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Abstract

Purpose The primary objective of the retrospective study was to collect speech intelligibility data on children and adolescents
implanted with the vibrating ossicular prosthesis (VORP) 503.

Methods This was a retrospective, multicentre study on 55 children and adolescents from 6 German clinics aged between
5 and 17 years suffering from mixed or conductive hearing loss implanted with a VORP 503. Pre- and postoperative bone-
conduction pure tone thresholds were measured at 0.5, 1, 2 and 4 kHz, and word recognition scores in the unaided and
VORP 503-aided conditions using monosyllabic speech intelligibility tests measured at 65-dB sound pressure level (SPL)
were determined.

Results Mean pre- and postoperative bone-conduction thresholds remained unchanged, showing the preservation of inner
ear hearing. Speech intelligibility assessed in quiet at 65-dB SPL improved on average from 24.5% (SD +25.4) unaided to
86.4% (SD = 13.4) aided. The average improvement of 61.9% (SD +25.3) was clinically and statistically significant. A total
of three complications were found in the medical records of 55 subjects. The responsible investigators judged these events
as procedure related.

Conclusion The treatment of children suffering from conductive or mixed hearing loss with the VORP 503 implant demon-
strates excellent aided benefit in terms of speech understanding and only minor complications.

Keywords Conductive hearing loss - Mixed hearing loss - Vibrant Soundbridge - Children - Adolescents - Active middle-
ear implant - VORP 503

Introduction The Vibrant Soundbridge (VSB) is a direct drive, par-

tially implantable middle-ear hearing system intended to

Untreated hearing loss in young children results in speech
development disorders and reduced quality of life and can
also negatively impact academic performance. Surgical
hearing restoration remains a challenge in children with
conductive or mixed hearing loss due to complex disorders
of the outer and middle ear, preventing use of conventional
hearing aids. In these patients, active middle ear implants
(AMEISs) can be a sufficient treatment option [1].
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provide a certain level of useful sound perception in indi-
viduals with hearing loss. The device consists of two major
components: the implant, called the Vibrating Ossicular
Prosthesis (VORP), and the external attachment, called the
audio processor. The VORP is composed of a receiver coil, a
magnet, a demodulator, a conductor link, and a floating mass
transducer (FMT). The FMT reinforces the natural move-
ment of the ossicular chain as it moves in the same direction.
The VORP 503, introduced in 2014, is a further development
of the well-established VORP 502 technology. In contrast
to the VORP 502 the VORP 503 includes self-drilling fixa-
tion screws, a shorter, reinforced conductor link and a mag-
net that is MRI compatible at 1.5 T. Unlike the VORP 502,
the VORP 503 has no pre-assembled attachment clip. This
eliminates the need to remove the pre-assembled clip when
connecting the FMT to one of the available Vibroplasty
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Couplers [2]. The VORP is the only CE-marked AMEI suit-
able for children between the ages of 5 and 17 years suffer-
ing from either sensorineural (SNHL), conductive (CHL)
or mixed hearing loss (MHL) who cannot achieve success
or adequate benefit from traditional therapy. The audiologi-
cal results and the risk profile in children is comparable to
those in adults [3—5]. A prospective study on 19 paediatric
subjects confirmed the short-term safety and performance of
the VORP 502 [6]. The present retrospective study serves
as evidence that the VORP 503 is safe and effective in chil-
dren and adolescents and performs in a similar way as the
predecessor device.

Materials and methods
Subjects and materials

The data of this retrospective, multicentre, longitudinal,
open-label case series study were collected between the
end of August 2018 and middle of October 2018. Included
subjects were implanted with a Vibrant Soundbridge VORP
503 between the 4th of November 2014 and the 9th of April
2018. The data sets were included for the retrospective anal-
ysis only if unaided and AMEI-aided speech intelligibility
measures were available. Six German hospitals collected
patient data after approval was obtained from the respec-
tive ethics committees (Technical University Dresden,
EK171052018; Albert-Ludwigs-University Freiburg, 154/18
(MPG§23b); Medical Association Rheinland Pfalz, 2018-
13241; Ludwig-Maximilian-University-Munich, 18-479;
University Liibeck, 18-099; University Medical Centre
Tiibingen, 235/2018B02).

55 subjects (32 female and 23 male) with mixed or con-
ductive hearing loss met the study’s inclusion criteria. The
mean age of the recruited patients was 9 +4 years (range
5-17 years). All patients met the indication criteria provided
by the data sheet of the implant. The FMT of the AMEI
was connected either to the short process (SP) of the incus
(n=25), the long process (LP) of the incus (n=1), the stapes
(n=17), the round window (RW) (n=10), the oval window
(n=1) or to a third window (n=1). The FMT was either
connected directly or using couplers (Table 1).

Methods

Due to the retrospective character of the study, no additional
interventions or contact to the patients were undertaken. The
respective principal investigator transferred pseudonymized
user data without personally identifiable information which
adhere to the selection criteria defined in the protocol. The
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Table 1 Patient demographics

Parameter Summary Total
Age (years)
n 55
Mean (SD) 9+4
Median
Range 12
Sex (n) Female 32
Male 23
Implanted ear (n) Right 29
Left 26
Place of FMT attachment (n) Third window*® 1
Sp? 25
LP 1
Stapes 17
RWP 10
OWF® (stapes footplate) 1
Aetiology (n) Malformation 41
COM 7
Cholesteatoma 7
Type of hearing loss (n) CHL 43
MHL 12

MHL mixed HL, CHL conductive HL, COM chronic otitis media, RW
round window, OW oval window, SP short process, LP long process

In three subjects, the FMT was attached to the SP with bone cement
"For one subject, no coupler was used

“No coupler was used

whole data set was statistically analysed and is shown in the
present publication.

The last preoperative bone-conduction (BC) thresholds
at frequencies 0.5, 1, 2 and 4 kHz (= PTA4) were compared
to the last postoperative measurement. Speech intelligibility
was tested by word recognition scores (WRS). The WRS,
measured by the Freiburger Monosyllable Test (27 sub-
jects), the Mainzer children speech test (6 subjects) or the
Gottinger children speech test (22 subjects) at 65-dB sound
pressure level (SPL) in quiet, compared the last available
unaided to the last available AMEI-aided scores. The mean
follow-up after surgery was 10.7 (SD=8.5) months (range
3-41 months).

The safety of the surgical procedure and the AMEI was
examined by recording the number and the relative fre-
quency (%) of complications per subject.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics (IBM, Armonk, New York). Graphs were created with
GraphPad Prism 6 (GraphPad Software, Inc.). Interferen-
tial statistics was applied to test for significant differences
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in speech intelligibility between the last evaluated unaided BC [ Post OP
and aided speech test outcomes. Kolmogorov—Smirnov test N=52 U Pre OP
showed that data were not normally distributed, therefore, 50 p=0.391
the Wilcoxon signed-rank test was used for data compari-
son. Changes in speech intelligibility were calculated for the ——
whole population and for each individual speech intelligibil- _. 40
ity test. An improvement in speech intelligibility of >20% I
from the unaided to the aided condition was considered %
clinically relevant. The Wilcoxon signed-rank test was also ¥ 30 e
applied to compare unaided pre- and postoperative PTA4 s T %
BC thresholds. Since none of the subjects suffered from o
purely sensorineural hearing loss, PTA4 AC thresholds were g 90 wiﬁ ;’&
not calculated. Deteriorations of up to 10 dB in BC PTA4 < ot oo
threshold from the preoperative to postoperative test results ut j’: ;%T;
per subject were not considered clinically significant. * 10 apo0dosp °g%g°

p values of less than 0.05 were considered to indicate ?‘?F OZTS;
statistical significance. %

0

Results
Bone-conduction thresholds

Pre- and postoperative BC PTA4 thresholds were available
for 52 out of 55 analysed unilaterally implanted subjects.
The mean preoperative BC PTA4 threshold was 15.3 dB HL
(standard deviation [SD] =8.5, range 0—43.5 dB HL), which
remained stable (15.2 dB HL, SD =6.9) without significant
difference (p <0.391) postoperatively (see Fig. 1). With
regard to individual BC PTA4 thresholds, one subject expe-
rienced a deterioration of 11.3 dB HL. The same subject had
a clinically significant WRS improvement of 50%. Two other
subjects experienced a BC PTA4 threshold improvement of
more than 20 dB HL after VSB implantation.

Speech intelligibility as assessed by the word
recognition score

Speech intelligibility was determined for all 55 subjects
using age-adapted tests. The average WRS for the total
study group was 24.5% (SD=25.4) in the unaided and
86.4% (SD =13.4) in the AMEI-aided situations. The aver-
age improvement of 61.9% (SD =24.5) was clinically, and
according to the results of a Wilcoxon signed-rank test, also
statistically significant (p <0.001).

Speech intelligibility was assessed with the Freiburger
Monosyllabic test in older subjects (n=27) with an aver-
age age at implantation of 11 years (SD=4.2). The WRS
improved by 54.3% (SD=22.1) from 29.1% (SD =25.3)
unaided to 83.3% (SD =14) aided (p <0.001). Twenty-
two study subjects with a mean age of 7 years (SD=23)
underwent the Gottinger children’s speech test. The WRS

Fig.1 Mean PTA4 (pure tone average at frequencies 0.5, 1, 2 and
4 kHz) bone-conduction (BC) thresholds for 52 subjects compar-
ing the preoperative with the postoperative AMEI-aided conditions.
Boxes extend from the 25th to the 75th percentiles; median horizontal
lines, + mean, N subjects, circles individual values

improved on average by 75% (SD =23.3), from 13.2%
(SD=23) unaided to 88.2% (SD=13.7) aided (p <0.001).

The six youngest patients with an average age of 6 years
(SD=2) were evaluated using the Mainzer children’s
speech test. Their mean WRS improved from 45% unaided
(SD=16.4)1093.3% (SD=5.2) aided. The average improve-
ment of 48.3% (SD=19.4) was statistically significant
(» <0.0313). Figure 2 presents the graphical and Table 2
the numerical data sets.

Complications

Three device- or procedure-related complications were
observed. One subject had an AMEI-aided WRS of only
50%. Further examinations revealed that the SP-Coupler was
displaced. The subject underwent a successful revision sur-
gery. A second patient suffering from Partial Trisomy 21 was
a partial AMEI non-user. Another Trisomy 21 child experi-
enced a device protrusion through the tympanic membrane
due to a local infection and Eustachian tube dysfunction.
This patient underwent a successful revision surgery as well.

Discussion
The primary objective of the present retrospective study was

to collect VORP 503 user data to investigate improvement
in speech intelligibility in quiet in children and adolescents.

@ Springer



58

European Archives of Oto-Rhino-Laryngology (2020) 277:55-60

Word Recognition Score [ Aided
at 65 dB SPL Signal Level [J Unaided
p<0.0001 p<0.0001 p<0.0001 p<0.0313
[ — | — [ [—
100 g
+
X
—_ (eY¢]
=
> olo oo 000
=
z
a.) 000
2 2{
£ 50 T
<
8 000 000 H
8 o] o]
»n ° o
Q
oo o] %L
10000 000Q 4
0000 [e] 000
O—_ T T T T
ALL N=55 Freiburger N=27 Gottinger N=22  Mainzer N=6
9+ 4 years 11+ 4 years 7 + 3 years 6 + 2 years

Fig.2 Word recognition scores as measured by the Freiburger, Got-
tinger or Mainzer test presented at 65-dB SPL; the unaided is com-
pared to the AMEI-aided WRS. Boxes extend from the 25th to the
75th percentiles; median horizontal lines, + mean, N subjects, circles
individual values; ALL refers to the total population in the study

The results of three different German word recognition
tests suitable for children of different ages were considered
for speech intelligibility assessment. Regardless of the test
administered, the children achieved a mean AMEI-aided
speech intelligibility rate of 86.4% (SD =+ 13.8). This result
confirms data from recent publications [4, 5, 7, 8] reporting
on the safety and performance of the VORP 502 implanted
in children.

Procedure risks and device safety were evaluated by
comparing pre- and postoperative BC PTA4 thresholds.

Table 2 Speech intelligibility results

In addition, complications found in the respective medical
records were analysed. There was no significant difference
between average pre- and postoperative BC PTA4 thresh-
olds. Individual BC threshold changes had no negative con-
sequence on the WRS outcome. Similar results for a total of
93 children were reported in different studies [4, 5, 8—10].

Three complications were recorded in the present study.
The complications were defined as procedure related, and
two of them required revision surgery. The revision surgery
rate for the present retrospective study was 3.6%. A simi-
lar revision rate of 3.2% due to insufficient coupling was
reported by Frenzel et al. [6].

The anatomical development of the middle-ear structures
are, with the exception of the tympanum, complete at birth
[11]. There is, however, a difference between adults and
paediatric patients in terms of the prevalence and origin of
specific ear pathologies. Typically, SNHL is congenital in
children and occurs in 2—4 neonates per 1000 in developed
countries [12]. These children are normally provided with
conventional hearing aids or—in patients with more severe
hearing loss—with a cochlear implant. This circumstance is
reflected by the present study as no subject suffering from
SNHL was included for analysis.

The prevalence of MHL in adults is not well defined and
occurrence rates are not reported in the literature. In Aus-
tralian preschool children, MHL is the third leading cause
of hearing impairment [13]. However, almost all of those
children have impaired middle ear effusion with a normal
middle ear anatomy which mainly can be treated conven-
tionally. Only rare cases with severe chronic inflammations
require alternative treatment. In the present study, 12 VSB
users suffered from MHL. Children with a pure CHL make
up the largest paediatric patient population that fall within the
indication criteria for the Vibrant Soundbridge. The present
study clearly supports this fact as 43 out of the 55 analysed
subjects had CHL. Of these subjects, those suffering from
malformations formed the largest group (n=41). Patients with

Freiburger Gottinger Mainzer ALL

Unaided Aided Unaided Aided Unaided Aided Unaided Aided
n 27 27 22 22 6 6 55 55
Min 0 45 0 50 20 90 0 45
Max 85 100 70 100 70 100 85 100
Mean (%) (£SD) 29.1 (+25.2) 83.3(x13.8) 13.2(x23.0)0 882 (x13.7) 45(x164) 933(x52) 245(x254) 86.4(x13.4)
Median (%) 25 85 0 90 45 90 15 90
Lower 95% CI 19.1 77.9 3.0 82.1 27.8 88.0 17.6 82.8
Upper 95% CI 39.1 88.8 234 94.3 62.2 98.8 31.3 90.0
25% percentile 0 75 0 80 35 90 0 80
75% percentile 50 90 18 100 55 100 40 100
p value p<0.001 p<0.001 p<0.0313 p<0.001
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malformations of the middle ear including atresia are unable
to use conventional hearing aids. Bone-conduction devices are
an alternative with some audiologic disadvantages, especially
regarding directional hearing. Middle ear implants can solve
these problems, as they bypass the pathologic external audi-
tory canal and defect middle ear structures [14]. The VSB
is the only approved middle ear implant for children aged 5
and above. Due to its single-point attachment technique and
variety of different Vibroplasty couplers available, the FMT
can be placed on any suitable vibratory structure in the middle
ear. In the present study, the FMT was successfully attached
to the short process of the incus (n=25), the stapes (n=17) or
the long process of the incus (n=1). If the ossicular chain is
missing, the FMT can even be attached to the round window
membrane (n = 10) or adapted to the stapes foot plate (n=1).
In one patient suffering from a cholesteatoma, the FMT was
successfully placed in the third window. All coupling varia-
tions are summarized in Table 1.

There is a general consensus that congenital and especially
bilateral early childhood hearing loss should be treated as
soon as possible. Also children with unilateral hearing loss
have significant deficits in speech-in-noise discrimination as
well as directional hearing which is related to poor academic
performance [15, 16]. Early treatment with a conductive hear-
ing device (on a headband) soon after birth positively affects
the maturation of the auditory pathway. However dissatisfac-
tion with comfort, sound quality, and aesthetics often limits
the use of these devices [17]. The AMEI allows a comfortable
hearing rehabilitation in preschool children. This is supported
by the fact that the median age at VSB implantation is 6 years
in the present study population.

One important aspect to mention is that several patients
implanted with the VSB would also qualify for a bone-
conduction implant. In some cases, the anatomical situa-
tion would even prevent a VSB implantation. In contrast to
VSB surgery, the implantation of bone-conduction devices
may be easier, however, binaural hearing and corresponding
localization ability could be impaired to some degree [18,
19]. One bone-conduction device stimulates both cochleae
whereas the VSB selectively stimulates the affected ear. It is
assumed that a selective and early stimulation of the cochlea
allows the child to develop true binaural hearing. Therefore,
an AMETI like the VORP 503 applied within the first years of
life may lead to a better hearing rehabilitation compared to
a BC device [20]. Additionally, the BC decrease with time
because of the malformation and/or genetic profile should be
considered in the preoperative setting. However, because of
the wide range of middle ear anatomy and preoperative audi-
ological performance in congenital hearing loss, compara-
tive studies are difficult to design, and placebo-controlled
studies are not ethically feasible. Therefore, both options
should be considered and adapted in every individual case.

Considering that MRI has become a common diagnostic
tool used in many therapeutic areas, every child will most
likely undergo more than one MRI scan throughout his or her
lifetime. Especially in children the use of X-ray diagnostic
tools like CT should be avoided to prevent long-term seque-
lae. Thus, the VORP 503 bears additional advantage being the
only CE-marked middle-ear implant that is MRI safe at 1.5 T.

All patients should be thoroughly counselled about exist-
ing treatment options [21]; however, the present retrospec-
tive study strengthens the position of the AMEI as a suitable
device for children and adolescents suffering from conductive
and mixed hearing loss when conventional hearing aids are not
suitable. Although retrospective studies are generally inferior
to prospective studies, they do reflect real-world situations.
To our knowledge, the present study includes the most com-
prehensive data set regarding VORP 503 users aged between
5 and 17 years. The subjects in this study were followed for
an average of 9 months after surgery (range 3—41 months).

In conclusion, the results support VSB implantation in
children suffering from conductive or mixed hearing loss,
to be very beneficial in terms of speech understanding.
Only minor complications occurred and were successfully
treated. No new risks were identified. The types and sever-
ity of complications experienced were similar to adult sub-
jects. Although long-term data on the expected lifetime of
the device are still missing, we conclude that the VSB is a
safe and effective treatment for paediatric patients.
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