
Acta Oto-Laryngologica. 2014; Early Online: 1–11

1 ORIGINAL ARTICLE

2 Hearing preservation and clinical outcome of 32 consecutive electric
3 acoustic stimulation (EAS) surgeries
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12 Abstract
13 Conclusions: Our results indicated that electric acoustic stimulation (EAS) is beneficial for Japanese-speaking patients,
14 including those with less residual hearing at lower frequencies. Comparable outcomes for the patients with less residual
15 hearing indicated that current audiological criteria for EAS could be expanded. Successful hearing preservation results,
16 together with the progressive nature of loss of residual hearing in these patients, mean that minimally invasive full insertion of
17 medium/long electrodes in cochlear implantation (CI) surgery is a desirable solution. The minimally invasive concepts that
18 have been obtained through EAS surgery are, in fact, crucial for all CI patients.Objectives:This study was conducted to evaluate
19 hearing preservation results and speech discrimination outcomes of hearing preservation surgeries using medium/long
20 electrodes. Methods: A total of 32 consecutive minimally invasive hearing preservation CIs (using a round window approach
21 with deep insertion of a flexible electrode) were performed in 30 Japanese patients (two were bilateral cases), including patients
22 with less residual hearing. Hearing preservation rates as well as speech discrimination/perception scores were investigated on a
23 multicenter basis. Results: Postoperative evaluation after full insertion of the flexible electrodes (24 mm, 31.5 mm) showed that
24 residual hearing was well preserved in all 32 ears. In all patients, speech discrimination and perception scores were improved
25 postoperatively.

26 Keywords: Deep insertion, residual hearing, high-frequency hearing loss

27 Introduction

28 Hearing preservationwith electric acoustic stimulation
29 (EAS) is a new trend for patients with residual hearing
30 at the lower frequencies. Recent techniques, including
31 round window insertion [1], use of minimally invasive
32 electrodes [2,3], and postoperative steroid administra-
33 tion [4], enable hearing preservation rates of around
34 90–100% [5–11]. We demonstrated in our previous

35report that hearing preservation can be achieved even
36in the presence of a long electrode covering the residual
37hearing region [12]. This is an extremely important
38observation not only for EAS, but also because of the
39advantage of the electrode being in place to cover
40future hearing deterioration, which is very likely to
41happen as hearing loss in almost all the candidates is
42more or less progressive. A recent series of studies
43in different centers further confirmed that hearing
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44 preservation could be possible with full insertion of a
45 longer electrode [4,6,8,9,12–15].
46 When performing the hearing preservation surgery,
47 together with the natural course of progressive hearing
48 loss, the surgeon should keep in mind that hearing
49 threshold shift is unavoidable in the majority of cases
50 after insertion of an electrode. To choose the optimal
51 electrode for each individual, detailed data of hearing
52 threshold shifts on a multicenter basis are crucial.
53 We have previously published a report on short-
54 term hearing preservation results of five cases
55 included in the current paper [12]. The present study
56 expanded the duration of observation, the number of
57 patients, and the number of the centers.
58 In this study, based on the minimally invasive
59 concepts and using a round window insertion, we
60 evaluated (1) hearing preservation results in 32 con-
61 secutive surgeries in 30 patients (including 2 bilateral
62 cases), (2) the postoperative threshold shift of air
63 conduction and bone conduction, (3) whether or
64 not EAS is beneficial for Japanese-speaking patients,
65 and (4) whether or not EAS is beneficial even for
66 patients who do not meet the current audiological
67 EAS criteria.

68 Material and methods

69 We performed 32 consecutive hearing preservation
70 surgeries in 30 patients with residual hearing (Table I)
71 who all had late or post-lingual onset, high-frequency
72 involved sensorineural hearing loss. The subjects were
73 divided into two groups according to the length of
74 the electrode used. Group 1 consisted of 29 ears in
75 27 patients who received MEDEL PULSAR� with
76 a 24 mm FLEX24� device. Among them were 24
77 patients (case nos. 1–24) who participated in a
78 multicenter clinical trial in Japan and fulfilled the
79 audiological criteria for EAS, slightly modified from
80 that of a multicenter trial in the EU. (The criteria
81 were: pure-tone hearing levels bilaterally at 65 dBHL
82 for 125 Hz, 250 Hz, and 500 Hz; 80 dBHL at
83 2000 Hz; and 85 dBHL at 4000 and 8000 Hz; as
84 well as minimal benefit from conventional hearing
85 aids, i.e. monosyllable scores in quiet under 60% in
86 the best aided condition.) The remaining three
87 patients (case nos. 25–27; two of which were bilateral
88 cases) had hearing levels only partially fulfilling the
89 above EAS criteria, therefore were not included in the
90 clinical trial. Group 2 comprised three ears in three
91 patients who had less residual hearing and received
92 longer (31.5 mm length) electrodes. One patient (no.
93 28) received aMEDELCOMBI40+�with a 31.5 mm
94 Standard electrode. Two patients (nos. 29 and 30)
95 received MEDEL PULSAR� with a 31.5 mm
96 FLEXSOFT� electrode. A round window approach

97was used and full insertion of the electrode was
98achieved in all 32 surgeries.
99The ages of the patients at time of surgery ranged
100from 21 to 71 years and all had late or post-lingual
101onset hearing loss at higher frequencies that was
102slowly progressive, starting at age 3–52 years
103(Table I).
104The round window approach was applied to
105reduce the insertion damage of the cochlea. The
106surgeries were performed by four surgeons (Table I).
107Intraoperative and postoperative systemic dexameth-
108asone treatment was given according to our protocol
109[12], i.e. intraoperative infusion of dexamethasone
110sodium phosphate (8 mg) applied before drilling of
111the bony edge of the round window niche and post-
112operative dexamethasone treatment administered for
1136 days (8 mg, 8 mg, 4 mg, 4 mg, 2 mg, and 2 mg,
114respectively). The insertion depth of the electrode
115and the corresponding frequencies were estimated
116using postoperative X-ray (X-ray digital linear
117tomosynthesis).

118EAS fitting

119The frequency at which the audiogram surpassed
12065 dBHL hearing loss was determined and the CI
121low frequency crossover point was set at that
122frequency point for fitting the EAS.

123Audiometric evaluation

124Audiometric evaluation from 125 to 8000 Hz was
125performed preoperatively and at 1, 3, 6, and
12612 months after the initial EAS stimulation. Pure-
127tone hearing was evaluated at 4 weeks postoperatively;
128at the time of CI and EAS fittings; as well as at 3, 6,
129and 12 months postoperatively. Proper masking was
130applied to the contralateral ear and bone-conduction
131thresholds were used.
132To evaluate speech perception outcomes, speech
133discrimination scores (using the 67S Japanese mono-
134syllable test) and speech perception scores (using the
135Japanese CI2004 word and sentence test) were used.
136Subjects sat 1 meter away from the sound source
137facing 0� azimuth and recorded monosyllable words
138in quiet were presented in the sound field at 65 dB
139SPL. Three listening conditions were used: hearing
140aid alone, CI alone, and combined EAS. Each subject
141also underwent hearing in noise-testing using a mono-
142syllable, word, and sentences protocol. A 10 dB
143signal-to-noise ratio (SNR) was used for subsequent
144testing determined at 1, 3, 6, and 12 months after the
145initial EAS stimulation.
146This study was approved by the Ethics Committee
147of Shinshu University School of Medicine as well as
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148 the respective ethical committees of the other partic-
149 ipating institutions and prior written consent was
150 obtained from each patient after a full explanation
151 of the study.

152 Results

153 The current study included five cases (nos. 25, 26, 27,
154 28, and 29) from our previous report [12] on short-
155 term hearing preservation results, and expanded the

156duration of observation, the number of patients, and
157the number of centers involved.

158Hearing preservation

159Achievement of full insertion was confirmed by
160combined postoperative imaging with the referential
161tonotopic map and the corresponding frequencies and
162the depth of the electrode were evaluated (see Usami
163et al. [12] for examples).

Table I. Clinical features of cases undergoing electric acoustic stimulation (EAS).

Case
no. Gender

Age at time
of surgery (years)

Operative
side

Inheritance
mode

Onset
age (years)

Responsible
gene Implant

Insertion
depth (mm) Surgeon

1 F 59 R Sporadic 43 – PULSAR FLEX24 24 S.U.

2 F 71 R AD 30 – PULSAR FLEX24 24 S.U.

3 F 45 R Sporadic 25 – PULSAR FLEX24 24 S.U.

4 F 38 L Sporadic 28 – PULSAR FLEX24 24 S.U.

5 F 46 R AD 30 – PULSAR FLEX24 24 S.U.

6 M 29 R AD 7 – PULSAR FLEX24 24 S.U.

7 M 39 L AD 11 ACTG1 PULSAR FLEX24 24 S.U.

8 F 35 L Sporadic 25 – PULSAR FLEX24 24 S.U.

9 M 52 R Mit 3 Mt.1555A>G PULSAR FLEX24 24 S.U.

10 F 52 L Sporadic 48 – PULSAR FLEX24 24 S.U.

11 F 59 L Sporadic 38 – PULSAR FLEX24 24 S.U.

12 F 38 R AD 13 – PULSAR FLEX24 24 S.U.

13 F 52 L Sporadic 37 – PULSAR FLEX24 24 S.U.

14 M 45 L Sporadic 35 – PULSAR FLEX24 24 S.U.

15 M 54 R Sporadic 52 – PULSAR FLEX24 24 S.U.

16 M 21 R AD 7 – PULSAR FLEX24 24 T.T.

17 F 54 L Sporadic 32 – PULSAR FLEX24 24 T.T.

18 M 34 R Sporadic 7 – PULSAR FLEX24 24 T.T.

19 F 51 R Sporadic 3 – PULSAR FLEX24 24 T.T.

20 F 38 L Sporadic 18 – PULSAR FLEX24 24 Y.N.

21 F 58 L Sporadic 35 – PULSAR FLEX24 24 Y.N.

22 F 43 R AR 30 – PULSAR FLEX24 24 Y.N.

23 M 35 L AD 10 – PULSAR FLEX24 24 Y.N.

24 F 69 L Sporadic 20 – PULSAR FLEX24 24 H.T./Y.K.

25 M 39 R Sporadic 30 – PULSAR FLEX24 24 S.U.

26-1 F 45 L Sporadic 25 – PULSAR FLEX24 24 S.U.

26-2 F 48 R Sporadic 25 – PULSAR FLEX24 24 S.U.

27-1 F 38 L AR 10 TMPRSS3 PULSAR FLEX24 24 S.U.

27-2 F 40 R AR 10 TMPRSS3 PULSAR FLEX24 24 S.U.

28 F 60 R Sporadic 40 – Combi 40+
Standard

31.5 S.U.

29 M 68 R Sporadic 52 – PULSAR FLEX SOFT 31.5 S.U.

30 F 64 L Sporadic 42 – PULSAR FLEX SOFT 31.5 S.U.

AD, autosomal dominant; AR, autosomal recessive; F, female; L, left; M, male; Mit, mitochondrial mutation; R, right.
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Figure 1. Hearing preservation results of group 1 with FLEX24 electrode. The lines indicate preoperative, and 1, 3, 6, and 12 months
postoperative audiograms. Shadow indicates the audiological criteria for electric acoustic stimulation (EAS) clinical trial (patient nos. 1–24
fulfilling the audiological criteria for EAS, nos. 25–27 not fulfilling the criteria for the clinical trial for EAS).
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Figure 1. (Continued).
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164 Overall, postoperative evaluation after deep inser-
165 tion (24 or 31.5 mm) of the electrodes showed that
166 residual hearing was well preserved in all 32 ears.
167 Individual preoperative and postoperative audio-
168 grams for group 1 are shown in Figure 1. Up to
169 the 12-month follow-up, postoperative evaluation
170 after full insertion of the electrodes showed that

171hearing in the low frequencies was well preserved
172in all 24 ears, but 1 patient (case no. 2) lost hearing
173at more than 6 months following surgery without any
174episode. The average audiograms for group 1 are
175shown in Figure 2A. Details of hearing threshold shift
176are indicated in Table II. Change in air conduction
177was 14.1 dB in 125 Hz, 19.7 dB in 250 Hz, 27.4 dB in
178500 Hz, and 11.6 dB in 1000 Hz. Change in bone
179conduction was 8.3 dB in 250 Hz, 16.7 dB in 500 Hz,
180and 5.0 dB in 1000 Hz, respectively.
181Low-frequency (250–1000 Hz) pure-tone thresh-
182olds dropped at the initial cochlear implant activation
183at 1 month postoperatively. In particular, hearing
184deterioration at 500 Hz was evident compared with
185250 Hz or 1000 Hz. After initial deterioration, pure-
186tone thresholds were maintained until the 12-month
187evaluation.
188In group 2, in which there was less residual hearing,
189it was also well preserved. Individual preoperative and
190postoperative audiograms are shown in Figure 3 and
191the average audiogram is shown in Figure 4A. Change
192in air conduction was 20.0 dB in 125 Hz, 25.0 dB in
193500 Hz, and 8.3 dB in 500 Hz. Bone conduction was
19410.8 dB in 250 Hz. Details of hearing threshold shift
195for group 2 are indicated in Table III.

196EAS fitting

197In two subjects (case nos. 2 and 15), residual hearing
198was not sufficient to utilize acoustic stimulation.
199Cochlear implant fitting using a full-frequency map
200and subsequent bimodal mode of stimulation with a
201contralateral hearing aid was used. Their cochlear
202implant alone monosyllable perception scores were
20350% and 40% after 1 year, and 75% and 70% in the
204bimodal setting, respectively. We excluded these two
205cases from the evaluation of the speech perception
206outcome. For all other patients, an EAS speech
207processor (DUET II�) was applied. Postoperative
208hearing levels of groups 1 and 2 with EAS are shown
209in Figures 2B and 4B, respectively.
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Figure 2. (A) Average audiogram of group 1. The lines indicate
preoperative, 1, 3, 6, and 12 months postoperative audiograms.
Note that good hearing preservation could be achieved. (B) Hearing
level of group 1 with electric acoustic stimulation (EAS).

Table II. Average hearing thresholds of electric acoustic stimulation (EAS) patients in group 1.

Air conductive hearing level (dB) Bone conductive hearing level (dB)

Timing 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

Preoperative 27.8 35.5 52.4 85.2 106.9 110.7 104.1 29.3 42.6 67.9 73.6 64.5

1 month 40.3 53.8 76.7 93.8 107.4 111.2 104.5 35.2 54.8 72.7 73.8 63.9

3 months 38.1 51.2 76.4 95.0 109.7 112.4 104.8 35.9 55.0 73.3 73.6 63.6

6 months 38.8 50.7 78.0 97.5 110.5 112.1 104.5 33.7 56.4 73.6 74.3 63.9

12 months 41.9 55.2 79.8 96.7 109.0 111.6 104.3 37.6 59.3 73.0 73.9 63.9
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210 Speech perception outcome

211 Improvement of speech discrimination and percep-
212 tion scores was seen in both groups (Figures 5 and 6).
213 In group 1, the average monosyllable discrimination
214 score in quiet (67S 65 dBSPL) was improved from
215 24.1% preoperatively with hearing aid to 67.4% with
216 EAS 12 months after the first fitting. This postoper-
217 ative improvement occurred gradually from 48.4% at
218 1 month to 67.4% at 12 months (Figure 5) and
219 was mainly based on the adaptation of electrical
220 stimulation, because in a comparison of monosyllable
221 discrimination scores in three conditions (acoustic
222 stimulation only (AS only), electric stimulation only
223 (ES only) and EAS), acoustic stimulation scores
224 changed only slightly from 13.8% to 18.1% at
225 12 months after the first fitting, but electrical stimu-
226 lation improved from 35.0% to 55.4%. Also, the EAS

227condition showing the best performance for mono-
228syllable discrimination revealed that acoustic stimu-
229lation combined with electrical stimulation increases
230perception ability (EAS results were significantly
231better than ES only; p < 0.001, paired t test). Similar
232results were observed in monosyllable, word, and
233sentence perception tests in noise. The results for
234monosyllable perception in noise were improved
235from 21.0% preoperatively with hearing aid to
23660.2% with EAS 12 months after the first fitting.
237This postoperative improvement occurred gradually
238from 36.9% at 1 month to 60.2% at 12 months. Also,
239EAS results (60.2% correct) were significantly better
240than AS only (13.9% correct) and ES only (46.0%
241correct) results (p < 0.001 and p = 0.009, paired t test).
242The average word and sentence perception test score
243in noise improved from 35.8%, and 51.3% to 77.0%,
244and 88.2%, respectively. In both word and sentence
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Figure 3. Hearing preservation results of group 2 (cases with less residual hearing and receiving longer electrodes (no. 28 with standard
electrode, nos. 29 and 30 with FLEXSOFT electrode). The lines indicate preoperative, and 1, 3, 6, and 12 months postoperative audiograms.
Note that good hearing preservation could be achieved.
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245 perception tests, EAS showed the best results
246 (Figure 5). EAS results were significantly better
247 than the ES only results (p = 0.002 for word and
248 p = 0.01 for sentence, paired t test).
249 Similar results were obtained for the patients
250 in group 2, who had less residual hearing and
251 received longer (31.5 mm length) electrodes. Good

252performance after EAS was observed. The average
253monosyllable discrimination score in quiet (67S
25465 dBSPL) was improved from 28% preoperatively
255with hearing aid to 66.7% with EAS 12 months after
256the first fitting (Figure 6). The results for monosyl-
257lable, word, and sentence perception in noise were
258improved from 25%, 12%, and 25%, preoperatively
259with hearing aid to 66.7%, 82%, and 89% with EAS
26012 months after the first fitting. In all of the
261conditions, EAS showed the best results (Figure 6).

262Discussion

263We first consider hearing preservation. We combined
264postoperative imaging with the referential tonotopic
265map and clearly showed that even with the use of a
266long electrode covering the residual hearing region
267it is possible to achieve hearing preservation with
268EAS.
269Overall, hearing preservation as well as speech
270perception data obtained in this study correlate well
271with recent reports [5–11]. As to hearing preservation,
272residual hearing was well preserved even after deep
273insertion (full insertion of 24 mm or 31.5 mm length
274electrodes). As in other reports, hearing thresholds
275dropped at the initial cochlear implant activation
2761 month postoperatively. In particular, hearing dete-
277rioration at 500 Hz was evident compared with
278250 Hz or 1000 Hz. After initial deterioration,
279pure-tone thresholds were stable until 12 months.
280In particular, air-conduction hearing was elevated
281compared with bone-conduction hearing, suggesting
282that this initial deterioration may be most likely due
283to changes in cochlear micromechanics rather than
284acute acoustic trauma. This phenomenon could be
285explained by the slight lifting of the basilar membrane
286in the middle turn that was seen in a temporal bone
287study [16].
288In contrast, a slight hearing improvement could
289also be observed in some cases (group 1, case no.
2901, 1000 and 2000 Hz; group 1, case no. 10, 2000 Hz;
291group 1, case no. 21, 1000 Hz; group 1, case no. 24,
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Figure 4. (A) Average audiogram of group 2. The lines indicate
preoperative, and 1, 3, 6, and 12 months postoperative audiograms.
Note that good hearing preservation could be achieved. (B) Hearing
level of group 2 with electric acoustic stimulation (EAS).

Table III. Average hearing thresholds of electric acoustic stimulation (EAS) patients in group 2.

Air conductive hearing level (dB) Bone conductive hearing level (dB)

Timing 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

Preoperative 43.3 55.0 86.7 110.0 110.0 106.7 105.0 36.7 63.3 75.0 75.0 65.0

1 month 58.3 71.7 88.3 98.3 113.3 113.3 103.3 48.3 58.3 73.3 75.0 65.0

3 months 58.3 68.3 85.0 98.3 115.0 115.0 105.0 53.3 63.3 73.3 75.0 65.0

6 months 45.0 66.7 83.3 106.7 115.0 115.0 105.0 48.3 61.7 75.0 75.0 65.0

12 months 63.3 80.0 95.0 105.0 113.3 113.3 103.3 47.5 62.5 75.0 75.0 65.0
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292 2000 Hz; group 2, case no. 28, 1000 Hz; group 2, case
293 no. 30, 500 and 1000 Hz), as seen in the preliminary
294 data we have previously reported [12]. This phenom-
295 enon was constant until the 12-month evaluation,
296 suggesting that this was not a measuring error but
297 true improvement. This is probably due to alterations
298 of the basilar membrane behavior occurring after
299 electrode insertion.
300 We turn now to speech perception outcome.
301 Hearing preservation could be achieved in a high
302 number of patients, and combined EAS provided
303 good speech perception in both quiet and noise.
304 Speech discrimination and perception scores were
305 improved postoperatively with EAS in both of our
306 groups, indicating that (1) EAS is beneficial for
307 Japanese-speaking patients within particular audio-
308 gram indications, and (2) EAS is also beneficial for
309 patients with less residual hearing at lower frequencies.
310 In the present study, patients with less residual hearing
311 (case nos. 25–30) showed good results equal to those
312 fulfilling the audiological criteria (case nos. 1–24),
313 indicating that these patients are also good
314 candidates for EAS. The current results indicated
315 that the audiological criteria for EAS should not be

316limited to the conventional range of audiogram, but
317also expanded to the patientswith less residual hearing.
318Hearing loss in the majority of patients with residual
319hearing at lower frequencies is more or less progres-
320sive and therefore they may have fulfilled the audio-
321logical criteria for EAS at an earlier date. Actually an
322audiogram from the past showed that our case no.
32327 in group 1 had previously fulfilled the audiological
324criteria (data not shown) and it is possible that this
325was also true for case nos. 25, 26, and 28–30.
326Throughout the selection process for EAS candidates,
327we have paid attention to the progressive nature of
328their hearing loss. We need to consider that patients
329who fulfill the criteria at a certain point possibly may
330not fit the criteria in the future. In contrast, most of
331the patients who did not totally meet the audiological
332criteria for EAS may have fulfilled the criteria several
333years before. Considering such progressive nature of
334hearing loss, audiological criteria should not be tightly
335limited to the conventional criteria for EAS. The
336present results support the proposition that the
337criteria could be expanded to include the cases with
338less residual hearing. Since shallow insertion of short
339electrodes cannot recruit neurons in the apical region,
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Figure 5. Speech discrimination and perception scores of group 1 (with FLEX24 electrode). Speech discrimination and perception scores were
improved postoperatively with electric acoustic stimulation (EAS). SNR, signal-to-noise ratio.
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340 deeper insertion would be the best solution to
341 compensate for future hearing deterioration at the
342 lower frequencies. However, full insertion with a
343 long/medium electrode for the patients with residual
344 hearing at the low frequencies is still a controversial
345 field because of possible loss of their residual hearing
346 due to mechanical trauma of the corresponding area.
347 In this study, 24 mm or 31.5 mm electrodes were
348 chosen for all patients. FLEX24 was used for the
349 patients with residual hearing that was more evident,
350 while FLEXSOFT was used for the patients with less
351 residual hearing.
352 The speed of progression, i.e. rapid or rather stable,
353 may be dependent on the individual etiology. An
354 unresolved issue is the prediction of progressiveness
355 based on the etiology of individual hearing loss, but we
356 have recently reported at least five genes that are
357 responsible for the candidates for EAS, and therefore
358 there is not a single etiology but rather a great genetic
359 heterogeneity involved in this particular type of hearing
360 loss [17–19].
361 In the present study, the responsible gene
362 (m.1555A>G, TMPRRS3, ACTG1) was identified in
363 3of 30patients (Table I) [18,19], andwill contribute to
364 such decision-making in the near future.

365The benefits of minimally invasive concepts in CI
366surgery are needed not only for the patients with
367residual hearing but also for the patients with pro-
368found hearing loss without any residual hearing,
369because structure preservation is critical for (1) future
370therapeutic interventions including gene therapy and/
371or regeneration therapy, and (2) vestibular function. If
372acoustic stimulation is not applicable due to less
373residual hearing, vestibular function could be a
374good marker for structure preservation. Our recent
375study on vestibular function of the patients with EAS
376clearly demonstrated that the patients have compar-
377atively good vestibular function and it is important to
378preserve not only residual hearing function but also
379the vestibular function of the implanted ears, using
380minimally invasive surgical techniques [20]. The
381round window approach and soft electrode should
382be preferred to decrease the risk of damage to
383vestibular function [12].

384Conclusions

385EAS is beneficial for Japanese-speaking patients
386including those with less residual hearing at lower
387frequencies, indicating that current audiological

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Pre-Ope
(HA)

1 M 3 M 6 M 12 M 

Monosyllable in quiet

Pre-Ope
(HA)

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

1 M 3 M 6 M 12 M 

Monosyllable in noise (SNR + 10 dB)

Pre-Ope
(HA)

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

1 M 3 M 6 M 12 M 

Word in noise (SNR + 10 dB)

AS 

Pre-Ope
(HA)

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

1 M 3 M 6 M 12 M 

ES 

EAS 

Sentence in noise (SNR + 10 dB)

Figure 6. Speech discrimination and perception scores of group 2 (standard electrode or FLEXSOFT electrode with less residual hearing).
Speech discrimination and perception scores were improved postoperatively with electric acoustic stimulation (EAS). SNR, signal-to-noise
ratio.
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388 criteria for EAS can be expanded. Since hearing loss
389 of EAS candidates is more or less progressive, full
390 insertion of medium/long electrodes would be the
391 best solution to compensate for future hearing
392 deterioration at the lower frequencies. The benefits
393 of minimally invasive concepts in CI surgery are
394 crucial not only for the patients with residual hearing
395 but also from the viewpoint of structure preservation
396 in patients with profound hearing loss without any
397 residual hearing.

398 Acknowledgments

399 We thank A.C. Apple-Mathews for help in preparing
400 the manuscript. This study was supported by a Health
401 and Labour Sciences Research Grant for Compre-
402 hensive Research on Disability Health and Welfare
403 from the Ministry of Health, Labour and Welfare of
404 Japan (S.U.), by the Acute Profound Deafness
405 Research Committee of the Ministry of Health,
406 Labour and Welfare of Japan (S.U.), and by a
407 Grant-in-Aid for Scientific Research from the
408 (then) Ministry of Education, Science and Culture
409 of Japan (http://www.mext.go.jp/english/) (S.U.).

410 Declaration of interest: The Ministry of Health,
411 Labour andWelfare approved our clinical research for
412 AdvancedMedical Technology using electric acoustic
413 stimulation (EAS). Because the EAS devices had not
414 yet been approved for clinical use in Japan, they were
415 supplied by MEDEL. The Shinshu University
416 Conflict of Interest Committee also approved the
417 study. The authors alone are responsible for the
418 content and writing of the paper.

419 References

420 [1] Skarzynski H, Lorens A, Piotrowska A, Anderson I. Preser-
421 vation of low frequency hearing in partial deafness cochlear
422 implantation (PDCI) using the round window surgical
423 approach. Acta Otolaryngol 2007;127:41–8.
424 [2] Adunka O, Kiefer J, Unkelbach MH, Gstoettner W. Devel-
425 opment and evaluation of an improved cochlear implant
426 electrode design for electric acoustic stimulation. Laryngo-
427 scope 2004;114:1237–41.
428 [3] Baumgartner WD, Jappel A, Morera C, Gstöttner W,
429 Müller J, Kiefer J, et al. Outcomes in adults implanted
430 with the FLEXsoft electrode. Acta Otolaryngol 2007;127:
431 579–86.
432 [4] Rajan GP, Kuthubutheen J, Hedne N, Krishnaswamy J. The
433 role of preoperative, intratympanic glucocorticoids for hear-
434 ing preservation in cochlear implantation: a prospective
435 clinical study. Laryngoscope 2012;122:190–5.
436 [5] Gstoettner W, Helbig S, Settevendemie C, Baumann U,
437 Wagenblast J, Arnoldner C. A new electrode for residual

438hearing preservation in cochlear implantation: first clinical
439results. Acta Otolaryngol 2009;129:372–9.
440[6] Prentiss S, Sykes K, Staecker H. Partial deafness cochlear
441implantation at the University of Kansas: techniques and
442outcomes. J Am Acad Audiol 2010;21:197–203.
443[7] Helbig S, Van de Heyning P, Kiefer J, Baumann U, Kleine-
444Punte A, Brockmeier H, et al. Combined electric acoustic
445stimulation with the PULSARCI(100) implant system using
446the FLEX(EAS) electrode array. Acta Otolaryngol 2011;131:
447585–95.
448[8] Erixon E, Köbler S, Rask-Andersen H. Cochlear implanta-
449tion and hearing preservation: results in 21 consecutively
450operated patients using the round window approach. Acta
451Otolaryngol 2012;132:923–31.
452[9] Tamir S, Ferrary E, Borel S, Sterkers O, Bozorg Grayeli A.
453Hearing preservation after cochlear implantation using
454deeply inserted flex atraumatic electrode arrays. Audiol
455Neurootol 2012;17:331–7.
456[10] Adunka OF, Dillon MT, Adunka MC, King ER,
457Pillsbury HC, Buchman CA. Hearing preservation and
458speech perception outcomes with electric-acoustic stimula-
459tion after 12 months of listening experience. Laryngoscope
4602013;123:2509–15.
461[11] Santa Maria PL, Domville-Lewis C, Sucher CM, Chester-
462Browne R, Atlas MD. Hearing preservation surgery for
463cochlear implantation – hearing and quality of life after
4642 years. Otol Neurotol 2013;34:526–31.
465[12] Usami S, Moteki H, Suzuki N, Fukuoka H, Miyagawa M,
466Nishio SY, et al. Achievement of hearing preservation in the
467presence of an electrode covering the residual hearing region.
468Acta Otolaryngol 2011;131:405–12.
469[13] Skarzynski H, Lorens A, Zgoda M, Piotrowska A,
470Skarzynski PH, Szkielkowska A. Atraumatic round window
471deep insertion of cochlear electrodes. Acta Otolaryngol 2011;
472131:740–9.
473[14] Helbig S, Baumann U, Hey C, Helbig M. Hearing preser-
474vation after complete cochlear coverage in cochlear implan-
475tation with the free-fitting FLEXSOFT electrode carrier.
476Otol Neurotol 2011;32:973–9.
477[15] Bruce IA, Bates JE, Melling C, Mawman D, Green KM.
478Hearing preservation via a cochleostomy approach and deep
479insertion of a standard length cochlear implant electrode.
480Otol Neurotol 2011;32:1444–7.
481[16] Kiefer J, Böhnke F, Adunka O, Arnold W. Representa-
482tion of acoustic signals in the human cochlea in presence
483of a cochlear implant electrode. Hear Res 2006;221:
48436–43.
485[17] Usami S, Miyagawa M, Suzuki N, Moteki H, Nishio S,
486Takumi Y, et al. Genetic background of candidates for
487EAS (Electric-Acoustic Stimulation). Audiological Med
4882010;8:28–32.
489[18] Usami S, Miyagawa M, Nishio SY, Moteki H, Takumi Y,
490Suzuki M, et al. Patients with CDH23 mutations and the
4911555A>G mitochondrial mutation are good candidates for
492electric acoustic stimulation (EAS). Acta Otolaryngol 2012;
493132:377–84.
494[19] Miyagawa M, Nishio SY, Ikeda T, Fukushima K, Usami S.
495Massively parallel DNA sequencing successfully identifies
496new causative mutations in deafness genes in patients with
497cochlear implantation and EAS. PLoS ONE 2013;8:
498e75793.
499[20] Tsukada K, Moteki H, Fukuoka H, Iwasaki S, Usami S.
500Effects of EAS cochlear implantation surgery on vestibular
501function. Acta Otolaryngol 2013;133:1128–32.

Clinical outcome of 32 consecutive EAS surgeries 11

SOTO_A_894254.3d Monday, 7th April 2014 12:11:48

http://www.mext.go.jp/english/
www.ncbi.nlm.nih.gov/pubmed/17364328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17364328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17364328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17364328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15235353?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15235353?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15235353?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17503226?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17503226?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22183635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22183635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22183635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22183635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19140036?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19140036?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19140036?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20211124?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20211124?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20211124?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21281057?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21281057?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21281057?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22667762?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22667762?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22667762?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22813984?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22813984?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23918623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23918623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23918623?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23503094?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23503094?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23503094?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21208024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21208024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21492068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21492068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21730882?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21730882?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21730882?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22089957?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22089957?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16962268?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16962268?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16962268?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22443853?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22443853?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22443853?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22443853?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/24130743?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/24130743?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/24130743?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/24007563?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/24007563?dopt=Abstract

	Abstract
	Introduction
	Material and methods
	EAS fitting
	Audiometric evaluation

	Results
	Hearing preservation
	EAS fitting
	Speech perception outcome

	Discussion
	Conclusions
	Acknowledgments
	Declaration of interest
	References

