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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
clectrode and the referential tonotoic map, (D) preoperative ASSR findings (blue, left; red, right) and postoperative COR audiogram finding.
(B) 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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mitochondrial 1555 mutations.

speech perception was seen in all patients, especially
younger ones [13]. The present study clearly indicates
that pateats 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 GFB2, 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

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 GDH23 mutations, predicted audiograms
can be obrtained 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 padents with the 1555A>G mito-
chondrial mutation are susceptible to aminoglycoside
antibiotics [15]. The 1555A>G mutation is one of the
most important mutatons among the heating 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 BAS, 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 LitlEARS® Auditory Questionnaire
was significantly improved after two consecutive
implantations. Since the CDHZ23 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 ate 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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. Results of electric acoustic stimulation for

partial deafness in japan: three case re-

ports

Hideaki Moteki”?, Shin-ya Nishio”, Maiko Mi-
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Shin—ichi Usami”
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We evaluated the benefits of Electric Acoustic
Stimulation (EAS) for patients with normal or mod-
erate hearing loss in" the lower frequencies or
steeply sloping severe high—frequency hearing loss,

and determined the effects of EAS in individuals
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with residual lower frequency hearing. All patients
underwent cochlear implantation by the round win-
dow approach as an atraumatic surgery, using the
MED-EL FLEXeas electrode array. They received
treatment with the DUETZ2 processor, which com-
bines electric and acoustic stimulation in one de-
vice. Assessment using an audiologié_al test battery
was performed as follows : postoperative residual
hearing in lower frequencies; Japanese monosylla-
ble words and speech discrimination abilities were
evaluated at the time—points of 1, 3, 6 and 12
‘months after the EAS. Low—frequency residual
hearing was preserved in all three patients during
the long-term observation after cochlear implanta-
tion. The audiological test results revealed signifi-
cant efficacy and benefits of EAS as compared to
electrical stimulation alorie, especially under noisy
conditions. Thus, lower—frequency hearing preser-
vation is possible after cochlear implantation by the
round window approach and use of the FLEXeas
electrode. We suggest that EAS is an effective
treatment strategy for partial deafness, and yields
improvements in monosyllable word discrimination

and speech perception, even in Japanese speakers.
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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 mdlcated that those with this combination of mutations
are good candidates for EAS.

Keywords : EAS (electric acoustic stimulation), atraumatic surgery, hearing preservation, CDH23, gene,
mitochondria
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