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INTRODUCTION
The presence of a vestibular schwannoma (VS) as well as its surgical treatment, via either a translabyrinthine or a retrosigmoid ap-
proach, may lead to micro-histological cochlear alterations, retro-cochlear or cochlear sensorineural hearing loss, and cochlear os-
sification. Retro-cochlear type of sensorineural hearing loss is most likely to be caused by cochlear nerve compression and atrophy; 
Cochlear type of sensorineural hearing loss could be caused by compromised cochlear microcirculation and cochlear hypoxia or by 
ototoxic signaling proteins that are released by the schwannoma itself [1-5]. Surgically induced hemorrhage could in turn lead to hya-
linization and atrophy of the stria vascularis, causing cochlear fibrosis and ossification [6,7]. All these histological alterations may lead 
to secondary spiral ganglion cell and cochlear nerve degeneration. However, a large population of spiral ganglion cells may survive 
many after years of surgery. Thus, cochlear implantation may be successful, given that the cochlear nerve is spared [8-13]. Ossification 
can compromise future cochlear electrode implantation; therefore, cochlear implantation is ideally considered before any ossifi-
cation is initiated. It can be argued that VS patients with expected postoperative deafness and chances of postoperative cochlear 
obliteration should be offered simultaneous cochlear electrode or placeholder implantation [14, 15]. This may especially be indicated 
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OBJECTIVES: To assess the incidence and onset of cochlear obliteration after translabyrinthine and retrosigmoid vestibular schwannoma surgery.

MATERIALS and METHODS: We retrospectively identified a consecutive series of eighty ears in eighty vestibular schwannoma patients who were 
treated via a translabyrinthine or retrosigmoid approach by a single neuro-otological surgical team in a tertiary referral center from May 2011 to 
January 2018. Postoperative, high- resolution T2-weighted turbo spin echo three-dimensional magnetic resonance (MR) images of the posterior 
fossa were evaluated at the level of the membranous labyrinth and internal auditory canal. Perilymphatic patency of the vestibule, basal, and 
apical cochlear turns were scored and classified as patent, hypointense, partially obliterated, or completely obliterated.

RESULTS: Twenty-five vestibular schwannomas were treated with surgery via a translabyrinthine approach, and fifty-five were treated using a 
retrosigmoid approach; of these, 8% and 65%, respectively, showed no signs of perilymphatic alterations in the basal or apical turns, while 84% 
and 20%, respectively, showed partial or complete obliteration in the basal or apical turns with a mean postoperative interval of 127 and 140 days, 
respectively. All the patients who underwent multiple MR scans and had a completely patent perilymphatic system on the first postoperative scan 
remained patent during subsequent scans; 16% of the patients showed worsened perilymphatic appearance. The onset of cochlear obliteration 
occurred within 2–7 months in most translabyrinthine patients.

CONCLUSION: These findings may support the need for simultaneous cochlear electrode or dummy implantation in translabyrinthine surgery. 
Second-stage implantation could be feasible in cases where a retrosigmoid approach is used; however, the implantation should be considered 
within the initial months to avoid cochlear obliteration. Findings on the first postoperative MR could indicate the need for intensified MR fol-
low-up and may even predict the occurrence of cochlear obliteration.
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in patients with contralateral deafness or bilateral VS. It may even be 
indicated in patients with potential unilateral postoperative deafness 
because cochlear implantation can also improve sound localization 
and speech perception in these cases [16-18]. In this study, we decid-
ed to assess the incidence and onset of cochlear obliteration after 
translabyrinthine and retrosigmoid VS surgery. The main objective 
was to determine if and when there is a potential need for simultane-
ous or second-stage placeholder or electrode implantation.

MATERIALS AND METHODS

Inclusion and Exclusion Criteria
A retrospective cohort study was performed in our tertiary referral 
center after obtaining approval from the Institutional Review Board. 
Patients with VS who were treated using a translabyrinthine or retro-
sigmoid approach were identified retrospectively. The choice of sur-
gical approach was based on the size of the VS, degree of extension 
within the internal acoustic meatus, and patient-related factors, such 
as residual preoperative hearing, comorbidity, and age. All patients 
without adequate postoperative, high-resolution T2 TSE 3D MR im-
aging of the posterior fossa were excluded. This mainly included re-
cently operated patients or those who underwent different postop-
erative MR imaging at their referring center. Revision cases, patients 
with neurofibromatosis, and patients who underwent simultaneous 
surgery that may have affected the cochlear patency, such as cochle-
ar electrode or placeholder implantation, were also excluded. Finally, 
80 ears consecutively operated by a single neuro-otological surgical 
team from May 2011 to January 2018 were included in this study.

Diagnostic Imaging Protocol
Two observers independently reviewed the pre- and postoperative 
high-resolution T2-weighted turbo spin echo three-dimensional 
magnetic resonance (T2 TSE 3D MR) images of the posterior fossa. 
Images were acquired from a 3-Tesla magnetic resonance scan-
ner (MAGNETOM Skyra-Fit; Siemens, Erlangen, Germany) using a 
32-channel array head coil. Images were obtained in the axial plane 
at the level of the membranous labyrinth and internal auditory canal. 
These images allow for a detailed visualization of the membranous 
labyrinth, with high sensitivity, specificity, and predictive value in the 
assessment of cochlear patency, mainly in early types of obliteration 
[19,20]. Perilymphatic patency was evaluated in the vestibule, basal turn, 
and apical turns. Perilymphatic patency in these subunits was classi-
fied as either patent, decreased radiodensity, partially obliterated or 
completely obliterated. A subunit was considered patent if it showed 
hyperintense radiodensity comparable to that of the unaffected con-
tralateral side, and if a perilymphatic subunit showed decreased hy-
perintensity, it was described as such (Figure 1). Perilymphatic filling 
defects or zones with an absence of hyperintense radiodensity in the 
perilymphatic subunit were considered as being partially obliterated 
(Figure 2). The subunit was considered to be completely obliterated 
in the total absence of any hyperintensity (Figure 3).

Statistical Analysis
All the data were entered in a Microsoft Excel spreadsheet, and sta-
tistical analyses were conducted using the Statistical Packages for 
the Social Sciences (SPSS) 24.0 (IBM Corp.; Armonk, NY, USA). Interob-
server agreement was assessed using kappa analysis for categorical 
data. Sample t-test and two-tailed Fisher’s exact test were used for 

the statistical analyses. Categorical data are presented as frequencies 
and percentages. p<0.05 was considered to indicate a statistically 
significant difference.

RESULTS
Eighty ears in eighty VS patients undergoing surgery via a translab-
yrinthine or retrosigmoid approach were included in this study, 
and eleven VS patients undergoing surgery via similar approaches 
were excluded. Total 48 (60%) subjects were women, and 32 (40%) 
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Figure 1. a-f. Imaging before and after surgery via a translabyrinthine ap-
proach for a left-sided VS. a) Preoperative patency in the basal turn; b, c) Pre-
operative patency in the apical turns; d) Postoperative partial obliteration in 
the basal turn; e, f ) Postoperative decreased radiodensity in the apical turns.
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were men. The percentage of those operated on the left side (56%; 
N=45) was slightly lower than that of those operated on the right 
side (44%; N=35). Twenty-five VS patients (31%) were treated 
through a translabyrinthine approach and fifty-five (69%) through a 
retrosigmoid approach. The mean time until the first postoperative 
MR follow-up was 150 days (SD 134), and the mean time until the last 
MR follow-up was 824 days (SD 705). Total 72% (N=57) of the patients 
underwent their first postoperative scan within 4 months, and 71% 
(N=56) had already undergone two or more postoperative scans at 
the time of data collection. Most patients (75%) with the first postop-
erative MRI within 4 months had already undergone a second or third 
postoperative MR scan at the time of data collection.

After comparison of all the observations (patent, hypointense, partial 
obliteration, or total obliteration) of both observers in subsequent 
scans, the inter observer agreement of independent observations 
showed a measure of agreement with a kappa of 0.927 (p=0.000). 
When the difference in the observations were discussed case-by-
case, the observers agreed on a classification for all the cases, and 

scoring was adjusted accordingly for further analyses. The findings 
were as follows: 100% (N=29) of the patients with multiple postoper-
ative scans and a completely patent perilymphatic system on the first 
postoperative scan remained patent during the subsequent scans. 
The mean duration till the first postoperative MRI in these cases was 
158 days (SD 138). Further, 16% (N=9) of the patients with multiple 
postoperative T2 TSE 3D MR scans showed worsened perilymphatic 
appearance at the subsequent scans (e.g., hypo-intensity advancing 
toward partial obliteration or partial obliteration advancing toward 
complete obliteration). We also observed that 6.6% (N=2) of the ears 
showing patent cochlear turns with hypo-intensity or partial obliter-
ation in the vestibule showed obliteration of the cochlear turns at a 
later stage. Two of six ears (33%) with multiple postoperative scans 
and hypo-intensity anywhere in the perilymph without signs of oblit-
eration on the first postoperative scan progressed to partial or total 
obliteration in the cochlear turns. In both these cases, a retrosigmoid 
approach was used. Further, these cases had different duration till 
the first postoperative scan (81 vs. 489 days) and a very different 
timespan until the obliteration first occurred on the scan (501 vs. 
1896 days).

Total 8% (N=2) of those in the translabyrinthine approach group did 
not show any obliteration or decreased radiodensity in the cochlear 
turns at the most recent postoperative MR scan. In contrast, in the 
retrosigmoid approach group, 65% (N=36) did not show any oblit-
eration or decreased radiodensity in the cochlear turns at the most 
recent MR scan. Further, 84% (N=21) of those in the translabyrinthine 
approach group showed partial or complete obliteration of the bas-
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Figure 2. a-e. Imaging before and after surgery via a translabyrinthine ap-
proach for a right-sided VS. a) Preoperative patency in the basal turn; b, c) 
Preoperative patency in the apical turns; d) Postoperative partial obliteration 
in the basal turn; e) Postoperative complete obliteration in the apical turns.
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Figure 3. a-d. Imaging after surgery via a retrosigmoid approach for a left-sid-
ed VS. a) Preoperative patency of the basal turn; b, c) Preoperative patency of 
the apical turns; d) postoperative complete obliteration.
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al or apical turns with a mean duration of 127 days (SD 78.4) until 
the first documented signs of perilymphatic obliteration. Only 20% 
(N=11) of the retrosigmoid approach group showed partial or com-
plete obliteration in the basal or apical turns, with a mean duration of 
410 days (SD 536) until the first documented signs of perilymphatic 
obliteration (Table 1).

DISCUSSION
Complete loss of cochlear function can occur after VS surgery with 
a translabyrinthine, retrosigmoid, or middle fossa approach [21-23]. Si-
multaneous cochlear implantation has increasingly been performed 
in surgeries performed via a translabyrinthine approach during the 
previous two decades owing to the high chance of hearing loss and 
risk of cochlear obliteration [14, 15, 17, 24]. Simultaneous cochlear elec-
trode implantation might be indicated in surgeries performed via 
any approach that includes a high risk of profound postoperative 
sensorineural hearing loss and cochlear obliteration. Based on our 
data and previous findings, the onset of cochlear obliteration could 
occur until several years after VS surgery [25, 26]; however, signs of 
perilymphatic alterations are commonly observed during the early 
stages; absence of these signs appears to predict a long-term patent 
cochlea. In our series, all patients (N=32) with eventual perilymphatic 
obliteration in the basal or apical turns showed partial perilymphat-
ic obliteration or decreased perilymphatic radiodensity at their first 
postoperative scan. Alternatively, all patients with a completely pat-
ent perilymphatic system at the first postoperative scan remained 
patent during the subsequent scans (N=29). The onset of oblitera-
tion of the membranous labyrinth causes potential loss of a chance 
for cochlear implantation. Hearing revalidation after VS surgery with 
cochlear implantation is possible, and simultaneous cochlear elec-
trode or placeholder implantation seems to be indicated in certain 
cases. To benefit postoperative sound localization and speech per-
ception it might even be indicated in cases with expected postoper-
ative unilateral deafness [16-18]. The preservation of the hearing ability 
after translabyrinthine VS surgery has occasionally been reported 
[27-29]; however, this is very unlikely due to damage to the membra-
nous labyrinth that usually leads to loss of cochlear function, even if 
the vascular supply and the cochlear nerve are preserved. According 
to our data, a large number of ears for which a translabyrinthine ap-
proach has been used will not only loose the hearing ability, but also 
show an onset of cochlear obliteration within 2-7 months. This might 
hinder cochlear implantation, and if implantation in an obliterated 
cochlea is achieved, the hearing outcome might not be as good as 

expected [30]. Hence, simultaneous cochlear electrode implantation 
might be chosen during surgery via a translabyrinthine approach. 
When financial issues or the need for MR imaging follow-up (e.g., af-
ter partial tumor removal) do not allow direct cochlear electrode im-
plantation, a placeholder could be used to prevent obliteration and 
facilitate future electrode implantation. The disadvantages of using a 
placeholder could be that it would not stimulate the spiral ganglion 
cells and fail to prevent diminishment of the spiral ganglion cell pop-
ulation. After all, the number of functional ganglion cells at the time 
of implantation might be an important factor influencing the func-
tional outcome [31-34]. After performing surgery via a retrosigmoid ap-
proach, second-stage implantation might be indicated immediately 
on observation of postoperative deafness. This should then be con-
sidered within the initial postoperative months to prevent cochlear 
obliteration; however, it is difficult to determine a recommended 
time interval for implantation based on our data. We found that oblit-
eration is unlikely once a completely patent perilymphatic system is 
observed on the first postoperative MR scan.

CONCLUSION
Partial loss of signal or obliteration in the vestibule and cochlear peri-
lymph occurred in the majority (84%) of surgeries performed using a 
translabyrinthine approach. However, this effect was observed in 1/5th 
of the surgeries performed using a retrosigmoid approach. Consider-
ing the expected postoperative sensorineural hearing loss, these find-
ings support the need for simultaneous cochlear implantation in VS 
surgeries using a translabyrinthine approach. Implantation could be 
performed with direct cochlear implant electrode insertion or with 
the use of a placeholder. Second-stage cochlear implantation might 
be considered in surgeries performed via a retrosigmoid approach, re-
sulting in documented profound postoperative sensorineural hearing 
loss; especially if a functioning cochlear nerve is observed on periop-
erative intra-cochlear or intracranial nerve examination. Findings on 
the first postoperative MR could show the need for intensified MR 
follow-up and may even predict the occurrence of cochlear oblitera-
tion. If cochlear implantation is considered, it should be done within 
the initial postoperative months to prevent cumbersome insertion and 
suboptimal functional outcome due to cochlear obliteration.

Ethics Committee Approval: Ethics committee approval was received from 
the Medical Ethics Committee of GZA Hospitals (5-2-2019).

Informed Consent: Informed consent is not necessary due to the retrospec-
tive nature of this study.
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Translabyrinthine (N=25)

                                   Basal or apical turns                         Basal turn                    Apical turn

Open Partial/Total  Hypointense Partial/Total Hypointense Partial/Total Hypointense 
 obliteration radiodensity obliteration radiodensity obliteration radiodensity

2 (8%) 21 (84%) 7 (28%) 20 (80%) 3 (12%) 16 (64%) 5 (20%)

Retrosigmoïd (N=55)

                                   Basal or apical turns                         Basal turn                    Apical turn

Open Partial/Total  Hypointense Partial/Total Hypointense Partial/Total Hypointense 
 obliteration radiodensity obliteration radiodensity obliteration radiodensity

36 (65%) 11 (20%) 14 (25%) 9 (16%) 8 (15%) 7 (13%) 10 (18%)

Table 1. Findings on the most recent postoperative T2 TSE 3D MR, translabyrinthine versus retrosigmoid approach
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