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Abstract

Objective: To evaluate the long-term safety and perfor-
mance of four different vibroplasty couplers (round window,
oval window, CliP and Bell coupler) in combination with an
active middle ear implant. Methods: This was a multicentre,
prospective, long-term study including 5 German hospitals.
Thirty adult subjects suffering from conductive or mixed
hearing loss were initially enrolled for the study, 24 of these
were included in the final analysis with up to 36 months of
postsurgical follow-up data. Bone conduction and air con-
duction were measured pre- and postoperatively to evalu-
ate safety. Postoperative aided sound field thresholds and

Freiburger monosyllable word recognition scores were com-
pared to unaided pre-implantation results to confirm perfor-
mance. Additional speech tests compared postoperative un-
aided with aided results. To determine patient satisfaction,
an established quality-of-life questionnaire developed for
conventional hearing aid usage was administered to all sub-
jects. Results: Mean postoperative bone conduction thresh-
olds remained stable throughout the whole study period.
Mean functional gain for all couplers investigated was 38.5
+11.4dBHL (12 months) and 38.8 + 12.5 dB HL (36 months).
Mean word recognition scores at 65 dB SPL increased from
2.9% in the unaided by 64.2%to 67.1% in the aided situation.
The mean postoperative speech reception in quiet (or 50%
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understanding of words in sentences) shows a speech intel-
ligibility improvement at 36 months of 17.8 + 12.4 dB SPL
over the unaided condition. The signal-to-noise ratio (SNR)
improved by 5.9 + 7.2 dB SNR over the unaided condition.
High subjective device satisfaction was reflected by the In-
ternational Inventory for Hearing Aids scored very positively.
Conclusion: A significant improvement was seen with all
couplers, and audiological performance did not significantly
differ between 12 and 36 months after surgery.

© 2019 S. Karger AG, Basel

Introduction

Pathologies that interrupt the ossicular chain are mul-
tifactorial and often result in conductive hearing loss [re-
viewed in Blom et al., 2015]. Reconstruction of the os-
sicular chain (ossiculoplasty) using passive prostheses of
either biological or synthetic origin is standard treatment
[Colletti et al., 1987]. Short-term and long-term ossiculo-
plasty results however can vary significantly [Yu et al.,
2013], and poor long-term results are caused by various
factors with extrusion and displacement being most com-
mon. Moreover, patients who underwent ossiculoplasty
very often require a conventional hearing aid (cHA) even
after surgery [Cox et al., 2017; De la Cruz and Teufert,
2003]. The additional use of cHAs may be suitable to treat
the sensorineural component of the hearing loss. How-
ever, some patients may not benefit from cHAs due to
medical reasons like allergies or chronic otitis externa.

In order to overcome the limitations of the ossiculo-
plasty and cHAs for the treatment of conductive or mixed
hearing loss, the Vibrant Soundbridge (VSB) was com-
bined with a further development of the Kurz middle ear
prostheses, namely the vibroplasty couplers. These pas-
sive prostheses are made of the bioinert material titanium
which is well tolerated [Meulemans et al., 2013]. The VSB
is a transcutaneous, semi-implantable active middle ear
implant. The core of the VSB is the floating mass trans-
ducer (FMT) which is designed in a way to mimic the
natural function of the middle ear. The vibroplasty cou-
plers facilitate the coupling between the FMT and the
most suitable vibratory structure of the middle ear. Vi-
broplasty couplers are available in different designs and
thus may be placed either on the stapes footplate (vibro-
plasty OW coupler), the stapes head (vibroplasty CliP
coupler, vibroplasty Bell coupler) or the round window
(vibroplasty RW coupler) [Hiittenbrink et al., 2008,
2011]. These vibroplasty couplers are summarized as vi-
broplasty couplers of the 2nd generation. A detailed de-

Long-Term Outcomes of VSB Couplers

scription of the surgical method including illustrations of
2nd-generation coupler placement can be found in the
preceding publication [Zahnert et al., 2016]. Recently
3rd-generation couplers which can be either placed on
the short or the long process of the incus as well as the
round window were developed to complement the range
of vibroplasty couplers. The different types account for
the anatomical variability in the middle ear compromised
by congenital/chronic disease and previous surgeries.

There are several publications that report on vibro-
plasty coupler usage [Lee et al., 2017; Luers et al., 2013;
Miiller et al., 2017; Schraven et al., 2016; Schwab et al,,
2014; Wang et al., 2016].

The mean study follow-up reporting period regarding
vibroplasty coupler usage lies between 3 and 12 months.
Consequently, there are only few reports on the long-
term safety and performance of the VSB in combination
with vibroplasty couplers. Leinung et al. [2016a] evalu-
ated the audiological functional gain in 16 children with
uni- and bilateral aural atresia implanted with the VSB in
concert with different coupling modalities for up to 36
months after implantation. Schraven et al. [2016] exam-
ined the long-term results (up to 84 months) of 83 sub-
jects implanted with a VSB in combination with different
EMT positions either with or without the use of a vibro-
plasty coupler. The retrospective design is a limitation of
this study. The duration of the follow-up of patients in-
cluded in a VSB/coupler study published by Zhao et al.
[2016] was between 3 and 41 months. A restriction of this
study was the relatively small number of subjects includ-
ed (n = 9). Moreover, only one coupler type, namely the
RW vibroplasty coupler, was studied in 7 subjects. The
present multicentre study aims to report, confirm and ex-
tend evidence of the long-term performance and safety of
the VSB system in combination with vibroplasty couplers
up to 36 months after VSB surgery. In addition, interim
data of the same study collected up to 1 year after VSB
[Zahnert et al., 2016] implantation should be substanti-
ated by additional data provided in the present publica-
tion.

Material and Methods

Subjects and Materials

This prospective, single subject repeated measures study col-
lected data between September 2010 (first subject in) and March
2016 (study close-out).

The analytic population of 24 subjects (10 males and 14 fe-
males) was followed up to 36 months after VSB implantation
(VORP 502) originally at 5 university hospitals in Germany, after
approval by the ethics committee (Freiburg, FEKI code 010/2050).
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Table 1. Patients’ demographics

ID Age, Gender Implant Coupler AC BC HL Severity Aetiology Previous ear
years side PTA, PTA, type surgeries

01 66 F R RW 85 38 MHL severe COM 2

02 54 F L RW 81 44 MHL severe COM 1

03 72 F R RW 81 58 MHL severe COM/ 2 min.
cholesteatoma

04 73 F L RW 96 51 MHL  profound COM 1 min.

05 52 M L RW 68 25 MHL moderately severe COM unknown

06 66 F R RW 84 50 MHL severe cholesteatoma multiple

07 68 F R RW 76 60 MHL severe COM 3 min.

08 46 M R RW 56 15 CHL moderately severe COM/ multiple
cholesteatoma

09 49 M L RW 77 29 MHL severe microtia 2

10 46 F L ow 89 49 MHL severe cholesteatoma 5 min.

11 54 M R ow 78 50 MHL severe cholesteatoma 2 min.

12 44 F R ow 73 47 MHL severe COM 3

13 34 M R oW 88 59 MHL severe cholesteatoma 5 min.

14 55 M R ow 64 30 MHL moderately severe cholesteatoma 4 min.

15 61 F R ow 56 16 CHL moderately severe cholesteatoma 3 min.

16 60 F L ow 60 27 MHL moderately severe COM/ multiple
cholesteatoma

17 71 M R CliP 89 33 MHL  severe cholesteatoma 4

18 66 M R CliP 63 25 MHL moderately severe COM/L, 2 min.
cholesteatoma

19 51 F L CliP 100 53 MHL profound COM 4 min.

20 56 F L Bell 68 30 MHL  moderately severe COM 2 min.

21 68 M L Bell 94 49 MHL  profound cholesteatoma 1 min.

22 64 M L Bell 69 48 MHL moderately severe COM 1

23 75 F L Bell 71 47 MHL severe COM 3

24 69 F R Bell 62 27 MHL moderately severe cholesteatoma 2

AC, air conduction; BC, bone conduction; HL, hearing loss; PTA,, pure-tone average at 0.5, 1, 2 and 4 kHz; min., minimum; MHL,
mixed hearing loss; CHL, conductive hearing loss; COM, chronic otitis media; L, left; R, right; RW, round window; OW, oval window.

One centre in Rostock included only 1 subject with insufficient
knowledge of the German language, and thus the centre was ex-
cluded from the final analysis. Another 5 subjects were not part of
the final analysis of the study for the following reasons: 2 subjects
were not implanted with a vibroplasty coupler due to anatomical/
pathological conditions found during surgery; a deterioration of
the general health status was the reason for study exclusion of an-
other subject; 2 other subjects were excluded due to ageing-related
deterioration of the remaining hearing threshold beyond indica-
tion criteria. One subject was pre-operatively already out of indi-
cation and inclusion criteria for bone conduction (BC) at 3 kHz
(75 dB HL) and at 4 kHz (85 dB HL). The other subject had pre-
existing unstable BC thresholds. No surgical complications were
reported for this subject. In a further safety clinical follow-up, no
indication of an underlying disease was found. Subjectively, the
patient was very satisfied with the device and underwent a second
VSB implantation on the contralateral ear.

A VSB in combination with a vibroplasty coupler of the 2nd
generation was implanted in all included subjects. All subjects suf-
fered from either conductive (n = 2) or mixed hearingloss (n = 22)
and did either not benefit from cHAs or underwent failed recon-
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struction surgeries. Pre-operative mean air conduction (AC) and
BC pure-tone average (PTA,) thresholds were at 76.1 + 12.8 and
39.8 + 13.63 dB HL, respectively. Subjects suffered from moder-
ately severe (n = 9) over severe (n = 12) to profound (n = 3) hearing
loss. Additional study inclusion and exclusion criteria are reported
elsewhere [Zahnert et al., 2016]. The FMT was connected to the
stapes (CliP coupler n = 3 or Bell coupler n = 5), the oval window
(OW coupler n = 7) or the round window (RW coupler n = 9).
Based on the medical findings and the anatomical conditions, the
responsible surgeon decided on the respective coupler usage.

The mean age of the 24 analysed subjects was 59 years (range:
34-75 years). All included subjects had undergone at least one pre-
vious ear surgery in the implanted ear. For most subjects the aeti-
ology of the hearing impairment was chronic otitis media (n = 10)
or cholesteatoma (n = 9), or a combination of both (n = 4). One
subject suffered from microtia. For demographic details please re-
fer to Table 1.

Audiological Assessments
Audiometric testing was conducted in an audiometric sound-
attenuated room, using calibrated signals and equipment accord-

Zahnert et al.
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ing to accepted ISO standards. All included subjects were evalu-
ated at regular intervals to include 1 pre-operative evaluation and
6 postoperative evaluations (initial activation (IA), 3, 6, 12, 24 and
36 months postoperatively). The IA of the audioprocessor took
place 6-8 weeks after surgery.

Pure-Tone Audiometry

AC (0.5-8kHz) and BC (0.5-4 kHz) pure-tone thresholds were
tested for both ears using insert earphones, headphones or a cali-
brated BC vibrator, as appropriate, on each ear individually. Pre-
operative unaided PTA, (0.5, 1, 2 and 4 kHz) thresholds were com-
pared to postoperative VSB unaided thresholds.

Sound Field Audiometry

Sound field tests were conducted under the SN, configuration
with the contralateral ear plugged with deeply inserted foam ear-
plugs (3M Earplugs 1100 or similar; signal-to-noise ratio, SNR =
37 dB) and covered with ear muffs (3M Peltor x5 or similar;
SNR =37 dB). To calculate the functional gain (FG), pre-operative
unaided sound field thresholds (SF) were compared to postopera-
tive aided SF thresholds. Speech intelligibility was tested by word
recognition scores (WRS), speech reception thresholds in quiet
(SRT) and in noise as an SNR. The WRS measured by the Freiburg-
er Monosyllables at 65 dB SPL in quiet compared pre-operative
unaided to postoperative aided scores. SRT and SNR measured by
the Oldenburger Sentence (OLSA) test compared postoperative
unaided with aided thresholds in quiet and in noise. The SRT'5o was
defined as the level needed to understand 50% of words in a list.
The SRT5, was tested in quiet (SRT) and with a fixed background
noise level at 65 dB SPL and varying speech levels (SNR).

Subjective Device Satisfaction

Subjective satisfaction with the VSB was measured with the
German translation (ITEH) of the International Outcome Inven-
tory for Hearing Aids (IOI-HA) questionnaire. The questionnaire
was administered pre-operatively only to subjects who had used a
cHA before middle ear implantation.

Safety Measures

Pre-operative BC PTA, thresholds were compared to those
measured at 12 and 36 months after surgery. Safety was further
monitored with otoscopy, medical examination and surgical re-
ports. Adverse events (AE) were recorded and if possible followed
up until the events were resolved.

Statistical Analyses

IBM SPSS Statistics 19.0 (IBM, Armonk, New York, NY, USA)
was used for all analyses reported in the work. Graphs, figures and
tables were created using Microsoft Excel and Graphpad Prism 6.0.
A confidence level of 95% and above (p < 0.05) indicated statistical
significance.

Inferential statistics was applied to AC, BC, SF, WRS, SRT and
SNR outcomes for the whole group as well as for the 3 separate
coupler groups. Subjects were divided into 3 different coupler
groups depending on the FMT’s position in the middle ear: stapes
group including Bell and CliP coupler (stapes), round window
group (RW) and the oval window group (OW). A Kolmogorov-
Smirnov test showed that data are not normally distributed, there-
fore the Friedman test was applied to test for a significant change
over the tested intervals pre-operatively, at IA, 12 months and 36
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Fig. 1. Mean BC thresholds for all subjects comparing pre-opera-
tive with 12-month (n = 27) and 36-month (n = 24) postoperative
thresholds. Error bars reflect +SD.

months postoperatively. The Wilcoxon signed-rank test was used
for post hoc pairwise comparisons, i.e. to test for a significant dif-
ference between the tested intervals. For SRT and SNR the Wil-
coxon signed-rank test compared unaided and aided SRT/SNR at
IA, 12 months and 36 months. p values for the Wilcoxon signed-
rank test were adjusted with the Bonferroni correction (p < 0.017).
Improvements reported here result from the population of the
pairwise analysis. To avoid repetitions, the IA time point is not
shown in the present work; however, the Bonferroni-corrected p
value of p < 0.017 must still be applied.

Results

Safety Results

AC PTA, thresholds remained stable throughout the
tested intervals (p = 0.145), and no change greater than
15 dB in residual hearing was observed for the whole sub-
ject group. Also, no statistically significant difference was
found between pre- and postoperative mean AC PTA,
measurements in any of the coupler groups (RW: p =
0.495; OW: p = 0.231; stapes: p = 0.507).

As indicated in Figure 1b and c, thresholds remained
stable throughout the whole study period. The post hoc
Wilcoxon signed-rank test found no statistically signifi-
cant difference between pre- and postoperative BC PTA,
values (12 months: p = 0.841 and 36 months: p = 0.235)
for the whole group. Again, no statistically significant dif-
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Sound field threshold

Fig. 2. Mean sound field thresholds measured with warble tones
for the VSB/coupler-implanted ear (n = 23): pre-operative unaided
compared with 12- and 36-month postoperative aided thresholds.
Error bars reflect £SD.

ference was found between pre- and postoperative mean
BC PTA, measurements in any of the coupler groups
(RW: 12 months: p = 0.141 and 36 months: p = 0.833;
OW: 12 months: p = 0.31 and 36 months: p = 0.933;
stapes: 12 months: p = 0.128 and 36 months: p = 0.327).
On average no more than a 5 dB change in BC PTA, was
observed indicating that the implantation had no nega-
tive effect on residual hearing. Considering however in-
dividual BC PTA, thresholds at 36 months postoperative-
ly a decrease by more than 10 dB (commonly accepted
test/retest range; Acoustical Society of America: ANSI-
§3.21.2004) in 1 subject (see Table 1: ID 20) was observed.
This subject experienced a BC PTA, decrease of 20 dB
after undergoing two revision surgeries.

Thirty-six months postoperatively a total of 33 AE was
reported for 24 subjects. 28 of these 33 AE were neither
related to the device nor to the procedure. 5 AE were as-
sessed as procedure related, 3 thereof were serious AE.
The 2 non-serious AE affected 2 subjects. One subject (ID
23) had mild pruritus on the skin under the audioproces-
sor. This event was resolved by using a weaker attachment
magnet in the processor. The other subject (ID 19) had
cephalalgia and otalgia but this condition was resolved
without any treatment. The 3 reported serious AE con-
cerned 3 subjects. One subject (ID 01) experienced a
perforation of the eardrum on the VSB-implanted side

320 Audiol Neurotol 2018;23:316-325
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Fig. 3. PTA, functional gain (FG) for 12 and 36 months postop-
eratively for the whole group and each coupler subgroup. The dif-
ferent coupler groups are shown as separate boxes and are marked
differently (the diamond refers to the RW coupler group, the hexa-
gon refers to the OW coupler group, the circle refers to the CliP
stapes coupler group and the pyramid refers to the Bell stapes cou-
pler group); the grey box refers to the overall study population in-
cluding all coupler types. Boxes extend from the 25th to the 75th
percentiles. The line in the middle represents the median, the + is
the mean and the circles are individual values.

3 months after surgery. A myringoplasty resolved this
event. Due to decreased hearing a subject (ID 03) under-
went reposition surgery. Still another subject (ID 20) re-
ported disturbing noises during certain head movements
and had to undergo two revision surgeries (the same sub-
ject experienced the BC PTA, decrease of 20 dB). The
originally implanted Bell coupler was exchanged by a CliP
coupler and finally also this coupler was removed and the
FMT was directly coupled to the round window.

Sound Field Thresholds and Functional Gain

As indicated in Figure 2 SF measured with warble
tones improved at 12 and 36 months over pre-operative
unaided measurements at all frequencies, and hearing
thresholds were bestat 1.5 kHz. The PT A, of these thresh-
olds significantly (n = 23, p < 0.001) improved from 74 +
12.9 dB HL pre-operatively unaided to 36.0 + 8.2 dB HL
at 12 months and 35.1 + 6.7 dB HL at 36 months postop-
eratively aided. SF remained stable without significant
change between 12 and 36 months (p = 0.509).

The FG calculated as the difference between unaided
pre-operative and 12- as well 36-month postoperative
aided SF PTA, thresholds yielded an FG for the whole
group of 38.5 + 11.4 dB FG at 12 months and of 38.8 +

Zahnert et al.
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Fig.4. Word recognition score (WRS) as measured by the Freiburg-
er Monosyllable test presented at 65 dB SPL. Pre-operative un-
aided WRS (%) compared to postoperative VSB-aided 12-month
and 36-month data. Boxes extend from the 25th to the 75th per-
centiles. The line in the middle represents the median, the + is the
mean and the circles are individual values.

12.5 dB FG at 36 months (Fig. 3). The clinically significant
end point of 10 dB FG at one or more frequencies was
reached for all subjects. For 1 subject implanted with the
RW coupler no pre-operative values were available but
postoperative aided SF thresholds were at 46.5 dB HL at
12 months and 31.5 dB HL at 36 months.

Individual results for each coupling group were as fol-
lows: RW coupler (n = 8; p = 0.002) 46.2 + 8.1 dB FG (12
months) and 45.8 + 11.5 dB FG (36 months); OW coupler
(n=7;p=0.002) 36.6 + 14.6 dB FG (12 months) and 38.9
+ 13.6 dB FG (36 months); stapes coupler (includes Bell
and CliP; n = 8; p = 0.002) 32.5 + 7.0 dB FG (12 months)
and 31.7 = 9.1 dB FG (36 months).

Word Recognition Scores

Considering pooled coupler groups, the mean unaid-
ed pre-operative WRS at 65 dB SPL was 2.9 + 9.4%, the
aided mean WRS at the 12-month evaluation was 67.8 +
20.2% and the mean aided WRS at 36 months was 67.1 +
20.2% (Fig. 4). WRS improvement was significant (n =
24, p < 0.001). No significant difference was calculated
when comparing 12-month postoperative data with
36-month postoperative data (p = 0.852), indicating that
the benefit provided by the VSB in combination with any
coupler is stable throughout 36 months. All individual
subjects implanted with the VSB independent of the cou-
plers used, demonstrated improved speech recognition

Long-Term Outcomes of VSB Couplers

Fig. 5. SRT5( in quiet as measured by OLSA sentences for the VSB-
implanted ears. Postoperative unaided conditions at 12 and 36
months were compared with the corresponding aided conditions.
Boxes extend from the 25th to the 75th percentiles. The line in the
middle represents the median, the + is the mean and the circles are
individual values.

by far more than 10% which was regarded as clinically
significant value.

Eight subjects implanted with a stapes coupler (Bell or
CliP) significantly (p = 0.002) improved from an average
unaided pre-operative WRS of 5.6 + 14.0% to 61.3 +
22.2% at 12 months postoperatively and 57.5 + 20.9% at
36 months. The WRS remained stable between 12 and 36
months (p = 0.526). Nine subjects received an RW cou-
pler and significantly (p < 0.001) improved from 0% WRS
pre-operatively to 73.3 + 26.0% at 12 and 72.2 + 15.6% at
36 months postoperatively. The WRS remained signifi-
cantly stable between 12 and 36 months (p = 0.752). Sev-
en OW implanted subjects significantly (p = 0.002) im-
proved from a mean pre-operative WRS of 3.6 + 9.5% to
68.2 £ 19.8% at 12 and 71.4 + 23.2% at 36 months post-
operatively. Like for all other coupler types the WRS did
not change from 12 to 36 months postoperatively (p =
0.752).

Speech Intelligibility in Quiet and in Noise

The OLSA compared speech reception thresholds in
quiet (SRT) and in noise (SNR) with and without the VSB
activated at postoperative clinical assessments up to 36
months after implantation. At the 12-month evaluation
the SRT5, improved from 67.8 + 10.5 dB SPL in the un-
aided to 45.2 + 4.4 dB SPL in the aided condition (mean
improvement: 22.7 + 11 dB SPL; n = 17). Similarly, at 36
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months the SRT5q improved from 65.4 £ 11.9 dB SPL in the
unaided to 47.6 + 8.8 dB SPL in the aided condition (mean
improvement: 17.8 + 12.4 dB SPL; n = 20) (Fig. 5). Both
SRT differences between unaided and aided are significant
with a p value of <0.001. No significant difference between
aided 12- and 36-month data was found (p = 0.825).

The SNR changed from 6.0 + 8.2 dB SNR at the un-
aided 12-month evaluation to -0.2 + 4.5 dB SNR in the
aided condition (mean improvement: 5.4 + 5.2 dB SNR;
n = 19). At the 36-month evaluation the SNR improved
from 5.8 + 8.7 dB SNR in the unaided to -0.2 + 4.7 dB
SNR in the aided condition (mean improvement: 5.9 +
7.2 dB SNR; n = 18). Mean SNR differences between un-
aided and aided conditions 12 and 36 months postopera-
tively were significant (p < 0.001) (Fig. 6). Again, no
change in SNR was observed between 12 and 36 months
(p = 0.082). This result clearly demonstrates that speech
intelligibility in noise improved.

IOI-HA, Patient Satisfaction

Subjective device satisfaction/benefit was evaluated by
the IOI-HA consisting of 7 answer categories on a 5-point
rating system (1 = worst to 5 = best) [Cox and Alexander,
2002]. The IOI was answered by 10 subjects before VSB
implantation who were using cHAs and by 23 subjects 12
and 36 months after VSB implantation.

All participants who answered the IOI-HA were very
satisfied with the VSB in all categories.
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The responses to all categories given resulted in a score
above 4 and a mean score of 4.61 + 0.8 at 12 and of 4.5 +
0.8 at 36 months postoperatively. In contrast, the mean
satisfaction for 10 subjects wearing cHAs pre-operatively
ranged between 2 and 2.9 (mean = 2.39 + 1.23).

Discussion

The main objectives of the vibroplasty coupler devel-
opment were the following: (1) standardizing the differ-
ent FMT attachment possibilities, (2) providing addition-
al options to install the VSB in patients with mixed and
conductive hearing loss and (3) improving stability of the
transducer at the respective anatomical structure of the
middle ear in order to enable long-term performance and
safety of the VSB.

The 4 different couplers assessed in this study facilitate
the placement of the FMT at 3 different structures (stapes,
OW, RW) of the middle ear. In contrast to the other vi-
broplasty techniques that couple the FMT to parts or
remnants of the ossicular chain, the RW vibroplasty di-
rectly couples the FMT to an inner ear window, some-
times using fascia or cartilage between FMT and inner ear
membrane. The advantage of coupler usage in RW vibro-
plasty is obvious as unstable or insufficient FMT attach-
ment to the RW membrane may be ineffective in transfer-
ring vibratory energy supplied by the audioprocessor
[Lassaletta et al., 2015]. This finding is supported by Ol-
szewski et al. [2017], who reported that better FMT cou-
pling can be achieved by using interposed material such
as tissue or RW coupler especially for cases where the RW
niche is smaller than the diameter of the FMT. The RW
coupler provides a more stable FMT connection com-
pared to fascia fixation, which may become atrophic over
time and affects coupling efficacy. FMT migration en-
countered in RW vibroplasty without coupler usage is an
undesired side effect and is reported by different authors
[Baumgartner et al., 2010; Marino et al., 2015]. Schraven
et al. [2016] report on high revision surgery numbers of
up to 71% in RW vibroplasty without coupler usage. We
observed a revision surgery rate of 11% in the RW coupler
group (1/9) which is in agreement with previous works
[Skarzynski et al., 2014; Zhao et al., 2016]. Although an
ossicular attachment point for the FMT is surgically less
challenging than RW vibroplasty which requires drilling
of the RW niche, RW vibroplasty using the RW coupler
is the best alternative for cases where no ossicular chain
is present. The present study however showed that the use
of the RW coupler did not pose any additional risks com-
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pared to the vibroplasty techniques that couple to struc-
tures of the ossicular chain (Bell and CliP coupler, OW
coupler). One subject allocated to the stapes coupling
group had to undergo two revision surgeries, thus the re-
vision rate (2 out of 8) of this group is comparable to that
of the RW coupler group. Overall, medical as well as sur-
gical complications did not exceed the expected ranges
for middle ear surgeries [Fiedler et al., 2013; Govil et al.,
2017]. All serious AE were either not or probably not de-
vice related.

Moreover BC and AC PTA, thresholds remained sta-
ble up to 36 months after surgery for the whole subject
collective, indicating that the VSB implantation is an
atraumatic procedure which preserves residual hearing
over a long term. According to the Acoustical Society of
America (ANSI-S3.21 2004), a difference of 10 dB be-
tween 2 PTA assessments does not represent a significant
difference for the subject in terms of hearing perception.
One subject experienced a BC PTA, decrease of more
than 10 dB. This finding may be attributed to the two re-
vision surgeries that were performed in this subject. In
general, it can be expected that deteriorations of BC
thresholds in the long term may be reflected by physio-
logical alterations due to ageing or other, physiological or
pathological effects [Gates et al., 2008] and are therefore
unlikely to be related to VSB in combination with vibro-
plasty couplers.

Subjects included in the present study experienced at
least one previous middle ear surgery. Thus, the enrol-
ment of subjects with similar middle ear impairments in
each coupler category was difficult. Nevertheless, in this
fairly heterogeneous subject group suffering from mod-
erate, profound or severe hearing loss all subjects experi-
enced a hearing improvement up to 36 months postop-
eratively as investigated by FG and speech intelligibility.
Consequently, each coupler type may be chosen accord-
ing to the anatomical condition as the coupler type did
not affect safety or benefit from the VSB. The FG calcu-
lated as the difference between unaided pre-operative and
12-month as well as 36-month postoperative aided sound
field thresholds yielded an FG of 38.5 £ 11.4 (12 months)
and of 38.8 + 12.5 dB HL (36 months) for the whole sub-
ject group. All coupler types performed similarly without
a significant difference between coupler groups. Analysis
of published studies demonstrated hearing gains of 28—
55 dB for FMT coupling to the oval window, the stapes
and the round window without any coupler. These val-
ues are not significantly different than those measured in
the present study; however, couplers offer a standard-
ized coupling procedure compared with non-established

Long-Term Outcomes of VSB Couplers

methods for the single point attachment of the FMT [re-
viewed in Luers et al., 2013]. Besides long-term safety,
proven by stable residual hearing and improved hearing
thresholds, improvement in speech intelligibility is one of
the crucial outcome measures in the evaluation of a treat-
ment success in hearing rehabilitation. Mean postopera-
tive, VSB-aided word recognition scores at 12 and 36
months resulted in 67.8 and 67.1%, respectively. Our
findings are in good agreement with those from previous
studies including vibroplasty couplers in which WRS at
65 dB SPL of around 70% were reported [Brito etal., 2016;
Busch et al.,, 2016; Hiittenbrink et al., 2004; Miiller et al.,
2017; Schraven et al., 2016; Schwab et al., 2014; Wang et
al., 2016; Zhao et al., 2016]. The treatment success in
speech intelligibility is further supported by a mean SRT
improvement of 22.7 dB SPL at 12 months and 0of 17.8 dB
SPL at 36 months postoperatively. Similar findings are
published by Frenzel et al. [2015], who reported on VSB
implantations using couplers in children.

To understand speech in background noise may be the
most challenging situation for every hearing device user.
In the present study the SNR significantly improved from
+5.75 dB SNR in the unaided to —0.17 dB SNR in the aid-
ed condition 36 months after implantation (improve-
ment: -5.5 dB SNR). This result goes in line with an SNR
improvement of —4.33 dB SNR reported by Brito et al.
[2016].

Interestingly, between 12 and 36 months neither a fur-
ther improvement nor a deterioration regarding audio-
logical and speech intelligibility performance was detect-
ed indicating that the plateau was reached already earlier
than 12 months postoperatively. Encouragingly, subjects
are still benefitting from the device to the same extent as
observed in the interim analysis.

Although Leinung et al. [2016b] did not report on any
FMT dislocation during the follow-up period of up to 36
months, one revision surgery reported here was necessary
20 months after surgery. Overall a revision surgery rate of
8.3% can be reported for this study. Similar rates were
found for other studies using vibroplasty couplers for
FMT positioning (4.4-22%) [Busch et al., 2016; Ihler et
al., 2014; Zhao et al,, 2016]). In addition, VSB implanta-
tion with conventional incus or round window vibroplas-
ty concluded revision rates between 3.8 and 18.8% [Gre-
goire et al., 2018; Maier et al., 2015; Marino et al., 2015].

Health-related quality of life is often considered to be
an important end point of health care interventions. Im-
provement in health-related quality of life is highly sub-
jective and does not necessarily correlate with objectively
measurable clinical benefits. This work however clearly
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shows that clinically measurable outcomes like PTA and
sound field audiometry correlate with the results of the
IOI-HA questionnaire over an assessment period of 36
months after VSB implantation. For the IOI-HA, Cox
and Alexander [2002] defined scores of 1 or 2 on an item
as non-beneficial outcomes. All subjects implanted with
the VSB, regardless of the coupler used, showed scores for
each of the 7 items higher than 4. The results show a sub-
stantial amount of benefit, satisfaction and improvement
in quality of life for patients implanted with a VSB during
a 3-year usage period.

Conclusion

This is the first prospective study that shows in a large
cohort of subjects that the VSB in combination with dif-
ferent vibroplasty couplers provides a stable and long-
term solution for patients suffering from mixed or con-

ductive hearing loss. No significant deterioration in au-
diological benefit was detected across the study period of
36 months. In comparison to conventional vibroplasty
coupling the FMT to the long process of the incus or the
round window, vibroplasty couplers allow on the one
hand more surgical flexibility in a variety of challenging
anatomies combined with a higher degree of standardiza-
tion on the other hand. Audiological benefit reported in
this study was comparable to data of other studies on the
VSB in combination with vibroplasty couplers. Safety
concerns were outweighed as the VSB regardless of the
coupler type used was beneficial for each study partici-
pant.
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