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Dear Editor,

The implantation of middle ear devices for the rehabilita-
tion of sensorineural hearing loss has become routine
clinical practice in Europe and the United States over the
past few years." Successful applications of middle ear
implants in adults with mixed hearing loss have also been
reported in recent studies, >’ although studies of users’
degree of satisfaction with fully implantable middle ear
devices remain sparse. The aim of the study reported
herein was to evaluate the objective and subjective bene-
fits of and level of satisfaction with a fully implantable
hearing device among Chinese adult patients with senso-
rineural or mixed hearing loss.

Material and methods

Subjects

Six adult subjects were implanted with a fully implantable
hearing device Carina™ (Otologics, Boulder, CO, USA),
at the Prince of Wales Hospital in Hong Kong between
February 2008 and June 2009. All subjects had bilateral
moderately severe to severe sensorineural or mixed hear-
ing loss. The average hearing threshold across the
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implanted side at 500, 1000 and 2000 Hz was 66.7 dB HL
(sp = 7.0). Five of the subjects were experienced hearing
aid users with an average hearing aid experience of
12.3 years (sp = 4.1). One subject (S3) was not a current
hearing aid user, but had been using a pair of com-
pletely-in-the-canal hearing aids for several weeks prior to
the study. Further middle ear surgeries instead of implan-
tations were not considered for S1 and S2 as previous
surgeries were unsuccessful, and complete closure of air—
bone gap was impossible. Table 1 summarises the sub-
jects” hearing manifestation and history. Figure 1 presents
their pre- and postoperative audiograms. Informed con-
sent was obtained from the subjects, and the principles
outlined in the Declaration of Helsinki were followed. All
subjects paid for the device (around USD 19 000), and all
charges related to the surgery (around USD 10 000) on
their own.

Equipment

Fully implantable hearing device The fully implantable hear-
ing device evaluated in this study was the Otologics MET
Carina™ (Otologics), which was originally designed for
adults with moderate to severe sensorineural hearing loss.
The device comprises four components: (i) an implant,
(ii) a programming system, (iii) a charger and (iv) a
remote control. The implant itself incorporates the elec-
tronics, including the microphone, battery, magnet, digi-
tal signal processor and connector. The system uses an
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Table 1. Characteristics and hearing manifestation of the subjects

Cause of
hearing loss

Type of

Gender hearing loss

Subject Age

Hearing aid
experience
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Complaint/problem
with conventional
hearing aids

Operated Placement of
ear transducer

1 523 F Otosclerosis Mixed Bilateral BTE Right Round Window Poor sound quality
2 56.0 F Cholesteatoma Mixed Bilateral BTE Right Cortical bone on top Chronic suppurative
of stapes head otitis media

3 348 M Congenital Sensorineural Left Incus Poor sound quality,
cosmetic concern

4 61.1 M Presbycusis Sensorineural Bilateral ITC Right Incus Cosmetic concern,
feedback problem

5 541 M Unknown Sensorineural Bilateral CIC Left Incus Occlusion

6 348 F Unknown Sensorineural Bilateral BTE Right Incus Phone listening,

cosmetic concern, stigma

F, female; M, male; BTE, behind-the-ear; ITC, in-the-canal; CIC, completely-in-the-canal.

omni-directional microphone located under the skin that
picks up sounds, which are then amplified and converted
into an electrical signal. This signal is sent down the lead
and into the transducer, and the MET ossicular stimula-
tor is coupled directly with the ossicular chain.

Procedure

Preoperative assessment Preoperatively, all subjects under-
went otomicroscopic examination, pure tone and speech
audiometry, and tympanometry. The subjects who were
current hearing aid users were asked to fill in the Chinese
version of the Abbreviated Profile of Hearing Aid Benefit
(APHAB-CH)* and the Satisfaction with Amplification in
Daily Life (SADL-CH).> All of the audiological testing
was carried out in a sound booth.

Operation All of the surgeries were performed by the last
author with a post-auricular incision and the mastoid
placement of the microphone underneath the skin at the
subcutaneous layer of the scalp. The transducer was
placed on the round window for S1 and on a small piece
of cortical bone graft on top of the mobile stapes supra-
structure for S2, whereas S3, S4, S5 and S6 underwent
incus placement. No surgically related complication was
encountered in any of the subjects. The device was
switched on 6-8 weeks after the surgery and was repeat-
edly adjusted until an optimal hearing level was obtained,
as determined by the subject.

Postoperative assessment The subjects attended a 2-h session
12 months after the implant had been switched on. They
underwent pure tone audiometry, aided sound field testing
with the device turned on and the non-implanted ear
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occluded with an earplug, and free field speech audiome-
try in both quiet and noisy conditions with the device
switched on and off. The same test equipment, materials
and self-administered questionnaires as those employed in
the preoperative assessment were used during these tests.

Results

Pre- and postoperative hearing thresholds

As shown in Fig. 1, there was a general drop in the air-
conduction threshold at certain frequencies in all subjects.
The average drop in this threshold across 250-8000 Hz
was 9.0 dB (range = 3.3-18.3 dB; sp = 5.3 dB). A Wilco-
xon signed ranks test revealed a significant change in the
pure tone air-conduction threshold pre- and post-
operation (P < 0.05). The bone thresholds remained
unchanged after the operation in most cases except for
that of S4, whose bone threshold dropped by 10-15 dB
across 500-4000 Hz. The bone thresholds of S6 also
dropped by 10 and 20 dB at 2000 and 4000 Hz, respec-
tively.

Functional gain and aided threshold

The functional gain was calculated by subtracting the
aided (device on) threshold from the unaided (device off)
threshold obtained in free field with the test tones pre-
sented at zero degree azimuth. The average aided thresh-
old at 500, 1000 and 2000 Hz was found to be 42.6 dB
(range = 38.3-45.0 dB; sp =2.53dB) and 42.0dB
(range = 38.3-46.7 dB; sp = 3.2) with Carina and the
conventional hearing aid, respectively. The average func-
tional gain at 500, 1000 and 2000 Hz was found to be
35.6 dB (range = 28.3-48.3 dB; sp = 7.0 dB) and 35.0 dB
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Fig. 1. Pre- and postoperative pure tone audiograms of the six subjects. Closed square = preoperative air-conduction threshold; open
square = postoperative air-conduction threshold; closed triangle = preoperative bone-conduction threshold; open diamond = postop-
erative bone-conduction threshold. S1 = subject 1; S2 = subject 2; S3 = subject 3; S4 = subject 4; S5 = subject 5; S6 = subject 6.

(range = 21.7-48.3 dB; sp = 9.7) with Carina and the
conventional hearing aid, respectively. The Wilcoxon
signed ranks test revealed an insignificant difference
between the conventional hearing aid and the Carina in
terms of the average functional gain and aided threshold.

Speech test results

Speech recognition performance was assessed with the
Cantonese Hearing In Noise Test (CHINT)® except for
that of S3, a Mandarin speaker, who underwent the Man-
darin Hearing In Noise Test (MHINT)” instead. The
aided performance with conventional hearing aid was
obtained unilaterally on the side to be implanted before

the operation. In the quiet condition, the sentences were
presented at 65 dB HL. In the noisy condition, they were
presented at 70 dB HL, and speech spectral noise was
presented at 65 dB HL. Speech test results are summar-
ised in Table 2. The Wilcoxon signed ranks test revealed
an insignificant difference between the conventional hear-
ing aid and the Carina in terms of speech recognition
scores both in quiet and in noise.

Abbreviated profile of hearing aid benefits

The mean global score for the APHAB with the Carina
and the conventional hearing aid was 84.9 (sp = 7.9) and
37.2 (sp = 3.8), respectively. The former provided signifi-
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Table 2. Speech test results measured with CHINT

Aided with Carina (post-operation)
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Aided with conventional hearing

aid (pre-operation)

Unaided

Adaptive Fixed Adaptive

(SNR) (% correct) (SNR)
Subject Quiet Quiet Noise Quiet
1 CNT CNT 0 0 51.8 1.7
2 CNT CNT 0 0 44.8 1.3
3% 70.4 CNT 33 0 50.8 CNT
4 CNT CNT 0 0 58.6 CNT
5 72.2 7.5 35 0 45.2 —0.2
6 CNT CNT 0 0 53.3 6.2

Fixed Adaptive Fixed

(% correct) (SNR) (% correct)

Quiet Noise Quiet Quiet Noise
98 84.5 50.3 2 98 82.6
99 93.5 45.4 1.1 98.5 90.0

100 61.0 DNT DNT DNT DNT
78.5 39.0 60.2 CNT 75.5 41.5
98.5 85.0 46.3 0.8 99 83.5
95 73.5 52.1 5.7 95 70.3

CNT, could not test; DNT, did not test as this subject did not have a conventional hearing aid; SNR, signal-to-noise ratio. *MHINT

was administered to this subject.

cantly more aided benefit than the latter, as revealed by
the Wilcoxon signed ranks test (Z = 2.2, P < 0.05). The
distribution of the APHAB scores is depicted in Fig. 2.

Satisfaction with amplification in daily life

The average overall satisfaction score with the Carina and
conventional hearing aid was 5.8 (sp =0.8) and 3.9
(sp = 0.4), respectively. The Wilcoxon signed ranks test
(Z =2.2, P<0.05) revealed significantly greater satisfac-
tion with the Carina than with the conventional hearing
aid.

Implant use and dysfunction

Subjects used their implants for an average of 13.7 h/day.
The average daily battery charging time was 48.3 min. All
subjects had mastoid tip placement of the microphone.
Occasional feedback problems were noted in several sub-
jects, but these were resolved through the fine-tuning of
the fitting. One subject (S6) required the repositioning of
the microphone to a more anterior mastoid tip position
(anterior to the hairline) to reduce unwanted noise. Reso-
lution was possibly due to the better directional orienta-
tion of the microphone relative to its original position.

Discussion

Although there was no significant difference in the objec-
tive aided performance provided by the two devices, all
of the subjects reported more aided benefit and satisfac-
tion with the Carina than with the conventional hearing
aid. These findings do not necessarily imply that the
added benefit of the Carina is solely psychological. Some
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Fig. 2. Distribution of the APHAB scores for the conventional
hearing aid and Carina across different subscales. The thick line
within the box = median; upper end of the box = the third
quartile; lower end of the box = the first quartile; upper end of
the whiskers = largest non-outlier; lower end of the whis-
kers = smallest non-outlier. EC = ease of communication;
BN = background noise; RV = reverberation; AV = aversiveness;
G = global; *P < 0.05.

subjects did report that they like the Carina more because
it is more cosmetically appealing, easier to use and pro-
vides better sound quality. Some other factors, such as
personality, individuals’ beliefs about their hearing and
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expectations of hearing aids, which have not been con-
trolled in the present study, may also influence the out-
come.

Despite the high degree of satisfaction reported for the
Carina, however, some subjects reported listening difficul-
ties in noisy situations. All of the subjects who were hear-
ing aid users at the beginning of the study continued to
use their aid on the contralateral side either occasionally
or all of the time for sound localisation and better speech
discrimination, particularly in the presence of noise. It is
possible that bilateral implantation of the Carina might
provide similar benefit in sound localisation and speech
discrimination in noise, further validation study on this
aspect is warranted.

No statistically significant change in the hearing thresh-
old after surgery has been reported in previous studies,”®
whereas a significant drop in the air-conduction threshold
was noted in our subject group. In three of the six
subjects (S2, S3 and S6), there was a noticeable decline in
this threshold postoperatively. One subject (S4) experi-
enced a significant reduction in the bone-conduction
threshold, although no specific factors could be identified
retrospectively. Transducer placement and ossicular load-
ing exertion are possible explanations for this threshold
shift, however.” The transducer was placed on the stapes
head for S2, whereas S3, S4 and S6 had incus placement.
The limited sample size did not permit evaluation of the
effect of transducer placement on the hearing threshold
shift.

Keypoints

e The objective performance of the fully implantable
Carina hearing device was similar to that of a con-
ventional hearing aid in the study reported herein.

e Subjective satisfaction and reported hearing aid ben-
efit was greater for the implant, but expectation bias
could be the reason for this having undergone an
operation and had an ‘implant’.

e This fully implantable hearing device is thus deemed
suitable for patients with hearing loss no worse than
a severe grade.

e In view of the possible decline in air- and bone-con-
duction postoperative hearing thresholds, however,
patients should be well informed of the risks of such
implantation.
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