
al leads to very satisfactory results; 5 patients (pa-
tients 1,4, 7,8, and 10) had undergone implantation
in expectation of tumor excision and did well with
a CI after they lost the hearing on the tumor side.
Our experience with CI placement in patients fol-
lowed with a wait-and-scan policy is less encour-
aging. Patients 3 and 5 underwent implantation in
consideration of their young age and the possibility
of declining hearing on the tumor side. In these pa-
tients, the tumor dimensions remained stable (after
16 and 60 months of observation, respectively), and
no tumor removal was undertaken. Patient 3 main-
tained a normal tonal threshold and did not use the
CI. whereas patient 5 had a slight worsening of her
hearing loss and is a daily CI user, reporting subjec-
tive benefit from the device.
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TABLE 4. SURGICAL MANAGEMENT OPTIONS FOR VS
(OR OTHER CPA TUMOR) IN ONLY HEARING EAR

Options before removal of vestibular schwannoma
Hearing aid in that ear if surgery can wait
Cochlear implant on contralateral side
Options during removal of vestibular schwannoma
Hearing preservation (small vestibular schwannoma)
Anatomic preservation of cochlear nerve and simultaneous
placement of cochlear implant in same ear
Ipsilateral placement of auditory brain stem implant when
none of above-mentioned strategies are any longer pos-
sible
Options after removal of vestibular schwannoma
Cochlear implant on contralateral side
Cochlear implant on same side if cochlear nerve is spared
Ipsilateral or contralateral placement of auditory brain stem
implant when none of above-mentioned strategies are any
longer possible

Patients managed for VS need long-term follow-
up with magnetic resonance imaging. Device dis-
placement, heating, and magnet demagnetization
have been indicated as problems following cochlear
implantation. The magnet in the CI creates an arti-
fact on the imaging, and scanning needs to be done
with a head bandage (up to 1.5 T). None of our pa-
tients experienced any problem (CI dislocation or
malfunction) during or after magnetic resonance
imaging up to 1.5 T. Contralateral visualization is
not hampered by artifacts or distortion caused by the
C1.19.20

Some authors have speculated as to the use of an
ABI in this clinical setting.!? An ABI represents the
only available means of hearing restoration in NF2
patients when there is no possibility of preserving
the auditory nerve or the cochlea, but the auditory
results are disappointing in comparison to those ob-
tained with a Cl. The majority of ABI users have
environmental sound detection abilities, but only a
lucky few obtain speech recognition abilities. Still,
there are no definite prognostic factors that will pre-
dict postoperative ABI performance.?! There have

been only a few reports on brain stem implantation
in nontumor patients, and although the auditory re-
sults seem better than those in NF2 patients, indi-
cations for an ABI apart from NF2 are exception-
ally rare.?2 In patient 6 of this series, the right side
was completely normal from an anatomic point of
view (ie, cochlea and cochlear nerve present and in-
tact), and cochlear implantation should have been
performed before tumor excision and ABI insertion
on the tumor side (see Figure).

It should be emphasized that in the presence of
a patent and undamaged cochlea and preserved co-
chlear nerves, use of a CI should be attempted be-
fore an ABI is even proposed. A promontory stimu-
lation test gives a useful indication as to the integrity
of the cochlear nerve, even if the test results do not
correlate with the final hearing level.?? Electrical
promontory stimulation is an encouraging prognos-
tic factor for future CI performance and is a valu-
able means of testing the already-operated ear to as-
certain cochlear nerve function, as in patients 9 and
10 in our series. Table 4 gives an outline of avail-
able surgical options for patients with VS in the only
hearing ear.

In summary, cochlear implantation on the nontu-
mor side is useful in selected patients with VS in
the only hearing ear; recent and significant hear-
ing deterioration and tumor growth represent the
main indications.? In patients who maintain service-
able hearing and have no signs of tumor growth, CI
placement should be postponed.

CONCLUSIONS

Data from the presented series suggest that co-
chlear implantation on the nontumor side is use-
ful in selected patients with VS in the only hearing
ear. Once the decision to remove the tumor in the
only hearing ear is made, CI insertion should be per-
formed first, allowing rapid auditory rehabilitation.
Recent and significant hearing deterioration and tu-
mor growth represent the main indications.
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