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Table 3 Patients who have at least one pathogenic mutation identified in this study
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Patient DNA level Protein level Clinical diagnosis OAE Age at diagnosis Hearing loss level
1 C.1422T>A / c5567G>A p.Y474X / pR1856Q ANSD + Ty6m Profound
2 C.1422T>A / c5816G>A p.Y474X / p.R1939Q ANSD + NA Profound
3 C5816G>A / c5816G>A p.R1939Q / pR1939Q ANSD + 4m Profound
4 c5816G>A / c5816G>A p.R1939Q / pR1939Q ANSD + 10m Profound
5 c.5816G>A / c5816G>A p.R1939Q / p.R1939Q ANSD + NA Profound
6 CA748G>A / c5816G>A p.R1583H / pR1939Q NSHL NA 6m Profound
7 C2151G>A / c5816G>A pW717X / pR1939Q NSHL - lydm Profound
8 cS816G>A / - p.R1939Q /- ANSD 1ySm Profound
9 C5816G>A /- p.R1939Q /- ANSD + 7m Profound
10 C1194T>A / - p.D398E / - NSHL NA NA Profound
1 c13500>G /- p.D450E / - NSHL - NA 2y Severe
12 c2180A>G / - pN727S /- NSHL NA 6m Profound
13 c2180A>G / - p.N7275/ - NSHL NA 1y Severe
14 c4103C>G / - p.S1368X / - NSHL NA 7m Profound
15 c5332G>A /- pV1778l /- NSHL NA NA Profound
16 C.S408A>C / - p.E1803A / - NSHL NA 4m Profound

ANSD Auditory neuropathy spectrum disorder, NSHL Nonsyndromic sensorineural hearing loss.

As seen in previous mutation screening reports, including
those for OTOF [12,23,30], there were a significant num-
ber of heterozygous cases without a second mutation even
after direct sequencing of the coding region of the gene.
Possible explanations are: 1) the existence of a second mu-
tation in the intron or regulatory region of OTOF, which
has not been explored, 2) the existence of a large deletion
[31], 3) contribution to hearing loss by an additional
modulatory gene, and 4) the existence of a mutation in
another gene and just coincidental carrying of the
OTOF mutation.

As seen in Table 3, two heterozygous patients (#8, 9)
having the ANSD phenotype, are most likely to have
OTOF related deafness.

It is assumed that OTOF mutations accounted for
deafness in at least 7, and possibly 16, of the 160 pa-
tients (4.4-10.0%). As described in the subject section,
we excluded the subjects carrying G/BZ and SLC2644
mutations. We also excluded another responsible gene
(PJVK), because no mutations in this gene were found.
Since the frequencies of GJB2 and SLC26A4 gene muta-
tions among the patients with nonsyndromic severe to
profound congenital SNHL are 27.0% based on our
database, mutation frequency of OTOF among the total

of severe to profound recessive nonsyndromic SNHL is

considered to be about 3.2-7.3% (which is calculated by
({7-16)/160%(100/73))x100%). Although simple com-
parison regarding frequency is difficult because of sam-
pling bias, it is estimated that the frequency of OTOF
mutations in Japanese may be almost equal to other
populations, as mutation frequency of OTOF was

reported at 2.3% (13/557) in Pakistanis [11], 5.0% in
Turkish [32], 1.4% (1/73) in Chinese [23], and 18.2% (4/
22) in Taiwanese [29], and 3.2% (23/708) in Spanish [12].
Although simple comparison regarding frequency is diffi-
cult because of sampling bias, it is estimated that the fre-
quency of OTOF mutations in Japanese may be almost
equal to other populations. In Japanese, G/B2, SLC26A4,
CDH23 and the 1555A>G mutation in the mitochon-
drial 125 rRNA are the major causes of hearing loss
[33]. Considering the frequency, the OTOF gene may be
one of the candidate genes to be screened for recessive
severe to profound recessive SNHL.

The benefits of cochlear implantation for patients with
ANSD has varied [34,35], but implantation has been
shown to be effective for the patients with OTOF muta-
tions [15,16,36], because their auditory nerves and spiral
ganglions are preserved. Consequently, if an OTOF mu-
tation is identified in a deaf patient, we can anticipate a
good outcome of cochlear im;)iantation, therefore, it is
important and meaningful to identify genetic mutations
in patients. ‘

Most patients with OTOF mutations have a phenotype
of stable prelingual and severe to profound nonsyndromic
hearing loss. On the other hand, other phenotypes have
also been reported. For example, a Taiwanese patient with
an p.E1700Q mutation displayed moderate to profound
progressive hearing loss {29]. Temperature sensitive
ANSD, a particular form of ANSD, has also been reported
in some populations [10,23,37].

In the very young child, electrophysiological testing
may indicate that OTOF-related deafness is ANSD, but



lwasa et al. BMC Medical Genetics 2013, 14:95
http://www.biomedcentral.com/1471-2350/14/95

by age two OAEs have generally disappeared and the test
results are more in accord with the findings of cochlear
lesions [14]. Therefore, if OAE is not tested at a very
early age, patients with OTOF mutations are not deemed
to have ANSD (i.e., hidden ANSD). In fact, 9 out of our
16 patients were diagnosed genetically as nonsyndromic
sensorineural hearing loss (NSHL). According to the
present data, screening for OTOF is necessary not only
for the patients diagnosed with ANSD, but also should
be extended to ARNSHL cases. The current data indi-
cated that OAE testing must always be conducted in
addition to ABR in infants. And we should bear in mind
that there may be patients with OTOF mutations among
the patients diagnosed as having ARNSHL.

Conclusions

The present study showed that OTOF mutations accounted
for 3.2-7.3% of recessive severe to profound SNHL pa-
tients in Japan. OTOF mutations are a frequent cause in
the Japanese deafness population and mutation screening
should be considered regardless of the presence/absence
of OAEs.

Competing interests

The authors declare that they have no competing nterests.

Authors' contributions

¥ and SN caried out the ¢
alignmen
study, and G 2l
the manuscript. Al authors read and zpproved the finsl manusaript.

Luiaa genetic studies am the sevuyu-

Acknowiedgements

'mg the rnanuscript,
WS >tudv was supported by 3 I-'ea!:r* Science
sifare f\f ‘squn

mﬂthe‘.-\»; iar
valusble conwm

< Research

Author details

'Department of Otorhinolaryngology, Shinshu University School of Medicine,
3-1-1 Asahi, Matsumoto, Nagano 390-8621, Japan. 2Kanda ENT Clinic, 4-25
Wakakusa-cho, Nagasaki 852-8023, Japan. *Department of
Ctorhinolaryngology, Toranomon Hospital, 2-2-2 Toranomon, Minato-ku,
Tokyo 105-8470, Japan. “Department of Otolaryngology, Kobe City Medical
Center General Hospital, 2-1-1 Minatojima Minamimachi, Chuou-ku, Kobe
City 650-0047, Japan. *Department of Otorhinolaryngology, Gunma
University School of Medicine, 3-39-15 Shouwa-machi, Maebashi, Gunma
371-8511, Japan.

Received: 7 November 2012 Accepted: 27 August 2013
Published: 22 September 2013

References
Starr &, Picton TW, Sini
11596, 119{P¢ 2 7&1
ura b, Shinogami 8, Tsuzuku T, Yamada K, Shindo M
Audltory nerve disease of both ears reveaied by auditory brainstem
responses, electrocochieography and otoacoustic emissions. Scand Audioi
\436 25{41:233-238
3. Berin G, Hood L, Morlet T, Rose K, Brashaars 5: Auditory neuropathy/dys-
synchrony: diagnosis and management. Ment Retard Dev Disobil Res Rey
20303, 9(4n225-231,

oF
7

Y, Hood L, Berlin (Gt Auditory nauropathy.
3

-
2

5]

o)

Page 6 of 7

% T, Venedikio

Roush P, Frys vang & Audiological Management of
Auditory Neuropathy Spectrum Dlsordﬂr in Chddzen A Systematic
Review of the therature Am JA 73

Madden C, Rumter i, Hitbert L, Greir

id jH J, Choo D Clinical and

audiofogical features in auditory neuropatny Arch Otolaryngol Head Neck

Suirg 2002 128(3;}('!“\—-\\)33

¥S, Pratt H: The varieties of auditory neuropathy. J Sasic
o,' 71}00 1}(*‘ ,m-)lu

foux |, Safieddine S, i
e Gall M, Rostaing P, m.ssd G, et gk O*oferhn, defect've ina humdn
deafness form, is essential for exocytosis at the auditory ribbon synapse.
Cell 2008, 127(23277

Yasunaga S, Grati M, Chardenoux S, S Tid, Friedinan T8, Laiwary A
Wilcox ER, Petit & OTOF encodes muitiple long and short isoforms:
genetic evidence that the long ones underlie vecessive deafness DFNBY,
A J Hum Gen:’.f 2003, 67(21591-A0G.

7 PM, Keats 8), Berlin (1, Hood LI Morlet TG,

E: , 2t ¢f: OTOF mutations revealed by
genetic analysis of hearing lass families inciuding a potenda!
temperature sensitive auditory neuropathy aliele. / Med Gener 3
437} Sm—%l

Ahmed ZM, Riszuddin 5, 2 '
Gefth tk AJ, Friedman TB: idenmles and frequenc«es of mutattons of the
otoferdin gene (OTOF) causing DFNBY deafness in Pakistan. (iin Gener

Cha

M, Morera C,

, ¢ utes €, ‘/qstar Coerat A muitxcenter study
on the prevafence and spectrum of mutations in the otofertin gene
(OTOF) in subjects with nonsyndromlc hearmg impairment and auditory
neuropathy. H i

Matsunaga T, z\' nba K Morimote N, Shinjo v,
Arimoto Y, Kataoka Y, Crit: ¢ g A prevalent founder
mutation and genotype—phenotype correlattons of OTOF in Japanese
patients wnh auditory neurspdthy Chiry Genet 2012, 82(5142
Smith RIE, QTOF-Related Deafness. !r

f Adam MF B TO, Dotan TR,
7 of Washinglor

Feldmarnn 3, Couderc R, Jonard L,

i af: Results of cocnlear implantation

in two ch:idren w:th mutanors in the OTOF gene. i
) Wa:vnoo, zﬁ L 7044

Pediaii

children with cochlear implants and the corresponding auditory
performance. Layngoscope 2011, 1216):1287-1293,

Hgert N, Smith RJ, Van Camp G: Forty-six genes causing nonsyndromic
hearing impairment: which ones should be analyzed in DNA
diagnostics? Mutat Reg 2008, 681(2-3}1189-196,

akonarson H: ANNOVAR: functional annotation of genetic
variants from high-throughput sequencing data, Nucleic Acds fes 2610,
38(16)e154,
Liv X, Jan X, Boerwinie & dbNSFP: a lightweight database of human
nonsynonymous SNPs and their functional predictions. Hum #utar 2011,
32(8%:354--899.
Chang X, Wang K wANNOVAR: annotating genetic variants for personat
genomes via the web. J Vied Genet 2012, 49{,7‘1- 33435
wang i Far YY, Wang 3J. Liang FF, iH: Variants of OTOF and
PIVK genes in Chinese patients with audltox“y neuropathy spectrum
disorder. PLoS One 2011, 6(

i

a0 30, ZO’ g L Jive Liv G Lo,
Yang e: ot Screenmg mutations of OTOF gene in Chinese patients
with auditory neuropathy, indluding a familial case of temperature-
sensitive audltory neuropathy BMIC M»a Ge:e,r _DLn 1176

[lo M ore




twasa et al. BMC Medical Genetics 2013, 14:95
hitp://www.biomedcentral.com/1471-2350/14/95

N
19

- Chiu YH,

rutation in the gene encoding otoferiin (OTOF}, is frequently found in
Spamsh panent s with prelingual non-syndromic hearing loss. / ¥ed
2-5006.

avand A, Rabbani B, Tekin M, Akbari B, Akbari #MT, Zeinali
Screenmg of OTOF mutauons in fran: a nove1 mutation and review. in! J

-
5
j

a5, Namba A, Abe S, \/an Laer L, van Camp G,
GJBz deafness gene shows a specific spectrum of mutations in
n Gener 2003,

J;a-m
lapan, including a frequent founder mutation. #

112{4):328-3233.

Tsukamoto K, S / ami S. Distribution
and frequendies of PDS (SLC26A4} mutat!ons in ?endxed syndrome and
nonsyndromic hearing loss associated with enlarged vesttbular
aqunduct a umque spectrum of mutations in Japanese. fur f Hum Genet

3 h F /, Usami 5
Distribution and ﬁcquenqes of CDH23 mutanons in Japanese patients
with non-syndromic hearing loss. lin Genet 2007, 72{4):339-344.

1 CC La YC, Chen P Lee WY, Liu AY, Hsu C: Mutations in the
OTOF gene in Taiwanase patxents with auditory neuropathy. Audio!
Neyrooto! 0 0. 15(9
%n‘" RGN

in Braz;han patxents with auditory neumpathy } Humn Gener 2005,
S4{71:382-385

Zadro C, Ciorba A, Fabris A, Morgutti M, Trevist P, Gasg tareni A: Five
new OTOF gene mutations and auditory neuropathy. in 7 Pediatr
Crorhinolaryngol 2010, 74{55:494-498.

Durnan D, Siradi A, Cengiz F8, Ozdag H, Tekin M: Screening of 38 genes
identifies mutations in 62% of families with nonsyndramic deafness in
Turkey. Genet Test ol Biomarkers 2011, 15{1-25:29-33.

Usami 54, Nishio SY, Nagano M, Abz S, Yamagt Simultaneous
screening of multiple mutations by invader assay improves molecular
diagnosis of hereditary hearing loss: a multicenter study. PLaS One 2012,
T3ye3i1278,
Gibson W, Sanfi F
2802 Supnl0as-

i Auditory neuropathy: an update. &ar Hear 2007,

1065,

Rance G, Barker Ex Speech perception in children with auditory
neuropathy/dyssynchrony managed with either hearing AlDS or
cochiear rmplants 1

Ol Neurow! 008, 29(
¢ H Martin Y, Morel
it A, Gallo-Teran J, Mor
Auditory neuropathy in patients carrying mutations in the otoferhn gene
{OTOF). Hum Mutat 2003, 22(61451-456.

Starr A, Sininger Y, ary M, Oba S, Michalewski HE: Transient
deafness due to temparature -sensitive auditory neuropathy. Ear Hear
1593, 1913k16%-179,

2 doi:10.1186/1471-2350-14-95
Cite this article as: lwasa ¢ al: OTOF mutation screening in Japanese
savere to profound recessive hearing loss patients. BMC Medical Geneics
2013 1435,

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

» {omyanient onling submission

» Yhorough peer review

o Mo space tonsteaints oy ok fgus chorges

o mpradiate publication on acceptance

aned Gosegrle Scholar

= inciusion in Pubied, CAX, Scepus a

o Raoseurch which s frealy svailable for re Hanition

Submit your manuscript at
www.biomedcentral.com/submit

{Z ) Siolled Central




ORL 2013;75:282-295

DOI: 10.1159/000350568 © 2013 S. Karger AG, Basel
Received: May 11, 2012 0301-1569/13/0755-0282$38.00/0
Accepted after revision: October 22, 2012 www.karger.com/orl

Published online: September 10, 2013

Original Paper

Auditory Brainstem Implantation
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Abstract
This prospective study aimed to determine speech understanding in neurofibromatosis type
II (NF2) patients following implantation of a MED-EL COMBI 40+ auditory brainstem implant
(ABI). Patients (n = 32) were enrolled postsurgically. Nonauditory side effects were evaluated
at fitting and audiological performance was determined using the Sound Effects Recognition
Test (SERT), Monosyllable-Trochee-Polysyllable (MTP) test and open-set sentence tests. Sub-
jective benefits were determined by questionnaire. ABI activation was documented in 27 pa-
tients, 2 patients were too il for testing and 3 patients were without any auditory perception.
SERT and MTP outcomes under auditory-only conditions improved significantly between first
fitting and 12-month follow-up. Open-set sentence recognition.improved from 5% at first fit-
ting to 37% after 12 months. The number of active electrodes had no significant effect on
performance. All questionnaire respondents were ‘satisfied’ to 'very satisfied’ with their ABL
An ABLis an effective treatment option in NF2 patients with the potential to provide open-set
speech recognition and subjective benefits. To our knowledge, the data presented herein is
exceptional in terms of the open-set speech perception achieved in NF2 patients.

© 2013 S. Karger AG, Basel

Prof. Dr. med. Robert Behr

Kinikum Fulda gAG, Neurochirurgische Klinik
Pacellialiee 4

DE-36043 Fulda (Germany)

E-Mail r.behr.neurochir @ klinikum-fulda.de




ORL ORL 2013,75:282-295

DOIL 10.1159/000350568 € 2013 S. Karger AG, Basel
www .karger.com/orl

Matthies et al.: Auditory Brainstem Implantation Improves Speech Recognition in
Neurofibromatosis Type I Patients

Introduction

Neurofibromatosis type I1 (NF2) typically leads to a clinical picture dominated by neuro-
logical symptoms caused by the development of multiple benign spinal and brain tumors
(Schwann cell tumors) [1]. The hallmark of NF2 is the development of bilateral vestibular
schwannomas. However, unilateral vestibular schwannomas, a family history of NF2, or any
two of meningioma, glioma, neurofibroma, schwannoma or posterior subcapsular opacities
are also diagnostic criteria for NF2 [2].

Vestibular schwannomas involve the internal auditory canal or cerebellopontine angle
and frequently result in severe disability and reduced life expectancy. Complete loss of
hearing is common in the majority of bilaterally affected patients due to the destruction of the
auditory nerve, usually resulting either from tumor growth or from treatment (by surgical
tumor removal or radiosurgery). After surgical treatment of the tumor the hearing preser-
vation of patients, who showed useful preoperative hearing, ranges from 32 to 88% [3-6].
Patients with deafness and preserved function of the cochlear nerve are good candidates for
cochlear implantation [7, 8]. However, in patients with complete hearing loss, following nerve
degeneration or nerve loss by tumor destruction, an auditory brainstem implant (ABI) repre-
sents the only remaining therapeutic option to provide patients with auditory input [9-13].

Several studies indicate that ABIs are effective and safe in providing useful auditory
sensations in most patients with NF2 who would otherwise be totally deaf [9, 14-21].
However, only a minority of the patients in the aforementioned studies achieved open-set
speech discrimination and the speech recognition of individuals with an ABI varied consid-
erably; most patients use their ABI to facilitate lip-reading and can only recognize environ-
mental sounds {9, 15-19, 22]. Importantly, even those with strongly limited speech recog-
nition reported being very satisfied with their implant, showing that NF2 patients can gain
remarkable objective and subjective benefits from ABI use [18].

Another factor contributing to the performance of an ABI are nonauditory side effects.
Typically, nonauditory side effects are produced via inadvertent stimulation of the cerebellar
flocculus, the cerebellar peduncle, the long sensory tracts or the facial nerve. Itis not unusual
for NF2 patients with an ABI to experience nonauditory sensations [23]. Up to 42% of users
experience them [24, 25] and almost all of these nonauditory effects are benign, but they
cause considerable discomfort to the individual [23]. Nonauditory side effects are usually
managed by selecting the configuration of the electrodes [26], i.e. programming out the
stimulus. In multichannel ABIs different sites of electrode stimulation can generate different
pitch percepts [27]. Therefore, changes in the frequency spectrum of sounds can be coded for
by changes in electrode activation [27]. Consequently, deactivation of electrodes due to
nonauditory sensations can potentially affect the performance seen in patients fitted with an
ABI. Although reports indicate that the number of functional electrodes affects the perfor-
mance of speech recognition tests [19, 28], opinions regarding the existence of a correlation
between the number of active electrodes and patient performance remain divided.

This study aimed to determine speech understanding capabilities over time in NF2
patients following implantation of an ABL In particular, this paper evaluated open-set speech
understanding and subjective benefits in NF2 patients with an ABI, who experience some
auditory sensation, over a 1-year postactivation period. In addition, the frequency and conse-
quences of nonauditory side effects were assessed.
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Table 1. Subject demographics

Subject ' ‘Age atimplantation - Gender  Side -~ Number of active electrodes
D ~ years  months 1mplant¢ﬁ Cofirst 10 3 6 12
‘ ; T " - figting - month months months months
1 41 8 M R 10 10 - - -
2 34 i1 F L 106 10 11 10 -
3 42 3 M R 5 4 5 5 2
4 63 7 M R 10 9 12 12 12
5 49 10 M R 12 - 12 12 12
6! 42 4 F L too sick to test
7 36 5 M L 7 8 -~ 9 9
8 22 7 M L 7 - 8 8 8
9! 48 4 F R nonuser
10 45 1z F R i2 12 g 8 8
11 23 1 M R - 7 7 7 7
12 35 i2 M R 7 7 7 7 7
13 54 1 F R 12 12 12 12 12
14 27 7 F L 9 10 - 9 9
15 25 11 F R 7 7 7 12 12
16 19 3 F R 8 8 8 8 7
17! 40 12 F R nonuser
18 39 12 M L 12 8 10 10 10
19! 40 3 F L toa sick to test
20 51 1 F L 8 8 6 6 6
21! 30 2 M L nonuser
22 21 5 F R iz 12 12 - -
23 41 9 F R 7 7 - - -
24 66 11 M R 10 9 9 9 9
25 39 7 M R 8 8 - - -
26 43 4 F L 6 6 6 6 -
27 42 10 M bilateral 6 5 5 5
28 31 8 M L - - - - -
29 42 2 M R - - - - -
302 33 6 M R - - - - -
312 26 8 M L - 7 7 7 7
32 25 7 ¥ R 8 8 8 8 8

! Not included in data analysis. > Revision cases.

Materials and Methods

Patients and Inclusion Criteria

Between April 2001 and July 2009, 32 patients who received a MED-EL COMBI 40+ ABI were enrolled
postsurgically in this prospective multicenter study; 16 patients were treated at Wiirzburg (University of
Wiirzburg, Wiirzburg, Germany), while the remainder were treated at 6 other centers. The mean age at
implantation was 38.4 years (range: 19.0-66.1 years). Individual subject data are shown in table 1. For
inclusion in this study, subjects were 15 years or older and diagnosed with NF2, All patients gave written
informed consent. )

All patients were implanted using the surgical procedure as described by Matthies et al. [16] (2000),
Behr etal. [18] (2007) and Jackson et al. [22] (2002); 6 participants received the MED-EL COMBI 40+ and 26
the ABL The ABl is a development of the COMBI 40+ offering an electronic platform, which allows a maximum
stimulation rate of 50.760 compared to 18.180 pulses/second, which was possible with the COMBI 40+.
Besides the electronics there is no difference between the 2 implants. Bath feature a ceramic housing, offer
the CIS+ speech-coding strategy [{29], and comprise an electrode carrier with 13 {12 stimulation and 1

2 3 54 § Zr Fof
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reference) platinum contacts partially embedded in a preshaped flat silicone paddle {18, 22]. In addition, the
ABI electrode features a polyester mesh to increase the stability of the electrode array on the surface of the
cochlear nutleus.

At the time of enrolment all subjects showed acceptable general health and mental stability. However,
at follow-up 5 subjects could not be included in the study due to poor health, which prevented them from
performing any tests (subjects 6 and 19}, or they were excluded because they did not experience any auditory
sensation (subjects 9, 17 and 21). Subjects 27 and 30 underwent ABI implantation a number of years earlier
without success. Subject 27 was bilaterally implanted as a nonuser in the left ear, and was tested with the
active right implant. Subject 26 had prior ABI experience; however, the ABI lost function following tumor
regrowth. Likewise, subject 31 had prior ABI experience; however, trauma resulting in an implant defect led
to implantation of a new device on the same side.

Device Fitting

All patients were fitted with the TEMPO+ BTE speech processor. In general, initial stimulation took place
6-8 weeks after surgery and was performed during a 3-day inpatient hospitalization. In some cases an
extended rehabilitation period after tumor removal was required and led to delayed implant activation.

First fitting was performed in a monitored environment such as an Intensive Care Unit. Pulse oximetry,
continuous echocardiography and noninvasive blood pressure were monitored during the fitting process.
Emergency resuscitation equipment and drugs were available and an Advanced Cardiac Life Support certified
individual was present. Activation commenced with stimulation of individual electrodes. Patients were
instructed to report any auditory and nonauditery sensations. Electrodes with clear auditory percept and no
or negligible nonauditory side effects were selected for an initial program.

Following 1-2 days of listening experience and refinement of the initial prograin the first assessment of
performance was conducted. Pitch ranking of the selectéd electrodes was attempted during first fitting;
however, in some cases this was only possible at subsequent fitting sessions. After electrodes were balanced
in loudness, participants were asked to name the electrodes with the highest and lowest pitches. Successive
repetition and reordering led to a tonotopic ranking of the electrodes.

Follow-up assessment tock place at 1, 3, 6 and 12 months postactivation. During follow-up, individual
electrode stimulation for loudness, pitch and nonauditory side effects, and speech and sound perception
were used to optimize the program. The nature and subjective strength of nonauditory side effects deter-
mined which electrode contacts were activated in this study. Contacts were either checked repeatedly with
vegard to nonauditory side effects at follow-up or were in some instances, depending upon the nature of
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Subjéctive Benefit Assessment

Six months after first fitting all participants were asked to complete a guestionnaire specifically designed
to assess the subjective impact of the ABI on the users. The questionnaire consisted of 7 questions assessing
topics such as the time needed to become accustomed to the ABI, the influence of the ABI on daily life and
listening capacity, as well as the subject’s overall impression regarding the ABL

Statistical Analyses

Descriptive statistics were used to report demographic data and baseline device fitting characteristics.
Quantitative data are presented as mean, standard deviation and range (minimum and maximum); quali-
tative data are presented as absolute and relative frequencies. The Kolmogorov-Smirnov test was used to

determine data distribution.

' The effects between first fitting and 12-month testing for the SERT, the closed-set MTP test and the
open-set sentence test were examined using the nonparametric Mann-Whitney U test. To show the benefit over
lip-reading added by the ABI, the auditory gain for open-set sentence test results was calculated by subtracting
the mean scores obtained under visual-only conditions from those under auditory-visual conditions,

Outcomes of the 7-item subjective questionnaire are presented as absolute and relative frequencies.
Missing data were not replaced but treated as ‘missing’ values. Data of participating study sites were pooled.
To prevent a treatment-by-center interaction, each study site followed an agreed protocol. A p value <0.05
was determined as statistically significant. IBM SPSS Statistics 19 {IBM, Armonk, N.Y.,, USA) was used for all
analyses. Graphs were created in Microsoft Office Excel 2010 (http://www.micresoft.com). -

Results

Number of Active Electrodes and Nonauditory Side Effects

Atfirst fitting an average of 8.8 + 2.2 out of 12 available contacts were activated to provide
auditory stimuli to the subjects (table 1}. None of the 27 subjects included had less than 5
active electrodes. Over time, the number of active electrodes remained essentially stable.
Electrode contacts were deactivated due to several reasons: {1} contacts providing no
sensation at all; {2) contacts causing unpleasant sound sensation {sound often described as
faint, scratchy or persistent); (3) contacts with the same pitch rank (for optimized fitting); (4}
contacts with mixed-auditory and nonauditory sensations (if nonauditory sensations were
not tolerated by the subject), and (5) contacts with only nonauditory responses.

No information was available regarding nonauditory side effects for 7 subjects (25.9%);
8 subjects {29.6%) did not experience any nonauditory side effects. Of the remaining 12
subjects the body location and nonauditory sensation with the number of contacts (deacti-
vated and active) causing the side effect are shown in figure 1. The nature of the side effect(s)
led to deactivation in 48 out of 144 total contacts (33.3%); 11 outof 144 contacts (7.6%) were
maintained in an active state despite subjects experiencing nonauditory sensations. Amongst
these, 2 contacts were deactivated after the first fitting, while 9 were active throughout the
duration of the study.

Sound Effect Recognition Test

The SERT was performed by 26 subjects in total. As shown in figure 2, a steady increase
in SERT scores averaged across all data available was observed up to the 6-month testinterval.
The improvement between the first fitting scores and the 12-month test were significant
{p = 0.009, n = 11 subjects who performed the test at the first fitting and 12-month test
interval).

Monosyllabic-Trochee-Polysyllabic Tests
The closed-set MTP test was performed by 27 subjects in total. The test was scored by
correct identification of syllables and words under the auditory-only and auditory-visual
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Number of contacts

Location Sensation deactivated/active
\ Head Headache/knocking, pressure sensation 4 1

Head Dizziness 8 1

Head Tickling 1

Temple Tactile 1 3

Temple Pain 1 1

Ear Twitching/tickling 2 77.1/72.7%

Eye/eyebrow Twitching/tickling 2 1

Eye Eye movement 4

Eye Blurred vision 3

Chin Irritation 2 1

Arm Unpleasant sensation 2 } 16.7/18.2%

Chest Tickling/unpleasant sensation 4 2

Leg Twitching 2 1 }e291%

48/144 117144 } 33.3/7.6%

Fig. 1. Location and frequency of nonauditory sensations experienced by patients with an ABI at first fitting
(n=12).

condition. In both test conditions (auditory-only and auditory-visual} the mean syllable

scores reached test ceiling immediately after device activation (data not shown). Individual
word scores are shown in table 2.

Under auditory-only conditions the mean correct word score across all data available
{‘all data’ group) was 11.7 + 6.4 words out of 24 (48.7%) at first fitting. The mean outcome
calculated from patients who were tested at all scheduled intervals (‘complete’ group) was
12.1 £ 6.0 words (50.4%). A steady increase in mean results was observed over the 12-month
follow-up period for both the ‘all data’ and the ‘complete’ group. The improvement between
first fitting scores and 12-month testing was highly significant for auditory-only word recog-
nition {Mann-Whitney U test: p< 0.001, n = 19].

Under the auditory-visual condition the test ceiling was reached at first fitting. Likewise,
no statistically significant difference was observed in the auditory-visual word score between
the first fitting and 12-month testing (Mann-Whitney U test: p = 0.106,n = 18},

Sentence Tests

Sentence tests were performed by 26 subjects in the auditory-visual condition, 23 in the
auditory-only condition and 22 in the visual-only condition. Results averaged across all
available data under all conditions are shown in figure 3. A highly significant improvement
from the first fitting to the 12-month test was observed under the auditory-only (Mann-
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10 g

e e ]

SERT scores

First 1 month 3 months 6 months 12 months
fitting

Testing postimplantation

Fig. 2. Environmental sound recognition performance determined by SERT in patients with an ABI after first
fitting and 1, 3, 6 and 12 months postactivation. Boxplot whiskers depict sample minimum and maximum;
the white square equals the mean value.

First fitting 1 month 3 months 6 months- 12 months

Sentence test (% correct)
[V R SR U
R e

AV AV Gain AV AV Gain AV AV Gain AV AV Gain AV AV Gain
Testing postimplantation

Fig. 3. Open-set speech recognition as determined by sentence testing in patients with an ABI after first fit-
ting and 1, 3, 6 and 12 months postactivation. A: auditory only; V: visual only; AV: auditory-visual combined;
Gain: AV-V. Boxplot whiskers depict sample minimum and maximum; the white square equals the mean
value. Error bars represent standard deviation. Negative ‘Gain’ values represent patients who performed
poorer in the combined auditory-only and visual-only conditions compared to the visual conditions.
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Table 2. Individual results of MTP words (words repeated correctly) of the auditory-only and auditory-visual test conditions

Subject Auditory only ) S - Auditory-visual
1D fest 1. 3 6 12 fist 1 3 6 12
fitting -~ - month months = months  months fitting month-  months  months  months
1 - 8 6 - i7 - 15 16 - 21
2 - 14 22 16 22 - 23 24 24 24
3 4 - 1 4 7 21 - 22 22 22
4 13 21 20 22 - 21 - 24 23 24 24
5 - - 18 18 20 - - 23 24 24
7 20 24 24 24 23 24 24 24 24 24
8 7 17 23 21 24 24 24 24 24 24
10 12 14 21 24 24 24 24 24 24 24
11 - - - 21 22 - - - 23 24
12 14 21 19 21 21 22 23 24 24 24
13 15 13 4 16 8 24 24 24 24 24
14 14 20 18 24 20 24 24 24 24 24
15 14 16 18 19 16 22 24 24 24 24
16 6 22 13 17 21 24 22 23 24 21
18 10 17 16 21 18 22 24 24 24 24
20 0 12 10 15 20 2 24 24 24 24
22 10 24 24 - - 23 24 24 - -
23 6 9 19 - - 24 24 24 - -
24 24 24 - 24 24 22 23 - 24 24
25 11 4 - - - 24 24 - - -~
26 . 19 19 21 21 23 24 24 24 24 24
27 11 12 18 22 22 24 24 24 24 24
28 13 17 20 18 21 24 24 24 24 24
29 18 16 18 20 23 23 23 23 24 24
30! 19 15 16 16 12 24 24 24 24 24
31! - 20 19 16 21 - 24 24 24 24
32 11 14 16 21 23 23 24 24 24 24
All data group
n 21 24 24 23 24 21 24 24 23 24
Mean + SD 11.7+64 154453 16,1+6.2 l7.9t4.8 19.6+4.2 23.2£1.0 23.2x2.1 23.2+2.1 23.8+0.6 23.6x1.0
Mean + SD ’ )
complete 12.1£6,0 15.8+3.0 167434 188124 19.2:34 234+0.8 23.7t0.6 23.8+£04 24.0+0.0 23.8+0.8

Mean values + SD are depicted for all data available (all data) and for the patients who performed the test at all test intervals
(complete) under auditory-only (n = 17} and auditory-visual conditions {n = 16). SD = Standard deviation. ! Revision cases.

Whitney U test: p < 0.001, n = 8) and the auditory-visual test conditions {p = 0.001,n=12}; no
significant improvement was observed under visual-only test conditions (p = 0.083, n = 6).
Individual sentence test results under the auditory-only and auditory-visual conditions
are shown in table 3. All subjects who performed the sentence test in the auditory-visual
condition at first fitting (17 out of 26) were able to achieve at least some open-set speech
understanding. Of the subjects available for the sentence test under auditory-visual condi-
tions at first fitting and at 12-month testing, 11 out of 12 subjects performed better at the
12-month test interval. In the auditory-only condition 12 subjects performed the test at first
fitting; 5 subjects achieved open-set speech understanding in this difficult test situation. After
12 months of ABI use 19 subjects could be tested, and all but 1 achieved open-set speech
understanding. Overall, these data illustrate the improvement and learning ability over time
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Table 3. Individual sentence test results (% correct) of the auditory-only and auditory-visual test conditions

Subject Auditory only ’ : R Auditory-visual
b fst 1 3 6 12 fst 1 3 6 1z
fitting‘month  mounths ~ months ~months -~ - fitting ~ ‘month months .~ months - months
1 - 0.0 0.0 - 35.6 - 50.0 44 - 8.9
2 - 0.9 22.8 22.6 16.0 - 42.5 60.4 38.7 59.4
3 - - - - - 1.8 - - 8.8 ’ -
4 123 19.3 0.0 31.6 1.8 70.2 89.5 82.5 78.9 63.2
5 - - 25.0 35.7 21.2 - - 26.8 48.2 21.2
7 264 80.2 64.2 87.7 86.8 78.3 100.0 91.5 96.2 100.0
8 - 15.1 12.3 28.3 63.4 - 34.0 69.8 91.5 98.1
10 0.0 1.9 2.8 68.3 81.1 46.2 63.2 33.0 92.5 98.1
11 - - - 69.8 79.2 - - - 1000 100.0
12 - - 8.3 13.3 233 - 75.0 81.7 75.0 93.3
13 - - - - - 443 40.6 43.4 59.4 -
14 6.6 28.3 12.3 123 - 78.3 78.2 94.3 91.5 97.2
16 - - - 0.0 10.4 5.1 - - 2.8 67.0
i8 - 1.7 18.3 133 117 30.0 56.7 71.7 65.0 80.0
20 .- - - - - - 65.1 - 65.1 83.0
22 0.0 94.3 - - 86.8 91.5 100.0 - - -
23 0.0 0.0 7.0 - - 754 87.7 96.5 - -
24 3.8 65.1 - 99.1 97.2 90.6 94.3 - 98.1 100.0
25 0.0 - - - - 15.8 - - - -
26 13.2 9.4 39.6 9.4 12.3 70.8 90.6 100.0 100.0 79.2
27 - 9.6 3.8 7.5 14.2 - 65.1 87.7 91.5 87.7
28 - - 0.0 19 16.0 2.8 23.8 35.8 28.3 75.5
29 0.0 0.0 0.0 0.0 5.7 19.8 29.2 56.6 37.7 73.6
30! 0.0 1.9 0.0 0.0 0.0 35.8 52.8 57.5 35.8 48.1
31! - 0.0 22.6 11.3 38.7 - 82.1 92.5 76.4 84.9
32 0.0 0.0 0.0 11.3 36.8 53.8 69.8 70.8 84.0 93.4
All data group
n 12 17 18 19 20 17 21 19 22 21

Mean £ SD 52483 19.9%30.2 13.3%17.1 27.6£30.8 36.9£32.8 4774313 66.2%23.6 68.8+26.2 66.6+30.1 76.8425.3

Mean = SD
complete 7.4%10.3 16.1£29.1 15.2£26.0 29.8235.0 32.1#37.6 48.6£26.2 65.5%25.6 74.4+£20.0 71.0+27.5 80.8£169

Mean values + SD are depicted for all data and for the patients who perfofmed the test at all test intervals (complete} under auditbry—
only (n = 7} and auditory-visual conditions (n = 10}. SD = Standard deviation. ! Revision cases.

both on an individual and group basis. In summary, of the 19 subjects that could be tested at
12 months, under auditory-only conditions, a mean open speech perception of 37% was
achieved. Under audio-visual conditions at 12 months the percentage of speech perception
achieved was 77%.

To determine the benefit of ABI use over lip-reading alone, the auditory gain was calcu-
Jated for the ‘all data’ group (fig. 3). At all test intervals the auditory gain was greater than the
auditory-only performance, i.e. the sum of the results under auditory-only and visual-only
combined was less than the performance under auditory-visual conditions. Furthermore, the
auditory gain increased significantly over time from the first fitting to the 12-month test (p =
0.008).
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Table 4. Questionnaire results

n %
About how long would you say it took for you to no time 3 214
adjust to your ABI? hardly any time 3 21.4
moderate amount of time 5 35.7
quite some time 3 214
avery long time 0 0.0
How difficult was this adjustment for you? not difficult 4 26.7
somewhat difficult 7 46.6
moderately difficult 2 13.3
quite difficult 1 6.7
very difficult 1 6.7
How would you rate the changes in your emotional very positive 4 25.0
state since you began wearing an ABI? somewhat positive 4 25.0
neutral 7 43.7
somewhat negative 1 6.3
very negative 0 0.0
Has your ABI improved listening in individual notatall 0 0.0
conversation? hardly 1 6.3
sometimes 6 37.5
often 9 56.2
not applicable 0 0.0
Has your ABI improved listening in groups? not at all 2 125
hardly 5 313
sometimes 6 37.5
often 2 125
not applicable 1 6.3
Has your ABI improved listening in noisy notatall 4 26.7
environments? hardly 6 40.0
sometimes 3 20.0
often 1 6.7
not applicable 1 6.7
How satisfied are you in general with your ABI? very satisfled 5 33.3
fairly satisfied 6 40.0
adequately satisfied 4 26.7
hardly satisfied 0 0.0
not at all satisfied 0 0.0

Subjective Questionnaire

The subjective questionnaire was completed by 16 cutof 27 subjects {table 4), Adjustment
to the ABI was performed without difficulty in the majority of cases. The time needed to adjust
to the ABI was ‘minimal’ or ‘moderate’ in 78.5% of the subjects. Accordingly, 73.3% reported
that the adjustment to the ABI was ‘not at all’ or only ‘socmewhat’ difficult for them. Only 1
subject (6.7%) felt that the adjustment was ‘very difficult’; 50% of the subjects experienced
‘very positive’ or ‘somewhat positive’ changes in their emotional state since wearing the ABL
Again, only 1 subject (6.3%) reported a ‘somewhat negative’ experience. Ratings given by the
users of the degree of help provided by the ABI in different listening situations showed the
biggest benefit during individual conversation, with 93.7% of patients reporting improved
listening abilities ‘sometimes’ to ‘often’. Listening in groups was ‘sometimes’ to ‘often’
improved in 50.0% of users; however, 43.8% reported that they ‘hardly’ or not at all’ bene-
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fitted from the ABI during group conversation. The least benefit was experienced in noisy
environments with only 26.7% of users reporting a benefit ‘sometimes’ to ‘often’ and 66.7%

benefitting ‘hardly’ or ‘not at all'. The questionnaire shows that, overall, 100% of patients

were ‘adequately satisfied’ to ‘very satisfied’ with their ABL

Discussion

In patients suffering from NF2 and a complete hearing loss, following tumor growth or
removal, use of an ABI affords them some external auditory information. The extent of infor-
mation provided is thought to facilitate lip-reading and the recognition of environmental
sounds [9, 16-19, 22]. However, significant functional auditory-alone speech recognition is
not expected [30-32]. Despite these limitations, NF2 patients with an ABI report varying
degrees of benefit [22, 33-37]. The data presented herein shows that patients with an ABI
demonstrate an initial improvement in SERT following first fitting. Likewise, MTP results
show that under auditory-only conditions identification of words is enhanced with an ABL
Similarly, the capacity of the patients to determine sentences under auditory-only conditions
was improved. This effect was apparent as early as 1 month after fitting. Sentence test perfor-
mance under auditory-visual conditions was improved significantly. However, as no signif-
icant improvement in visual-only sentence testing was observed, the data in the present
study suggests that NF2 patients can acquire benefits beyond enhanced lip-reading when
using an ABIL This is likely to contribute to the patient’s perception of the subjective benefits
of using an ABL

A period of acclimatization and learning facilitates the achievement of maximum benefit
[9, 35]. However, the effects of NF2 on general health also need to be considered. In the
present study follow-up testing was frequently interrupted or abandoned on account of
patients suffering fatigue or on account of extrinsic factors as described by Otto et al. [9]. As
follow-up is often perturbed by the pathological presentation of NF2, data were analyzed as
a complete data set or following the exclusion of any individual(s) with missing data. Visual
comparison of both data sets indicates that there is no apparent difference between the
‘healthier’ group and the group as a whole.

Another health-related consequence of ABI fitting is that electrical stimulation of the
human brainstem carries the risk of nonauditory side effects. Most ABI patients experience
these side effects, the solution to which is simply turning the electrode off [23]. Likewise,
postoperative side effects of ABl activation determined the number of stimulatory electrodes
programmed in this study. However, successful programming around the nonauditory sensa-
tions was possible in all patients included. The total number of active electrodes had no signif-
icant effect on the overall exceptional hearing performance of NF2 patients with an ABI
presented in this study {data not shown) and the number of active electrodes over time
appeared stable compared to the setting at first fitting. Similarly, Schmidt Goffi-Gomez et al.
[38] showed that the number of active electrodes was not clinically related to outcome.

The current data clearly illustrate that with an ABI high levels of auditory performance
were achieved in NF2 patients. NF2 patients with complete hearing loss implanted with the
MED-EL COMBI 40+ or ABI showed an improvement in hearing performance after surgery.
Closed-set MTP testing indicated that between the first fitting and the 12-month follow-up
auditory-only word recognition was improved.

Of greater importance in the present study, NF2 patients with an ABI showed a significant
improvement in auditory recognition when tested in an open-set task, i.e. sentence tests. The
capacity of the patients to recognize sentences under auditory-only conditions over the entire
test period (from first fitting to 12-month follow-up) improved and, likewise, their sentence
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test performance under auditory-visual conditions. The improvement in sentence recog-
nition was already apparent after 1 month. These data are of significant relevance because
typically under auditory-only conditions ABI listeners are unable to recognize a significant
amount of speech when tested in an open-set recognition task [13]. Using sound only from
their ABI few NF2 patients recognized up to 20% of the words in sentences [13, 15]. The
majority of NF2 patients recognize less than 5% of the words in sentences, even after several
years of practice with the ABI {13, 39]. Moreover, as test materials become more complex, e.g.
from word tests to open-set testing, performance with the ABI is thought to decline, especially
under auditory-only conditions [17]. Nevison et al. indicate that although closed-set word
identification tests show limited auditory-alone word identification, it would not be possible
for ABI users to rely on their ABI alone. It was thought that the use of the ABI with lip-reading
allowed the key words in conversation to be identified [17]. In contrast, the data presented
in this study shows clearly that a large proportion of ABI users achieve valuable open-set
speech understanding even if they rely exclusively on auditory-only input. Of all patients
tested (all data) in the present study, the percentage of words recognized correctly in the
sentence test using auditory-only cues was 20% after 1 month of ABI use. At the 12-month
test interval this increased to 37%, which accounts for a considerably larger proportion than
reported previously in the published literature [13, 39]. To investigate possible influencing
factors comparative studies with a larger cohort of patients would be necessary. The current
data is, however, substantiated with preliminary data collected in 2002 on the MED-EL ABI
[22]. Furthermore, the results obtained with lip-reading in conjunction with the auditory
input improved the benefit further than under auditory-only conditions. Thus, the data
suggests that the exceptional benefit of the COMBI 40+ or ABI is in terms of comparatively
real-life communication. The reasons for the difference in speech outcomes in the present
study, compared to other published studies, have yetto be determined. We suspect the placing
electrode used in MED-EL ABI systems has an effect. Once the placing electrode has been posi-
tioned intraoperatively, electrically evoked auditory brainstem responses can be recorded
that aid the surgeon in the correct placement of the active ABI electrode. We presume that the
test stimulation and intraoperative recording of electric auditory brainstem response may be
one reason for better results using the MED-EL ABI. This shouid be a major point of investi-
gation in future studies.

Moreover, the auditory gain as determined by open-set testing increased over time and
was significantly greater after 12 months compared to the results at activation {p = 0.008).
This suggests that the gain in speech recognition by NF2 patients with an AB1 will potentially
improve further over time. This is likely to occur due to a continued learning effect following
ABI activation, Likewise, several authors indicate that the success of the NF2 patients with
hearing loss in rehabilitation is most obvious upon long-term follow-up [20, 40].

However, some patients with an ABI in the present study showed a complete lack of
improvement, whilst others managed a significant degree of rehabilitation. Other authors
also report a significant degree of interindividual variability in the performance of NF2
patients with an ABI [13, 19]. Similarly, the study by Nevison etal. [17] in 2002 indicated that
although most subjects did not achieve satisfactory auditory-alone open-set speech under-
standing, 2 patients of 17 tested received sufficient benefit from the ABI to an extent that
allowed them to participate in conversation without the visual cues of lip-reading. The wide
variation may in part be contributed to difficulties with follow-up, as mentioned briefly
earlier. Frequently, the follow-up of patients with NF2 is perturbed due to changes in the
status of the patient’s health; in. addition to nonauditory side effects, the most common of
which are dizziness and ipsilateral tingling [41-43].

Despite these difficulties, the subjective benefits in panents with an ABI determined via
questionnaire inthe presentstudy showed that overallall of the respondents were ‘adequately’
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to ‘very satisfied’ with their ABI even after 6 months of follow-up. The majority reported
improved listening ability ‘sometimes’ to ‘often’ in individual conversations. However,
listening in noisy environments continued to pose a problem, as a case study of ABI use had
previouslyindicated [20]. Similarly, listening in groups was ‘sometimes’ to ‘notatall’ improved
in most cases. According to Collettl et al. [41], perceptual performance in ABI recipients can
often vary considerably depending on the duration of the disease, the treatment of the disease
and the number of active electrodes, in addition to their spatial configuration. However, in
the context of the present study the data illustrates a relatively consistent improvement
following auditory brainstem implantation with an overall satisfaction from ‘adequately’ to
‘very satisfied’, demonstrating the importance of providing some auditory input to patients
deafened due to NF2,

In conclusion, the data presented herein indicate that NF2 patients with an ABI generally
show improved closed-set speech recognition and, moreover, that patients show exceptional
open-set sentence recognition. The acquisition of open-set speech recognition goes beyond
the benefits achieved by lip-reading alone. Taking this into account and the young age of most
NF2 sufferers, in addition to the unfortunate progressiveness of the disease, the capacity to
restore some of the patient’s hearing is of significant relevance, particularly in terms of quality
of life.
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