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Background

Intralabyrinthine schwannomas are rare,
benign tumors which account for about
10% of all schwannomas [19]. They are
typicallydiagnosedat ameanageofabout
50 years [22]. About 50% of the intral-
abyrinthine schwannomas occur purely
intracochlear[22]. Modernnuclearmag-
netic resonance imaging (MRI) enables
the identification of even small tumors,
which can be classified by the methods
described by Kennedy et al. [11] and van
Abel et al. [22] as follows:

In addition to purely intravestibular
and intracochlear tumors, the location
can also be intracochlear and intraves-
tibular at the same time. When there
is expansion into the internal auditory
canal arising from the cochlea, trans-
modiolar growth can be assumed. Aris-
ing from the vestibulum, progression of
tumor growth into the internal auditory
canal as a transmacular tumor is also
possible. Progression of tumor growth
may involve the entire inner ear and the
internal auditory canal, as well as expan-
sion of the tumor into the middle ear or
the cerebellopontine angle [22].

The typical symptoms of these tumors
include hearing loss, sometimes fluctu-
ating, tinnitus and dizziness. Hearing
loss, as described by van Abel et al. [22],
was found in 99% of the patients (n =
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262); profound hearing loss was found in
87% of the patients. Dizziness, usually
episodic, existed in 59% and tinnitus in
76%of thepatients. Dizzinesswas signif-
icantly associated with a tumor location
in the vestibular labyrinth.

Therapy of choice thus far has been
a wait-and-scan policy, especially when
usable hearing was still present [4, 17,
22]. The indication for surgery was not
given until tumor growth progressed to
the internal auditory canal, or there was
dizzinesswhich could not be treated con-
servatively.

The auditory rehabilitation of these
patients always took second place. There
are only a few single case reports of
cochlear implant (CI) treatment [12, 13,
18, 21]. Usually there was bilateral deaf-
ness or at best asymmetric hearing ability,
or itwasanintraoperativechancefinding.

Increasing acceptance and the success
of CI treatment in single-sided deafness
of various etiologies, especially following
resection of vestibular schwannomas [1,
2, 6–8, 16] should lead to a reevaluation
of the therapeutic possibilities for this
tumor entity.

Materials andmethods

The authors performed a retrospective
study of the anamnesis, diagnosis, and
therapy, including the results of audi-
tory rehabilitation in patients with in-
tralabyrinthine schwannoma, who were

treated in the authors’ hospital between
2011 and 2015.

Results

In all, 8 patients between 47 and 55 years
of age presented in our hospital with in-
tralabyrinthine tumors(. Table1). There
was a history of hearing loss (duration
0.3–20 years) and tinnitus in all patients.
Only 3 patients reported episodic dizzi-
ness (. Table 2). At least profound hear-
ing loss could be preoperatively demon-
strated on the tumor side in all patients;
hearing was normal on the contralateral
side in6patients and2patientshadasym-
metric hearing loss. One patient became
symptomatic with deafness which was
a chancefinding inotitismedia. TheMRI
examination raised suspicion of a begin-
ningobliteration(. Fig. 1). Thediagnosis
of schwannoma was initially made intra-
operatively and was confirmed, as in all
the other patients, histologically.

After extensive consultation and pre-
sentation of the therapeutic options: ex-
pectantmanagementwith repetitiveMRI
scans, resection, radiation therapy, and
testingofhearing rehabilitationbymeans
of CROS/BiCros hearing aids (contralat-
eral routing of signals) or BAHS-CROS
(bone-anchored hearing systems), all pa-
tients decided to undergo a surgical pro-
cedure. Prior to treatment, the authors
discussed all patients in an interdisci-
plinary skull-base conference.
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Table 1 Patient demographics

Pati-
ent

Age/
gender

Duration of deaf-
ness (years)

Tumor classification accord-
ing to van Abel et al. [22]

Operation PT Cochlear
Implant

Other hear-
ing aids

1 54/f 0.8 Intravestibular PL, spacer Pos. 13 M –

2 48/f 1 Intracochlear DC, PL, spacer Pos. 19 M –

3 47/f 0.5 Intravestibular PL, spacer Refused – None

4 50/m 2 Intracochlear DC DNT Simultaneous –

5 53/f 10 Transmodiolar PL + intrameat., spacer Neg. – CROS-HA

6 51/m 0.5 Intracochlear C DNT Simultaneous –

7 55/f 5 Intravestibular PL DNT Simultaneous –

8 47/f 4 Intracochlear DC Pos.
(preoperative)

Simultaneous –

m male, f female, PL partial labyrinthectomy, DC doubled cochleostomy to open the first and second turn, C extended cochleostomy of the basal turn,
intrameat. translabyinthine opening of the internal auditory canal, PT Promontory test,DNT not tested, CROS-HA CROS hearing aid (contralateral routing
of signals)

Table 2 Symptoms in patients with intralabyrinthine schwannoma

Patient Symptomatic
for (years)

Tumor classification
according to van Abel
et al. [22]

Hearing
loss

Dizziness Tinnitus Caloric

1 2 Intravestibular + – + U

2 2 Intracochlear + + + S

3 0.5 Intravestibular + + + U

4 7 Intracochlear + – + S

5 20 Transmodiolar + + + U

6 0.3 Intracochlear + – + S

7 10 Intravestibular + – + U

8 20 Intracochlear + + + S

U reduced caloric response on tumor side, S symmetric caloric response on both sides; + yes, – no

Schwannoma resection was per-
formed intracochlear (n= 4, . Fig. 2) and
intravestibular (n = 3, . Fig. 3) and there
was one transmodiolar schwannoma
(. Fig. 4). For the tumor resection ap-
proach, the authors selected either a par-
tial (vestibular) labyrinthectomy (n = 3,
. Fig. 5), an expanded cochleostomy of
the basal turn (n = 4) (. Fig. 6), an
additional cochleostomy of the second
turn (n = 3) (. Fig. 7), or in one case
additional opening of the internal audi-
tory canal (. Table 2). The postoperative
course was uneventful in 7 patients; one
patient (patient 8) reported postopera-
tive vertigo which resolved completely
with physical therapy.

In6cases,CIwereusedforauditoryre-
habilitation, in2of thesepatients sequen-
tially after control MRI and promontory
test after 13 and 19 months, respectively.
To prevent obliteration or ossification of
the cochlea, these patients had an intra-

cochlear placeholder after they had been
informed concerning the off-label use.
The authors treated 4 patients simulta-
neously with a CI. One patient did not
wish for further therapy, not even a hear-
ing aid. One patient with transmodiolar
tumor and clinically preserved hearing
nervehad anegative promontory test and
decided on a CROS hearing aid.

Of the 6 patients who underwent CI,
5 have already adjusted to the system and
have 3–39 months of CI experience. All
patients use their CI for the whole day,
achieve open-set speech comprehension
(. Fig. 8) and alsoprofit subjectively from
the CI treatment [8]. The patients with
early or simultaneous treatment appear
to have more favorable outcomes.

Discussion

In this case series, the authors present
8 patientswith primary intralabyrinthine

schwannomas. The mean age at diagno-
sis was 50 years, which corresponds to
the available literature [22]. Three pa-
tients presented with intravestibular tu-
mors, 4 patients purely intracochlear tu-
mors, and 1 patient had transmodiolar
growth. The CI surgery was performed
in 6 patients either sequentially or simul-
taneously. One woman refused further
surgery and hearing rehabilitation with
CROS/BAHS hearing aids. Despite in-
traoperatively preserved auditory nerve,
the promontory test of the patient with
transmodiolar growth was negative and
consecutive therapy consisted of a CROS
hearing aid.

All patients presented with profound
hearing loss or deafness, 4 patients re-
ported episodic dizziness and all patients
complained of tinnitus. The symptom
combinationmaygiveanimpressionsim-
ilar to Menière disease [10], whereby,
however, progression to deafness, in
contrast to low-frequency hearing loss,
may be an indication of intralabyrinthine
schwannoma. The caloric examinations
in the present case series were pathologi-
cal in all 3 intravestibular tumors. Schutt
and Kveton [18] reported pathological
vestibular evoked myogenic potentials
(VEMP) in normal caloric testing in
their case report. In the future, per-
formance of the VEMP in addition
to caloric testing should enable more
precise differentiation.
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Previous approach

In the available literature, wait and scan is
initially recommended when this tumor
entity is diagnosed. Await-and-scanpol-
icy with repetitive MRIs should serve as
the basis for further treatment options.
According to Tielemann et al. [19], the
growth behavior is progressive in 59% of
the patients and a course up to 16 years.
In 2012, Saltzmann et al. [17] reported,
however, on growth in only about 15%
of the patients over a follow-up period
of about 5 years.

Focus on tumor control

Especially the fact that all surgical proce-
dures unavoidably lead to deafness con-
tributed in the past to this wait-and-scan
management. By contrast, van Abel et al.
[22] reported a frequency of hearing loss
in99 %ofthepatientsandprofoundhear-
ing loss in at least 87% of the patients,
so that Schutt and Kveton [17] assume
that a majority of patients with intral-
abyrinthine schwannomas are already CI
candidates at presentation. Stereotactic
radiosurgery [22] can be offered but is
assessed with reservation due to the risk
of side effects (deafness, damage to the
facial nerve) and unclear tumor control
in only slight growth tendency and small
tumor volumes [11, 15].

Insummary, however, itmustbenoted
that the treatment focus in the past was
always on tumor control and auditory
rehabilitation was not a therapy goal.

Future approach

Thanks to increased acceptance and the
very positive results of CI treatment in
single-sided deafness [1, 2, 6, 7], even
after vestibular schwannoma surgery [8,
16], the present results could provide
the basis for a newmanagement strategy
in the treatment of intralabyrinthine
schwannomas; the current literature
already refers to this management as
a paradigm shift [18].

Focus on auditory rehabilitation

The positive results of auditory rehabili-
tation in our patients show that, fromour
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Abstract
Background. To date, the therapy of intrala-
byrinthine schwannoma consists mainly of
a wait-and-see approach, completely ignoring
auditory rehabilitation. Only a few single-case
reports are as yet available on treatment with
cochlear implants (CI).
Aim of the study. This study aimed to assess
the results of auditory rehabilitation after
treatment with CI in a series of cases.
Materials and methods. The demographic
findings, symptoms, and results of surgical
therapy in 8 patients were evaluated in
a retrospective analysis.
Results. Prior to surgery, all patients presen-
ted with profound hearing loss and tinnitus.
Episodic dizziness was reported by 3 patients.
Among the patients, 4 had an intracochlear
and 3 an intravestibular schwannoma, and

a transmodiolar schwannoma was found in
1 patient. A total of 6 patients underwent
treatment with CI. The results of auditory
rehabilitation are favorable with open-set
speech comprehension.
Conclusion. CI treatment following resection
of an intralabyrinthine schwannoma is
a promising option for auditory rehabilitation,
even in single-sided deafness. This is a new
treatment concept in contrast to the wait-
and-scan policy. Expectant management
appears justified only if the patient still has
usable hearing.
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point of view, it is justified to place the
focusonauditoryrehabilitation. Asanal-
ternative toCI operation, if surgery is not
desired or not possible, treatment with
CROS/Bi-CROS hearing aids or BAHS-
CROS can be offered. However, the stud-
ies available in patients with single-sided
deafness (SSD) [1, 8] show superiority
of the CI treatment. Recovery of spa-
tial hearing as a binaural achievement is
only possible with a CI. CROS/Bi-CROS
or BAHS-CROS offer advantages in only
one situation (speech is presented to the
deaf ear and noise to the hearing ear) [1].

Limitations

The still small number of cases and the
lack of long-term results in these patients
are a weakness of the present study.

Alternative treatments

As an alternative to simultaneous CI
operation, a primary tumor resection
and positioning of a placeholder can
be performed. This is necessary, since
obliteration of the cochlea only 3months
after a translabyrinthine surgery is pos-
sible, and in the long run, this would
prevent CI treatment. One year af-

ter translabyrinthine surgery [3, 5]
there were intralabyrinthine changes
in 32–66% of the patients examined. An
unchanged labyrinth, whichwould allow
CI treatment, was only found in 11%
of the patients. For this reason, Beut-
ner et al. [3] recommend simultaneous
or early CI treatment, or positioning
of a placeholder. In current state-of-
the-art, this is possible using a “depth-
gauge” which is available from vari-
ous manufacturers [5]. Positioning as
a spacer is, however, an off-label use and
requires appropriate instruction of the
patient. This procedure would enable
MRI controls, as is customary in follow-
up of vestibular schwannomas. Radio-
logical assessment of recurrences would
be greatly hindered or nearly impossible
because of artefacts caused by CI treat-
ment. An improved positioning of the
receiver/stimulator, as suggested by Todt
et al. in 2015 [20], would enable MRI
evaluation. This should be respected in
the surgical planning.

In addition, an optimized MRI pro-
tocol can be helpful to depict the inner
region to be controlled [23]. Following
of these suggestions is recommended as
at least in intracochlear tumors a com-
plete removal cannot be guaranteed, and
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Fig. 18 Intracochlear schwannoma in the first half of the basal turn in theMRI, axial (a,d), coronary (b, e), and oblique (c, f)
reconstruction; a–c in the CISS sequence reduction of the fluid signal (arrows) andd–f corresponding pathological contrast
medium enhancement (arrows) in the T1-sequencewith gadolinium

Fig. 28 Intracochlear schwannoma of the entire basal turn in theMRI. The CISS sequence (a,b) shows a reduced fluid signal
basal (a,arrow) andnormal fluid signal in the second turn (b,arrow). Correspondingpathological contrastmediumenhance-
ment (c,arrow)of thebasal turn in theoblique reconstruction in theT1-sequencewithgadolinium.Thepostoperative rotation
tomography (d–f) shows the insertion of the electrode via a regular cochleostomy (d, arrow) and the second cochleostomy
(e, arrow) to open the second turn, and the correct intracochlear electrode position (f)

the place of origin is still unclear. Based
on the very slow growth tendency, which
makes the appearance of recurrences re-
quiring treatment extremely unlikely fol-
lowing resection [19], CI treatment still
seems to be possible nonetheless.

Future

Even though few long-term results are
available for the patients presented in
this article [8], the patients with simulta-
neous CI treatment show a tendency to
more favorable rehabilitationresults. The
speech comprehension is comparable to
that of other patients with single-sided
deafness of different etiologies [9]. The

development of speech comprehension
seems to point at quicker and better re-
sults in comparison to other adults with
bilateral deafness [14].

Theintracochlearresectionofschwan-
nomas, either via an expanded cochleo-
stomy or even an opening of the second
turn, leads to considerable traumatiza-
tion of intracochlear structures, includ-
ing resectionof the osseous spiral lamina.
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Fig. 38 Intravestibular schwannomawith pathological contrastmedium
enhancement of the vestibulumandbeginningof the horizontal semicircu-
lar canal (arrow) in theMRI, T1-sequencewith gadolinium

Fig. 48 Transmodiolar schwannomawith intracochlear (arrow 1) and tu-
mor involvement in the internal auditory canal (arrow 2); MRT, T1-sequence
with gadolinium

Fig. 58 Intraoperative situation after partial, vestibular labyrinthectomy
with schwannoma in the vestibulum (arrow). (A Incus, P Promontory,NF Fa-
cial nerve, S Sigmoid sinus)

Fig. 68 Extended cochleostomy following posterior tympanotomy,with
schwannoma in the Scala tympani, arrowOsseous spiral lamina

Fig. 79 a Extended
cochleostomywith
schwannoma in the
Scala tympani and Scala
vestibuli, (arrowOsseous
spiral lamina);b intra-
operative situation after
extension of the poste-
rior tympanotomy and
resection of the incus
(PCCochleariforme pro-
cess, arrow head of the
stapes), cOpening of the
second turn (arrow) inferior
to cochleariforme process,
d after tumor resection
and insertion of the elec-
trode array, the tip of the
electrode is now seen in
the second cochleostomy
(arrow)
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Fig. 89 Speech
comprehension
with cochlear im-
plant (CI) in the
FreiburgMonosyl-
lable Test (FMT) in
quiet at 65 dB (SPL)
at the first fitting
(1st fitting) and
after 3–12months.
Patients 1 and 2
received their CI
sequentially (Seq.)

Consecutively, neurodegeneration at the
level of the spiral ganglion must be an-
ticipated. So at least in intracochlear
tumors, immediate CI treatment and
very early electrical stimulation appears
important to achieve the most favorable
rehabilitation results possible [18] as in-
dicated in the patient group presented in
this article. Wait and scan only appears
justified in the case of useable hearing.

Practical conclusion

4 Auditory rehabilitation after resec-
tion of intralabyrinthine schwanno-
mas by means of CI is successful.

4 Compared to the current wait-and-
scan policy, it represents a new
therapeutic management.

4 The results are promising; further
studies, especially of the long-term
course, are necessary.
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