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Introduction

Achieving a satisfactory hearing improvement in patients 
with mixed hearing loss can be challenging. In cases of 
chronic middle ear diseases, conventional ossicular recon-
structive surgeries often result in suboptimal hearing gain, 
and the failure rates have been reported to increase over time 
reaching up to 50-60%.1) Due to the remaining sensorineu-
ral component of hearing loss after the surgery in patients 
with mixed hearing loss, additional use of hearing aids is 

frequently required, which can be hindered by the widened 
external auditory canal or chronic otitis externa. Further-
more, if there is a large air-bone gap remaining after passive 
reconstruction in mixed hearing loss, conventional hearing 
aids may be limited in providing sufficient functional gain. 
An active middle ear implant using the Vibrant Soundbridge 
(VSB; MED-EL, Innsbruck, Austria) is another option for 
auditory rehabilitation in patients with mixed hearing loss 
who failed with conventional modalities.2) The floating mass 
transducer (FMT) of the VSB can be placed on various mid-
dle ear structures either directly or using different types of 
couplers in order to deliver vibratory mechanical energy to 
the cochlea.3) 
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It is challenging to achieve sufficient hearing gain in patients with mixed hearing loss. In 
chronic middle ear diseases, conventional passive reconstructive surgeries often result in sub-
optimal hearing gain and additional hearing aids may have limitations due to insufficient 
sound amplification, occlusion effect, acoustic feedback, and skin irritation. Middle ear im-
plantation (MEI) using Vibrant Soundbridge (VSB) is another option for auditory rehabilita-
tion in mixed hearing loss as well as sensorineural hearing loss. The floating mass transducer 
of VSB can be placed on various middle ear structures either directly or using different types 
of couplers in order to deliver vibratory mechanical energy to the cochlea. We report a patient 
who presented with bilateral mixed hearing loss due to chronic otitis media and had limita-
tions using conventional hearing aids in the worse hearing ear. The patient was successfully 
treated with MEI using the Bell coupler together with middle ear surgery in a single step.
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Numerous reports on middle ear implantation (MEI) us-
ing VSB have demonstrated effective auditory benefit to-
gether with long-term stability compared to passive recon-
struction in patients with mixed or conductive hearing loss.3-

9) Here, we report a patient with bilateral mixed hearing loss 
due to chronic otitis media, who had limitations using con-
ventional hearing aids in the worse hearing ear and was suc-

cessfully treated with MEI using the Bell coupler together 
with middle ear surgery in a single step. We will discuss the 
options of couplers and surgical tips in performing vibroplas-
ty, as well as the current and future role of MEI in the audi-
tory rehabilitation of patients with mixed hearing loss. 

Case Report

A 54-year-old man visited the hospital due to bilateral 
hearing impairment and tinnitus. He had previously received 
canal wall down mastoidectomy with tympanoplasty on the 
right side about 20 years ago due to chronic otitis media. 
Widened external auditory canal and tympanized drum was 
seen on the right side while attic destruction and retraction 
of drum were identified on the left side (Fig. 1). Pure tone 
audiogram showed mixed hearing loss on both sides with 
air-conduction pure tone average of 60 dB HL on the right 
side and 76 dB HL on the left side (Fig. 1). The speech dis-
crimination score was 88% on both sides. On temporal bone 
CT, the mastoid bone was sclerotic with mastoid air cells 
filled with soft tissue density, and there was also severe new 
bone formation around the malleus head in the epitympanic 
area on the left side (Fig. 2). He had tried to use a convention-
al hearing aid on the right side but failed to attain sufficient 
auditory gain. On the left side, a hearing aid could not be worn 

Fig. 2. Temporal bone CT. An axial image demonstrates drilled 
temporal bone due to previous canal wall down mastoidectomy 
on the right side. New bone formation in epitympanic area and soft 
tissue density in antrum were identified on the left side (white ar-
row: previously mastoidectomy state on the right side, black arrow: 
new bone formation in epitympanum on the left side, arrowhead: 
soft tissue density in antrum on the left side) (A). A coronal image 
demonstrates severe new bone formation around the malleus 
head in the epitympanic area on the left side (arrow: new bone for-
mation) (B).
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Fig. 1. Endoscopic view of left tympanic membrane. Attic destruction and retraction of drum were identified on the left side (A). Preopera-
tive pure tone audiometry. Pure tone audiogram showed mixed hearing loss on both sides with air-conduction pure tone average of 60 dB 
HL on the right side and 76 dB HL on the left side (B). O: right air-conduction unmasked, X: left air-conduction unmasked, [: right bone-
conduction masked, ]: left bone-conduction masked.
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regularly because of irritation of the external auditory canal 
skin. The patient was fitted with hearing aids bilaterally for 
2 months; however, there was only minimal improvement of 
the abbreviated profile of hearing aid benefit (APHAB) score 
from 79 to 71 and the hearing aid on the left side induced se-
vere itching forbidding its continued use. The overall patient 
satisfaction was low. After consulting with the patient, we 
planned canal wall up mastoidectomy and tympanoplasty to-
gether with MEI in a single stage on the left ear which was 
the worse hearing ear. 

During the operation, the retracted drum in the attic and 

posterior tympanic area was carefully elevated. Long pro-
cess of incus was nearly completely eroded state and the 
remnant lenticular process of incus was removed. The supra-
structure of stapes was present and mobile (Fig. 3). After 
performing mastoidectomy, remnant incus and malleus head 
were removed following drilling of the new bone formed in 
the epitympanum. The FMT of VSB Model 502 (MED-EL) 
was attached to the Bell coupler and placed over the stapes 
head through the posterior tympanotomy (Fig. 3). A piece of 
full-thickness tragal cartilage was placed over the FMT, and 
the drum was grafted with tragal perichondrium after recon-
struction of attic with another piece of cartilage. 

The VSB was switched-on 6 weeks after surgery. The un-
aided air-conduction pure tone average improved from 76 
dB HL to 50 dB HL due to closure of air-bone gap (Fig. 4). The 
VSB-aided average threshold improved to 33 dB HL with 
significant improvement of thresholds at 2 and 4 kHz (Fig. 
4). The speech discrimination score showed improvement 
from 88% to 92%. Eight months after surgery, unaided hear-
ing improved to 40 dB HL and aided thresholds reached 26 
dB HL (Fig. 4). The drum was well healed state (Fig. 4). Tin-
nitus in the left ear disappeared and APHAB global score 
improved from 79 to 17. The patient is satisfied with the results 
and is using MEI on the left side and a conventional receiver 
in the canal type of hearing aid on the right side for binaural 
hearing. 

Discussion

One of the main advantages of VSB in treating mixed or 
conductive hearing loss is that it can provide vibratory stim-
ulation bypassing the external auditory canal and the dam-
aged ossicular chain, often allowing the overclosure of air-
bone gap especially at 1-4 kHz.10-12) Another advantage would 
be being able to be free of an ear level external device which 
can be a hindrance in radical cavities or auditory canals with 
chronic infections.11) In patients with mixed or conductive 
hearing loss, the FMT of VSB may be connected to the round 
window, oval window, remnants of the ossicular chain depend-
ing on the condition of the middle ear either directly or using 
various couplers to improve the feasibility of surgical proce-
dures and also the functional outcome.1,4,6-8,12-14) When there 
is an intact and mobile stapes suprastructure such as in the 
present case, either a Bell coupler or a Clip coupler can be ap-
plied.12) A Bell coupler is easier to apply on the stapes head 
but has the risk of prosthesis tilting when the weight of the 

Fig. 3. Operative views through posterior tympanotomy. Stapes 
was relatively intact with good mobility (arrow: stapes) (A). Bell 
coupler attached to the FMT was placed over the stapes head 
(arrow: Bell coupler) (B). FMT was attached to the Bell coupler 
(arrow: Bell coupler, arrowhead: FMT) (C). FMT: floating mass 
transducer.
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FMT is added. A Clip coupler with an additional force cou-
pling to the stapes head may provide better sound transmission 
and stability, but has limited use in cases of atrophic stapes 
head or when the stapes is in a narrow relation to the prom-
ontory.12,13) In this case report, the Bell coupler was chosen 
because of limited space between the stapes head and the 

promontory. Round window vibroplasty is indicated when 
there is a missing or fixed ossicular chain prohibiting place-
ment of FMT on the oval window or the ossicles. A round 
window coupler helps reduce the drilling of the round win-
dow niche leading to lower risk of noise or membrane trau-
ma.12) The hearing gain in stapes and round window vibro-

Fig. 4. Changes of pure tone audiometry and postoperative endoscopic view of left tympanic membrane. The preoperative pure tone 
audiogram. Mixed hearing loss was seen on the left side with unaided air-conduction pure tone average of 72 dB HL (A). Pure tone 
audiogram six weeks after surgery following switch-on of VSB. The unaided air-conduction pure tone average improved from 72 dB 
HL to 50 dB HL due to closure of air-bone gap. VSB-aided average threshold improved to 33 dB HL with significant improvement of 
thresholds at 2 and 4 kHz (B). Pure tone audiogram eight months after surgery. The unaided hearing improved to 40 dB HL and aided 
thresholds reached 26 dB HL (C). Postoperative endoscopic view of left tympanic membrane. The drum was well healed state (D). O: 
right air-conduction unmasked, X: left air-conduction unmasked, S: sound field, [: right bone-conduction masked, ]: left bone-conduction 
masked, VSB: Vibrant Soundbridge.

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

750        1.5 k          3 k           6 k           12 k

Frequency (Hz)

125          250         500          1 k           2 k          4 k           8 k

He
ar

in
g 

le
ve

l (
d

B 
HL

)

A

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

750         1.5 k          3 k           6 k           12 k

Frequency (Hz)

125          250         500         1 k           2 k           4 k           8 k

He
ar

in
g 

le
ve

l (
d

B 
HL

)

B

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

750        1.5 k          3 k           6 k          12 k

Frequency (Hz)

125          250         500         1 k           2 k           4 k           8 k

He
ar

in
g 

le
ve

l (
d

B 
HL

)

C D



Middle Ear Implantation in Mixed Hearing Loss █ Shin YG, et al. 

www.kjorl.org 709

plasties was comparable ranging from 30 dB to 50 dB in 
previous studies, but stapes vibroplasty is technically easier 
with less surgical risk of damaging the inner ear and enables 
more efficient and stable coupling compared to round win-
dow vibroplasty, resulting in better gain in the high frequen-
cies.8,11) In addition, the FMT in stapes vibroplasty may work 
as a passive prosthesis and provide hearing gain even in un-
aided conditions as in this case report. Therefore, it is rec-
ommended that stapes vibroplasty should be considered first 
whenever permitted by the middle ear condition. When per-
forming stapes vibroplasty, it is better to use a full-thickness 
cartilage for long-term stability.6,12)

With the accumulation of clinical data on effectiveness and 
safety of VSB as well as the advent of technical improvement 
regarding the VSB device and various couplers, the indica-
tions of MEI are expanding and MEI may be considered as 
an initial treatment modality in patients with mixed hearing 
loss who are not expected to benefit from conventional mo-
dalities or those who cannot wear hearing aids due to prob-
lems of the auditory canal.8,10-12) However, there are not many 
previous reports in the literature on cases of mixed hearing 
loss in which MEI was performed together with a middle ear 
surgery in a single step.8) In the present case, the patient had 
failed effective auditory benefit following middle ear sur-
gery on one side, and a hearing aid could not be worn on the 
contralateral side due to auditory canal skin problems despite 
bilateral mixed hearing loss. After given full information on 
the advantages and disadvantages of VSB and the surgical 
procedures, the patient did not want multiple surgeries and 
preferred to receive middle ear surgery for the cholesteatoma 
and VSB implantation in a single step. The surgical risks, 
limitation in the use of MRI, and the possibility of revision 
surgery have to be considered in performing middle ear im-
plantation but these disadvantages may be reduced in the fu-
ture with the development of new devices such as VSB mod-
el 503 (MED-EL) which is MRI safe up to 1.5 Tesla.9,15) 

This report demonstrates the effectiveness of stapes vibro-
plasty for both passive reconstruction and active middle ear 
stimulation using VSB in a patient with bilateral mixed hear-
ing loss who could not benefit from conventional hearing 
aids. In performing vibroplasty, good coupling using appro-
priate couplers and stabilization of the FMT are very impor-
tant for maximal hearing gain. More future studies are expect-

ed to broaden the candidacy of MEI in mixed and conductive 
hearing loss patients. 
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