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Abstract Introduction The preservation of residual hearing is currently an important challenge
for cochlear implant surgeries. Indeed, if patients exhibit functional hearing after
cochlear implantation, they can benefit from the combination of acoustical stimulation,
usually in the low-frequencies and electrical stimulation in the high-frequencies. This
combined mode of stimulation has proven to be beneficial both in terms of speech
perception and of sound quality. Finding the right procedures for conducting soft-
surgeries and designing electrode arrays dedicated to hearing preservation is an open
issue.

Objective The objective of this study is to evaluate the combination of a soft-surgery
procedure implicating round-window insertion and the use of dexamethasone and
hyaluronic acid during surgery, with the use of a specifically designed straight soft
electrode array, on hearing preservation in patients with functional hearing in the low
frequencies.

Methods This pre-clinical trial was conducted on seven patients with residual hearing
in the low frequencies. The surgical method used employed a round window insertion
and the use of topical dexamethasone.

Results The soft-surgery protocol could be successfully followed in five patients. In this

Keywords group, the average hearing threshold shift compared with pre-operative values was of
= cochlear implantation 18.7 +/— 16.1 dB HL up to 500 Hz and 15.7 +/— 15.1 up to 1 kHz, demonstrating
= cochlear round satisfying levels of hearing preservation.
window Conclusion We were able to demonstrate the possibility of preserving residual hearing

= residual hearing in most of the patients using the EVO electrode. Significant residual hearing preserva-
= hearing preservation  tion levels were was obtained when a soft surgical approach involving round window
= dexamethasone insertion, dexamethasone and hyaluronic use during the surgery.
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Introduction

Cochlear implants (CI) nowadays constitute a method of choice
for the rehabilitation of hearing function in patients with severe-
to-profound hearing loss and congenital deafness. Thanks to
proven benefits in terms of quality of life and speech and
communication, CI indication was progressively extended to
patients presenting significant levels of functional residual
hearing. Provided cochlear implantation can preserve this resid-
ual hearing, these patients can benefit from the combination of
electrical stimulation provided by the CI over mid- to high
frequencies and of amplified acoustic stimulation over the
low-frequencies. This stimulation mode was shown to improve
speech understanding in various listening situations.’? These
advantages have highlighted the importance of preserving
residual hearing during CI surgery.

Recent developments in this area followed mainly three
lines of research. The first series of improvements concerned
the surgery itself with the refining of soft-surgical
approaches, seeking to minimize intracochlear trauma due
to the opening of the internal ear and the insertion of the
electrode array. In this context, the round-window (RW)
surgical approach is often thought to be less traumatic than
the cochleostomy. With the RW approach, the entry into the
cochlea happens through a membrane, not requiring added
bone drilling and can thus potentially lead to less trauma.>*
Therefore, the RW approach today constitutes the favored
approach for soft-surgeries and is still widely preferred over
cochleostomy. The second line of developments concerned
the use of pharmacological support to diminish the acute
insertion trauma as well as postimplantation inflammation,
and lubricating substances, to diminish the mechanical
trauma caused during the electrode insertion. Dexametha-
sone was proven to be efficient under systemic administra-
tion. The injection of intravenous dexamethasone one hour
prior to the surgery lead to reduced surgery-induced hearing
loss.” Preoperative local administration of steroids directly on
the RW was shown to significantly reduce post-operative
thresholds shifts.? In addition to steroids, the use of lubricat-
ing fluids or gels applied onto the electrode array, such as
Hyaluronic acid was shown to reduce friction forces during
electrode insertion, potentially limiting the insertion trau-
ma.”-® Finally, the combination of both steroids and hyalur-
onic acid was sometimes more efficient than the use of either
solution alone.’ The last line of research developed in this
context was the improvement and specific design of electrode
arrays optimized for less traumatic insertions. Shorter
electrode arrays, meant to cover only the high-frequency
regions of the cochlea were developed, but presented very
limited interest because of the frequent progressive nature of
the hearing-loss affecting patients and the high risk of re-
implantation associated. Moreover, residual hearing preser-
vation was shown to be possible with long electrodes, pro-
vided they have a soft surface and a limited tip diameter.'%!!

Despite these results, the efficiency of combining soft-
surgical approaches with specific pharmacological treatment
procedures to prevent loss of residual hearing using long
electrode arrays can still be optimized and specific protocols
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should be tested to develop clear guidelines. The objective of
the present study was to evaluate the combination of a soft-
surgery procedure implicating round-window insertion and
the use of dexamethasone and hyaluronic acid during
surgery, with the use of a specifically designed soft electrode
array (EVO, Oticon Medical, Vallauris, France), on hearing
preservation in a group of CI candidates with residual hearing
in the low frequencies.

Method

Participants

Seven participants from the Department of Otolaryngology of
the Universidade de S3o Paulo (Sdo Paulo, Brazil) were
included in this preliminary clinical study. Participants
were all post-lingual deaf adults, aged 23 to 83 years, with
an average age of 52.43 */.20.85 years. Patient’s demographic
details are provided in =Table 1. All but one patient had a
history of progressive hearing loss from unknown etiology.
The last patient had a sudden ototoxic loss. Presurgical
imaging revealed no cochlear abnormalities or ossifications
of the internal ear in any patient. All presented with profound
hearing loss thresholds starting from 1000 Hz, with averaged
pure-tone thresholds between 1 and 8 kHz of 119.7 */.
12.8 dB HL. See ~Fig. 1 for detailed pure-tone audiometry.
Patients were included in the study because they presented
residual hearing over the low frequencies, with averaged
pure-tone thresholds at 750 Hz = 86.1 */. 14.85 dB HL;
500 Hz= 67.9 */_ 12.5 dB HL; 250 Hz= 46.4 */. 10.7 dB HL
and 125 Hz = 38.6 */. 10.7 dB HL). Despite these favorable
low-frequency thresholds, all patients had limited benefit of
hearing aids (Sentence recognition scores lower than 50%
with amplification), and were thus candidates for cochlear
implantation and received an Oticon Medical Neurelec (Val-
lauris, France) CI system (Digisonic SP). If residual hearing
was preserved, these patients would be candidates for

Table 1 Patients’ demographics

Subject | Gender | Age at Implanted | Etiology
id Implantation | Side
(years)

P1 F 83 Left Progr.
Unknown

P2 F 41 Left Progr.
Unknown

P3 F 72 Right Progr.
Unknown

P4 F 49 Left Progr.
Unknown

P5 F 23 Left Progr.
Unknown

P6 M 38 Right Sudden
Ototoxic

P7 F 61 Left Progr.
Unknown

Abbreviations: id, identification; F, female; M, male; Progr, progressive.
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Fig. 1 Top panel: Averaged free-field warble-tone thresholds measured pre- (blue) and post-operatively (orange) in the five patients who had
successful soft-surgery with the Evo® electrode array. The shaded areas represent the standard deviation of mean. Bottom-panel: graphical
representation of the median loss across frequencies for the same patients.

combined electric and acoustic stimulation using the Zebra
(Oticon Medical, Vallauris, France) speech processor.12 Before
inclusion, volunteers were fully informed about the goals and
procedures of the study and provided written consent. This
study was performed in accordance with the Declaration of
Helsinki, and was approved by the Ethics Committee for the
Analysis of Research projects of the Universidade de Sdo Paulo
(Sao Paulo, Brazil).

Hearing Preservation Soft-Surgery Protocol and
Electrode Array

The soft surgical procedure employed a classical trans-mas-
toid approach and a round-window insertion of the electrode
array.’ Pre-operatively, patients received a weight-adjusted
intravenous dose of hydrocortisone (4 mg/kg) and a single
dose of preventive antibiotic treatment (cefazolin, 1 g), before
intubation and general anesthesia. The surgeon then per-
formed a wide posterior tympanotomy via facial recess,
allowing exposure of the round window membrane. The
middle ear cavity was then filled with a dexamethasone
solution (4 mg/ml), while the receiver was placed in the
subperiosteal pocket and secured with two titanium screws,
without drilling a bony well.">'# The steroid solution was
then removed, the anterior border of the round window

membrane was delicately perforated and no suctioning of
the perilymph was performed. Hyaluronic acid (Provisc,
Alcon Laboratories Inc., Puurs, Belgium) was then placed
over the membrane and along the electrode array, before
slow insertion of the electrode. After insertion, the electrode
insertion site was sealed using a small collar of temporalis
fascia positioned around the electrode array and the middle
ear cavity was again filled with dexamethasone (4 mg/ml). If
the soft-surgery was compromised (difficult insertion of
electrode array), the procedure would be abandoned and a
cochleostomy performed to warranty the best insertion ratio
and the best cochlear implant outcomes for the patient
despite the risk of not preserving residual hearing.

The EVO® Electrode Array

The EVO® electrode array (Oticon Medical, Vallauris, France)
was especially designed to respond to the constraints of soft
surgeries for hearing preservation. It is a long (24 mm), thin
(proximal diameter = 0.5 mm; distal diameter = 0.4 mm),
and flexible device, with a smooth surface silicone array
carrying 20 micro-machined titanium-iridium electrodes
(=Fig. 2). This specific design demonstrated low insertion
forces compared with classical electrode array designs,'> and
is associated to low levels of intracochlear traumas.'®
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Fig.2 The EVO® electrode-array for residual hearing preservation. The electrode array was designed for maximized hearing preservation with a

smooth surface and a soft, less traumatic tip.

Evaluation of Residual Hearing Preservation

To evaluate residual hearing preservation, we evaluated pre- and
post-surgical pure-tone audiometry using a calibrated clinical
AC33 audiometer (Interactoustics, Assens, Denmark), in a dou-
ble-walled sound-booth. We measured warble-tone thresholds
under free-field listening conditions, using only the cochlear
implant system (contralateral ear plugged). Post-operative
thresholds were measured on average 3.14 */. 1.5 months after
surgery.

Results

Surgeries

The round-window soft surgery approach was possible only in
five out of seven patients (P1; P4-P7). Unfortunately, electrode
insertion through the RW appeared to be difficult and re-
mained partial in two patients (P2 & P3). These two patients
required a cochleostomy to obtain a more favorable insertion
angle and ensure a fuller insertion. Therefore, we will first
report separate results for the 5 patients who had a successful
soft-surgery and round window insertion, which represent our
best case scenario. We will then report on the complete group
by including the two patients who had a cochleostomy.

Hearing Preservation with Soft-Surgery and Round
Window Insertion
The different thresholds measured pre- and post-surgery in
the group of patients who had successful soft-surgery are
represented in =Fig. 1. In this group, the average hearing
threshold shift compared with pre-operative values was of
18.7*/.16.1 dBHLup to 500 Hz and 15.7 */_15.1upto 1 kHz
(=Fig. 1-Top panel). The observed median loss at 500 Hz was
15 dB HL (~Fig. 1-Bottom panel). The averaged residual
thresholds after surgery in this group of patients were 73
*/.24 dB HL up to 500 Hz and 87 */.26.7 up to 1 kHz.
However, these group’s results hide a relatively important
interindividual variability as can shown in =Fig. 3, showing
the pre- versus post-surgery thresholds diagram at 500 Hz.
Among the five patients, 3 (P1, P5 & P7) had post-operative
thresholds in the +10 dB HL range and one more (P4) was
between +10 and +20 dB HL. One patient (P6) showed an
important threshold shift of +40 dB HL at 500 Hz.

Complete Group Analysis

When considering the data from the complete patients group,
results showed that the two patients (P2 & P3, triangles
on =Fig. 3), who could not have a full-insertion through

Pre- vs. Post-surgery thresholds chart
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Fig. 3 Pre- versus post-surgery input/output chart. For each individual patient included in the study, pre- (x-axis) and post-operative (y-axis)
thresholds are plotted on the same graph. The diagonal (black line) of this graph represents the no-difference line the dotted lines represent the
*/.10 dB HL (light gray) or */. 20 dB HL difference lines (dark gray). Circles represent patients from the round-window insertion group and
triangles represent patients P2 and P3, who had to undergo cochleostomy because of difficult insertion (partial ossification).
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the round-window showed worst results than the patients
from the round-window insertion group, with individual
threshold increases at 500 Hz of respectively 40 and 65 dB
HL. However, even for these two patients, some residual
hearing could be preserved as their averaged thresholds
below 500 Hz were of 81.7 */. 19.7. Including these two
patients, the group-averaged hearing threshold shift com-
pared with pre-operative values was of 24.5 */_18.2 dBHL up
to 500 Hz and 21.8 */.19.2 up to 1 kHz.

Discussion

This preliminary clinical study demonstrated the possibility
of preserving residual hearing using the 24 mm long EVO®
soft electrode array combined with a soft-surgery protocol
including the usage of dexamethasone and hyaluronic acid.’
The results, however, also highlighted potential caveats of this
approach, regarding the selection of candidate patients and
the surgical approach employed.

In a first sub-group of five patients, thresholds compatible
with the use of combined electric and acoustic stimulation
could be achieved. Although the number of patients included
in the present study do not allow us to generalize from our
current observations, these preliminary observations are
very promising and would encourage the conducting of larger
scale, multi-centric clinical trials including larger numbers of
patients. In 3 out of 5 patients (60%), who had successful soft-
surgery with round-window insertion, the hearing preserva-
tion was complete, with a post-surgery loss at 500 Hz
of <10 dB and moderate (loss of 11-20 dB) in one other
patient (20%) and one presented only partial hearing preser-
vation (loss of <40 dB), bringing the total count of partial
preservations to 100%. When including the two patients who
could not have soft-surgery and who had to have a cochle-
ostomy after several attempts of RW insertion, the number is
71.4% of successful hearing preservation over the sample. Our
preliminary observations are well in line with data reported
in the literature regarding hearing preservation. Reported
distributions in the literature vary with the study and are in
about the same range: 45.2% of complete preservation and
90.3% of partial loss in 31 children, mean threshold shift of
18.5 dB HL with standard electrode arrays and full-length
insertions'’; 71-86% hearing preservation using the Nucleus
24 Contour Advance electrode.'® In a recent study comparing
hearing preservation with the Hybrid-L24 and the CI 422
from Cochlear, Jurawitz and colleagues'® reported 54.6% and
49.0% of subjects showed a mean threshold shift < 15 dB.
Another aspect which would be interesting to monitor is the
evolution over time of the hearing preservation scores,
several authors having shown that sometimes scores
obtained pre-operatively decrease during the following
months.?%?!

Our data also suggest that hearing preservation can be
achieved with a straight electrode with full insertion
(21 mm), provided a soft-surgical procedure can be achieved.
The round-window surgical approach led to good hearing
preservation results in our case, however, we cannot be
conclusive regarding the difference between the RW and a
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cochleostomy approach, because of the small numbers of
patients included in the present study and because a
cochleostomy was performed only if the RW approach could
not be conducted properly. Former work in this domain have
shown that both approaches could lead to satisfying hearing
preservation levels provided both are conducted appropri-
ately. In a systematic literature review including 170 patients,
Havenith and colleagues,?? could not find clear evidence for a
superiority of the RW approach compared with cochleos-
tomy. Other authors reported that similar levels of low-
frequency hearing preservation could be achieved using
straight narrow electrode inserted with either
approaches.?372> One possible difference contrasting both
approaches is the relatively important anatomical variability
of the round window itself, which could compromise
insertion in certain cases and would make the cochleostomy
a better option.?® Extensive studies including more patients
and looking at the detailed relationship between ore-opera-
tive anatomical characteristics of the RW region and how
these should constrain the choice of the surgical approach are
necessary.

Our study also provides evidence for the use of steroids
such as Dexamethasone, combined with Hyaluronic acid to
ease atraumatic electrode insertion.’ These observations
constitute arguments in favor of improving the way drugs
can be delivered to the inner ear to favor long-term residual
hearing preservation in patients candidates for combined
electrical and acoustical stimulation. One option in this
domain would be to develop drug-eluting electrode arrays,
made with dexamethasone loaded silicones, which could
deliver steroids to the inner ear over longer post-surgery
periods.?”-?8 Further work will be dedicated to the ameliora-
tion of these treatment options to maximize hair-cell survival
rate after CI surgery. The preservation of residual hearing in CI
surgeries will allow patients to benefit from combined acous-
tical and electrical stimulation, allowing for better functional
outcomes compared with electrical stimulation alone, in
particular concerning speech perception and speech-in-noise
comprehension. This combined mode of stimulation was
indeed shown to increase the perception of low-frequency
cues (FO, f1) in speech. FO was shown to play a crucial role in
voice separation and auditory stream segregation,?® and low-
frequency cues are also crucial for phoneme categorization in
normal listeners>® and Cl users.>! Follow-up experiments will
therefore measure the speech perception and speech in noise
intelligibility outcomes in the patients who had successful
residual hearing preservation, using a sound processor
designed to deliver both acoustical and electrical stimula-
tions. Altogether, the benefits of soft surgery techniques and
the ameliorations observed regarding the levels of residual
hearing preservation consecutively to a cochlear implanta-
tion are progressively broadening the indications of cochlear
implants.

Conclusions

In this preliminary clinical study involving seven CI patients,
we could demonstrate the possibility of preserving residual
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hearing in most of the patients using a specifically designed
straight soft electrode (EVO, Oticon Medical, Vallauris,
France). Residual hearing preservation was obtained in those
patients in which a soft surgical approach involving round
window insertion, pre-surgical dexamethasone, and topical
dexamethasone use during the surgery, as well as the coating
of the electrode array using hyaluronic acid. In certain cases,
due to anatomical variations in the round widow region and

to

partial intracochlear ossification, this surgery was not

possible and hearing preservation could not be achieved.
These results shed light on the importance of the surgical
approach combined to electrode array specificities for
successful hearing preservation in CI patients.
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