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Introduction

The biologic response to the presence of a biomaterial, whether metal, ceramic or polymeric 

in type, is of critical importance to the long-term function of a biomedical implant. It has 

become clear that although biomaterials may be biocompatible, they are not bio-inert and 

that a foreign body response is common or universal (Anderson JM et al., 2008), and to 

some degree biodegradation can be expected including corrosion of metal biomaterials or 

degradation of polymeric and ceramic materials (Pepas NA and Langer R, 1994).

The most common type of cochlear implant consists of platinum electrodes and a silicone 

carrier. Histologic evidence of a cellular immune response to the presence of a cochlear 

implant has been described (Bertuleit GC, et al., 1999; Migirov L, et al., 2001; Kronenberg J 

et al., 2001; Nadol JB, et al., 2004; Kunda LD, et al., 2006; Ho EC et al., 2007; Nadol JB et 

al., 2008; Seyyedi M et al., 2014). A foreign body giant cell reaction has been described 

following implantation of prostheses containing silicone including skin expanders (Maturri 

L, et al., 1991); arthroplasty prosthetics (Kistler U, et al., 2005); cardiac pacemakers 

(Maushagen E, et al., 1994); cerebrospinal fluid shunts (Snow R, et al., 1989); and breast 

implants (Meyer DR, et al., 1998). A cellular tissue response has been described in the 

presence of platinum in human aneurysm coils (Killer M, et al., 2010) and around platinum 

eyelid weights (Chan W, et al., 2011).

Histologic evidence of a foreign body reaction has been described in approximately 75 

percent (Nadol JB et al., 2008) to 96% (Seyyedi M et al., 2014) of cases in patients who in 

life had undergone cochlear implantation. In the current study we further characterize the 

biologic response to cochlear implantation during life using immunohistochemical stains for 

B cell lymphocytes (CD20), T cell lymphocytes (CD3) and macrophages (CD68). In 

addition, in order to better characterize the nature of opaque foreign body particles found in 

proximity to the implant track, energy dispersive x-ray spectroscopy by scanning electron 

microscopy (EDS-SEM) of adjacent tissue sections was performed. SEM of implanted and 

Corresponding author: Joseph B. Nadol, Jr., M.D., Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, 243 Charles 
Street, Boston, MA 02114, Joseph_nadol@meei.harvard.edu. 

HHS Public Access
Author manuscript
Hear Res. Author manuscript; available in PMC 2015 June 13.

Published in final edited form as:
Hear Res. 2014 December ; 318: 11–17. doi:10.1016/j.heares.2014.09.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



unimplanted cochlear implant electrodes was done to test the hypothesis that the opaque 

foreign body particles seen in tissue macrophages were derived from components of the 

implanted electrode arrays.

Materials and Methods

Histologic Preparation

Temporal bones were removed after death and fixed in 10% buffered formalin. A CT scan 

of each specimen was done. The specimens were then decalcified in ethylene/diamine tetra-

acetic acid, and the cochlear implant electrode was removed. Processing proceeded with 

dehydration in graded alcohols, followed by embedment in celloidin. Specimens were then 

serially sectioned in the axial (horizontal) plane with an average thickness of approximately 

20 micrometers. Every tenth section was stained with hematoxylin and eosin and mounted 

on glass slides for histologic examination and 2-dimensional graphic reconstruction.

Immunohistochemistry Methods

The immunohistochemical characterization of B and T lymphocytes and macrophages was 

done in seven temporal bones from five individuals (Table). The H&E sections were 

reviewed for evidence of a cellular immune response in the form of lymphocytic infiltration, 

macrophages and foreign body giant cells and adjacent unstained sections were prepared for 

immunostaining. The celloidin sections were mounted on gelatin subbed glass slides. 

Celloidin was removed with changes of a solution of sodium hydroxide and methanol 

followed by 100% methanol rinses. The tissue was rehydrated from 100% methanol to 70% 

methanol and then distilled water. The sections were rinsed in phosphate buffered saline 

(PBS) and incubated in 5% normal horse serum and then incubated in primary antibodies 

overnight in a humid chamber at room temperature.

Immunostaining for T cells was accomplished using an antibody to CD3 (Ventana Medical 

Systems, Inc., Tucson, AZ) at a dilution of 1:1 or undiluted. For B cell immunostaining an 

antibody to CD20 (Ventana Medical Systems, Inc., Tucson, AZ) was used undiluted.

For macrophage immunostaining, an antibody to CD68 (DAKO, Denmark) was used at a 

dilution of 1:10 or 1:25.

After primary incubation, sections were rinsed in 3 washes of PBS. Secondary antibodies 

diluted 1:200 and appropriate for the host species of primaries were applied for one hour, 

and sections were then rinsed 3 times with PBS. Avidin-Biotin-horseradish peroxidase 

(standard ABC kit, Vector Labs, Burlingame, CA) was applied for one hour and rinsed in 

PBS. Colorization was accomplished with 0.01% diaminobenzidine and 0.01% hydrogen 

peroxide (H202) for 5 to 10 minutes and the sections were then rinsed in PBS, dehydrated in 

graded alcohols and cover slips were applied (O’Malley JT, et al., 2009; O’Malley JT, et al., 

2009).

Scanning Electron Microscopy (SEM)

The electrode array was removed after decalcification was complete. The array was then 

fixed in ½ strength Karnovsky fixative (2% paraformaldehyde plus 2.5% glutaraldehyde in 
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phosphate buffer at a pH 7.4). After fixation, the electrode was rinsed three times in 

phosphate buffered solution, dehydrated in a graded series of ethanol, critical point dried in 

a Tousimis Semi-automatic Samdri-795 critical point dryer, and finally coated with a 150 

angstrom chromium layer in a Gatan 610 ion beam coater.

The control electrode array which had not been implanted was not fixed but was coated in 

the same way. Both electrodes were mounted on 12 mm diameter aluminum mounting stubs 

before the coating was applied. They were then examined in a JEOL 7401F field emission 

scanning electron microscope.

Energy Dispersive Spectroscopy by Scanning Electron Microscopy (EDS-SEM)

Tissue sections adjacent to those used for immunostaining were prepared in the same way as 

for immunostaining on glass slides and air dried.

The samples were then examined with a JEOL (Japan Electron Optics Laboratory) model 

6610LV scanning electron microscope (SEM) in low vacuum mode with a pressure around 

35 Pascals, and images were generated using the Backscatter Electron Detector. Backscatter 

imaging provides composition information wherein higher atomic number materials appear 

brighter in the image. These images were useful as a guide as the investigation focused on 

platinum which has a much higher atomic number (78) than the surrounding organic 

material. The SEM was equipped with an IXRF energy dispersive spectroscopy system 

(EDS) which provides elemental identification based on x-ray radiation caused by the 

electron beam/sample interaction. The IXRF system was equipped with a silicon drift 

detector, model 550i pulse processor, and Iridium analysis software.

Results

Lymphocytic immunostaining

An infiltration of B lymphocytes (CD20) was frequently seen in proximity to the electrode 

track as part of the fibrous sheath around the electrode track (Fig. 1A & B). An infiltration 

of B-lymphocytes was commonly co-populated by T-cells (CD3) (Fig. 2).

A pure infiltrate of either B- or T- cells was not found in this small series.

The finding of opaque particles consistent with foreign body material was common in areas 

of lymphocytic infiltrate (Figs. 2A–B).

Macrophages and Foreign Body Giant Cells

The electrode array was frequently lined by multinucleated foreign body giant cells (Figs. 3 

and 4) at the interface between the fibrous sheath and the electrode track. Foreign body giant 

cells were immunopositive using a CD-68 antibody (Fig. 4).

Macrophages were also stained with CD-68 antibody and were located in the fibrous soft 

tissue of the sheath surrounding the electrode track. These macrophages often contained 

opaque particles consistent with phagocytized foreign material (Fig. 5 and 6).
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Energy Dispersive X-ray Spectroscopy (EDS-SEM)

Energy dispersive X-ray spectroscopy of the particulate material found in the fibrous sheath 

surrounding the cochlear implant electrode was consistent with platinum as the foreign body 

(Figs. 7A and 7B). Using the EDS system, specific areas of interest were located and 

analyzed. The EDS system provides a spectrum showing the elements present in each 

identified area but also reports elemental concentration and weight percent. In this case the 

concentration is not directly useful but provides a guide to the amount of a given element 

(platinum in this case) and the system’s own confidence in the measurement of that element. 

Confidence indication is provided in an error indication and a minimum detection limit 

(MDL). In some cases trace amounts of platinum may have been reported, but these were 

below the systems own MDL indicator. In other cases particulate structures were found with 

platinum in excess of 50% by weight.

SEM

Scanning electron microscopy of the electrode removed at the time of histologic preparation 

demonstrated cellular debris on the surface of the electrode but also evidence of pitting and 

cracking presumably due to corrosive changes in vivo (Figs. 8 and 9).

Discussion

An inflammatory response to the presence of a cochlear implant has been described in both 

animals (Shepherd RK et al 1984) and in the human (Bertuleit et al, 1999; Kronenberg et al., 

2001; Nadol et al., 2004; Kunda et al., 2006; Migirov L et al., 2007; Ho et al., 2007, Doherty 

et al., 2004; Nadol et al., 2008; O’Leary SJ, et al., 2013; Seyyedi et al., 2014). The most 

typical biologic response, both in the animal and in the human seems to be a lymphocytic 

infiltrate and the development of a fibrous sheath encasing the electrode array (Shepherd et 

al., 1984; Nadol et al., 2004). However, in the human, cases with a more severe response 

resulting in extrusion of the electrode outside the cochlea (Ho, et al., 2007, Nadol et al., 

2008) have been described. The etiology of this biologic response has been attributed to 

foreign body reaction (Bertuleit et al., 1999; Kronenberg et al., 2001, Migirov et al., 2007; 

Nadol et al., 2008) with the silicone as the prime suspect as an antigen (Kunda et al., 2006; 

Puri S et al., 2005; Nadol et al., 2008). The prevalence of a biologic response to the presence 

of a cochlear implant in the human has been estimated to be in excess of 75 percent of 

patients (Nadol et al., 2008; Seyyedi et al., 2014). A foreign body or hypersensitivity 

response has been described after implantation of a variety of other prostheses containing 

silicone including skin expanders (Maturi et al., 1991), implants for arthroplasty (Kistler et 

al., 2005); cardiac pacemakers (Maushagen et al., 1994), cerebrospinal fluid shunts (Snow et 

al., 1989; Jimenez et al., 1994), breast implants (Busch, 1994) and endolymphatic 

subarachnoid shunt (Pulec JL, 1998). In addition, a biologic response to the presence of 

nonpolymeric implant material including metal and ceramic has been described (Anderson 

JM et al., 2008), including platinum (Chan et al 2015).

Particulate material consistent with platinum has been previously observed in a long term 

human implant recipient (Clark et al, 2013, Clark et al 2014).
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The current report describes an exuberant infiltration of type B and type T lymphocytes, 

foreign body giant cells and macrophages in proximity to the electrode track. In addition, 

opaque foreign body material was seen in the vicinity of the electrode track either in an 

extracellular location (Fig. 2B) or apparently phagocytized by macrophages (Fig. 6).

Okano T et al (2008) have suggested that macrophages in the inner ear may be derived from 

circulating monocytes and consist of two subcategories: 1) infiltrating macrophages 

migrating from the circulation into the tissue and 2) resident tissue macrophages. The 

existence of mononuclear phagocytes has also been described in the inner ear of animals by 

Hirose et al. (2005).

The results of energy dispersive x-ray spectroscopy by SEM identified the particulate 

material as platinum, probably as a result of pitting and corrosion of the platinum electrode 

plates (Fig. 8 and 9). The physiologic and clinical consequences of a foreign body reaction 

to components of the cochlear implant are in most cases unknown at least in the short run. 

However, in some cases failure of the implant has been described (Bertuleit et al., 1999; 

Kronenberg et al., 2001; Kunda et al., 2006; Ho et al., 2007; Migirov et al., 2007; Nadol et 

al., 2008).

In one study, (Groothuis J, et al., 2014) it was suggested that a foreign body response to the 

presence of stimulating electrodes in the brain could result in electrical malfunction of the 

electrode and neuronal loss.

There is evidence in an animal model (O’Leary SJ et al., 2013) that the extent of the tissue 

reaction seen within the cochlea and the presence of foreign body giant cells and new bone 

formation was negatively correlated with residual hearing following surgical implantation.

In summary, a cellular immune response to the presence of a cochlear implant, including the 

presence of phagocytized particulate foreign material is common in the human. This seems 

to result in no significant degradation of performance in most cases. However, in some cases 

with an exuberant cellular immune reaction, failure or even extrusion of the implant device 

may occur.
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Fig. 1. 
Fig. 1A. Basal turn of case #5 (Table). This 91 year old man with a clinical diagnosis of 

bilateral Meniere’s syndrome underwent a cochlear implant in the left ear at age 81 using a 

Nucleus 22® device. The NU-6 word score was 12%, as recorded at age 82 years. The 

electrode track (ET) was present in the scala tympani and was surrounded by a fibrous 

sheath (FS) and an infiltrate of lymphocytes (L) (H&E staining).

Fig. 1B. Immunostaining (anti-CD20) identified the majority of these lymphocytes as B 

cells.

Nadol et al. Page 9

Hear Res. Author manuscript; available in PMC 2015 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Fig. 2A. Basal turn of case #3. This 76 year old woman with a familial hearing loss 

underwent left cochlear implantation at age 59 years using a Nucleus 22® device. She was a 

poor implant user and scored 0% on an NU-6 word list at age 50. A B-cell lymphocytic 

infiltrate was identified using anti-CD20 immunostaining near the electrode track (ET). 

Opaque particulate foreign body material (FB) was seen within the inflammatory infiltrate.

Fig. 2B. On a semi-serial section a co-population of T-cells was identified using anti CD-3 

immunostaining. In addition, opaque particulate foreign body material (FB) was seen within 

the inflammatory infiltrate.
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Fig. 3. 
Case #4, right ear. This 68 year old man sustained bilateral hearing loss due to basilar skull 

fracture at age 46 and underwent bilateral cochlear implantation on the right using a Nucleus 

22® device at age 47, and on the left a Nucleus Freedom® device at age 64. The patient’s 

word recognition score was poor, with HINT scores of 0% in both ears at age 66. 

Multinucleated foreign body giant cells (FBGC) were commonly located in the plane 

between the fibrous sheath (FS) and the electrode itself (ET) (H&E staining).
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Fig. 4. 
Fig. 4A. The fibrous sheath surrounding the electrode track in case #4, left ear. There were 

multinucleated foreign body giant cells (FBGC) between the fibrous sheath (FS) and the 

electrode track (ET).

Fig. 4B. The foreign body giant cells (FBGC) were immunostained using anti CD-68 

antibody.
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Fig. 5. 
H&E staining of case #4, left ear. Near the electrode track (ET) at the cochleostomy (C) 

were new bone formation (NB), a lymphocytic infiltration (L) and a fibrous sheath (FS) 

surrounding the electrode. The boxed area in this figure is shown at higher magnification in 

Figure 6.
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Fig. 6. 
Anti CD-68 immunostaining of macrophages in the loose areolar tissue surrounding the 

fibrous sheath of the electrode track in the basal turn of case #4, left, shown at lower 

magnification in Fig. 5. These macrophages contained phagocytized opaque particulate 

foreign material (FB).
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Fig. 7. 
Fig. 7A. Targeting photomicrograph for EDS-SEM (energy dispersive x-ray spectroscopy) 

of the particulate material seen surrounding the electrode sheath in case #3. This 76 year old 

with bilateral progressive hearing loss of unknown etiology starting at age 10 years 
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underwent a left cochlear implant using a Nucleus 22® device at age 59 years. Word 

recognition score (NU-6 word score) was 0% at age 50 years.

Fig. 7B. The spectroscopy findings were consistent with platinum as the foreign material 

seen. See Materials and Methods (pg 4), and Results (pg 5) for more complete description of 

technique.
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Fig. 8. 
SEM of a control Nucleus 24® electrode array (never implanted), near the tip of the 

electrode. The platinum electrode (PE) can be seen surrounded by a silicone sheath (SS). 

The surface of the platinum electrode is smooth.
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Fig. 9. 
SEM of a platinum electrode of a Nucleus 24® device extracted prior to histologic 

preparation in case #4, left. This electrode had been implanted 4 years before death. Pitting 

of the platinum electrode (arrows) was consistent with in vivo corrosion.
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