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Patients with CDH23 mutations and the 1555A>G mitochondrial
mutation are good candidates for electric acoustic stimulation (EAS)
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Abstract

Conclusions: CDH23 mutations and the 1555A>G mitochondrial mutation were identified among our series of electric acoustic
stimulation (EAS) patients, confirming that these genes were important in hearing loss with involvement of high frequency.
Successful hearing preservation as well as good outcomes from EAS indicated that patients with this combination of mutations
are good candidates for EAS. Objectives: Screening for gene mutations that possibly cause hearing loss involving high frequency
was performed to identify the responsible genes in patients with EAS. In addition to a review of the genetic background of the
patients with residual hearing loss, the benefit of EAS for patients with particular gene mutations was evaluated. Methods:
Eighteen patients (15 late-onset, 3 early-onset) with residual hearing who had received EAS were included in this study.
Genetic analysis was performed to identify G¥B2, CDH23, SLC26A4, and the 1555 mitochondrial mutations. Results: Three

early-onset patients had CDH?23 mutations. One late-onset patient had the 1555 A>G mitochondrial mutation.

Keywords: Residual hearing, hearing preservation, gene, mitochondria, 128 rRNA

Introduction

Hearing loss in the majority of patients with residual
hearing at lower frequencies is more or less progres-
sive, although the speed of progression, i.e. rapid or
rather stable, may be dependent on the etiology. An
unresolved issue is the prediction of progressiveness
based on the etiology of individual hearing loss. We
have recently reported at least four genes that are
responsible for the candidates for electric acoustic
stimulation (EAS), and therefore there is not a single
etiology but rather a great genetic heterogeneity
involved in this particular type of hearing loss [1].
In this study, screening for mutations of four genes
(G¥B2, CDH?23, SLC26A4, and the 1555 mitochon-
drial mutations), which possibly cause high frequency
hearing loss, was performed to identify the responsible
genes for 18 patients with EAS.

Material and methods

Eighteen patients (8 males and 10 females, aged
1-68 years) were included in this study. Clinical
features of the subjects are summarized in Table 1.
As regards onset of hearing loss, 15 patients were
late-onset (10-50 years old) and 3 patients were
early-onset (most probably congenital). Anamnestic
evaluation and/or serial audiogram indicated that all
of the patients had progressive sensorineural hearing
loss. No patients had any anomalies such as enlarged
vestibular aqueduct. All patients had some residual
hearingin the lower frequencies, and therefore received
EAS. The round window approach was applied for all
the patients, and intraoperative and postoperative intra-
venous administration of dexamethasone was used as
described in a previous report [2]. For genetic analysis,
direct sequencing for G¥B2, SLC26A44, CDH23, and
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Table 1. Clinical features of subjects in study.

Case no. Gender Age (EAS) Onset (age) Progressiveness Inheritance Responsible gene Implant Insertion
mode depth (mm)
1 F 59 Late (43) + Sporadic N/I PULSAR FLEXeas 24
2 F 71 Late (30) + AD N/I PULSAR FLEXeas 24
3 F 45 Late (25-30) + Sporadic N/ PULSAR FLEXeas 24
4 F 38 Late (34) + Sporadic N/I PULSAR FLEXeas 24
5 F 46 Late (30) + AD NI PULSAR FLEXeas 24
6 M 29 Late (10) + AD N1 PULSAR FLEXeas 24
7 M 39 Late (20) + AD N1 PULSAR FLEXeas 24
8 F 35 Late (25) + Sporadic N/T PULSAR FLEXeas 24
9 M 52 Late (25) + Mitochondrial Mir. 15554>G PULSAR FLEXeas 24
10 F 51 Late (30) + AD N/I PULSAR FLEXeas 24
11 M 39 Late (6) + Sporadic N/ PULSAR FLEXeas 24
12 F 45 Late (25) + Sporadic N/ PULSAR FLEXeas 24
13 F 38 Late (10) + AR NI PULSAR FLEXeas 24
14 F 60 Late (40) + AD N/I Combi 40+ standard 31.5
15 M 68 Late (50) + Sporadic N/1 PULSAR FLEXsoft 31.5
16 M 12 Early (3)* + AR CDH23 PULSAR FLEXsoft 31.5
17 M 12 Early (1 year + AR CDH23 PULSAR FLEXsoft 31.5
8 months)*
18 M 1 Early (0)° NA Sporadic CDH?23 PULSAR FLEXsoft 31.5

N/1, not identified within four genes.
*Most probably congenital.
"Newborn hearing screening.

the 1555 mitochondrial mutation was performed.
Detailed methods are described elsewhere [3-6].

Results

All three early-onset patients had CDH23 mutations
(case nos 16, 17, and 18; Figures 1,2,3). One post-
lingual patient had the 1555 A>G mitochondrial
mutation (case no. 9; Figure 4). Hearing in the low
frequencies after cochlear implantation was well
preserved in all 18 cases including these 4 cases.

Case nos 16 and 17 (Figures 1 and 2)

The patients were 12-year-old twins, had the same
mutations in the CDH23 gene, and showed similar
audiograms and a slowly progressive nature con-
firmed by serial audiograms. Both had some residual
hearing in the lower frequencies and used hearing
aids, but due to the progression of their hearing
loss, they received cochlear implants (Nucleus
CI24M device, with complete insertion of a straight
array through cochleostomy) for the left ear at the age
of 5 (no. 16) and 6 (no. 17). In one of the twins
(no. 16) residual hearing was successfully preserved
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(Figure 1D), but the other (no. 17) lost his air-
conduction thresholds after cochlear implantation
even though the bone-conduction threshold remained
stable (Figure 2D). Their audiological performance
was good with the cochlear implantation (electric
stimulation only). They wanted to have cochlear
implants on the other sides, considering their residual
hearing and the progressive nature of the hearing
loss, and we decided to use a longer atraumatic
electrode (MEDEL PULSAR CI100/FLEXsoft elec-
trode) to cover the low frequencies (Figure 1A, B, C;
Figure 2A, B, C). Hearing was well preserved
6 months postoperatively (Figures 1D and 2D).
Both had compound heterozygous mutations
(p.P240L/p.R301Q), and their parents were found
to be carriers for these mutations (Figure 2E). After
identification of the CDH23 mutations, they were
referred for ophthalmologic examination including
electroretinography (ERG) and visual field analysis.
Both had normal ERG response and no visual field
deficits, confirming the nonsyndromic phenotype
(DFNBI12). Furthermore, they did not have any ves-
tibular problems and showed normal responses in
caloric testing. Their hearing thresholds improved
to 30 dB and 35 dB (nos 16 and 17, respectively)
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Figure 1. Case no. 16. (A) Endoscopic view of round window insertion, (B) montage CT image, (C) imaging with putative location of
electrode and the referential tonotoic map, (D) preoperative and postoperative audiograms. The image of human cochlea neural tissues stained
by osmium tetroxide used in Figures 1,2,3,4 was kindly provided by Dr C.G. Wright, USWT, Dallas, USA (red, mm from round window;
black, corresponding frequency). (E) Pedigree and the mutations found in the CDH23 gene.

(average for all frequencies from 125 to 8000 Hz)
1 year after cochlear implantation. Their word rec-
ognition scores in quiet improved from 64% to 76%
(no. 16) and from 60% to 76% (no. 17) at 1 year
postoperatively.

Case no. 18 (Figure 3)

This case was a l-year-old boy with the CDH23
mutations. Auditory steady-state response (ASSR)
evaluated at the age of 4 and 7 months showed
some residual hearing at 500 Hz in the right ear
(Figure 3D). He first received a left cochlear implant
(MEDEL PULSAR CI100/standard electrode) at the
age of 9 months. The parents wanted him to use a
cochlear implant on the right side as well, and we
decided to use a more atraumatic electrode (MEDEL
PULSAR CI100/FLEXsoft electrode) because of the
possible residual hearing in the low frequencies
(Figure 3A, B, C). The second cochlear implant sur-
gery was performed at the age of 12 months. Residual
hearing measured by conditioned orientation reflex
(COR) audiometry [7] was well preserved 1 year after

{3

cochlear implantation (Figure 3D). This patient had
compound heterozygous mutations (p.[D1216A;
V1807M]/p.Q1716P) and the parents were found to
be carriers for these mutations (Figure 3E). Although
the patient was too young to undergo ophthalmologic
examination, he did not have any problems in vision or
any vestibular problems, and there is no indicative
evidence for Usher syndrome at this time.

In this very young case, auditory behavioral develop-
ment was assessed by using the LittEARS® Auditory
Questionnaire, which has been designed for children
under the age of 2 years [8,9]. The development
curve showed a rapid increase in auditory behavior
and reached the score seen in normally developed
children (c 3F).

Case no. 9 (Figure 4)

This case was a 52-year-old male with the 1555A>G
mitochondrial mutation. He noticed hearing loss
around age 38 and used hearing aids, but his hearing
loss was slowly progressive as evaluated by serial audio-
grams. Due toresidual hearingin the lower frequencies,
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Figure 2. Case no. 17. (A) Endoscopic view of round window insertion, (B) montage CT image, (C) imaging with putative location of
electrode and the referential tonotoic map, (D) preoperative and postoperative audiograms. (E) Pedigree and the mutations found in the
CDH23 gene.

an atraumatic electrode (MEDEL PULSAR CI100/ mutations and the 1555A>G mitochondrial mutation

FLEXeas electrode) was chosen (Figure 4A, B, C). were in fact found among our series of EAS patients.
Residual hearing was well preserved at 2 months post- Our previous study indicated that the CDH23
operatively (Figure 4D). His parents had hearing loss, mutations were frequently found in patients with
and the pedigree was consistent with mitochondrial recessive inheritance and the presence of residual
inheritance (as well as autosomal dominant inheri- hearing is one particular phenotypic feature of the
tance) (Figure 4E). Genetic screening detected the patients with CDH23 mutations [5], and actually all of
1555 mitochondrial mutation in the patient and his the early-onset patients had the mutations in this
mother. He had no history of exposure to amino- gene.
glycoside antibiotics. No vestibular symptoms were The CDH?23 gene encodes cadherin 23, a protein
noted, and no abnormal findings were seen in vesti- thought to be a molecule that forms the lateral links
bular testing including caloric response and vestibular between the stereocilia of hair cells [10]. One remark-
evoked myogenic potential (VEMP). His hearing ableresultin this studyis that function of the lateral links
threshold improved to 30 dB (average for all frequen- remained stable even after deep insertion of the elec-
cies from 125 to 8000 Hz) 2 months after cochlear trode of the cochlear implant. Such functional preser-
implantation. Due to an insufficient follow-up vation enabled hearing preservation even in the
period, his speech recognition score has not yet been presence of an electrode covering the corresponding
evaluated. frequency region.
As suggested by genotype—phenotype correlation
Discussion study, USHI1D, which has a more severe phenotype
including severe to profound hearing loss, vestibular
As predicted from our previous study [1] using patients dysfunction, and retinitis pigmentosa, is usually asso-

who fulfilled the criteria for EAS, the CDH23 ciated with nonsense, splicing-site, and frameshift
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Figure 3. Case no. 18. (A) Endoscopic view of round window insertion, (B) montage CT image, (C) imaging with putative location of
electrode and the referential tonotoic map, (D) preoperative ASSR findings (blue, left; red, right) and postoperative COR audiogram finding.
(E) Pedigree and the mutations found in the CDH23 gene. (F) Auditory behavioral development assessed by LittlEARS® Auditory
Questionnaire. The development curve shows rapid improvement in auditory behavior reaching the curve of normally developed children.

mutations. In contrast, DFNB12, which has a milder family no. 3 [5]) are consistent with the general
phenotype, is associated with missense mutations genotype—phenotype correlation rule.

[11,12]. The mutations found in the present three In Usher type I patients, known to have the same
cases (we previously reported case nos 16 and 17 as etiology, improvement in sound detection as well as
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Figure 4. Case no. 9. (A) Endoscopic view of round window insertion, (B) postoperative X-ray finding, (C) imaging with putative location of
electrode and the referential tonotoic map, (D) preoperative and postoperative audiograms. (E) Pedigree and the subjects with the

mitochondrial 1555 mutations.

speech perception was seen in all patients, especially
younger ones [13]. The present study clearly indicates
that patients with the CDH23 mutations are good
candidates for EAS. The previous report together
with the present cases indicates that progressiveness
of hearing loss is a characteristic feature of the patients
with this mutation [5,12]. Therefore, deep insertion
with longer electrodes is recommended to prevent
future deterioration. Successful hearing preservation
and prediction of future hearing level by genetic
diagnosis may facilitate decision making for early
intervention.

It is interesting that G¥B2, the most prevalent
causative gene among the prelingual patients, was
not found in the present series of patients. This is
probably due to their more or less flat audiograms [1]
and therefore they may be good candidates for con-
ventional cochlear implantation.

In very young children, pure tone audiograms are
not available. Acoustic brainstem response (ABR) is
usually used to evaluate their hearing, but it is difficult
to measure residual hearing in the low frequencies.
Recently, acoustic steady-state response (ASSR) has
been clinically available to measure hearing levels of
500 Hz or 250 Hz, but sometimes the low frequency
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part is not reliable or convincing [14]. In addition to
such hearing testing, genetic testing is useful to predict
the residual hearing at low frequencies. Especially for
cases with CDH?23 mutations, predicted audiograms
can be obtained for the very young patients. Based on
this concept, together with consideration of their
expected long life (which includes a risk of progres-
sion), we chose a longer atraumatic electrode
(MEDEL PULSAR CI100/FLEXsoft electrode) for
three patients with CDH23 mutations.

It is known that patients with the 1555A>G mito-
chondrial mutation are susceptible to aminoglycoside
antibiotics [15]. The 1555A>G mutation is one of the
most important mutations among the hearing loss
population in Japan, and approximately 3% of
patients with sensorineural hearing loss possess this
mutation [16]. Their hearing loss is known to be
slowly progressive [6,17]. This mutation is an impor-
tant cause in the post-lingual cochlear implant
patients, found in 10% of them [16]. It has been
reported that a patient with cochlear implantation
showed excellent auditory performance [18], indicat-
ing that cochlear implantation is a valuable choice of
therapy for patients with profound hearing loss caused
by this mutation. This mutation was also found in
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patients without any aminoglycoside exposure and
their hearing loss was usually milder than those
with aminoglycoside exposure [19]. Environmental
causative factors other than aminoglycoside antibio-
tics — such as noise or mechanical stress — have been
speculated, although not confirmed. The present
study provided an important clinical experience that
EAS could be safely performed even if the patients
have this mutation and therefore possible association
of susceptibility for any mechanical stress.

For outcome of EAS, together with successful
hearing preservation, all four patients obtained
25-35 dB in average hearing threshold after implan-
tation. Since EAS was implanted as a second cochlear
implant for three cases with CDH23 mutations, it is
difficult to evaluate the independent benefit of EAS.
However, improvement of word recognition scores
after EAS was observed in case nos 16 and 17,
indicating that additive benefit was clearly obtained
even after a rather long period following the first
implants (at 7 years and 6 years, respectively). For
case no. 18, although it is also difficult to evaluate
the independent benefit of EAS because of the very
young age, the auditory behavioral development as
assessed by the LittEARS® Auditory Questionnaire
was significantly improved after two consecutive
implantations. Since the CDH23 mutation will be
potentially found in rather young candidates, this
genetic marker could be available for the existence
of residual hearing. For those patients, it is strongly
suggested that the surgeon keep in mind the option of
performing atraumatic surgery.

In the present series, there are many families with
autosomal dominant hearing loss (6 of 18), suggesting
that many other genes responsible for dominant
hearing loss may be involved. It is also important to
note that all of the patients showed progressive hearing
loss. We are currently searching for the responsible
genes for the patients with high frequency hearing loss.

In conclusion, the CDH23 mutations and the
1555A>G mitochondrial mutation were identified
among our series of EAS patients, confirming that
these genes were important in high frequency hearing
loss. Successful hearing preservation in these patients
as well as good outcomes of EAS indicated that those
with these mutations are good candidates for EAS. The
present study indicates that genetic testing provides
useful information regarding residual hearing and
consequent therapeutic options.
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HEARRING quality standards: an Introduction for assisted hearing solutions — even taking into
In 2005 the World Health Organization estimated that account a hopefully broader application of preventive
approximately 278 million people suffered from ‘mod-  measures (e.g. rubella immunization, health edu-

erate to profound hearing impairment,” 80% of whom  cation, quieter workplaces, etc.) and health-care infra-
lived in low- and middle-income countries (WHO, structure development — is clearly both significant and
2010) where there is less access to competent medical continued.
professionals and modern medical procedures and One of such possible hearing solutions is hearing
technologies than in high-income countries. implantation. Indeed, as of December 2010, approxi-
Furthermore, with the ageing populations in the devel- = mately 219 000 people have been implanted, either
oped world (United Nations, 2010) and their associ- uni- or bilaterally (National Institute on Deafness
ated age-related hearing-loss (presbycusis), the need and Other Communication Disorders, 2011). As sig-
nificant as the benefits of cochlear or middle ear

Correspondence to: Prof. Dr. Paul Van de Heyning, Antwerp University implantation have been for recipients and their

Hospital, University Department of Otorhinolaryngology, Wilrijkstraat 10, families, such implantation is still in its demographic
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Email: Paul.van.de.heyning@uza.be infancy, serving a negligible fraction of those whom
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it could, and will, help integrate or reintegrate into the
verbal bustle of everyday life and work.

“The best clinics — providing the best for the patient
and comprehensive care’ (HEARRING, 2012). With
this motto, renowned specialists of four leading
hearing implant centers formed the HEARRING
group in 2008. Inspired by the collaborative nature of
comprehensive cancer center networks, they sought a
closer network to better pool their expertise and
share information instead of relying solely on medical
literature and — beneficial as they are — the individual
personal contacts that medical congresses and confer-
ences provide. In the following years, other centers
from around the world have joined HEARRING: as
of 2012, 23 clinics with numerous surgeons, audiolo-
gists, rehabilitationists, and other skilled professionals
are collaborating under the HEARRING umbrella.

The 23 clinics in the HEARRING network are
committed to creating and maintaining the highest
standards of quality. We believe that consensus- and
evidenced-based standards are essential to providing
each potential implant user, regardless of age or
where in the world he/she is treated, with the best
possible hearing implant solution for the treatment
of her/his individual hearing loss.

In order to try to ensure the best outcomes and the
; highest safety levels for every present or potential
implant user in every clinic, the HEARRING group —
under the direction of experts Prof. Christopher
H. Raine, MD, Prof. Dr Rudolf Hagen, Prof. Dr
Joachim Miiller, Prof. Dr Benoit Godey, and Jane
Martin - has created a series of standards that covers
all aspects of the hearing implant solution process.
These quality standards are based on the British
Cochlear Implant Group’s (BCIG) own quality stan-
dards and can be considered current best practice;
indeed they have been approved and adopted by parti-
cipating HEARRING clinics. These standards are
not, however, a static picture; as technology and treat-
ment options continually develop, these standards will
be continually updated.

The BCIG was founded in 1989 — not long after
implantation became common -~ to promote good
practice and provide information and advice to pro-
fessionals and the- public on cochlear implant sol-
utions. They, with the Royal National Institute for
the Deaf, published ‘Quality Standards for Adult
Cochlear Implantation’ (British Cochlear Implant
Group and Royal National Institute for the Deaf,
2009), a series of 16 guidelines that are meant to be
the minimum and realistically achievable baseline stan-
dards for clinics. HEARRING has used this original
document as a blueprint for developing a series of
six related sets of evidence-based standards, each tai-
lored to fit a specific age category or procedure:

1. Quality standards for adult cochlear implantation
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2. Quality standards for cochlear implantation in chil-
dren and young adults

3. Quality standards for combined electric and acoustic
stimulation (EAS)

4. Quality standards for middie ear implantation (MEI)

5. Quality standards for rehabilitation

6. Quality standards for minimal outcome measure-

ments in adults and children.
With some slight variation (see Table 1), each set of
standards has the same basic structure which can be
divided into two subsections: (1) resources and (2)
processes. -
Resources: The Resources section is made up of three

Team structure

Accommodation Clinical facilites

parts: team structure, accomodation, and clinical
Jacilities.

Team structure outlines who every cochlear implant
team should include and the minimum training and/
or experience each member should have. It also
describes the importance of establishing and maintain-
ing a program of continued professional development:
with national or international courses, conferences,
and meetings each team member should be up to
date with the latest cochlear implantation-related
developments. Extending beyond the core team, this
section also provides a list of ‘additional support’ pro-
fessionals whose expertize need not be part of a core
team but whom the core team should have ready
access to if necessary.

Accommodation is about the provision and differ-
entiation of the clinic’s physical space: the size, suit-
ability, comfort, and privacy of areas designated for
staff, present or potential implant users, and waiting
relatives. As different cultures have different spatial
expectations and comforts, the HEARRING stan-
dards do not prescribe specific sizes but rather those
that are ‘suitable’, ‘sufficient’, and ‘large enough to
comfortable accommodate’. Accomodation is also
about access and communication. It covers providing
the present or potential implant user with suitable
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Table 1 The structural variations by Quality Standard

Quality Standards for

Combined Electric

Minimal Outcome

Adult Cochlear Cpchlear Implantation in anq Acou,!stic i ) e
Implantation Children and Young Adults Stimulation Middle Ear Implantation (Re)habilitation Measurements
Symbols: = equal # differs + in addition - without (compared to basic document)
Introduction Individualized = Individualized Individualized Individualized Individualized
Structure Basic + min of two surgeons, + hearing aid — clinical scientists, physiologists, rehab + teacher of the deaf, key NO
document ™~ audiovestibular physician/ acoustician therapists, speech and language worker, parents, hearing
pediatrician, key worker, - audiological therapists, clinical physiologists, aid acoustician,
education, pediatrics medicine engineers, tinnitus, balance, medical audiovestibular physician,
physics, genetic counseling, interpreter cooperation with other
services, social services for the deaf, services
deaf advocacy - otologist, audiologists,
physiologists
Accommodation Basic + suitable and family-friendly = = = NO
document facilities
Clinical Facilities Basic + spatial awareness = — OAE, electrically evoked potentials, NO NO
document balance function testing
Referral and Cl selection Cl in children/young adults EAS selection MEI selection criteria NO NO

Selection criteria selection criteria criteria

Criteria :

Assessment Basic + ophthalmic assessment, + APHAB test 12 weeks # structure and content, *

Process document family support and - referral for balance testing and genetic children and adults are describes basic sets of
education, associated counseling, necessity for vaccination discussed separately outcome measures to
organizations, final outcome (meningitis), determination of UCL, - includes pre-op counseling be used at routine

+ receptive skills assessment hearing aid testing, electrically evoked visits for adults and
response audiometry, promontory children
I stimulation testing, OAE, details for

communication, bilateral candidate
assessment

Cooperation with Basic + newborn hearing screening = NO NO (included in previous NO

Other Services document chapter)

Pre-op Information  Basic + involvement of child, device = = NO (included in previous NO

and Counseling document chapter)

Device Cl NO (included in previous EAS MEI NO Cl, but also applicable to

chapter) other hearing implants
Surgery and In- Basic + monitoring of anesthetics = — preservation of hearing, radiological NO NO

patient Care document and facial nerve examination
— discussion of surgical

procedure

Fitting and Tuning  Basic + electrophysiological = + rehabilitation NO NO
document measurements in the very

young

.

Continued

*Jp 12 Butuhay ap uop
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Table 1 Continued

Quality Standards for

Combined Electric

Adult Cochlear Cochlear Implantation in anc_i Acoqstic ] ] Minimal Outcome
Implantation Children and Young Adults Stimulation Middle Ear Implantation (Re)habilitation Measurements
Symbols: =equal  +#differs +in addition ~without (compared to basic document)
Post-op Basic — lip reading, hearing tactics = — rehabilitation (included in previous # structure and content, NO
Rehabilitation document chapter) children and adults are
and Assessment + post-op assessment discussed separately
Follow-up and Basic + assessment of FM systems = = NO NO
Long-term document
Maintenance
Device Failure Basic = + detailed = = NO
document audiological
e reevaluation,
consideration of a
Cl
Clinical Basic = = = NO NO
Management document '
Transfer of Care Basic = NO = = NO
document
Patient Feedback Basic = = = NO NO
document

"The Quality Standards for Minimal Outcome Measurements in Adults and Children were based on the core elements of the other standards, and in itself describes procedural elements for routine
assessment and reporting.

°ID 33 Bujuhay ap unp
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telecommuncations access to the clinic and, while in
the clinic, with assistive listening devices and alerts.
As the name would suggest, the clinical facilities
section outlines which technology should be available
to be able to perform a variety of tests. Further, this
section highlights the need to regularly calibrate
instruments to nationally recognized standards.

Referral and selection

7

Assessment process

7

Cooperation with other services
L 94

Pre-op information and counseling
R7

I |
L |
L |
L |
| The device |
I |
| J
I |
l |
| |
L |
I |
I |

LY 2

Surgery and in-patient care

Fitting and tuning
5
Post-op rehabilitation and assessment
7
Follow-up and long-term maintenance
7
Device failure
7
Clinical management
7
Transfer of care
7
Patient feedback

Van de Heyning et al. Standards of practice in the field of hearing implants

Processes:

The clinics and professionals of the HEARRING
network believe that providing users with individualized
hearing solutions is a careful and detailed process that
does not start and stop at surgical implantation. Each
of the individual 13 steps is subdivided to provide
more specific and in-depth guidelines. Taken together,
the cumulative effect is a wealth of best-practice detail
which covers every step of the implant experience
from selection criteria to long-term maintenance.

The aforementioned six quality standards are pub-
lished in full on the forthcoming pages followed by a
table highlighting the key differences between the stan-
dards. It is the HEARRING group’s hope that a wide
adoption and implantation of these standards will lead
to still a greater delivery of the highest quality comprehen-
sive care and thus happier, better hearing implant users.
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BEENERABATAHNE (EAS : electric acoustic stimulation)
~KREEEMN, FEHRERRE, MEREE, #ERERIZOVT~

FHEx H

Our Experience with EAS (Electric Acoustic Stimulation) in Japan

- —Atraumatic Surgery, Hearing Preservation, Outcome, and Genetic Background of the Patients—

Shin-ichi Usami
(Shinshu University School of Medicine)

Advances in developing new atraumatic concepts of electrode design as well as in the surgical
technique have enabled hearing preservation after cochlear implantation surgery, and EAS (electric acous-
tic stimulation) accompanied with hearing preservation is a new trend for patients with residual hearing
at the lower frequencies. Combined post-operative imaging with the referential tonotopic map clearly
indicated that hearing preservation can be achieved even in the presence of a long electrode covering
the residual hearing region. Achievement of atraumaticity of round window insertion in the present cases
has been confirmed from the viewpoint of minimal drilling time as well as preserved vestibular function.
Post-operative evaluation after full insertion of the electrodes showed hearing at low frequencies was
well preserved in all 16 cases (16 ears) who were followed up for more than one month. As for outcome
of EAS, together with successful hearing preservation, all patients obtained 25-40dB in their average
hearing threshold after implantation. The word recognition score significantly improved post-operatively.
With regard to the genetic background of the patients, CDH23 mutations and the 1555A>G mitochondrial
mutation were identified among our series of EAS patients, confirming that these genes were the impor-
tant genes responsible for high frequency involved hearing loss. Successful hearing preservation as well
as good outcomes from EAS in these patients indicated that those with this combination of mutations
are good candidates for EAS.

Keywords : EAS (electric acoustic stimulation), atraumatic surgery, hearing preservation, CDHZ23, gene,
mitochondria
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