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Abstract

Objective—To evaluate for potential causes of delayed loss of residual hearing that variably 

occurs with hybrid cochlear implants.

Study design—Histopathological evaluation of 29 human temporal bone (HTB) with cochlear 

implant.

Setting—The Neurotology and House HTB Laboratory of UCLA (House-UCLA).

Subjects and methods—HTB from cochlear implant patients from the House-UCLA HTB 

Laboratory (n = 28) and one courtesy of Massachusetts Eye and Ear Infirmary (MEEI). 

Histopathological analysis to identify the location of cochleostomy, fibrosis and bone formation in 

the scala vestibuli and tympani, and endolymphatic hydrops. Spiral ganglion neuron counts were 

obtained. Statistical analysis compared presence of cochleostomy and location with the 

histopathological findings.

Results—Seventeen of 29 bones with fibrosis in the scala vestibule (SV) and tympani had 

evidence of a cochleostomy involving the SV containing the ductus reunions, all of which had 

hydrops. Ten of eleven bones had no SV fibrosis, and a cochleostomy limited to the scala tympani, 

of which all had no hydrops. One HTB had moderate SV fibrosis not involving the ductus 

reuniens, and was without hydrops. One HTB had a SV cochleostomy but the electrode ruptured 

Reissner’s membrane, and was without hydrops. Cochleostomy was significantly associated with 

SV fibrosis and hydrops (p<0.01), those without hydrops had no SV atrophy (p<0.01). Round 

window insertion was associated with no fibrosis and no hydrops.

Conclusion—We hypothesize that cochleostomies involving scala vestibuli incite fibrosis, 

compromising the ductus reuniens, causing hydrops which may cause the delayed loss of residual 

low frequency hearing in cochlear implant.
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Introduction

It is now possible to perform cochlear implantation surgery with successful retention of 

residual low frequency hearing using the hybrid cochlear implant (CI). The FDA has 

approved the hybrid CI for patients with severe to profound high frequency sensorineural 

hearing loss, yet normal to moderately impaired low frequency hearing. However, in up to a 

third of hybrid CI patients, there is the loss of residual hearing often months after stable or 

fluctuating hearing. There have been many hypotheses to explain the cause of this delayed 

hearing loss but explanation of the cause of the hearing loss was not forthcoming (1). 

Human temporal bone studies of patients implanted with the conventional CI electrode 

arrays demonstrate fibrosis and ossification of the perilymphatic spaces, and also variably 

endolymphatic hydrops although there was no history suggestive of Meniere’s disease or 

cochlear hydrops prior to implantation (2). Therefore, we undertook a histopathological 

analysis of 29 HTB with a history of cochlear implantation to determine the frequency of 

endolymphatic hydrops and its correlation with fibrosis of the scala vestibuli in the area of 

the ductus reuniens. Evidence for the ductus reuniens, in a 3-dimensional reconstruction, 

was demonstrated to transmits the endolymph from the scala media to the saccule and on to 

the endolymphatic duct where it is absorbed. (3). A low frequency hearing loss is 

characteristic of endolymphatic hydrops may be due to a distortion of the organ of Corti 

caused by the increased endolymphatic pressure upon the tectorial membrane decreasing the 

angle between the longer hair cells of the cochlear apex and basilar membrane, making the 

hair cells less able to amplify the incoming signal (Kalinec, personal communication).

Methods

The House-UCLA HTB database was used to identify bones from patients that had 

undergone cochlear implants with electrodes of varying lengths and insertion techniques. 

Twenty-seven were identified that were satisfactory for the study. The bones had been 

removed in the morgue and placed in ten percent neutral buffered formalin for three weeks. 

They were then decalcified in EDTA until shown by X-ray to be free of calcium. Embedding 

was done in increasingly concentrated celloidin to allow complete penetration. To minimize 

extraction movement, the electrode was removed just before the specimen was placed in 

hardening chloroform. The celloidin block was cut into 20-micron sections of which every 

tenth was mounted and stained with hematoxylin and eosin (H&E); the remaining sections 

were stored for specialized procedures such as immunohistochemistry. The Massachusetts 

Eye and Ear Infirmary of Harvard medical school provided images and the clinical record of 

one additional HTB. The microscopic sections were examined for evidence of hydrops 

manifested by distention of Reissner’s membrane into the scala vestibuli excluding the 

apical segment (4). Special attention was given to the basal segment of the cochlea and the 

round window area for the location of a cochleostomy and the fibrosis of one of more of the 

three scala.

Results and conclusions

Seventeen of the twenty-nine bones had endolymphatic hydrops, fibrosis of the three scala, 

cochlear endolymphatic hydrops, and a cochleostomy that included the scala vestibuli. (Figs.
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1 and 2) (Table 1). There are a total of twelve temporal bones without hydrops. Ten of eleven 

bones without hydrops did not exhibit scala vestibuli fibrosis (Table 2), out of which two 

bones had cochleostomy limited to the scala tympani (Fig. 3). Of the twelve without 

hydrops, eight had the round window electrode insertion and all temporal bones with round 

window insertion did not have hydrops nor fibrosis (Fig. 4). One of the temporal bones 

without hydrops had scala vestibuli fibrosis that did not obstruct the ductus reuniens and 

therefore had no hydrops. There was an additional bone with scala vestibuli cochleostomy 

but the electrode had ruptured the Reissner’s membrane and no endolymphatic hydrops was 

detected. Electrode insertion through the round window membrane did not produce any 

perilymph fibrosis or hydrops. (Fig. 4). The case from MEEI is illustrative of the problem. 

The bone was from a 70-year-old donor with a bilateral high frequency progressive loss 

presumed to be genetically predetermined and exacerbated by factory noise. The left ear had 

been implanted with an Iowa/ Nucleus Hybrid S8 electrode, 10 mm, through a cochleostomy 

at age 63. Four weeks after implantation he had preserved low frequency hearing but at 18 

weeks was found to have a profound loss. (Fig. 5)

Discussion

Recent advancement in the design of cochlear implant electrodes and improved surgical 

techniques allow for the use of cochlear implantation aimed to preserve residual hearing in 

the lower frequencies. With preservation of residual hearing with cochlear implantation, 

these patients can wear hybrid cochlear implant processors with distinctive advantages. The 

advantage of being able to combine both the acoustic and electric hearing is evident in 

situations requiring better frequency resolution, including better hearing in background noise 

and in quiet, better spatial localization and improved music appreciation (5–9).

Although the goal is to perform cochlear implantation surgery and preserve hearing in the 

low frequencies, some patients unfortunately experience the loss of residual hearing, often 

occurring months following an initially successful surgery. Although the cause for this 

delayed hearing loss remains unknown, possible hypothesized etiologies include triggering 

an inflammatory cascade (10), an immunologic response (11,12), excitotoxicity due to 

electric stimulation (13), delayed hair cell degeneration and primary afferent neurons and 

synapses (14) and post-implantation conductive hearing loss (15). In order to understand the 

cause of delayed hearing loss following cochlear implantation, the current study was 

undertaken to analyze the archival human temporal bone specimens from patients who had 

undergone cochlear implantation surgery.

In seventeen out of twenty nine patients who had cochlear implantation, we found histologic 

evidence of secondary fibrosis and endosteal reaction with resultant endolymphatic hydrops 

when the cochleostomy involves the scala vestibuli. Ten out of eleven patients had no 

evidence of endolymphatic hydrops when the cochleostomy did not involve the scala 

vestibuli. One patient had the fibrosis of the scala vestibuli without obstructing the ductus 

reuniens and was without histologic evidence of endolymphatic hydrops. It is unlikely that 

there is a confounding factor since no patient in our study carried the diagnosis of 

endolymphatic hydrops at the time of surgery. There was no significant difference in length 

of insertion between those with and without hydrops. Therefore, our data strongly suggest 
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that cochleostomy and disturbance of endosteum is more likely to lead to scala vestibuli 

fibrosis and endolymphatic hydrops. There is histopathological evidence for the fibroosseous 

reaction starting from the cochleostomy site. Since the endolymphatic hydrops causes low 

frequency sensorineural hearing loss, it is possible that secondary endolymphatic hydrops 

caused by the obstruction of ductus reuniens is the cause of loss of initially preserved 

hearing in the low frequencies following cochlear implantation.

The cause for the scala vestibuli fibrosis is the secondary endosteal reaction seen at the 

location of cochleostomy and it is remarkable that there is no evidence of endosteal reaction 

in the temporal bones when the cochlear implant electrode was inserted through the round 

window. Therefore, direct round window insertion of the cochlear implant electrode should 

be preferred to avoid the endosteal reaction caused by the cochleostomy to prevent the 

secondary endolymphatic hydrops to maximize the chance of preserving residual hearing. If 

cochleostomy needs to be performed due to technical reason, it is critical to perform the 

cochleostomy in the scala tympani to prevent the fibrosis of the scala vestibuli obstructing 

the ductus reuniens with resultant endolymphatic hydrops.

We made a comparison of the number of spiral ganglia neurons from the implanted ear and 

the control unimplanted ear showing no statistically significant differences. This finding 

demonstrates that delayed hearing loss in the low frequencies is not caused by the 

degeneration of spiral ganglia neurons. Recently, a single case of human temporal bone 

study was published of a patient who had received the Iowa/Nucleus8 hybrid implant 

electrode (16). This patient experienced progression of loss of residual hearing and at18 

weeks following surgery he had profound sensorineural hearing loss in the operated ear. He 

died 7 years later due to unrelated cause. The cochlear implant electrode was inserted 

through a small 0.5 mm cochleostomy created and it was placed into scala tympani. There 

was evidence of fibroosseous tissue filling the scala tympani but loose fibrous tissue was 

also found in the scala vestibuli at the basal turn of the cochlea. There was also evidence of 

endolymphatic hydrops in the implanted ear. The quantification of the spiral ganglia neurons 

from the implanted ear did not differ when compared to the unoperated ear. Thus, it is very 

likely that the cause of delayed hearing loss 18 weeks after the surgery was also caused by 

the endolymphatic hydrops secondary to the obstruction of the ductus reuniens.

Adunka et al. (17) found that patients who underwent round window cochlear implant 

electrode insertion demonstrated comparable residual hearing preservation compared with 

the traditional cochleostomy insertion group among twenty patients who underwent 

prospective clinical trial using Med-El cochlear implants. However, they reported negative 

impact on the speech perception ability when the cochlear implant electrode was inserted 

through the scala vestibuli. However, others have advocated round window cochlear implant 

electrode insertion since it causes less trauma to the cochlea. (12,17). Li el al. (18) 

demonstrated that the degree of new tissue formation in cochlea correlated with the degree 

of trauma to the ear. Every attempt should be made to minimize the trauma and associated 

secondary changes in the cochlea especially when attempting to preserve the residual 

hearing.
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It has been shown that immediate sealing of cochlear implant electrode insertion site is 

critical to minimize the degree of fibroosseous tissue within the cochlea. In addition, the use 

of autologous tissue at the electrode insertion site is always preferred since materials such as 

bone cement have been shown to decrease the speech perception performance due to an 

extensive new bone formation, sometimes even resulting in expulsion of the electrode (19).

Recent animal experiment using guinea pigs reported that bony cochleostomy did not cause 

progressing hearing loss but round window membrane incision and use of a muscle seal 

resulted in progressing hearing loss at 2000Hz (20). Rowe et al., (20) postulated that the 

cause of progressing post cochlear implant hearing loss maybe due to fibrosis in the round 

window niche associated with the muscle tissue seal. We were not able to identify the type 

of tissue or substance that was used to seal the cochlear implant insertion site as it was not 

clearly mentioned in the operative report. Therefore, it appears that application of “soft 

surgery” technique such with minimal trauma of the tissues around the round window 

membrane and endosteum is important to avoid the alteration of ductus reuniens function 

resulting in endolymphatic hydrops. As laser is used to minimize trauma in stapedectomy, 

there may be a role to apply similar technique to create a well-controlled incision at the 

round window membrane when hearing preservation is attempted in cochlear implantation.

A second mechanism that may play a role in the development of endolymphatic hydrops is 

the trauma associated with the cochleostomy inciting increased permeability of the blood-

labyrinthine barrier, known to be demonstrated on magnetic resonance imaging of Meniere’s 

diseased ears. These studies demonstrate the association of endolymphatic hydrops with an 

increased gadolinium uptake in the perilymph, with a significantly higher degree of 

gadolinium uptake in Meniere’s compared with sudden hearing loss (21). In both cases, the 

degree of trauma to the tissues and the endosteum is critical to avoid the formation of 

endolymphatic hydrops, and the resultant low frequency hearing loss.

Conclusion

The ideal insertion is through the round window membrane after drilling off the operculum 

if necessary, being careful not to enter the scala vestibuli. If anatomical constraints prevent 

round window insertion, then a cochleostomy should be made in the scala tympani using a 

‘soft surgery’ technique to avoid damaging the endosteum. Damage to the scala vestibuli 

endosteum produces proliferation of the spiral ligament cells leading to impaired function of 

the ductus reuniens, limiting the egress of endolymph and resulting in an insidious loss of 

low frequency hearing characteristic of-endolymphatic hydrops.
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Figure 1. 
Cochleostomy into the scala vestibuli. The electrode path is surrounded by fibrosis and new 

bone. There is hydrops in the upper segments of the cochlea (Hematoxylin and Eosin (H&E) 

× 100)
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Figure 2. 
Cochleostomy into the scala vestibuli. (Fig. 2). There is fibrosis in the scala vestibuli and 

shows endolymphatic hydrops in all of the turns of the cochlea. (Hematoxylin and Eosin 

(H&E) × 100)
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Figure 3. 
Cochleostomy into scala tympani. There is extensive fibrosis and new bone in the scala 

tympani but none in the scala vestibuli; and no hydrops. (H&E × 100)
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Figure 4. 
Round window insertion after removal of the operculum. There is some debris in the scala 

tympani but no fibrosis. (H&E × 100)
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Figure 5. 
Bone from MEEI illustrating fibrosis and hydrops in the scala vestibuli. The electrode path 

is in the scala tympani but ivolved the spiral ligament causing fibrosis in the scala vestibuli. 

(H&E × 20)
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