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Study Design: Retrospective case review.
Setting: Tertiary referral center.
Patients: Ten patients (five men, five women, mean age
48� 12 yr) with profound or severe to profound hearing loss
due to intralabyrinthine schwannomas with intracochlear
location.
Interventions: Surgical tumor removal through extended
round window approach, partial or subtotal cochleoectomy
with or without labyrinthectomy and reconstruction of the
surgical defect with cartilage, perichondrium or temporal
muscle fascia, and bone pâté. Eight patients received a
cochlear implant in the same procedure.
Main Outcome Measures: Retrospective evaluation of clini-
cal outcome including safety aspects (adverse events) and
audiological performance at early follow up in cases of
cochlear implantation.
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removed in all cases
cope and endoscope)

tumor remnants in the bony labyrinth apart from one case
with initial transmodiolar growth. One patient needed
revision surgery for labyrinthine fistula. At short-term follow
up (3-month post-surgery), good hearing results with the
cochlear implant were obtained in all but one patient with a
word recognition score of 100% for numbers, and 64� 14%
for monosyllables (at 65 dB SPL in quiet).
Conclusions: Surgical tumor removal and cochlear implan-
tation is a promising treatment strategy in the management
of intralabyrinthine schwannoma with intracochlear loca-
tion, further extending the indication range for cochlear
implantation. It is, however, of importance to observe the
long-term outcome in these patients and to address chal-
lenges like follow up with magnetic resonance imaging.
Key Words: Acoustic neuroma—Cochlea—Cochlear
implant—Intracochlear—Intralabyrinthine—Surgery—
Vestibular schwannoma.
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chwannomas (ILS) are a rare sub- symptomatic with hearing loss, and
Intralabyrinthine s
group of benign tumors of the 8th cranial nerve. Due to
their location in the inner ear, the tumors usually become
/or vertigo, and/or
tinnitus, already when still very small. In some cases,
they may mimic diseases like Menière’s disease or
idiopathic sudden sensorineural hearing loss (ISSHL),
often resulting in single-sided deafness (SSD) (1–6).

Cochlear implantation has become a standard proce-
dure for hearing rehabilitation in bilateral profound
hearing loss or anacusis. There is growing evidence,
however, of the benefits of cochlear implantation also
in patients with SSD (7–12). Initial but limited reports on
cochlear implantation in patients with intralabyrinthine
schwannomas showed promising results with respect to
hearing rehabilitation (13–17). Due to the clinical char-
acteristics and the specifics of surgical accessibility of
ILS, new options evolve for the surgical management of
these tumors in combination with hearing rehabilitation,
that differ from the management strategies of ‘‘classical’’
vestibular schwannomas.

We here describe the surgical technique for tumor
removal, reconstruction of the defect, and safety aspects
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TABLE 1. Demographic data, surgical procedures, and pre- and postsurgical audiological data

Nr. Agea m/f
Side
R/L

Pre-op Hearing
Loss (4PTA

[dB HL]/
WRSmax) (%) Tumor Location Procedure

Post-op
(3 mo) WRS65

Numbers/
Monosyllables (%)

Last Available
Post-op WRS65

Numbers/
Monosyllables (%) (mo)

1 49 m L 109/0 Intracochlear (basal) Extended cochleostomy,
partial resection of basal
turn (Figs. 3 and 4 in (16))

100/75 100/95 (24)

2 60 f R >110/0 Intracochlear (basal) Partial cochleoectomy,
reconstruction with
separation of the first and
second cochlear turn with
cartilage and CI-dummy
insertion [Fig. 5 in (16))

Dummy, no CI n/a

3 47 f R >110/0 Intracochlear (entire
cochlea)

Subtotal cochleoectomy,
reconstruction and CI-
dummy insertion (19)

Dummy, no CI n/a

4 60 f R >110/15 Intracochlear Subtotal cochleoectomy,
reconstruction and CI
(Fig. 6 in (16))

30/0 (at first fitting) Lost to follow-up

5 33 m R 79/30 Intracochlear (middle
and apical turn)
and (initially
multilocular:
þIAC/CPA)b

Subtotal cochleoectomy,
reconstruction and CI
(removal of tumor in IAC/
CPA via retrosigmoidal
approach 5 yr before)b

100/50 100/70 (6)

6 36 f R >110/0 Intravestibulo-
cochlear

Subtotal cochleoectomy þ
labyrinthectomy,
reconstruction and CI

100/55 100/30 (6)

7 51 m L 74/15 Intracochlear (middle
and apical turn)

Subtotal cochleoectomy,
reconstruction and CI

100/45 100/80 (6)

8 32 m L 98/0 Intracochlear (basal
turn)

Subtotal cochleoectomy,
reconstruction and CI

100/85 100/95 (6)

9 48 f R >110/0 Intravestibulo-
cochlear (initially
transmodiolarc)

Partial cochleoectomy and
tumor removal by ‘‘pull-
through’’ þ
labyrinthectomy,
reconstruction and CI
(removal of IAC via
retrosigmoidal approach 3
yr before)c

100/65 100/65 (6)

10 67 m R 80/0 Intracochlear (basal
and partial middle
turn)

Subtotal cochleoectomy,
reconstruction and CI

100/75 100/75 (3)

48� 12 5f/5m 7R/3L 99� 14/6� 9 100/64� 14d

aAge: age at surgery.
bPatient 5: On retrospective evaluation of initial MRI, a clear distinction between the vestibular schwannoma in the lateral portion of the IAC

and the CPA and a (at that time undiagnosed) small ILS in the apical turn of the cochlea could be seen.
cPatient 9: This tumor was most likely initially a (non-diagnosed) transmodiolar tumor three years before partial cochleoectomy,

labyrinthectomy, and CI the patient underwent surgical removal of an intrameatal vestibular schwannoma through a retrosigmoidal approach in
the department of neurosurgery.

dWithout patient 4.
4PTA indicates average air conducted pure tone threshold of four frequencies (0.5, 1, 2, 4 kHz); CI, cochlear implant (CI512, Cochlear,

Sydney, Australia); CPA, cerebellopontine angle; IAC, internal auditory canal; m/f, male/female; R/L, right/left; WRSmax, maximum number of
monosyllabic words understood (in %); WRS65, percentage of words understood (numbers and monosyllables separately tested).

Patients 1 to 4 have been reported in a previous case series (16) and case report (19), as referenced in the ‘‘Procedure’’ column of this table.
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of the resection of intralabyrinthine schwannomas with
intracochlear location or extension, and the short-term
functional outcome after cochlea implantation.
MATERIALS AND METHODS

Between 2011 and 2017, 10 patients underwent surgery for
removal of an ILS with intracochlear location in our university
Otology & Neurotology, Vol. 39, No. 3, 2018
department (tertiary referral center) (Table 1). Eight patients
received a cochlear implant (Model Nucleus CI512, Cochlear,
Sydney, Australia) in a single stage procedure together with
tumor resection. Two patients opted for insertion of a dummy
electrode carrier (insertion test device, MedEl, Innsbruck,
Austria), understanding and explicitly asking for it, although
this is an off-label procedure. In one case (patient 2) the patient
did not want a cochlear implant for personal reasons but wanted
to keep the option of a possible cochlear implantation in the



future. The other patient (patient 3) wanted to keep optimal
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conditions for repeated MRI scans for follow up for residual or
recurrent tumor before deciding about a cochlear implantation
in the future. Surgery was performed in all patients under
general anesthesia.

RESULTS

Figures 1 and 2 show the surgical removal of an intra-
cochlear ILS via subtotal cochleoectomy and cochlear
implantation. After opening the cochlear capsule, the
tumor was identified and the cochlear turns were subse-
quently opened following the tumor until the scalar lumina
were free of tumor. A cochlear implant electrode carrier
(Model Nucleus CI512, Cochlear, Sydney, Australia) was
placed around the preserved basal part of the modiolus.
The bony arch (�) of the round window and pieces of
cartilage were used to stabilize the position of the cochlear
implant electrode carrier. In cases with a subtotal cochle-
oectomy, the defect was closed with a cartilage-perichon-
drium compound transplant with cartilage island and bone
pâté (Figs. 1E–G and 2F). In two patients, an additional
labyrinthectomy was necessary due to additional tumor
location in the vestibule (patients 6 and 9 in Table 1). In one
case (patient 9 in Table 1), a monofilic suture was placed
through the tumor via an opening in the basal and in the
second turn. After placing two knots at the end of the
suture, the tumor was removed by pulling the monofilic
strand backwards (Fig. 2G and H).

The surgical approach was through a retroauricular
incision and involved a simple mastoidectomy, and, in
cases with cochlear implantation, a posterior tympanot-
omy. Cochlear tumor resection was done through the
external ear canal. Apart from the patients were the tumor
could be removed through an extended round window
approach or a partial cochleoectomy of the anterior parts
of the basal and middle turn (patients 1 and 2 in Table 1),
the incus had to be removed to get access to the cochlea.
The chorda tympani could be preserved only in some
cases. The vulnerable structures in the vicinity of the
surgical field that need to be considered are the facial
nerve (Figs. 1B and 2B, D, E), the internal carotid artery
(Fig. 2B), and the modiolus (Figs. 1C and 2D, E). There
were no cases of postoperative infection or facial paral-
ysis. Patients without preoperative complete loss of
peripheral vestibular function in the tumor ear (i.e., all
patients apart from patients 6 and 9 in Table 1) suffered
from postoperative vertigo with a duration from some
days to some weeks. No patients suffered from vertigo
from the 6th week follow up examination onward. One
patient needed revision surgery due to a fistula from the
‘‘neochochlea’’ and due to a small tympanic membrane
perforation. This patient, however, was extremely moti-
vated and started exercising already on the 2nd day after
the first surgery, repeatedly climbing stairs to the 7th
floor of the hospital, which might have contributed to
the fistula. The fistula was successfully closed through
an endaural approach with tragal perichondrium and
TachoSil sealant matrix (Takeda Austria-GmbH, Linz,
Austria). The cochlear implant remained ‘‘untouched’’
without any electrophysiological or functional changes.
The small tympanic membrane defect was closed in the
same session with tragal perichondrium. In all but one
case, surprisingly good audiological performances with
the cochlear implant were observed already after a
3 months follow up period (Table 1).

DISCUSSION

Like ‘‘classical’’ vestibular schwannomas (acoustic
neuromas) located in the internal auditory canal and
the cerebellopontine angle, intralabyrinthe schwannomas
can be managed with a ‘‘wait-and-test-and-scan’’ strat-
egy, with radiotherapy or with surgical tumor resection
with or without cochlear implantation (3,13–19). Alter-
native management strategies were, therefore, exten-
sively and repeatedly discussed with the patients
before surgery and within the interdisciplinary hearing
implant board of our hearing implant center. Patients
were offered surgery only if there was a strong wish for
surgical tumor removal and/or hearing rehabilitation with
a cochlear implant.

The extent of the surgical resection, i.e., extended
round window approach, partial or subtotal cochleoec-
tomy with or without labyrinthectomy, was based on
tumor location and extension. Similar ‘‘circum-modiolar
drill-out’’ procedures have been applied in cases of
labyrinthitis ossificans (20–23). In patients with intra-
labyrinthine schwannomas, however, there is no ossifi-
cation of the fluid spaces of the cochlea, and the tumor
could be resected from the bony labyrinth after removal
of parts of the cochlear capsule. Therefore, the term
‘‘cochlear drill-out’’ was not chosen here.

Although recovery from moderate to mild hearing loss
after surgery has been described for an intralabyrinthine
schwannoma with vestibular location (24), hearing pres-
ervation surgery for tumors with intracochlear location,
even if small, is not possible due to the extent of cochlear
trauma (Figs. 1 and 2). Thus, only cochlear implantation
can restore hearing on the affected side. A perimodiolar
(contour) electrode carrier was chosen to ensure elec-
trode placement close to the remaining spiral ganglion
cells in the stump of the modiolus (Figs. 1D and 2E).
Leaving a bony arch of the former round window, if
possible, helps to keep the electrode carrier in place
(Fig. 2E, �). A dummy electrode was used in two patients
according to their explicit wish, and patients were
informed and consented to the off-label use in these
cases. Due to the expected fibrosis and shrinkage of
tissue used for ‘‘reconstruction’’ around the thin elec-
trode dummy, the success of a later exchange to a
cochlear implant electrode carrier, however, is uncertain.
Indeed, initial observations with a staged approached for
surgical tumor resection and later cochlear implantation,
although limited to very few patients, found a poorer
prognosis for hearing with CI in these cases. Thus, the
reported single stage approach appears to have some
advantages with respect to hearing outcome compared
with a staged approach (13).
Otology & Neurotology, Vol. 39, No. 3, 2018



FIG. 1. Surgical removal of an intracochlear ILS via subtotal cochleoectomy and cochlear implantation in a left ear (patient 8 from Table 1):
A, MRI (coronal, T1-weighted image with contrast medium) showing the tumor (arrow) in the basal and partially in the middle turn. B, Tumor
(arrow) in the opened basal turn. The spiral osseous lamina and the organ of Corti are seen in the opened, tumor-free middle and apical turn.
C, Subtotal cochleoectomy with no signs of remaining tumor. D, Cochlear implant electrode carrier placed around the preserved basal part of
the modiolus. E, Cartilage-perichondrium compound transplant with cartilage island. F, Closure of the subtotal cochleoectomy defect with
the cartilage-perichondrium compound transplant and bone pâté (G). H, Postoperative, axial cone beam CT demonstrating the surgical
approach to the tumor (arrow) and electrode carrier position. BP indicates bone pâté; CP, cochleariform process; Ct, chorda tympani; CT,
computed tomography; ET, Eustachian tube orifice; ILS, intralabyrinthine schwannoma; M, modiolus; MH, malleus handle; PCW, posterior
canal wall; RW, former round window area; S, stapes head; T1þCM: T1-weighted image with contrast medium; TT, tensor tympani muscle;
VII: facial nerve. B, C, D: endoscopic view (0 degree, 3 mm).
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FIG. 2. A–F, Surgical removal of an intracochlear ILS via subtotal cochleoectomy and cochlear implantation in a right ear (patient 10 from
Table 1): A, MRI (coronal, T1-weighted image with contrast medium) showing the tumor (arrow) in the basal and partially in the middle turn.
B, Opening of the cochlear capsule in the anterior part of the basal turn showing the tumor (arrow). C, The spiral osseous lamina and the
organ of Corti are seen in the opened, tumor-free middle turn. Arrow: tumor in basal turn. White arrow head: internal carotid artery. D,
Subtotal cochleoectomy with no signs of remaining tumor; E, cochlear implant electrode carrier placed around the preserved parts of the
modiolus. The bony arch (�) of the round window stabilizes the position of the cochlear implant electrode carrier. F, Schematic of the
‘‘cochlear reconstruction’’ through closure of the subtotal cochleoectomy defect with a cartilage-perichondrium compound transplant and
bone pâté. The cochlear implant carrier is outlined in light/dark blue. G, H, Example for the ‘‘pull-trough-technique’’ for removal of an
intracochlear tumor (patient 9 from Table 1). A monofil suture is placed through the tumor via an opening in the basal and in the middle turn
(black arrow head). After placing two knots at the end of the suture, the tumor can be removed by pulling the monofil strand backwards. In
these cases, control for complete intrascalar tumor removal appears less reliable then after subtotal cochleoectomy. BP indicates bone pâté;
Ca, cartilage (Ca/P with perichondrium); CN, cochlear nerve; CP, cochleariform process; Ct, chorda tympani; ILS, intralabyrinthine
schwannoma; M, modiolus; MH, malleus handle; PCW, posterior canal wall; RW, round window; S, stapes head; T1 þ CM, T1-weighted
image with contrast medium; TT, tensor tympani muscle; VII, facial nerve; B, C, D, E, G: endoscopic view (0 degree, 3 mm).
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An alternative method to ‘‘subtotal cochleoectomy’’
for tumor removal, a ‘‘pull-through-technique’’, has been
applied in patient 9 of this case series (Fig. 2G and H).
Tumor resection through ‘‘an expanded cochleostomy of
the basal turn and an additional cochleostomy of the
second turn’’ was previously described by Aschendorff
et al. (13). Control for complete intrascalar tumor
removal, however, especially in the scalar segments
medially to the modiolus, appears less reliable then after
subtotal cochleoectomy. We considered this small risk
acceptable, since in this patient with an initially likely
transmodiolar growth (patient 9 in Table 1), some mini-
mal tumor remnants also most likely remained within
the modiolus.

Insertion of a cochlear implant without tumor removal,
i.e., insertion through the tumor mass in the cochlea, has
also been suggested as a way of successful hearing
rehabilitation in selected cases (14).

To our knowledge, there is no reported experience with
radiation therapy of intracochlear schwannomas. Hearing
rehabilitation with cochlear implants after radiotherapy
of ILS, however, appears very unlikely due to the
expected damage to the neural structures (cochlear spiral
ganglion cells). The disadvantage of a ‘‘wait-and-test-
and-scan’’ strategy includes transmodiolar tumor prog-
ress into the internal auditory canal (IAC). A transotic-
translabyrinthine tumor removal in these cases would not
allow rehabilitation with a CI (13,14,16).

Due to the accessibility of intralabyrinthine schwan-
nomas through the external ear canal and the mastoid,
which are standard access pathways for the otosurgeon,
in view of the good audiological short-term hearing
results after CI, and the limited impact on vestibular
function, surgical removal of intracochlear ILS is con-
sidered a promising therapeutic strategy. It will be of
importance, however, to observe the long-term outcome
in these patients, and if for instance fibrosis and ossifi-
cation will become a problem following this approach.
Initial results after 2-year follow up in patient 1 (with an
extended round window approach) and results after
6 months in patients with subtotal or partial cochleoec-
tomy (Table 1) are promising so far. If hearing rehabili-
tation in these patients is successful also in the long term,
this would add interesting aspects to the discussion about
the role of ‘‘soft surgery approaches’’ and other technical
issues in cochlear implantation.

Future challenges include MRI-follow-up for tumor
recurrence or residual tumor growth. Although a com-
plete removal cannot be guaranteed by the surgical
techniques above, and microscopic tumor cells especially
in the modiolus may remain, this may not lead to
situations requiring treatment in the future, based on
the very slow growth tendency of ILS (25). In addition,
initial observations have already demonstrated that imag-
ing of the inner ear, the internal auditory canal, and the
cerebellopontine angle is possible even after cochlear
implantation (14,26).
Otology & Neurotology, Vol. 39, No. 3, 2018
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