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Abstract

Objective.—This study aims to investigate patterns of cochlear ossification (CO) in cadaveric 

temporal bones of patients who underwent vestibular schwannoma (VS) surgery via the 

translabyrinthine (TL), middle cranial fossa (MF), or retrosigmoid (RS) approaches.

Study Design.—Histopathologic analysis of cadaveric temporal bones.

Setting.—Multi-institutional national temporal bone repository.

Methods.—The National Institute of Deafness and Communication Disorders and House 

Temporal Bone Laboratory at the University of California, Los Angeles and the Massachusetts 

Eye and Ear Otopathology Laboratory were searched for cadaveric temporal bones with a 

history of VS for which microsurgery was performed. Exclusion criteria included non-VS and 

perioperative death within 30 days of surgery. Temporal bones were analyzed histologically for 

CO of the basal, middle, and apical turns.

Results.—Of 92 temporal bones with a history of schwannoma from both databases, 12 of these 

cases met the inclusion criteria. The approaches for tumor excision included 2 MF, 4 RS, and 6 

TL approaches. CO was observed in all temporal bones that had undergone TL surgery. Among 
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temporal bones that had undergone MF or RS surgeries, 5/6 had no CO, and 1/6 had partial 

ossification. This single case was noted to have intraoperative vestibular violation after RS surgery 

upon histopathologic and chart review.

Conclusion.—In this temporal bone series, all temporal bones that had undergone TL 

demonstrated varying degrees of CO on histological analysis. MF and RS cases did not exhibit CO 

except in the case of vestibular violation. When cochlear implantation is planned or possible after 

VS surgery, surgeons may consider using a surgical approach that does not violate the labyrinth.

Keywords

cochlear ossification; histopathology; temporal bone; vestibular schwannoma

Cochlear ossification (CO) is a known sequela of various otologic disease processes, 

including temporal bone trauma, infection, and autoimmune disorders.1 Temporal bone 

surgery is another factor that has been shown to be associated with bony deposition 

within the cochlea. With regard to surgery for vestibular schwannoma (VS), 3 main 

approaches exist, the retrosigmoid (RS), middle cranial fossa (MF), and translabyrinthine 

(TL) approaches. These approaches can be generally divided into hearing-preserving versus 

nonpreserving techniques. As the only hearing nonpreserving technique, the TL approach 

disturbs the endolymph and perilymph most directly due to direct violation of the labyrinth. 

This labyrinthine violation can initiate a proinflammatory state and lead to intralabyrinthine 

osteoneogenesis.2 Several radiologic studies have demonstrated evidence of extensive CO 

in follow-up T2-weighted magnetic resonance imaging (MRI) after TL surgery.3–5 Hearing 

preservation techniques, however, do not necessarily disrupt the labyrinth.

Cochlear implantation (CI) has been recently used for hearing rehabilitation after VS 

excision in cases with an intact cochlear nerve.6 In cases with hearing loss after VS 

surgery, hearing rehabilitation via CI may be affected by the presence of intracochlear 

inflammatory tissue or bone. CO may increase the difficulty of implantation and the risk 

for intraoperative complications, including inaccurate insertion and damage to adjacent 

structures due to loss of surgical landmarks.7 Although modifications in technique for 

implanting an ossified cochlea have allowed for successful audiologic outcomes, there is a 

need to further characterize the histologic level patterns of CO after VS surgery to guide 

postoperative hearing-related management.

The main objective of this study is to investigate and compare patterns of CO in cadaveric 

temporal bones of patients who underwent VS surgery via the RS, MF, and TL approaches.

Methods

Identification of Cadaveric Temporal Bones

The National Institute of Deafness and Communication Disorders, National Temporal Bone 

House Institute Resource Registry, and the Massachusetts Eye and Ear (MEE) Otopathology 

Laboratory collection were searched for case records of temporal bones that contained 

“schwannoma” in the case summary after obtaining Institutional Review Board (IRB) 

approval (Mass General Brigham IRB #10–001449; University of California Los Angeles 
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IRB #10–001449). This search resulted in 49 samples in the MEE collection and 43 in the 

House collection. The case reports of each of these samples were analyzed in further detail.

Inclusion criteria were at least 18 years of age and a history of VS surgery. Exclusion criteria 

were neurofibromatosis type 2 and perioperative death within 30 days of surgery. Ultimately, 

4 MEE and 8 HEI cases were selected after meeting the criteria.

Histopathologic Preparation and Analysis

The postmortem fixation time ranged from 1.5 to 28 h. After fixation in formalin, the 

specimens were decalcified in ethylenediamine tetra-acetic acid, followed by dehydration in 

alcohols and embedment in celloidin. Finally, the celloidin block containing the specimen 

was serially sectioned in the horizontal plane at a thickness of 20 μm. One in every 

10 sections was stained with hematoxylin and eosin (H&E), and mounted for histologic 

examination as described by Merchant et al.8 H&E sections of the cochlea were evaluated 

for the presence of bone, osteoid, fibrous tissue, and acidophilic precipitate in the scala 

tympani, vestibuli, and media at the basal, middle, and apical turns. The vestibule and 

semicircular canals were assessed for surgical damage.

Clinical Data Collection

The following information was retrieved from the case records: patient gender, age at 

the time of surgery, premortem clinical diagnosis, the surgical approach for VS resection, 

intraoperative violation of the labyrinth, postoperative complications, the time between 

surgical removal of the VS and death, and cause of death.

Results

The initial database search yielded 92 total temporal bones with a history of schwannoma. 

After inclusion and exclusion criteria, 12 temporal bones were selected for analysis, 

including 4 samples from patients with a history of VS surgery via the RS approach, 2 

via the MF approach, and 6 via the TL approach (Table 1). The time period between the 

date of surgery and the date of death varied from 41 days to 29 years. Cases of perioperative 

death defined as within 30 days after surgery were excluded from this study.

Cases 1 to 4 were from cases of VS surgery via an RS approach (Table 2). Histopathological 

analysis showed no ossification within the cochlea for cases 1, 3, and 4 (Figure 1). Case 2, 

however, demonstrated ossification primarily in the scala media at the basal turn. This case 

was noted to have an intraoperative violation of the vestibule in the operative report. The 

remaining RS cases were not noted to have labyrinthine violation.

Cases 5 and 6 were from cases of VS surgery via an MF approach. There was no evidence 

of CO in these samples (Figure 1). No intraoperative labyrinthine violation was noted in the 

respective operative reports.

Cases 7 to 12 were from cases of VS surgery via a TL approach. Due to the nature of 

the TL approach, all of these cases, by definition, violated the labyrinth. All TL samples 

demonstrated CO; however, the locations and extent of ossification varied between them 
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(Figure 2). Case 7 showed the most significant extent of ossification with near complete 

obliteration of the scala media, scala tympani, and scala vestibuli at the apical, middle, and 

basal turns. Among the 7 total samples exhibiting CO, 3 cases had bone formation in all 

3 cochlear turns (Table 3). All cases exhibited bone deposition at the basal turn. Complete 

ossification of at least 1 cochlear turn was seen in cases 7 and 9. The time interval between 

VS surgery and death within the ossified cohort ranged from 1.2 to 28 years.

Besides bone formation, other histopathological markers of chronic inflammation and 

osteoneogenesis were examined, including osteoid deposition, fibrous tissue, and acidophilic 

precipitate formation within the cochlea (Figure 3). All 3 markers were present in the 

cochlea in TL temporal bones. Of note, case 1, an RS temporal bone without labyrinthine 

violation, exhibited extensive fibrous tissue deposition throughout the entire cochlea. The 

acidophilic precipitate was present to varying extents in all samples except for case 5, an 

MF case without labyrinthine violation. The other MF temporal bone, case 6, also had no 

labyrinthine violation however did exhibit acidophilic precipitation.

Postoperative complications from available medical records were also reviewed. Cases 4, 

5, and 11 had revision surgery within 30 days postoperatively for intracranial hemorrhage 

(case 4) and CSF leak (cases 5 and 11), respectively. There were no reports of postoperative 

meningitis. The causes of death of all patients were deemed to be unrelated to the tumor or 

surgery.

Discussion

CO is a known sequela that can occur in the setting of temporal bone surgery, trauma, 

autoimmune disease, or infectious processes, including chronic otomastoiditis, meningitis, 

and labyrinthitis.1 Postmeningitic neoossification has been extensively studied. It involves 

an acute phase with infiltration of inflammatory mediators into the perilymph followed 

by stages of fibrous deposition and, ultimately, mineralization of osteoid into bone.9 

Obliteration of the intracochlear space by any etiology has considerable implications on 

hearing recovery and any subsequent efforts for hearing rehabilitation.10,11 CO after surgery 

for VS, specifically, has been described in the radiologic literature and is an important 

consideration for patients in whom postoperative CI is being considered.

In the present histopathology study, temporal bone samples from 12 individual patients with 

a history of VS surgery were analyzed for CO. Four cases were via the RS approach, 2 

via the MF approach and 6 via the TL approach. All TL samples exhibited varying degrees 

of CO at various locations within the cochlea, most commonly at the basal turn, without 

a particular predilection for endolymph versus perilymph. Animal and human models have 

shown that fibrosis and ossification after bacterial meningitis tend to start most at the area 

of the round window in the scala tympani via infiltration of proinflammatory cytokines 

through the cochlear aqueduct and progress from the basal turn12 The pattern of ossification 

seen after TL surgery may reflect this pattern as the basal turn was involved in all ossified 

samples. Only one case from the RS or MF samples showed ossification. This particular 

case was clearly noted to have had an intraoperative violation of the vestibule in the 

operative report.
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In addition to bone deposition, all TL samples exhibited osteoid and fibrous tissue 

formation, consistent with a picture of osteoneogenesis. Conversely, all samples without 

ossification did not have evidence of osteoid or fibrous tissue formation, except for one 

notable RS case in which fibrous tissue was found throughout the entire cochlea. As there 

was no gross labyrinthine violation noted in the operative report or microscopically in this 

particular case, the reason for this finding is unclear. The acidophilic precipitate was seen 

in 11 out of 12 total cases in the present study regardless of CO. This finding aligns with a 

previous histopathologic study describing the deposition of these precipitates in the cochlear 

endolymph and perilymph in temporal bones of patients with untreated VS.13 There has 

been radiographic correlation of increased intracochlear protein deposition in patients with 

VS fluid-attenuated inversion recovery signal compared to age-matched controls.14 This 

phenomenon has been postulated to be related to local cytokine production due to the 

tumor or compromise of the cochlear vascular supply, resulting in a higher overall protein 

concentration in the perilympathic milieu.15,16 However, there has been no strong evidence 

correlating VS tumor size, location, or nerve origin to the extent of cochlear pathology.

The present study expands upon a prior temporal bone histopathology study which 

demonstrated progressive cochlear osteoneogenesis after TL surgery and after MF surgery 

for VS removal, after which hearing preservation was not achieved.17 These histologic 

changes were attributed to ischemia from vascular compromise induced by the surgery 

itself. In the current study, we demonstrate that hearing preservation approaches without 

labyrinthine violation may have lower rates of osteoneogenesis within the cochlea.

Varying degrees of cochlear obliteration has been seen on follow-up MRI after VS 

microsurgery. Hedjrat et al18 retrospectively reviewed 65 patients after RS VS surgery 

and found a third of their cohort had evidence of CO on postoperative MRI at a median 

follow-up time of 28 months. This finding was corroborated by Grenness et al19 who 

showed that 68% of their VS cohort who underwent the RS approach had no inner ear 

fluid MRI signal abnormalities on follow-up. Shapiro et al20 in their study of 51 patients 

who underwent the MF approach, observed that in those with preserved hearing with MRI 

at least 1 year after surgery, 25% had evidence of CO on MRI. Of note, these studies 

do not contain specific detail regarding the intraoperative labyrinthine violation. Hearing 

preservation surgery, thus, for VS appears to be associated with postoperative CO in only 

a minority of patients. In contrast, studies of the TL approach have noted a significant 

rate of loss of cochlear patency postoperatively. In one study with 41 post-TL patients for 

VS removal, at the first postoperative MRI, 78% of the cohort had some degree of CO.3 

Carswell et al4 found loss of cochlear patency in 73% of their post-TL patients after 1 year 

after surgery. These studies do demonstrate gross cochlear obliteration on imaging, however, 

the present study further shows that differing degrees of cochlear fibrosis and ossification 

may be present at the microscopic level.

Several studies have directly compared postoperative CO after the different VS surgery 

approaches using MRI. Feng et al5 examined basal turn obliteration on first and last 

follow-up MRIs of patients who had undergone VS surgery via TL, MF, or RS approaches, 

respectively. Compared to MF and RS approaches, the TL approach conferred the highest 

rate of partial obstruction at the first follow-up and of complete obstruction at the last 
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follow-up MRI. These findings were further supported by van Waegeningh et al21 who 

compared cochlear patency via postoperative MRI scans of TL versus RS cases and found 

that 84% versus 20%, respectively, had partial or complete basal or apical turn obstruction 

by a mean postoperative interval of 127 and 140 days.

Postoperative CO is important for patients who are considering CI after surgery for VS. In 

the past, cochlear obliteration was deemed a relative contraindication to CI due to increased 

theoretical risk of electrode misplacement or damage to the facial nerve.22 Modifications 

to implantation technique, however, have increasingly allowed successful implantation with 

acceptable long-term audiometric outcomes.23,24 These techniques include using image 

guidance to help with the loss of surgical landmarks during basal turn drill out, implanting 

stiffer dummy electrodes to overcome resistance during insertion where fibrous tissue is 

encountered, and opting for a shorter double-array implant.25 Studies of postmeningitis 

CI have also postulated the ideal timing of implantation to be before ossification sets 

in, which may occur as early as 21 days postinfection.2,26 In a retrospective review 

of 126 patients with profound hearing loss after meningitis, Durisin et al2 showed that 

cochlear osteoneogenesis can be detected as early as 1-month postinfection and increases 

significantly over time at an unpredictable rate.

CO that occurs after CI placement may also have implications on implant function, 

including increased impedances and difficulty programming the implant.27 Postoperative 

aberrant facial nerve stimulation has also been associated with CI in the setting of CO.28,29 

A retrospective study by Smullen et al30 described 2 patients out of 39 total patients who had 

postimplantation facial nerve stimulation. These patients had completely ossified cochleas 

and required drill-out and partial electrode insertion.

CO after temporal bone surgery had also been managed by implanting a placeholder 

electrode or simultaneous implantation to place the CI electrode before CO begins. 

Hassepass et al6 in their study implanted a placeholder electrode at the time of TL surgery 

in 11 patients and later implanted a true electrode 1 year postoperatively after confirming 

no tumor recurrence and an electrically responsive cochlea with promontory stimulation in 

4 patients. Significant benefits to hearing and tinnitus suppression were observed in their 

experience.6 Others have shown the feasibility of simultaneous TL surgery with CI to avoid 

a second-stage procedure in highly selective cases.31 However, management of hearing loss 

after VS surgery remains surgeon-dependent. Based on the present study, the extent of 

ossification after TL surgery is highly variable, even 10 to 20 years postoperatively. This 

observation may provide an argument for a placeholder electrode at the time of TL surgery 

to assure cochlear patency down the road, as the extent of ossification is not predictable.

The main limitation of this study is the ability to examine only one time point after surgery 

given the nature of human temporal bone studies and the small sample size, which precludes 

any statistical inference. Qualitative assessments of the degree of osteoneogenesis were used 

because there were not enough cases to make a comparison with finer volumetric analysis 

useful. Furthermore, the variable availability of medical records prevented a complete review 

of other possible factors in the patient’s history that may have influenced CO.
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Conclusions

The TL approach to VS surgery is associated with varying degrees of ossification of the 

ipsilateral cochlea. Hearing preservation approaches, including RS and MF approach, did 

not exhibit ossification in the current study, except in the case of known intraoperative 

violation of the vestibule. CO may have clinical implications for subsequent CI.
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Figure 1. 
Histopathology of the cochlea from temporal bone of patients with a history of vestibular 

schwannoma surgery via retrosigmoid (cases 1–4) and middle cranial fossa (cases 5–6) 

approach. Black arrows denote areas of ossification.
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Figure 2. 
Histopathology of the cochlea from temporal bone of patients with a history of vestibular 

schwannoma surgery via translabyrinthine (cases 7–12) approach. Black arrows denote areas 

of ossification.
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Figure 3. 
Magnified view of (A) intracochlear bone, (B) osteoid, (C) fibrous tissue, and (D) 

acidophilic precipitate formation.
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