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Abstract

The current study evaluates histopathologic changes in the
temporal bones of 4 human subjects who underwent revi-
sion cochlear implantation. Specimens were removed at au-
topsy, fixed and prepared for histological study by standard
techniques. Specimens were serially sectioned, reconstruct-
ed by two-dimensional methods, and the tracks of the initial
and revision cochlear-implant electrodes identified. The
tracks were of three types: a ‘common track’ (shared by the
reimplantation electrode and initial electrode), ‘two tracks’
(where the reimplantation electrode was in a different track
than that of the initial electrode) and ‘one track’ (where the
reimplantation electrode extended beyond the initial elec-
trode, forming a single track). Associated histopathologic
findings (new bone formation, fibrosis or inflammatory cells,
and cochlear fluid) were evaluated for the three types of
tracks. In all 4 subjects, the insertion depth of the revision
cochlear implant was deeper than that of the initial cochlear
implant. The primary track of the initial implantation did not
interfere with insertion of a revision cochlear implant, and
the trajectory of the revision electrode did not always follow
the primary track. In cochlear segments with a common

track or two tracks, the mean (across-subject) percent area
of the extraelectrode cochlear duct filled with abnormal
(new bone or fibrotic) tissue (43.2%) was significantly greater
than the mean percent area occupied by fluid (13.4%; t=3.12,

df.= 19.9, p= 0.003). Copyright © 2010 S. Karger AG, Basel

Introduction

As the number of cochlear implants done internation-
ally has increased, there are increasing reports of revision
cochlear implantation. Buchman et al. [2004] reported on
33 revision cochlear implantations in 30 patients, and
resolution of the patient’s presenting signs and symptoms
occurred in nearly 90% of cases with significant improve-
ment in auditory performance. Perioperative complica-
tions were uncommon. Sorrentino et al. [2009] reported
on their experience with 20 revision implantations. They
reported audiologic performance as stable or improved in
90% of cases. Rivas et al. [2008] reported on 48 revision
cochlear implantations. Resolution of the preoperative
symptoms was achieved in 83% of cases, and speech per-
ception was lower in only 1 of the 48 cases. Notably, all
cases in which communication with the internal device
could not be established regained or surpassed previous
peak performance, whereas in cases where performance
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decreased and a device malfunction was suspected, 75%
of patients did so, and these tended to be patients of age
greater than 70 years. Cullen et al. [2008] reported on 93
revision cochlear implantations in pediatric patients. Au-
ditory performance of the revision implant equaled or
surpassed the best preoperative performance in ‘most pa-
tients’. Zeitler et al. [2009] also reported a ‘high rate” of
surgical success in revision cochlear implantation with
preservation or improvement of preoperative perfor-
mance in the majority of patients and alleviation of pre-
operative symptoms. However, the clinical experience
with revision cochlear implantation is not always as pos-
itive. Henson et al. [1999] reported on 28 adults who re-
quired cochlear reimplantation using the same implant
design. In this study, 37% of patients had significantly
higher sentence or word scores with their replacement
cochlear implants, 26% had no significant change and
37% had significantly poorer scores.

Similarly Miyamoto et al. [1997] reported a retrospec-
tive study of 17 revision cochlear implantations. In most
cases, insertion length and number of channels remained
unchanged, but, based on a few patients in whom this was
not the case, the mean depth of insertion was statistically
lower in revision cases. Fayad et al. [2004] reported 5
complications in 43 reimplantations: 2 (5%) intraopera-
tive cerebrospinal fluid leaks and 3 (7%) postoperative
flap breakdowns with implant extrusion. The number of
electrodes inserted was unchanged in 40 out of 43 pa-
tients, and speech perception remained stable or im-
proved.

Likewise, Kang et al. [2009] reported 3 cases of incom-
plete extraction of the failed cochlear-implant electrode,
resulting in intracochlear retention of a distal portion of
the electrode array.

There has been little histopathologic study of the re-
implanted temporal bone. In previous reports of cochlear
histopathology in animals and humans, the reimplanted
cochlea showed evidence of increased trauma [Shepherd
et al., 1995], more new bone and fibrous tissue [Linthi-
cum et al., 1991], and a significant increase in electrode
insertion trauma in cases in which there was proliferation
of granulation tissue at the cochleostomy [Jackler et al.,
1989].

Rubinstein et al. [1998] presented the temporal-bone
histopathology in 1 patient who underwent implantation
of a single-channel electrode in the left ear and 4 years
later underwent explantation and reimplantation with a
conventional multichannel implant (same case as patient
4 in the current series). They identified two separate elec-
trode tracks.

The Histopathology of Revision Cochlear
Implantation

The current study characterizes the temporal-bone
histopathology of 4 subjects who underwent at least one
revision cochlear-implant surgery in life. We compare
the tracks, insertion depth, and performance associated
with the primary and revision implantations.

Material and Methods

The temporal bones were fixed in 10% buffered formalin, and
decalcified in ethylenediaminetetraacetic acid. Those specimens
in which the electrode array was left in situ were postfixed in 2%
osmium tetroxide. All specimens were dehydrated in graded al-
cohols. The specimens in which the electrode array was left in situ
were exchanged with propylene oxide and embedded in Araldite,
whereas specimens in which the electrode array had been re-
moved before fixation were embedded in celloidin. The embed-
ded specimens were serially sectioned in the horizontal (axial)
plane at an average thickness of 20 pm. Specimens embedded in
Araldite with the electrode array left in situ were sectioned by a
previously described technique [Nadol et al., 1994]. Every 10th
section of specimen embedded in Araldite was either left un-
stained or stained in toluidine blue O. Every 10th section from
specimens embedded in celloidin was stained with hematoxylin-
eosin.

The serial sections were reconstructed by conventional two-
dimensional methods [Guild, 1921; Nadol, 1988; Schuknecht,
1993]. The total length of the cochlea and the depth of insertion
of the electrode as measured from the round window were deter-
mined from two-dimensional reconstructions. The track of a co-
chlear-implant electrode was documented by direct microscopic
observation when the electrode was cut in place or — in specimens
in which the electrode had been removed prior to histological
preparation — using histological evidence such as perielectrode
fibrosis.

The electrode tracks were classified into three types based on
their size, shape and trajectory. Nearest the cochleostomy, the ini-
tial and revision insertions always shared a common track. Lon-
gitudinal cochlear segments where the primary and revision elec-
trodes took separate tracks were classified as two tracks. The pres-
ence of one track implies a single electrode. While following the
tracks from the cochleostomy site to the tip of the electrode, tran-
sition from a common track to two single tracks was seen (subject
1, fig. 1, top panel). Transitions from a larger common track to a
smaller single track were also observed (in subject 2, 13.2 mm
from the round window in fig. 2, top panel; in subject 3, 12.8 mm
from the round window in fig. 3, top panel). The track of an In-
eraid electrode (subject 2) was oval or bilobed, and was thus eas-
ily distinguished from the track of a Nucleus electrode.

In cases with two tracks, the track with an electrode in situ was
judged to be the revision track (subjects 1, 2, 3) whereas the other,
with no electrode, was judged to be the primary track. If both
tracks were empty (because of removal of the electrode at the time
of histologic preparation, subject 4), the larger track was assumed
to contain the multichannel electrode and the smaller track to
have contained the single-channel electrode. Subject 2 was im-
planted 3 times (Ineraid, Ineraid, Nucleus 22). In this case, the size
and shape of the Ineraid and Nucleus 22 tracks were distinguished
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Fig. 1. Subject 1. Top panel: schematic representation of the type
of electrode track as a function of distance from the round win-
dow. From the cochleostomy to 10.3 mm, the 3M House single
electrode (3M) and the Nucleus 22 (N22) revision electrodes oc-
cupied a common electrode track (CT). From 10.3 to 12.3 mm, two
separate electrode tracks were identified (2T). A single track (1T)
extended from 12.3 to 19 mm. Bottom panel: Plot of the percentage
extraelectrode area occupied by new bone (red), fibrous/inflam-
matory tissue (yellow) and fluid (blue) as a function of distance
from the round window. The solid vertical lines mark the bound-
aries between cochlear segments represented by the histological
sections of the cochlear duct used to estimate the percentages. The
weighted (see Methods) mean data of table 2 and the statistical
analyses were computed from the cochlear segments apical to the
dashed vertical line marking the location 5 mm apical from the
apical margin of the cochleostomy. In this case, the cochleostomy
extended from 3.3 to 4.2 mm from the round window.

by referring to other temporal-bone specimens implanted with
similar multichannel devices. In this subject, the tracks of the first
Ineraid and second Ineraid electrodes could not be distinguished.
However, the operative record described the insertion depth of
both primary and revision Ineraid electrodes as nearly the same.
In subject 3, the primary and revision electrodes were both Nu-
cleus 22 and the different insertion depths were supported by in-
formation in the operative record. Thus, a total of 14 electrode
contacts of the primary implant were inserted and resistance was
encountered 10 mm within the cochlea. The common track and
the more apical single track (occupied by the revision cochlear
implant) were distinguishable based on differences in size and
shape of the tracks. In subject 4, in whom the scala media was di-
lated by endolymphatic hydrops, the electrode track could be
identified by the presence of perielectrode fibrosis.

338 Audiol Neurotol 2011;16:336-346

Fig. 2. Subject 2. See figure 1 caption for general information. Top
panel: from the cochleostomy to 8.4 mm, the Ineraid (I) initial and
first-revision electrodes and the Nucleus 22 (N22) second-revision
electrode occupied a common track (CT). From 8.4 to 8.7 mm, two
separate tracks were identified (2T). From 8.7 to 13.2 mm, the In-
eraid initial and first-revision electrodes and the Nucleus 22 sec-
ond-revision electrode again occupied a common track. A single
track extended from 13.2 to 20.3 mm. Bottom panel: the cochleos-
tomy extended from 3.3 to 3.4 mm from the round window.

To compare the amount of perielectrode space occupied by new
bone, fibrosis or cochlear fluid across the three types of tracks,
every 10th section was magnified with a microprojector (X15.6),
and, for each cochlear turn with an electrode track, the cross-sec-
tion of the turn, the electrode track, and regions of new bone, fi-
brosis, inflammatory cells and fluid were traced on graph paper
(250 x 180 mm). The perielectrode area of each cochlear turn rep-
resented by each histological section was computed by subtracting
the area of the electrode track from the turn’s cross-sectional area.
The areas occupied by new bone, fibrosis, inflammatory cells or
cochlear fluid were calculated for each turn and the percentage of
the perielectrode area of each, computed by dividing the area for
each tissue by the perielectrode area and multiplying by 100. The
percentages for each histological section were weighted by the lon-
gitudinal length represented by each turn of each segment and
summed across section by tissue type, track type and subject, to
compute the weighted mean percentage of the perielectrode space
occupied by each tissue for each track type and subject.

The performance (NU-6) measures after the initial and revi-
sion cochlear implantations were available in some subjects, and
in others an NU-6 score was estimated from other speech recep-
tion test results based on a technique described by Rabinowitz et
al. [1992] (table 1).
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Fig. 3. Subject 3. See figure 1 caption for general information. Top
panel: from the cochleostomy to 5.5 mm, the Nucleus 22 (N22)
primary electrode and the Nucleus 22 revision electrode occupied
a common track (CT). From 5.5 to 8.8 mm, buckling of the elec-
trode occurred, and from 8.8 to 8.9 mm, two separate tracks were
identified (2T). From 8.9 to 12.8 mm, the Nucleus 22 primary
electrode and the Nucleus 22 revision electrode again occupied
a common track. A single track (1T) extended from 12.8 to 19.5
mm. Bottom panel: the cochleostomy extended from 2.7 to 3.8
mm from the round window.

Results

Clinical Demographics

The cause of deafness was a temporal bone fracture in
2 subjects, mumps and/or chemotherapy in 1 subject, and
measles and chronic otitis media in 1 subject. In 2 sub-
jects (subjects 1, 4), the first cochlear implant was a single-
channel device that was replaced by a multichannel de-
vice at revision cochlear implantation. Details of the clin-
ical demographics are shown in table 1 in outline form
and presented in more detail in the following case re-
ports.

Case Reports

Subject 1

In this 80-year-old woman, hearing loss was first noticed on
the right at age 4 years following an episode of measles and on the
left at age 42. There was a progressive loss of hearing in both ears
over the years, and she was profoundly deaf at age 50. Otorrhea

The Histopathology of Revision Cochlear
Implantation

Fig. 4. Subject 4. See figure 1 caption for general information. Top
panel: from the cochleostomy to 16.7 mm, the House single-chan-
nel (HS) primary electrode and the Nucleus 22 (N22) revision
electrode occupied a common track (CT). From 16.7 to 18.2 mm,
two separate tracks were identified (2T). A single track (1T) ex-
tended from 18.2 to 18.9 mm. Bottom panel: the cochleostomy
extended from 2.9 to 3.2 mm from the round window.

was first noted on the right side at age 40 and on the left side at age
42. She underwent mastoidectomy of the right ear at age 40 with
revision on the right at age 64. Mastoidectomy of the left ear was
done at age 67. She underwent a right cochlear implantation using
a 3M House single-channel device at age 65, but 9 years later, that
implant began to malfunction. At age 74, the single-channel de-
vice was explanted, and a Nucleus 22 device was reimplanted.

Subject 2

This 88-year-old man had normal hearing until he sustained
a skull fracture at age 70. After recovery from the injury, he had
20%’ residual hearing. Residual hearing was lost 5 months later
after a second skull fracture. He underwent a right cochlear im-
plantation using an Ineraid device at age 71. One year later, the
pedestal of the implant was sheared off while the patient was get-
ting out of an automobile. He then underwent reimplantation on
the right with another Ineraid device at age 72. His second pedes-
tal was also damaged, and he therefore underwent a second reim-
plantation using a Nucleus 22 device at age 75.

Subject 3

This 79-year-old woman was profoundly deaf in the left ear
from early in life; her deafness was attributed to mumps or polio.
A progressive hearing loss in the right ear started at age 20 with a
significant additional loss in hearing at age 72 while on chemo-
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Table 1. Clinical demographics of revision cochlear implantation

Subject Sex/age Cause of deafness or Device and Duration of Depth of Performance after
at death indication for reimplantation  age at surgery use, months insertion, mm cochlear implantation

Subject1  F/80 measles and chronic otitis 3M House single- 120 12.3 no record
(right ear) media channel device (65)
Revision 1 malfunction of device Nucleus 22 (74) 70 19 NU6 words: 4%
Subject2  M/88  temporal bone fracture Ineraid (71) 17 13.2 NUG6 words: 11%!
(right ear)
Revision 1 sheared off the pedestal of the Ineraid (72) 30 13.2 NU6 words: 10%

implant
Revision 2 subsequently broke pedestal ~ Nucleus 22 (75) 153 20.3 NU6 words: 26%

for second time
Subject3  F/79 mumps, chemotherapy Nucleus 22 (75) 13 12.8 NU6 words: 2%
(right ear)
Revision 1 poor word recognition Nucleus 22 (76) 31 19.5 NUG6 words: 16%
Subject4  M/67  temporal bone fracture House single-channel 54 18.2 12 closed-set words: 50%
(left ear) device (53) environmental noises: 80%
Revision 1 intermittent performance Nucleus 22 (57) 117 18.9 CID sentences: 4% NU6

words: 0%!

In all 4 subjects, the depths of revision electrodes were deeper than those of the initial electrodes
! Indicates word score estimated by the method of Rabinowitz et al. [1992].

therapy for metastatic lung carcinoma. She was profoundly deaf
atage 75, when she underwent a right cochlear implantation using
a Nucleus 22 device. At surgery, resistance to insertion was en-
countered in the ascending basal turn. The cochleostomy was en-
larged in an attempt to insert the electrode into the scala vestibu-
li. Resistance was encountered at the same location, and only half
of the electrodes were inserted. A postoperative plain X-ray
showed the implant to be in the cochlea with a small bend at its
tip where the electrode curled back on itself. Performance was
poor with this implant and a CT scan, 1 year after implantation,
showed that the electrode array was only partially inserted.
Therefore, at age 76, she underwent a revision right cochlear im-
plantation using a Nucleus 22 device. Her word recognition im-
proved from 2 to 16% (NUS6).

Subject 4

This 67-year-old man became profoundly deaf bilaterally as a
consequence of bilateral temporal bone fractures at age 47. Audi-
ometry showed no response in both ears at age 50. At age 53, he
underwent a left cochlear implantation using a House single-
channel device, but, because of intermittent performance with
this device, he underwent explantation and reimplantation using
a Nucleus 22 device at age 57. The performance after the second
implantation was similar to that after the first implantation (ta-
ble 1).

Insertion Depths and Tracks
The insertion depth of each revision cochlear implant
was greater than that of the initial cochlear implant in all

340 Audiol Neurotol 2011;16:336-346

4 patients (fig. 1-4). The mean depth of insertion of the
revision electrodes (19.4 mm) was significantly greater
(t=-3.8, d.f. = 3.3, p = 0.014) than that of the initial elec-
trodes (14.0 mm). The trajectory of the revision electrode
did not always follow the primary track. In all cases, the
revision electrode started within the common track and
then diverged to create another track.

In subject 1, the revision electrode (Nucleus 22) shared
a common track with the 3M House single-channel de-
vice to a depth of 10.3 mm and then diverged to another
trajectory, resulting in two tracks. The track of the 3M
House single-channel electrode was no longer visible af-
ter 12.3 mm and the track of the Nucleus 22 electrode
could be followed to 19 mm (fig. 1, 5-7).

In subject 2, the last revision electrode (Nucleus 22)
followed the track created by the two Ineraid electrodes
to 13.2 mm in depth, except for a short segment (0.3 mm)
with two tracks, present between 8.4 and 8.7 mm from
the round window (fig. 2, 8), and then diverged into an-
other track and terminated at 20.3 mm.

In subject 3, the revision electrode (Nucleus 22) en-
tered the previous track created by the initial Nucleus 22
device to 12.8 mm in depth and then diverged to create a
single new track to 19.5 mm in depth. A 3-mm segment
of buckled electrode was found within the common track

Lee/Eddington/Nadol
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Table 2. Percentage of area occupied by new bone, fibrosis, inflammatory cells and cochlear fluid in the extraelectrode space accord-

ing to type of track

New bone formation, %

Fibrosis or inflammatory cells!, %

Cochlear fluid, %

common track 2 tracks 1 track common tack 2 tracks 1 track common track 2 tracks 1 track
Subject 1 60 56.2 24.4 40 43.8 54.9 0 0 20.7
Subject 2 44.1 68.3 11.9 37.9 30.3 21.4 17.9 1.3 66.7
Subject 3 84.8 100 86.4 9.8! 0 3.5! 54 0 10.1
Subject 4 18 1.3 0 45.4 52.9 37.7 36.6 45.8 62.3

! Indicates percentage of space occupied by inflammatory cells.

beginning about 5.5 mm. The common track split into
two tracks for a short segment (0.1 mm) at 8.8 mm (fig.
3,9).

In subject 4, the revision electrode (Nucleus 22) fol-
lowed the track created by the House single-channel de-
vice to 16.7 mm in depth and then diverged to create a
short segment (1.5 mm) with two tracks, and finally con-
tinued as a short segment (0.7 mm) of one track (fig. 4, 10).

In the 4 subjects, the points of divergence from the
common track to two tracks (subjects 1, 4) or one track
(subjects 2, 3) were at 10.3 mm (midpoint of ascending
basal turn) in subject 1, at 13.2 mm (endpoint of ascend-
ing basal turn) in subject 2, at 12.8 mm (endpoint of as-
cending basal turn) in subject 3, and at 16.7 mm (mid-
point of descending basal turn) in subject 4, as measured
from the round window. In all 4 subjects, the last single
track was assumed to have been occupied by the revision
electrode. The differences between the insertion depths
of the revision and primary electrode tracks were + 6.7
mm (subject 1), + 7.1 mm (subject 2), + 6.7 mm (subject 3)
and + 0.7 mm (subject 4).

Histopathology of Extraelectrode Space

The histopathology of all 4 specimens showed evi-
dence of trauma to the inner ear structures, presumably
caused by electrodes. In subject 1, the initial electrode
track passed through the basilar membrane from one
scala to another scala at two locations (8.8 and 10.3 mm)
and the revision electrode track at one location (12 mm).
In addition, dissection of the spiral ligament to the bony
cochlear wall was also found (fig. 5-7).

In subjects 2 and 4, the electrode track penetrated the
basilar membrane at two separate locations, and dissec-
tion of the spiral ligament was found (fig. 8, 10). In subject
2, the first and second Ineraid electrodes did not pene-
trate the basilar membrane, but the revision Nucleus 22

The Histopathology of Revision Cochlear
Implantation

Fig. 5. Example of a two-dimensional reconstruction of the co-
chleaand electrode tracks (subject 1). The primary electrode track
(3M House single-channel device) is shown by the filled black
squares and the revision electrode track (Nucleus 22) is shown
by open circles. There was a common track between a and b, two
tracks between b and ¢, and one track between ¢ and d. The
distances along the cochlear duct of each point were: 3.3 mm (a),
10.3 mm (b), 12.3 mm (c) and 19 mm (d), as measured from the
round window. SV = Scala vestibuli; ST = scala tympani.

electrode did so at two separate locations (16.5 and 19.3
mm). In subject 4, the initial electrode penetrated the bas-
ilar membrane at 8.2 mm and the revision electrode pen-
etrated the basilar membrane at 16.5 mm. In subject 3,
dissection of the spiral ligament by both the initial and
revision electrode tracks was identified.

The bottom panels of figures 1-4 plot the percentage
of extraelectrode space in the cochlear duct occupied by
new bone, fibrous or inflammatory tissue and fluid as a
function of distance from the round window. In an effort
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Revision 1 track

Common track
by N22 + 3M

Fig. 6. Subject 1. Horizontal section of right temporal bone. The
common track in the ascending basal turn presumably had se-
quentially accommodated the 3M House single-channel device
and then the Nucleus 22 device. The smaller track in the middle
turn was caused only by the Nucleus 22 revision cochlear implant.
The circumference of the common track was larger than that of
the single track. Dissection of the spiral ligament (single and dou-
ble arrowheads) and penetration of the basilar membrane by the
electrode track (double arrowheads) were identified. N22 = Nu-
cleus 22; 3M = 3M House single-channel device. Toluidine blue O
stain.

Fig. 8. Subject 2. Horizontal section of right temporal bone. The
common track in the ascending basal turn was presumed to have
been occupied sequentially by the Ineraid (I) and the Nucleus
electrodes, and the one track in the descending basal turn, by the
Nucleus 22 (N22) at the second-revision cochlear implantation.
The common track was larger than the revision single track. Dis-
section of the spiral ligament (arrowheads) occurred in both
tracks. Toluidine blue O stain.

342 Audiol Neurotol 2011;16:336-346

" Revision
b

Initial track

Revision traci(
by N22

Fig. 7. Subject 1. Horizontal section of right temporal bone. Two
tracks were visible in the ascending basal turn and one track in
the middle turn. The two tracks consisted of the initial track 3M
House single-channel device, 3M) and the revision track (Nucle-
us 22, N22). The latter is larger than the former. Dissection of the
spiral ligament to the lateral bony cochlear wall (arrowhead) was
seen in both revision tracks. Toluidine blue O stain.

Fig.9. Subject 3. Horizontal section of right temporal bone. In this
patient, initial and revision electrodes were both Nucleus 22. The
buckling of the revision electrode is visible in the basal turn (ar-
row). Dissection of the spiral ligament to the lateral bony cochle-
ar wall (arrowhead) was found. The histopathologic change in the
extraelectrode space in the segment containing the buckling elec-
trode was severe ossification and no visible fibrosis or cochlear
fluid space (unstained).

Lee/Eddington/Nadol
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Common track
< by N22 + HS _

PRevision track

Fig. 10. Subject 4. Horizontal section of left temporal bone. The
common track was visible in the ascending basal turn, and two
tracks were visible in the middle turn. The two tracks consisted
of the initial track (House single-channel device, HS) and the re-
vision track (Nucleus 22, N22). The common track was larger in
diameter than both single tracks. Dissection of the spiral ligament
(arrowhead) occurred in the common track and in the revision
single track. Hematoxylin-eosin stain.

to differentiate the amount of new bone, fibrous or in-
flammatory tissue caused by the cochlear implantation
process from that caused by the creation of the cochleos-
tomy, only the cochlear segments greater than 5 mm
apical to the apical margin of the cochleostomy (apical to
the vertical dashed line in the bottom panel of fig. 1-4)
were included in the following analyses. Table 2 lists
the weighted mean percentage (see Material and Meth-
ods) of extracochlear space occupied by new bone, fi-
brous or inflammatory tissue and fluid by type of elec-
trode track and subject.

There was no significant difference between the mean
(across-subject) percentages of new bone in common-
track segments (51.7%) versus one-track segments (30.5%)
or between two-track segments (56.3%) versus one-track
segments (30.5%). Also, there was no significant differ-
ence between the mean (across-subject) percentages of
new fibrotic tissue in common-track segments (33.3%)
versus one-track segments (29.3%) or between two-track
segments (31.8%) versus one-track segments (29.3%).
There was no significant difference between the mean
(across-subject) percentages of fluid in common-track
segments (15.0%) versus one-track segments (40.0%; p =
0.08) or between two-track segments (11.8%) versus one-
track segments (40.0%; p = 0.0598).

The Histopathology of Revision Cochlear
Implantation

In order to determine whether cochlear segments that
underwent insertion of two electrodes suffered more
damage than those subjected to a single insertion, we
combined the common-track results with the two-track
data to form a ‘two-insertion’ category and we combined
the new-bone and fibrotic-tissue categories to form an
‘abnormal-tissue’ category. We then tested whether the
mean (across subject) percent area of abnormal tissue in
two-insertion segments (43.3%) was significantly differ-
ent from the abnormal tissue in segments with a single
track (29.9%) and found it was not (t = 1.08, d.f. = 13.6,
p = 0.30).

In two-insertion segments, the mean (across subject)
percent area of the extraelectrode cochlear duct filled
with abnormal tissue (43.2%) was significantly greater
than the mean percent area occupied by fluid (13.4%; t =
3.12,d.f. =19.9, p = 0.003). But in cochlear segments with
one track, the mean percent area filled with abnormal tis-
sue (29.9%) was not significantly different from the mean
percent area occupied by fluid (40%).

Analyses Including Segments within 5 mm of

Cochleostomy

When the cochlear segments within 5 mm of the
cochleostomy were included in the statistical analyses,
there were shifts in many of the percentages reported in
the previous section, but, except for 1 case, the significant
differences noted in the previous section (p < 0.05) did
not change. The 1 exception was the significant differ-
ence (t=-1.9;d.f. =9; p = 0.04) between the mean (across-
subject) percentages of fluid in common-track segments
(10.0%) versus one-track segments (40.0).

Performance after Revision Cochlear Implantation

Word recognition scores after primary and revision
implantation are displayed in table 1. Word recognition
scores for subjects 2 and 3 improved substantially after
reimplantation. In the case of subject 1, results for the
before-revision time frame were not available. While the
pre- and postrevision results for subject 4 are roughly
consistent with no change in performance, the tests con-
ducted before revision (closed-set words and environ-
mental noises) are so different from the postrevision test
(open-set CID sentences) that a pre/post comparison is
problematic. The small number of subjects (n = 2) with
pre- and postreimplantation performance scores did not
allow statistical analysis.
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Discussion

The results of the current study support the proposition
that immediate reimplantation after removal of an intra-
cochlear electrode is likely to be successful in reaching an
insertion depth of at least 19 mm. This was the case for all
4 of the reimplanted temporal bones studied, even though
(1) the preceding insertion lengths where substantially
shorter than 19 mmin 3 cases (12.3,13.2 and 12.8 mm) and
(2) the last insertion in all cases followed a different track
than the previous insertion in at least part of the cochlear
segment first occupied by the initial electrode.

The current results are generally consistent with the
results based on animal studies that histologically exam-
ined the effect of cochlear reimplantation on the inner
ear. Jackler et al. [1989] performed reimplantation using
either a single ball electrode or a longer electrode in 8
adult cats. They reported that cochlear explantation fol-
lowed by immediate reimplantation may be accomplished
without damage to the cochlea or its neural population.
However, proliferation of granulation tissue at the round
window and in the scala tympani may cause difficulty in
insertion of the replacement device and may increase the
likelihood of induced trauma. Greenberg et al. [1992] re-
ported in the guinea pig that there was no significant dif-
ference in the pathology of singly implanted or reim-
planted cochleae. However, the experimental protocol
was limited to a single-wire ball-tipped intracochlear
electrode. Shepherd et al. [1995] reported the histopatho-
logic change after cochlear reimplantation using long
multichannel intracochlear electrodes in the macaque,
where electrode insertion trauma involving the osseous
spiral lamina or basilar membrane was greater in the re-
implanted cochleae and also resulted in more extensive
loss of basal ganglion cells, particularly when prolifera-
tion of granulation tissue at the cochleostomy was identi-
fied. As in the current study (fig. 1-4), the cochlear dam-
age tended to be greater in the lower basal turn.

Results from histopathological studies of reimplanted
humansare available for only 5 ears. Linthicum et al. [1991]
reported on 3 patients implanted first with a single plati-
num ball electrode that was later removed and replaced by
a similar electrode. In contrast to the results of the present
study, the insertion depths of all 3 reimplantations were
less than the original depths. All 3 cochleae were noted to
have large amounts of new bone and fibrous tissue and
among the lowest ganglion cell counts compared to 16 sin-
gly implanted cochleae. Fayad et al. [2006] report an adult
implant user who had undergone bilateral revision im-
plantation, replacing a single-channel electrode (20 mm in
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length) on one side with a Nucleus 22 multichannel device
and a 3M/House single-channel short electrode (6 mm) on
the opposite side with a Nucleus 24 multichannel device.
Like the results of the present study, the new bone forma-
tion around the electrode path was greatest in the scala
tympani of the basal turn of the cochlea. Unfortunately,
the insertion depths of the reimplanted electrodes were not
reported, making it impossible to compare the initial and
reimplanted insertion depths for these 2 ears. The spiral
ganglion cell counts were extremely low in both ears, rep-
resenting less than 10% of the normal spiral ganglion cell
population. Despite the low spiral ganglion cell counts, the
patient derived benefit from the implants, with scores of
30% open-set word recognition and 66% on open-set sen-
tences in both ears.

New Bone, Fibrous Tissue and Cochlear Fluid Space

Somdas et al. [2007] developed a methodology to
quantitatively evaluate new bone and fibrous tissue using
three-dimensional reconstruction (Amira). They evalu-
ated 7 temporal bones and demonstrated the greatest vol-
ume of new bone formation at the cochlear base (consis-
tent with the present results) and at sites of trauma to the
lateral cochlear wall in the ascending limb of the basal
turn. They suggested that trauma to the endosteum or
lateral cochlear wall may be a factor in induction of this
tissue reaction.

By using a scoring system for damage to the lateral co-
chlear wall and a three-dimensional reconstruction
method, Li et al. [2007] evaluated new bone and new fi-
brous tissue formation in the inner ear following cochle-
ar implantation in 12 temporal bones. In addition to find-
ing new bone being most prevalent in the base (consistent
with the findings of the current study), they reported a
significant correlation between total damage to the lat-
eral cochlear wall and total volume of new bone, new fi-
brous tissue and total new tissue. They suggested that in-
sertion trauma to the lateral cochlear wall may play a role
in subsequent fibrosis and neo-ossification following co-
chlear implantation. High levels of osteoprotegerin with-
in the spiral ligament may serve to inhibit bone remodel-
ing, and exposure of the underlying endosteum may pro-
vide a nidus of inflammation to promote ossification.
Inflammatory mediators may contribute to a general in-
crease in new bone formation.

Revision Insertion Depth and Performance

Our observation that the depths of insertion of the
reimplanted electrodes were all deeper than the initial
depths of insertion is consistent with the reports of supe-
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rior performance after revision cochlear-implant surgery
using multichannel electrodes and a low percentage of
perioperative complications [Buchman et al., 2004; Cul-
len et al., 2008; Rivas et al., 2008]. Lassig et al. [2005] re-
ported on 58 cochlear reimplantations. Electrode inser-
tion depth was equal or deeper in 53 of 58 cases. Of the
35 patients for whom comparison data are available,
speech recognition scores after reimplantation were as
follows: improved in 25 (71.4%), little or no change in 7
(20.0%) and decreased in 3 (8.5%). Coté et al. [2007] re-
ported on 45 cochlear implant revisions. Electrode rein-
sertion depth was comparable with that at the initial sur-
gery, with full reinsertion with the same type of electrode
array as in the primary implantation in 33 (76.7%) cases.
But in 3 cases (7.0%) only partial insertion was achieved
at revision surgery despite complete insertion during the
initial implantation. Speech perception was maintained
after reimplantation. Of the 19 children with available
data, 5 had higher scores after the revision surgery, 12 had
similar scores, and only 2 had lower scores. Gosepath et
al. [2009] reported on 56 surgical revisions of cochlear
implantation. In all revisions, the electrode insertion
depth at the time of reimplantation was similar to that at
the initial implantation. In 20 cases in which speech au-
diometry data were available, 19 showed similar or better
scores than before reimplantation.

While the speech reception data of the current study
are consistent with the results reviewed in the previous
paragraph, the small number of subjects (n = 2) with pre-
and postreimplantation performance scores does not
support a statistical analysis.
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