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Objective: To assess the audiological and long-term medical and technical follow-up outcomes of an active middle ear
implant.

Methods: This was a retrospective medical chart analysis of all patients provided with an active middle ear implant in a ter-
tiary academic medical referral center between September 1, 1998, and July 31, 2015. Main outcome measures were medical and
technical complications, revisions, reimplantations, explantations, coupling approaches, mean time of use, pre- and postoperative
hearing thresholds, functional hearing gain across frequencies (250–4,000 Hz), and Freiburg monosyllablic word test at 65 dB.

Results: One hundred and three patients were identified. Fifteen were implanted bilaterally (n = 118 Vibrant Sound-
bridge devices [MED-EL, Innsbruck, Austria]). Seventy-seven devices were implanted for sensorineural and 41 for mixed and
conductive hearing loss. Patients used the implant for 6.7 years (range 0.7 months–17.9 years) on average. Ninety-one patients
(77.12%) were using the device at the end of the observation period. An overall complication rate of 16.1% was observed. The
revision and explantation rates were higher for devices implanted between 2004 and 2006. The device failure rate was 3.4%.
Audiological evaluation showed significant hearing gains for both hearing loss patient groups.

Conclusion: This long-term follow-up reveals the reliability of the active middle ear implant in a single center. Overall
complication rate and device failure rate are acceptable. The complication rate was higher during implementation of alternative
coupling approaches. The audiological benefit was satisfactory in patients with all hearing loss types. The majority of implanted
patients used the implant at the end of the observation period.
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INTRODUCTION
Active middle ear implants (AMEI), including the

Vibrant Soundbridge (VSB) (MED-EL, Innsbruck, Aus-
tria), have been used for hearing rehabilitation for more
than two decades. They had been firstly intended to treat
patients with moderate-to-severe sensorineural hearing
loss.1 Originally, the floating mass transducer (FMT) was
connected the to the long process of the incus.2 Alterna-
tive coupling approaches including the round,3,4 the oval
window,5 or even the promontory bone6 extended the
range of indications over recent years. Therefore, patients
with mixed/conductive hearing loss could also be treated
with this type of active middle ear implant.1–6 To date, a
few studies focused on long-term audiological or surgical
outcomes. Maier et al.7 reported on audiological outcomes

in 104 patients and 122 devices implanted in a single cen-
ter. A study group led by Sterkers et al.8 reported on
125 patients implanted with the VSB, analyzing patient
satisfaction using self-assessment scales postoperatively.
Zwartenkot et al.9 assessed long-term medical and techni-
cal follow-up outcomes of different middle ear hearing
implants, including 92 VSB devices. That was the first
study reporting on implant survival and implant loss per
follow-up year of the VSB. However, audiological benefit
was not assessed in this study. Previous studies focused
either on technical outcome, quality of life, or on long-
term audiological results. There are no studies reporting
on both the audiological outcome after vibroplasty and
the medical and technical long-term performance of the
AMEI in a complete cohort of patients in a single center.
Long-term data is scare regarding implant reliability.
There are only few long-term data on revision and
explantation rates due technical or medical reasons.
Therefore, the aim of this study was to analyze all consec-
utive patients who underwent an implantation of the
AMEI in a tertiary referral center between September
1, 1998, and July 31, 2015. Long-term medical and tech-
nical outcomes including the mean time of use, type of
coupling approach, medical and technical complications,
revisions, reimplantations, and explantations were
assessed. Postoperative audiological benefit as well as
safety of the implant regarding the inner ear function
was evaluated.
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MATERIALS AND METHODS

Patients
This retrospective study comprised all consecutive patients

who were implanted with the AMEI at a tertiary academic medi-
cal center between September 1, 1998, and July 31, 2015. Indica-
tion for implantation was sensorineural, conductive, or mixed
hearing loss; no sufficient benefit from a conventional hearing
device; or recurrent infections of the external ear canal caused by
hearing aids. A computer tomography scan of the temporal bone
was performed preoperatively in all patients. All patients were
implanted by two senior coauthors (W.G. and W-D.B.). Audiological
measurements were performed in a sound-isolated room with
audiometers used in the clinical routine. The measurements
were performed preoperatively, followed by a measurement after
activation—and at 2, 3, and 6 months postoperatively. For this
study, we used measurements done after 6 months. If the sixth
month data was not available, earlier measurements were used
for analysis. Free-field audiometry was measured at 250; 500;
1,000; 2,000; 3,000; and 4,000 Hz. Functional hearing gain (FHG)
was calculated comparing postoperative unaided free-field
thresholds to thresholds with the AMEI. Speech perception in
quiet was measured using the Freiburger monosyllablic word
test at 65 dB, a test for adult German-speaking patients. Postop-
erative unaided and thresholds with the AMEI were compared.

Medical chart analysis of all consecutive patients was per-
formed to evaluate all surgical complications as well as revision
rates during the follow-up period. All coupling approaches, reim-
plantations, and explantations were analyzed. Main outcome
parameters were audiological results; long-term data on time of
use; and medical and technical complications including revision,

reimplantation, explantation rates, and implant survival. The
study was approved by the institutional review board (approval
number 1952/2017).

Statistical Analysis
The statistical analysis was performed with the Statistical

Program of Social Sciences (SPSS, version 23.0; SPSS, Inc, Chi-
cago, IL). The level of statistical significance is set at 0.05, two-
tailed. In order to compare unaided and AMEI-aided thresholds
in free-field audiometry and in the Freiburger monosyllablic
word test, a paired t test was utilized. Descriptive analysis was
performed determining the mean and standard deviation (SD).

RESULTS

Patients
A total of 103 patients were identified. Fifteen were

implanted bilaterally (n = 118 VSB devices). The mean
follow-up period was 7.9 years (range 1.1 months–
17.9 years). Patients used the AMEI for 6.7 years (range
0.7 months–17.9 years) on average. Ninety-one patients
(77.12%) were users at the end of observation period.

Surgical Results
Patient demographics including types of hearing loss

and data on coupling approaches are shown in Table I.

TABLE I.
Patients Demographics and Characteristics.

Hearing Loss Mean Age, Years Male/Female, n Male/Female, % FMT Coupling Total

Sensorineural 50.4 41/36 53.2/46.8 Long process 73 77/65.3

Short process 4

Mixed and conductive 43.9 22/19 53.7/46.3 RW 19 41/34.7

OW 8

Stapes 9

Promontorium 5

Total 48.3 63/55 53.4/46.6 118/100

FMT = floating mass transducer; n = number of cases; OW = oval window; RW = round window.

TABLE II.
Device Explantations and Revision Surgeries.

Indication Complication Type of Surgery n Total %

Medical Infection Explantation 4 14 11.9

Wire extrusion in the outer ear canal Explantation 3

Pain complaints Explantation 3

FMT displacement FMT repositioning 4

Technical Device failure Explantation 2 5 4.2

Device failure Reimplantation 2

Poor benefit (unknown reason) Explantation 1

Progressive hearing loss Explantation/CI implantation 13 13 11

No second surgery 86 86 72.9

Total 118 100

CI = cochlear implant; FMT = floating mass transducer; n = number of cases.
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Data regarding revision surgery with explantations or
revisions due to medical and technical indications are
presented in Table II. Medical or technical complications
occurred in 19 patients (16.1%). Twelve patients (10.17%)
were explanted and not re-implanted with another
implant. Device failure occurred in four patients (3.39%).
Although still implanted, two patients were nonusers at
the end of the observation period due to their personal
subjective dissatisfaction with the implant function.
Figure 1 shows the percentage of AMEI implantations
that were either explanted or revised per 3-year periods.
An increase in the explantation/revision rate is observed
for devices implanted between 2004 and 2006. The rate
remained stable for other time periods. Frequency of com-
plications for individual coupling approaches are pre-
sented in Table III.

Implant Survival
Survival analysis was studied by summing up all

individual follow-up data. Nonusers were not considered
as lost to follow-up. Figure 2 shows the Kaplan-Meier
graph of the result per implant. Average implant loss for
technical defects was one per 158 years of follow-up. It was
calculated adding up the total duration of follow-up. Nonu-
sage of the implant was not considered as implant loss.

Audiological Data
The mean difference between preoperative and

unaided postoperative bone conduction thresholds was
less than 5 dB at each frequency for both the sensorineu-
ral and the conductive/mixed hearing loss patient group,
which is clinically insignificant. The average FHG was
15.4 dB (± 8.4 dB SD) (P = .0001). Table IV shows FHG
for different types of hearing loss. Hearing gains in
patients with sensorineural and mixed/conductive hear-
ing loss across frequencies are shown in Figure 3 and
Figure 4, respectively. The highest mean FHG was
observed at 2,000 Hz (26 dB), followed by hearing gains
at 1,000 and 3,000 Hz (both 20.8 dB). Lowest hearing
gains are shown at 4,000; 500; and 250 Hz (16.3, 8.1, and
0.5 dB, respectively). Mean hearing gains were statisti-
cally significant at each frequency (P = .0001), except at
250 Hz (P = .783). AMEI-aided Freiburg monosyllablic
word test measurements showed a mean improvement of
25.6% (± 15.7%) at 65 dB for all patients (P = .0001). Frei-
burg monosyllablic word test improvements for patients
with sensorineural and mixed/conductive hearing loss
were 22.2 dB (± 15.8 dB) and 32.0 dB (± 13.2 dB), respec-
tively. On average, improvements were statistically sig-
nificant for both patient groups (P = .0001, P = .0001).

DISCUSSION
This study provides the evaluation of the AMEI

regarding the long-term surgical and technical follow-up
as well as the short-term audiological benefit. We report
on a complete cohort of patients who were provided with
the VSB in a single center. Furthermore, this article pro-
vides data on audiological outcomes, types of coupling
approach, mean time of use, medical and technical com-
plications, revisions, reimplantations, and explantations
in a complete patient cohort after vibroplasty.

Long-term evaluation showed that 77% of patients
used the implant at the time of the last clinical check-up
in our center. Similar results were shown by Mosnier
et al.10 In their study, 77% of patients used the VSB after
an average 8-year follow-up period.

Due to of the large distance to the hospital, some of
our patients chose to follow up in another institution.
Five patients have been lost to follow-up in the first
5 months. The mean follow-up period of our study was
7.9 years, which is comparable to studies analyzing AMEI
devices with the longest follow-up periods.8,10

Fig. 1. Percentage of Vibrant Soundbridge (MED-EL, Innsbruck,
Austria) implantations requiring an explantation or revision per
3 years.

TABLE III.
Complications for Individual FMT Coupling Approaches.

Hearing loss FMT coupling Complications, n Total Complications, %

Sensorineural Long process 7 73 9.6

Short process 0 4 0

Mixed RW 10 19 52.6

OW 2 8 25

Stapes 0 9 0

Promontorium 0 5 0

FMT = floating mass transducer; OW = oval window; RW = round window.
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A total of 10.17% of our patients required an explan-
tation without implantation of another implant. One
study group reported a higher explantation rate of
18.5%.9 Three of 12 explantations were required because
the VSB wire was protruded in the outer ear canal and
pulled out accidently by a physician. In all cases, this
resulted in an emergency explantation. Complication was
reported in 2 different studies for the VSB and in 1 study
for MET (Cochlear Ltd, Sydney, Australia). Pointing out
that the implant wire can protrude into the outer ear
canal might thus be essential for patients and their treat-
ing physicians. This could contribute in preserving the
implant with a revision surgery.

The rate of technical complications in our cohort was
low compared to literature: device failure occurred in four
patients (3.39%), which is less than 7% reported by Zwar-
tenkot et al.9 The medical complication rate was compa-
rable to other studies regarding the VSB. Three patients
(2.5%) were explanted because of an infection. Lassaletta
et al.11 noted an infection rate of 8.3% in their study pop-
ulation. Floating mass transducer displacement occurred
in 3.39% of implanted patients. Zwartenkot et al.9

reported on 1% of patients with the same complications.
Furthermore, they presented 3.2% of patients who had to
be explanted due to growing pain complaints. In our
study population, 2.5% of patients required an explanta-
tion due to the same issue. Furthermore, they reported a
mean implant loss of one per 74 follow-up years. It was
higher than the implant loss of one per 158 follow-up
years reported in our study.

The same study group showed an increase in the
complication rate during an earlier 3-year period in which
a new experimental transcanal approach technique was
introduced. However, frequency of complications had
decreased with the years. In our institution, we observe
an increase of the complication rate from 2004 to 2006,

and a significantly higher complication rate for devices
coupled onto the round window. Between 1998 and late
2002, the middle ear hearing implant system was classi-
cally crimped onto the long process of the incus.13 This
original standard surgical procedure caused low revision
rates only. Between 2004 and 2006, new experimental
coupling procedures were implemented that evaluated
the efficacy and safety of round window vibroplasty.4 The
procedure included enlargement of the facial recess and
exposure of the round window niche. If necessary, the lip
of the round window was drilled to expose the round win-
dow membrane, followed by positioning of the FMT onto
the round window membrane. During the first experi-
mental procedures, the FMT was initially covered with
the thin layer of temporal muscle fascia and fibrin glue.
Five patients had to be revised because the fascia was
resorbed over time (in within 1 year) and the FMT lost
connection to the round window membrane with deterio-
ration of hearing outcome. After 2006, fixation was thus
performed with Tuttoplast (Tutogen Medical, Neun-
kirchen am Brand, Germany) with fibrin glue to optimize
stabilization of the FMT. Evaluation shows that this cou-
pling approach was safe and effective with stable compli-
cation rates (Fig. 1.) Additionally, different titanium
couplers were introduced. This facilitated the fixation of
the FMT, which might have contributed to more stable
outcomes. The complication rate remained stable in other
time periods.

Rates of technical and medical complication are com-
parable to those of other active middle ear implants.
Authors presented device failure rates of 12.5%12 and

Fig. 2. Kaplan-Meier implant survival graph. m, months; VSB =
Vibrant Soundbridge (MED-EL, Innsbruck, Austria). [Color figure
can be viewed in the online issue, which is available at www.laryn
goscope.com.]

TABLE IV.
Mean FHG in Free-Field Audiometry in Different Hearing Loss

Types.

Type of Hearing Loss Mean FHG (dB) P Value

Sensorineural 13.1 ± 8.9 < .0001

Mixed/conductive 20.9 ± 8.8 < .0001

dB = decibel; FHG = functional hearing gain.

Fig. 3. Mean postoperative unaided and thresholds with the VSB in
free-field audiometry across frequencies in patients with sensori-
neural hearing loss. unaided: postoperative thresholds without the
VSB; VSB: postoperative thresholds with the VSB. dB = decibel; Hz
= Hertz; VSB = Vibrant Soundbridge (MED-EL, Innsbruck, Austria).
[Color figure can be viewed in the online issue, which is available at
www.laryngoscope.com.]
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9%14 in patients implanted with the Carina implant and
28%9 in patients implanted with MET (Cochlear Ltd,
Sydney, Australia). Eighteen percent of patients
implanted with Carina (Cochlear Ltd, Sydney, Australia)
were explanted because of an infection.14

Audiological outcome was stable and similar to that
in the literature for all types of hearing loss. The bone
conduction thresholds were preserved postoperatively,
which indicates that integrity of the inner ear was not
affected by the implantation. Mean FHG values were sat-
isfactory in patients with types of hearing loss. The mean
FHG for sensorineural hearing loss is in accordance with
the literature ranging from 13.9 to 28.1 dB on
average.15–18 Two studies reported higher mean hearing
gains in patients with conductive and mixed hearing loss
(32 dB19 and 36.1 dB20). When analyzed by each fre-
quency, significant hearing gains were reached at each
frequency from 500 to 4,000 Hz. Jung et al.21 reported
significant gains at 2,000 and 4,000 Hz but not at 1,000
and 3,000 Hz.

CONCLUSION
This report provides information on the long-term

performance of the VSB active middle ear implant and
shows an acceptable implant reliability regarding medical
and technical complication rates. Highest complication
rates were observed during experimental procedures with
alternative coupling approaches. The VSB provides satis-
factory audiological benefits regarding the mean FHG
and speech perception improvement in patients with all
hearing loss types. Long-term surgical outcome of vibro-
plasty for sensorineural and mixed hearing loss is compa-
rable to those of other similar active middle ear implants

with an acceptable implant survival period. The majority
of patients used the implant at the end of the observation
period. Because explantation rates were in a moderate
range, we believe the system is safe and effective consid-
ering appropriate patient selection and adequate surgical
approach.
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