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Abstract The objective of the study was to determine the
temporal occurrence of cochlear obliteration following
translabyrinthine vestibular schwannoma resection. A ret-
rospective chart review, cross-sectional study, and
sequential analysis of the time series were performed. The
retrospective study included patients undergoing translab-
yrinthine resection for stage T1-T2 vestibular schwannoma
from 2007 to 2010 without prior therapy and postoperative
follow-up including MRI of the brain and the cerebello-
pontine angle. Already 3 months after surgery a radio-
graphic labyrinthine change was observed in 66.7 %, a
partial obstruction in 50 %, and an obstruction limited to
the saccule in 16.7 %. Only 33.3 % of the patients showed
an unchanged inner ear. In consideration of early cochlear
obstruction after translabyrinthine vestibular schwannoma
resection, temporary follow-up is necessary. Since the
indications for cochlear implantation (CI) have been
extended, especially concerning patients with single-side
deafness, a simultaneous or early second-stage CI after
tumour removal should be discussed.
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Introduction

Fibrosis or ossification of the inner ear arises from vascular
compromise and inflammatory processes such as middle
ear infection, meningitis, labyrinthitis, and sepsis. Laby-
rinthine ossification is also observed after previous trauma
or surgery of the temporal bone [1, 2]. Vascular occlusions
were found to play an important role in the pathogenesis [3,
4]. Experimental occlusion of the labyrinthine artery in
animals results in progressive fibrosis and osteoneogenesis
of the cochlea [3, 4]. Therefore, neo-ossification does not
only occur soon after surgical destruction of the cochlea
during translabyrinthine vestibular schwannoma removal
and labyrinthectomy, but also after middle fossa approa-
ches. Histological examinations of temporal bones dem-
onstrated severe haemorrhages of the cochlea at 17 h and
consecutive ossification and damage of the spiral ganglion
cells and cochlear nerve 411 years after translabyrinthine
surgery [5]. These early degenerations of the cochlea limit
the hearing rehabilitation by cochlear implantation (CI),
especially if there is a significant delay between vestibular
schwannoma surgery and CI, although sparing the cochlea
nerve [6]. As hearing loss is the most common complaint
after vestibular schwannoma surgery, implicating a worse
quality of life [7, 8], it is important to detect the right time
interval for a possible CI. Many authors recommend a
simultaneous or subsequent CI soon after surgery without
specifying the remaining scope [6, 9-11]. There are
numerous histological studies demonstrating the changes in
the cochlea of the temporal bones after vestibular
schwannoma surgery during the lifetime [5, 12, 13]. Fur-
thermore, examination of the signal intensity change of the
cochlea in two- or three-dimensional FLAIR sequence MR
imaging (MRI) of vestibular schwannoma patients without
prior surgery [14, 15] and studies describing early cochlea
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ossification after meningitis in high-resolution computed
tomographic scans [16] are available. The MRI is an
excellent tool to show details concerning fibrous or osseous
changes to the cochlea in the membranous labyrinth, with a
sensitivity of 100 % in predicting cochlear obstruction
[17]. However, magnetic resonance appearances of the
inner ear were described in patients who underwent surgery
of acoustic neuroma after a middle fossa approach [2]. The
objective of this examination was to document the onset
and extent of labyrinthine obliteration after translabyrin-
thine vestibular schwannoma resection was detected in T2-
weighted high-resolution MRI.

Materials and methods

Twenty-six patients surgically treated for unilateral T1-T2
vestibular schwannoma via a translabyrinthine approach at
the Department of Otorhinolaryngology, Head and Neck
Surgery of the Duesseldorf University Hospital were ret-
rospectively reviewed for a 3-year period between 2007
and 2010. Patients with vestibular schwannomas operated
via other approaches (e.g. retrosigmoid, middle fossa
approach), a prior conventional or gamma knife surgery,
or without at least 14 months of follow-up including MRI
of the brain and the cerebellopontine angle were not
evaluated. Twelve of 26 patients were excluded because
the MRI scans were not performed in our neuroradiology
department and were not available or insufficient for an
assessment of the cochlea. The patient characteristics of
the remaining 14 patients are demonstrated in Table 1.
The IRB approval was obtained in May 2012 by the
Institutional Review Board of Duesseldorf University.
Patients obtained one to three postoperative MRI scans,

Fig. 1 Left internal auditory canal (Patient 7) and preserved cochlea
signal (single arrow) 3 months after translabyrinthine VS removal
and fat obliteration (double arrow). Axial T2-weighted 3D-CISS
high-resolution MR

which were performed annually during regular follow-up
visits. Additional scans were performed when patients
were symptomatic. A neuroradiologist retrospectively
reviewed each MRI scan and classified each ear into four
groups: absence of any morphologic labyrinthine change
(e.g. Fig. 1), obliteration of the saccule, partial oblitera-
tion of the cochlea (e.g. Fig. 2), and complete obliteration
of the cochlea (e.g. Fig. 3) based on T2-weighted scans.
From a total of 25 postoperative routine T2-weighted
scans, 23 high-resolution 3D-CISS (constructive interfer-
ence in steady state) data sets with 0.6- to 0.8-mm slice
thickness and two postoperative conventional T2-weighted
data sets with 5-mm slice thickness and satisfactory
visualisation of the labyrinth were evaluated. All exam-
inations were performed on 1.5- or 3-Tesla units. MRI
scans were performed between 2009 and 2012, with a
follow-up ranging from 1 to 47 months postoperatively.
The data were entered into an Excel spreadsheet
(Table 2), and a descriptive statistic was compiled in
terms of two cross-sectional studies and one sequential
analysis of the time series (Table 3).

Table 1 Patient characteristics

Patient Gender Age Diagnosis Side AAO-HNS* Estimation of the Microscopic integrity
extent of tumour removal  of VIII nerve
1 M 66 VS L C Near total +
2 M 40 VS R B Total +
3 F 51 VS R A Total +
4 F 30 A L B Near total +
5 M 68 AN R B Total +
6 M 65 VS R C Total +
M male, F female, VS vestibular 7 M 66 VS L D Near total +
schwannoma, L left, R right
8 M 42 AN L D Total +
% AAO-HNS: American Academy
of Otolaryngology-Head and Neck o F 32 VS L B Total +
Surgery, hearing status of tumour 10 M 27 \& L A Total +
ear at the time of intervention [31] 11 F 70 VS R D Total +
® Duration of deafness: 3 years 12 F 85 VS L D Total +
preoperatively 13 F 76 VS R D Total n
¢ Duration of deafness: at least 14 F 70 VS R D Total +

2 years preoperatively
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Fig. 2 Left internal auditory
canal (Patient 7) and reduced
cochlea signal (double arrow)
as a sign of partial obliteration
in contrast to the right normal
cochlea signal (single arrow)
15 months after surgery. Axial
T2-weighted 3D-CISS high-
resolution MRI

Fig. 3 Left internal auditory canal (Patient 7) and lost hyperintensive
cochlea signal as a sign of complete obliteration 21 months after
surgery (arrow). Axial T2-weighted 3D-CISS high-resolution MRI.
Normal T2-hyperintense signal of the right inner ear

Results

Twenty-five MRI scans were reviewed to assess the time
course of signal intensity of the inner ear after removal of
the translabyrinthine vestibular schwannoma. In a total of
14 patients, a high rate of morphologic labyrinthine chan-
ges in the postoperative routine T2-weighted MRI was
noticed independently of the time interval or frequency of
examination.

To focus on the time of diagnosed radiographic cochlear
obstruction we established a first cross-sectional study after
1 year. 88.9 % of our patients had evidence of labyrinthine
obstruction: there was complete cochlear obstruction in
33.3 %, the cochlea was partially obstructed in 22.2 %, and
the obstruction was limited to the saccule in 33.3 %. There
was alow rate in the remaining 11.1 % without any change of
signal intensity 1 year or later after translabyrinthine surgery.

Due to these distinctive morphologic changes of the
inner ear, a second cross-sectional study after a consider-
ably shorter time slice of 3 months after surgery was
issued. In this study a radiographic labyrinthine change was
observed in 66.7 %. A partial obstruction was observed in
50 % and an obstruction limited to the saccule in 16.7 %.
Only 33.3 % showed an unaffected inner ear 3 months
after vestibular schwannoma resection (Table 3).

The sequential analysis of the time series showed a
severe increase of labyrinthine obliteration in 50 % on

comparing the MRI scans performed 3 months post-sur-
gery to those performed after 1 year or later.

Discussion

If hearing was lost after unilateral resection of a vestibular
schwannoma, a cochlear implant (CI) would be one pos-
sible strategy for acoustic rehabilitation to reach a binaural/
stereophonic hearing. Hearing loss not only occurs sud-
denly during the course of operation in translabyrinthine
procedures attributed to surgical trauma, but a decrease in
hearing is also observed over time in the majority of
patients after a middle fossa or retrosigmoid approach with
initial hearing preservation, possibly due to a loss of ter-
minal blood supply via the labyrinthine artery [2—4, 6, 18].
Cochlear implantation was successfully performed after a
retrosigmoid and middle fossa approach as well as after
labyrinthectomy [11, 19, 20]. This strategy implies not only
a preserved cochlear nerve, but also patency of the cochlear
turns. Fibrosis and ossification of the cochlea after tumour
removal can lead to surgical failure of a delayed CI
insertion, as described by Aristegui [19] 1 year after
translabyrinthine VS removal in the case of a neurofibro-
matosis 2 (NF-2). Subsequent [9, 21] and simultaneous [19,
22, 23] CI after vestibular schwannoma surgery is dis-
cussed by several authors with different outcomes. The first
simultaneous resection of a VS and CI in an NF-2 patient
was presented by Arriaga and Marks [23] in 1995. The
following simultaneous and early implantations 6 weeks to
4 months after tumour removal showed good postimplan-
tation outcomes [9, 19, 21, 24]. There were also delayed
but  successfully performed implantations  after
5-96 months [25-27]. Most authors recommend a simul-
taneous or early second-stage implantation before degen-
erative changes affect the cochlea [5, 6, 12, 19, 22], but
there has been no other report on radiographic cochlear
obstruction after translabyrinthine vestibular schwannoma
resection in MR imaging. Our results already show a
radiographic labyrinthine change in 66.7 % after 3 months
postoperatively, and 88.9 % of our patients had evidence of
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Table 2 Labyrinthine appearance in the MRI control

Patient MRI/conventional

MRI/3D-CISS Labyrinthine appearance

In the MR control <3 months

In the MR control
>3 months
<1 year

In the MR control >1 year

1 0 2

2 1 1 Partially obliterated cochlea -
3 0 3 Obliterated saccule

4 0 2 -

5 0 1 -

6 1 0

7 0 4 No appearance of obliteration —
8 0 2 -

9 0 2 Partially obliterated cochlea -
10 0 1 -

11 0 2 -

12 0 1

13 0 1 -

14 0 1 -

Partially obliterated cochlea Partially obliterated cochlea
Completely obliterated cochlea
- Obliterated saccule®

- Obliterated saccule®

- Completely obliterated cochlea

No appearance of obliteration — -

Completely obliterated cochlea®
- No appearance of obliteration®
Partially obliterated cochlea
Partially obliterated cochlea -

Obliterated saccule® -

Partially obliterated cochlea - -

Obliterated saccule -
- Obliterated saccule

MRI magnetic resonance imaging (conventional), 3D-CISS three-dimensional constructive interference in steady-state sequence

# More than one scan

Table 3 Radiographic labyrinthine appearance

2. Cross-sectional
study

3 Months post-
surgery (%)

1. Cross-sectional
study

1 year post-
surgery (%)

Evidence of labyrinthine 88.9 66.7
obstruction
Complete cochlear 333 0
obstruction
Partial cochlear 22.2 50
obstruction
Obstruction of the saccule 33.3 16.7
Without labyrinthine 11.1 333
change

labyrinthine obstruction after 1 year, making insertion of
an intracochlear electrode impossible. Focusing on our
very early findings in MRI scans after 3 months, the pro-
gress of labyrinthine obliteration of each patient shows a
high individual range: two of our patients showed no or
only a partial obliteration of the cochlea that ended up in
total obliteration at 1 year; two patients remained only
partially obstructed at 1 year. The reason for such a dif-
ferent progression is still unclear. Various etiologies for
cochlear obliteration are discussed, with the most early and
extensive being observed after meningitis [1-5, 28]. The
reason for a fast advance of cochlear obliteration after a
translabyrinthine approach might be the combination of
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different causes, such as surgical trauma and consecutive
labyrinthine infection [28].

The two rapid developments of total cochlear oblitera-
tions show how tight the time frame for uneventful hearing
rehabilitation by cochlear implantation can be, which are
implications for early implantation. None of our retro-
spectively analysed patients received a cochlear implant,
and one patient with a good contralateral hearing status
required a CROS-BAHA rehabilitation.

Although our retrospective data sets show inhomoge-
neity concerning the postoperative time interval of the MRI
and the performance with different scanner magnet
strengths, they underline the advice of a contemporary
follow-up and the implication for early implantation. It
should include very early high-resolution MRI of the inner
ear and a discussion of a CI after translabyrinthine VS
resection in one procedure, or a sequential or sleeper
cochlea electrode array which is replaced in the subsequent
CI placement. Among the ossifications, a prolonged post-
operative time interval, inappropriate electrophysiological
testing as well as good contralateral hearing can influence
the performance after CI implantation [29, 30]. The easier
control of early complication after tumour surgery and the
attempt of hearing augmentation with hearing aids
including CROS rehabilitations argue for a contemporary
sequential procedure within 3—4 months, provided that
early control MRI were conducted.

In small intralabyrinthine vestibular schwannomas, a
simultaneously performed procedure may be reasonable.
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Future prospective studies with predetermined time

intervals of postoperative high-resolution 3D-CISS MRI
scans with equal scanner magnet strengths would be of
great interest and helpful to integrate the here-presented
data to the literature.

Conclusion

After translabyrinthine vestibular schwannoma resection,
cochlea changes occur earlier than expected. An early
follow-up should be offered to these patients and a con-
temporary sequential cochlear implant or a placeholder
electrode array discussed before tumour removal.
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