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Abstract Three patients implanted in our department
received the preformed Clarion S-Series cochlear implant
with the electrode Positioning System (EPS). The EPS is a
device designed to bring the electrode array closer to the
modiolus and deeper into the cochlea. Two of these patients
still complained because they were perceiving too low pitch
sounds, and because of the presence of echoes and poor dis-
crimination after 3 years of implant use and many tuning
sessions. We hypothesized that the electrode array was too
deeply inserted and could be stimulating overlapping popu-
lations of neurons in the low frequency range. The EPS was
removed through a transcanal tympanotomy under local
anesthesia and the array was pulled 2–3 mm out of the
cochlea. The angle of electrode insertion into the cochlea
and the patients’ performances on consonant identiWcation
tests were evaluated before and after the removal surgery
and over the long term, 3 years after the surgery. Immedi-
ately after the removal surgery the angle of insertion of the
electrode array decreased from 720° to 485° in one case and
from 675° to 485° in the other. Both patients reported sub-
jective improvements after the removal which were con-
Wrmed by tests of performance at the long term by one of
the patients. These observations show that (1) the electrode
array can be moved without deterioration of performances
even several years after being implanted; revision surgery
may be beneWcial in some cases, (2) neighboring electrodes

might stimulate overlapping populations of neurons, induc-
ing a deterioration of performances; for anatomical reasons,
this is most likely to occur in the apex of the cochlea and
(3) tuning of the external processor should be a customized
procedure.
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Introduction

Cochlear implants transform sounds in electric signals that
are distributed among the many electrodes inside the
cochlea. The distribution of the electric signals respect the
tonotopic speciWcity of the sensory structures of the cochlea:
low frequency signals are sent to electrodes in the apex and
high frequency signals to the electrodes in the base of the
cochlea. One of the trends in research is to develop elec-
trodes that could help improve the quality and eYcacy of
the electric signal delivered to the nerve Wbers or the gan-
glion cells [1–6]. In 1999 one producer proposed a device
that could push the array closer to the modiolus and as a
consequence, deeper into the cochlea. The electrode
Positioning System (EPS) is an independent silicone part
designed to be introduced into the cochlea, between the
electrode array and the outer wall [7]. This would allow a
more precise stimulation with lower levels of electrical
current. In our series of implanted patients only three received
such a device with the preformed Clarion S-Series elec-
trode [8]. This study reports that in two of these three cases
this system was disadvantageous. Results of speech perfor-
mance improved after partial withdrawal of the electrode
array out of the cochlea that was done with the removal of
the EPS.
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Materials and methods

Patients

The two patients had a similar history. They had lost their
hearing, Wrst on the left as a result of idiopathic sudden
hearing loss. In the following years they suVered from sev-
eral episodes of vertigo and progressive hearing loss,
because of contralateral idiopatic delayed hydrops. Both
patients received the Clarion S-Series with EPS on the left.
The processor was secured to the mastoid bone. A mastoid-
otomy was performed and the electrode array was intro-
duced into the middle ear and inside the cochlea through a
posterior tympanotomy. The Clarion S-Series array and the
EPS were sequentially inserted into the cochlea with the
appropriate insertion tools [9]. The cochleostomy was then
tightly sealed with a plug of temporalis fascia.

Measure of the angle of insertion of the electrode array
was done with a postoperative radiography with a modiWed
Stenver’s view X-ray described by Marsh et al. [10]. The
location of the round window was determined on the basis
of a method described elsewhere [11–13]. BrieXy it consists
in localizing the round window, using two reference points:
the apex of the superior semi-circular canal and the center
of the vestibule. The round window site corresponds to the
intersection of the array by a straight line connecting these
two points. From the site of the round window the insertion
angle of the most apical electrode of the array was
measured. Hearing performances were evaluated using con-
sonant identiWcation tests without visual cues as described
elsewhere [14]. The mean percent of correct initial consonant

(IC) identiWcation was calculated through at least six pre-
sentations gathered within two diVerent sessions.

EPS removal and partial withdrawal of electrode array
was done 46 months after the implantation for patient 1 and
30 months after the implantation for patient 2. Operations
were done under local anesthesia through a transcanal tym-
panotomy. Fibrous tissue was dissected until the cochleos-
tomy was completely exposed and the electrode array and
the EPS were visible. The electrode array was secured in
place and the EPS pulled out completely. The electrode
array was withdrawn 2–3 mm out of the cochlea and placed
against the outer wall of the cochlea, under the surgeon’s
visual control. The cochleostomy was again tightly sealed
with a plug of temporalis fascia.

Results

Measure of the angle of insertion

After cochlear implantation for patient 1 the insertion angle
of the electrode array was 720° and for patient 2, 675°
(Fig. 1a). After partial withdrawal of electrode array and
removal of the EPS the insertion angles decreased for
patient 1 from 720° to 485° and for patient 2 from 675° to
433° (Fig. 1b).

Hearing performances

After cochlear implantation both patients started using their
speech processors with a program including all eight

Fig. 1 Position of electrode 
array inside the cochlea a before 
and b after partial withdrawal of 
the electrode array and removal 
of the EPS
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electrodes. Patient 1 was able to give 31% of correct
answers in the IC test after having worn the implant for
46 months and patient 2, 51% after 30 months. Subjectively
both patients complained consistently of perceiving sounds
with a very low pitch quality and of the presence of echoes.
They had their processors switched to a program of six
electrodes with the two most apical electrodes being turned
oV. This procedure resulted in an objective improvement in
their performances (P > 0.05) (Table 1). Patient 2 subjec-
tively described a reduction in the echoes perceived.

After partial withdrawal of the electrode array and
removal of EPS, both patients adopted an eight-electrode
strategy. In the long term (3 years) the performances deteri-
orated for patient 1 and signiWcantly improved for patient 2
(P < 0.05). Patient 1 cannot concentrate during long test
sessions (Table 1).

Both patients say that the perceived sounds have more
high pitches, they hear without echoes and wear their
implants daily.

Discussion

Cochlear implants allow totally deaf adults to recover
speech discrimination [15]. The development of such
devices is the result of a close collaboration between
research and clinical groups. A few years ago, in an eVort to
improve the performances of implanted patients, a new
electrode array was developed. The two cases reported here
indicate that such improvements are not always beneWcial
to patients. In both cases, following fabricant’s recommen-
dations the electrode arrays were implanted deeply and
placed closer to the modiolus if compared to another series
of implanted patients with insertion angles ranging from
270° to 756° [11]. These two patients complained of the
predominantly low pitch quality of the perceived sounds.
That was probably related to the too deep position of the
electrodes inside the cochlea. Their performance tests
showed worse results when the most apical electrodes were
in use and were signiWcantly better when they were turned
oV. Both patients had the electrode array partially
withdrawn from the cochlea as a result of the removal of
the EPS. This resulted in a more basal location of the
electrodes. After that, both patients started to use again

eight electrodes and informed that the sounds perceived had
less low pitch quality. One of them also showed an
improvement in his speech performance over the long term.
Even many years after implantation the electrode array can
be moved without compromising the user’s performance.

The studied patients suVered from sudden deafness [16]
followed some years later by contralateral idiopathic
delayed hydrops in which progressive hearing loss and ver-
tigo are main features. Schuknecht [17] analysed the tem-
poral bones of patients who had suVered of contralateral
idiopathic delayed hydrops. In the Wrst deaf ear he observed
an atrophy of the organ of Corti and a retrograde degenera-
tion of the dendrites and of the ganglion cells. In such cases
the electric current generated by the cochlear implant trav-
els over a certain distance between the electrodes inside the
scala tympany and the ganglion cells. It is a risk that an
undesired spread of current stimulates diVerent groups of
neurons, generating confusions and a loss in discrimination.
This risk is higher at the apex of the cochlea where the neu-
rons are concentrated. These observations are in agreement
with the experimental study of Briaire et al. in which they
discuss that the usual position of the electrodes inside the
scala tympany aimed to be as close as possible to the
modiolus can be satisfactory in cases were there is dendrite
preservation but might not be ideal in cases of dendrite
degeneration, where the spatial selectivity is limited,
mainly in the apex due to the cross turn stimulation [18].
Furthermore, Boex et al. [19] observed, in a study of six
implanted patients that electrical stimulation elicited pitch
perceptions that were lower than those expected from the
site of stimulation, according to Greenwoods’ function [20]
and according to what was perceived acoustically by the
same patients through the residual hearing of the contra-lat-
eral ear. These authors suggest that the electrical excitation
might not activate the nerve Wbres according to the tono-
topic organisation of the organ of Corti but could excite
directly the ganglion cells. In this case, cross turn stimula-
tion is possible due to the packing of the cells inside the
modiolus. That could be even more critical in the apex of
the cochlea at the helicotrema. The hypothesis that an inter-
action between electrodes could be the cause of our
patients’ complaints was developed following the observa-
tion of the third patient who have received the same system.
This patient, who lost his hearing after a treatment with
streptomycin, received the same cochlear implant with the
EPS. In cases of streptomycin ototoxicity there would be
less risk of interactions because there is degeneration of
hair cells but the dendrites and ganglion cells are relatively
preserved [21]. In spite of the fact that this patient has a
very deep electrode insertion, comparable to the initial
depth observed in the two studied cases, he perceives high
pitch tones, and his performance is of 60.5% (SD 2.12) of
correct responses in the IC test.

Table 1 Hearing performances

Initial consonant test

Before withdrawal 
with EPS

After withdrawal 
without EPS

Eight eletrodes Six eletrodes Eight electrodes

Patient 1 31% (SD 8.45) 37% (SD 5.08) 23% (SD 4.71)

Patient 2 51% (SD 5.52) 59% (SD 3.77) 66% (SD 8.99)
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As for hearing aids, cochlear implants are usually sold in
packages that include standardised tuning programs. This
material is intended to facilitate the tuning of the external
processor of cochlear implants, making it possible to be
done by a large number of professionals. This is broadly
done but unfortunately at the price of more cases of non-
optimal utilisations of the device. To obtain optimal results
with cochlear implants, the tuning procedure has to be
extensively adapted, electrode after electrode, to each indi-
vidual patient. The two cases reported here show that the
complaints of patients can be conWrmed with speciWc tests
and that the tuning of the processor cannot be treated as a
standard procedure. This tuning requires a multidisciplinary
team of engineers, surgeons, physicians and audiologists
with knowledge of the anatomy and physiology of the hear-
ing system as well as of the implications of the electrical
stimulation. It seems reasonable to limit the adaptation of
cochlear implants to clinical centres having a multidisci-
plinary team collaborating closely with research teams.

Conclusions

These observations show that (1) the electrode array can be
moved without deterioration of performances even several
years after being implanted; revision surgery may be bene-
Wcial in some cases, (2) neighboring electrodes might stim-
ulate overlapping populations of neurons, inducing a
deterioration of performances; for anatomical reasons, this
is most likely to occur in the apex of the cochlea and (3)
tuning of the external processor should be a customized
procedure.
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