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SUMMARY

The most frequent sequelae following a translabyrinthine approach for vestibular schwannoma resection is complete hearing loss on the 
affected side. Such patients could benefit from a cochlear implant, provided that two essential requisites are met before surgery: a pre-
served cochlear nerve and a patent cochlea to accommodate the electrode array. The goal of our study is to determine the prevalence and 
extent of cochlear ossification following a translabyrinthine approach. Postoperative MRI of 41 patients were retrospectively reviewed.  
Patients were classified according to the degree of cochlear obliteration into three groups (patent cochlea, partially obliterated cochlea and 
totally obliterated cochlea). The interval between surgery and the first MRI was studied as well as its relationship with the rate of cochlear 
ossification. At first postoperative MRI (mean interval of 20 months), 78% of patients showed some degree of cochlear ossification. Differ-
ences were found in the time interval between surgery and first MRI for each group, showing a smaller interval of time the patent cochlea 
group (p > 0.05). When MRI was performed before the first year after surgery, a larger rate of patent cochlea was found (p > 0.05). The 
present study suggests that cochlear ossification is a time-depending process, whose grounds are still to be defined.
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RIASSUNTO 

La conseguenza piú frequente dopo un approccio translabirintico per uno schwannoma vestibolare è la completa perdita uditiva dal lato 
affetto. Questi pazienti possono trarre beneficio da un impianto cocleare, qualora però vengano soddisfatti due importanti requisiti prima 
della chirurgia: un nervo cocleare intatto e una coclea permeabile per accomodare l’elettrodo. L’obiettivo del nostro studio è quello di 
determinare la prevalenza e l’estensione dell’ossificazione cocleare dopo l’approccio translabirintico. Pertanto, sono state rivisitate retro-
spettivamente le immagini della risonanza magnetica (RM) post-chirurgica di 41 pazienti. I pazienti sono stati classificati secondo il grado 
di obliterazione cocleare in tre gruppi (coclea permeabile, coclea parzialmente obliterata e coclea completamente obliterata). È stato 
studiato l’intervallo tra la chirurgia e la prima RM post-chirurgica ed anche la sua relazione con il tasso di ossificazione cocleare. Alla 
prima RM post-chirurgica (intervallo medio: 20 mesi), il 78% dei pazienti ha mostrato un certo grado di obliterazione cocleare. Sono state 
trovate differenze nell’intervallo di tempo tra la chirurgia e la prima RM per ogni gruppo, mostrandosi l’intervallo di tempo piú breve nel 
gruppo con la coclea permeabile (p > 0,05). Questo studio suggerisce, quindi, che l’ossificazione cocleare è un processo tempo-dipendente, 
rimanendo, peró, i motivi di ció ancora sconosciuti.
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Introduction
A translabyrinthine approach (TLA) for the resection of a 
vestibular schwannoma (VS) results invariably in complete 
hearing loss. This symptom is the most common complaint 
after VS surgery 1. Hearing rehabilitation of these patients 

has traditionally relied on crossover or bone conduction 
hearing aids. In 1988, Chen et al. 2 demonstrated the pres-
ence of survival spiral ganglion after a labyrinthectomy in 
a comparable number to those found in patients with a CI.
More recently, several studies have shown that these pa-
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tients can be good candidates for cochlear implantation 
provided that the cochlear nerve has been anatomically 
and functionally preserved 3. However, another requi-
site for cochlear implantation is the presence of a patent 
cochlea, capable of accommodating an electrode array. 
Cochlear ossification depends on different phenomenon 
of fibrosis or ossification derived from the violation of the 
otic capsule  4. The surgical insult to this structure may 
produce either a vascular compromise or an inflammatory 
process such as a labyrinthitis that derives in a cochlear 
degeneration. 
The lack of cochlear patency limits hearing rehabilita-
tion with cochlear implants (CI), especially when there is 
a notable delay between the VS removal and the CI sur-
gery. Even though a CI insertion in an obliterated cochlea 
is achievable, it becomes a more challenging surgery and 
hearing outcome may be less than expected 5 6; this is the 
reason why the presence of an obliterated cochlea is gener-
ally considered as a contraindication to implantation. Some 
authors advocate for simultaneous implantation or sequen-
tial cochlear implantation soon after the TLA to prevent 
this problem. Computerised tomography scan (CT) has 
demonstrated to be useful to study cochlear anatomy and 
electrode position in cochlear implantation, although it has 
important limitations to assess the cochlear patency 7.
In order to study this phenomenon, magnetic resonance 
imaging (MRI) is the best imaging modality to determine 
cochlear patency and fibrous or osseous changes on it 8 9. It 
possesses a sensitivity of almost 100% in predicting coch-
lear obstruction and is routinely used for this reason pre-
ceding a CI insertion 10 11. However, the number of studies 
determining the rate of cochlear obliteration after TLA are 
scarce, and their results are contradicting. Furthermore, 
no study has been able to establish a “safe” time inter-
val between the TLA and the cochlear obliteration to date; 
nonetheless, it is widely accepted that the sooner the CI is 
inserted, the better the hearing outcomes to be expected. 

The aim of this study was to determine the prevalence and 
extent of cochlear obliteration after a TLA for VS remov-
al, examining routine follow-up MRI studies performed 
as part of postoperative monitoring.

Materials and methods
This study was conducted according to the principles stat-
ed in the Declaration of Helsinki of 1983.
Sixty-nine patients that underwent a TLA for removal of a 
unilateral sporadic VS between April 2008 and June 2014 
at the Department of Otolaryngology of the Hospital Uni-
versitario Ramón y Cajal were retrospectively reviewed. 
Patients that underwent other type of approach for tumour 
removal (retrosigmoid (RSG) approach or middle fossa 
(MF) approach) were excluded. Surgical approach was 
elected based on tumour characteristics, such as size and 
extension within the internal auditory canal, and factors 
related to the patient, such as age and preoperative hear-
ing. In this case, the follow-up protocol of our centre in-
cludes MRI at 1, 3 and 5 years postoperatively 11. 
Patients were classified into 3 groups depending on 
the intensity of the cochlear signal of the surgical side 
compared to the contralateral cochlea. A patent cochlea 
(Fig. 1A) was considered when its T2-hyperintensity was 
homogeneous to the contralateral side. When there was no 
T2-hiperintensity signal of the cochlea, it was considered 
as a totally obliterated cochlea (Fig. 1B). Those cases that 
presented T2-hyperintensity signal, but in a lower fashion 
than the normal cochlea, with or without filling defect, 
were considered as partially obliterated cochlea (Fig. 1C).
The relation between the degree of cochlear ossification 
in these three categories and the interval between surgery 
and the first MRI was studied. A secondary analysis was 
performed dividing the patients into 3 categories accord-
ing to the time interval between surgery and the first MRI 
(< 1 year, 1-2 years and > 2 years).

Fig. 1. T2 weighted temporal bone MRI, axial cuts at the level of the cochlea showing normal cochlear patency (A), totally obliterated cochlea (B) and par-
tially obliterated cochlea (C). 
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Statistical analysis
Data was analysed with a statistical software program 
(SPSS Statistics for Windows version 20, Chicago, IL). 
Continuous data was summarised as mean +/- 95% confi-
dence interval (CI95). Categorical data was presented as 
frequencies and percentages. Kolmogorov-Smirnov test 
demonstrated non-parametric distribution of the sample. 
The relation between cochlear patency and the interval 
between surgery and first MRI was studied with Kruskal-
Wallis test and Fisher’s exact test. P values < 0.05 were 
considered significant.

Results
Of the initial 69 patients, MRI examination was available 
for 41 patients. The mean age of the patients at the time 
of the surgery was 52.73 years, ranging from 24 to 80 
years. 24 patients were women (58.5%) and the remain-
ing 17 were male (41.5%). There was a predominance of 
left VS 27 (65.9%) versus right VS 14 (34.1%). The mean 
interval from surgery to the first MRI scan was 20 months 
(IC 95% 16-23). 
Of the 41 cochleae examined at the first MRI, 32 (78%) 
presented some degree of obliteration; 14 (34%) of them 
were totally obliterated cochleae and 18 (44%) of them 
were partially obliterated cochleae. The remaining 9 cas-
es (22%) showed a T2-hyperintensity homogenous to the 
contralateral side and were considered as patent cochleae. 
No statistically significant differences were found be-
tween groups (p > 0.05).
In order to establish whether the interval between surgery 
and the first MRI has any impact on the cochlear oblitera-
tion rate, we calculated the mean interval between surgery 
and the first radiological image of the 3 different groups 
of cochlear patency previously described. The mean in-
terval was 690 days (95% CI 417-962) for the total oblit-
eration group, 622 days (95% CI 490-753) for the partial 
obliteration group and 434 days (95% CI 271-596) for the 
patent cochlear group (Fig. 2). No statistically significant 
differences were found (p > 0.05).
When the patients were divided according to the inter-
val between surgery and the first MRI, a tendency can be 
distinguished. Those who underwent the first MRI before 
completing the first year after surgery, 12 patients, tended 
to present a higher percentage of patent cochlea, whether 
those patients who underwent the first MRI after the first 
year, 29 patients, showed some degree of obliteration of 
the cochlea with a higher frequency (Fig. 3). In that sense, 
we can infer that the obliteration of the cochlea may be a 
time-depending process even though no statistically sig-
nificant differences were found (p > 0.05).

Discussion
Surgical treatment of VS has evolved considerably over the 
past decades. Today, life-threatening complications second-
ary to surgery are rare; nevertheless, patients may experience 
different physical impairments that have a negative impact on 
their quality of life, such as facial palsy, vestibular disorders, 
persistent operative headache or more frequently, profound 
hearing loss 12 13. Moreover, some surgical approaches invari-
ably entail specific sequelae, such as complete hearing loss 
for the TLA. In case of a RSG or MF approaches, no insult to 
the otic capsule is encountered, and therefore hearing func-
tion can be theoretically preserved without any morphologi-
cal changes within this structure. However, if hearing loss 
takes place after hearing preservation surgery, CI has been 
reported to be successful after retrosigmoid approach 14.

Fig. 3. Bar diagram showing the cochlear status depending on the time 
interval between surgery and first MRI.

Fig. 2. Error bar diagram showing the mean interval of time from surgery to 
first MRI according to the clarification of cochlear potency.
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Cochlear implantation is the standard hearing rehabilitation 
procedure in cases of profound hearing loss, offering excel-
lent results regardless of the age of subjects 7. CI indications 
have progressively expanded over the years, from both the 
audiological and surgical points of view. More recently, new 
surgical approaches have been introduced in combination 
with CI, such as subtotal petrosectomy or skull base ap-
proaches, which allow implantation in cases formerly con-
sidered as non-candidates 15 16. Hearing rehabilitation with a 
CI simultaneously to a VS resection was first described in 
1995 by Arriaga and Marks 17. Since then, publications of CI 
after VS resection have been increasing progressively, either 
simultaneously to tumour resection 18 19 or delayed implanta-
tion 20, and more recently in cases of single sided deafness 
(SSD) 21 22. CI has also been employed for hearing rehabilita-
tion after labyrinthectomy for Meniere’s disease with differ-
ent degrees of success, either simultaneously to labyrinthec-
tomy or in a second procedure 23. In both clinical scenarios, 
those who are prone to simultaneous implantation allege the 
risk of cochlear ossification after labyrinthectomy as one of 
the main reason to support this attitude. Since CI insertion 
depends on the feasibility of the electrode insertion and the 
integrity of the neural pathway, both conditions should be 
present to obtain useful hearing in any case. 
However, the relation between cochlear ossification and 
time after the surgical procedure is not well defined in 
the literature, and there is not an established time frame 
to perform the CI insertion. To ensure cochlear patency, 
some authors suggest placing an intracochlear placeholder 
to avoid cochlear obliteration following the TLA 22. This 
approach also permits radiological follow-up with MRI 
in case that residual tumour or tumour recurrence is sus-
pected, which is estimated in up to 9% 24 in some series.
Currently, only two studies have attempted to determine the 
time in which the cochlear obliteration occurred after TLA, 
with different results. Beutner et al. 25 determined the rate 
of cochlear obliteration presented on 14 patients who under-
went a TLA. This study found that the rate of cochlear oblit-
eration increased to 88.9% of patients at 1 year after surgery. 
Interestingly, some degree of cochlear obliteration was found 
in 66.7% of the sample as soon as 3 months after surgery.
On the contrary, the obliteration rate found by Charlett 
et al. 26 was significantly lower. In this study, 65 cochlear 
were examined based on T2-weighted images one year af-
ter the TLA. On 44 cochleae (68%) no sign of obliteration 
was found. The remaining 21 cochleae presented either 
complete (14%) or partial obliteration (18%).
Since the aetiology of cochlear obliteration is yet to be 
revealed, it is difficult to determine the circumstances to 
explain the difference in the obliteration rate of both stud-
ies. In our series, 78% of patients presented some degree 

of cochlear obliteration in the first follow-up MRI, and this 
rate is more similar to that presented by Beutner et al. How-
ever, our mean interval from surgery to MRI was longer 
than in studies described previously (20 months with 95% 
of the patients between 16 and 23 months). This longer in-
terval could definitely influence the high degree of cochlear 
ossification found in the present study. Additionally, in our 
series there is a relation between the interval from surgery 
to the first MRI and cochlear obliteration rate, with a higher 
interval in cases showing a total obliteration, followed by 
the group with partial obliteration. The group with com-
plete cochlear patency presented the lower time interval. 
Although these differences were not statistically signifi-
cant, a temporal pattern can be identified. This supports the 
theory that cochlear obliteration is a time-dependent pro-
cess that hampers CI insertion but that may be avoided with 
early CI placement or an intracochlear placeholder.
CI has been demonstrated to be a successful method for 
hearing rehabilitation after labyrinthectomy and TLA VS 
removal, being an effective alternative to the most clas-
sical auditory rehabilitation devices for SSD  27. Even 
though the cases illustrated in the literature to date are 
scarce, auditory outcomes are promising when appropri-
ate selection and counseling is performed  21 28 29. In this 
sense, it becomes critical to determine the time frame be-
tween the surgery and the beginning of the degenerative 
process. The present study found a rate of 78% in a sam-
ple of patients with an MRI obtained at a mean interval of 
20 months after surgery, showing a temporal tendency to a 
higher degree of cochlear ossification with longer time in-
terval. However, prospective studies are needed to clearly 
establish a “safe” time interval for cochlear implantation. 

Conclusions
Surgical labyrinthectomy generates changes in cochlear his-
tology that drive obliterative process. The interval between 
the surgery and the occurrence of the obliteration is still un-
known, and so, the aetiology behind it also remains unclear. 
The present study found a rate of 78% in a sample of patients 
with an MRI obtained in a mean interval of 20 months after 
surgery, showing a temporal tendency to a higher degree of 
cochlear ossification with longer time interval. This fact lim-
its the auditory rehabilitation process in cases when a CI is to 
be considered in a second surgery. Since a “safe” frame time 
between surgery and cochlear implantation has not yet been 
stablished, simultaneous cochlear implantation or an intrac-
ochlear placeholder is recommended.
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