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Abstract

Background: Auditory brainstem implantation (ABI) is a modern method of treating hearing impairment, directed especially to patients with
neurofibromatosis type 2 (NF2). One of the co-occurring symptoms in these patients is tinnitus; however, little is known about its prevalence
and severity. This study evaluated the self-reported hearing ability, hearing-related quality of life, and tinnitus severity in 4 adult ABI users.

Material and methods: The study was a retrospective design. A series of 6 patients who underwent ABI in a single tertiary referral center were
asked to fill in two sets of questionnaires referring to their pre- and postoperative experiences. The Abbreviated Profile of Hearing Aid Benefit
(APHAB) was used to evaluate self-perceived hearing ability and Nijmegen Cochlear Implant Questionnaire (NCIQ) to assess hearing-related
quality of life. Tinnitus perception was evaluated using Tinnitus and Hearing Survey and Tinnitus Handicap Inventory (THI).

Results: Of the 6 patients who initially agreed to participate, 4 returned questionnaires. Based on the self-reported results, it was found that
each patient noticed an improvement in hearing ability (mean improvement in APHAB score of M = 25; SD = 27), which was greatest in back-
ground noise conditions. A considerable improvement was also noted in the patients’ hearing-related quality of life (mean improvement in NCIQ
score of M = 38; SD = 13), which was most pronounced for basic and advanced sound perception. Tinnitus disappeared completely in two
patients and was reduced in one patient (mean improvement in THI score for these patients of M = 25; SD = 21). An increase in tinnitus se-
verity from 26 to 84 points in THI was observed in the remaining patient, who had the greatest intensity of NF2 symptoms in the postoper-
ative period and reported the smallest benefits with ABI.

Conclusion: Brainstem implantation has the potential to improve self-reported hearing ability, hearing-related quality of life, and reduce tin-
nitus in NF2 patients. However, more prospective studies are needed to confirm and further explore this potential.
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LOS IMPLANTES AUDITIVOS TRONCALES COMO UNA OPORTUNIDAD PARA
MEJORAR LA AUDICION Y REDUCIR EL TINNITUS. ANALISIS RETROSPECTIVO
DE CUATRO CASOS.

Resumen

Introduccion: Los implantes auditivos troncales son un método moderno para tratar la pérdida auditiva, especialmente indicado en pacientes
con neurofibromatosis tipo 2. Una de las quejas recurrentes en estos pacientes es el tinnitus. Sin embargo, se sabe poco sobre su prevalencia y
gravedad. El estudio evalu6 el impacto de la implantacion troncal en la audicion, la calidad de vida y la molestia del tinnitus en 4 pacientes so-
metidos a la implantacién troncal.

Material y métodos: Estudio retrospectivo, se analizaron seis pacientes que se sometieron a la implantacién del tronco en un mismo cen-
tro de tercer nivel. Se les pidi6 que completaran dos conjuntos de cuestionarios sobre sus experiencias pre y postoperatorias. El cuestionario
APHARB se utiliz6 para evaluar la capacidad auditiva subjetiva y el cuestionario NCIQ para evaluar la calidad de vida relacionada con la au-
dicion. La percepcion del tinnitus se evalué mediante cuestionarios THS y THI.
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Resultados: De los 6 pacientes que inicialmente aceptaron participar en el estudio, 4 respondieron los cuestionarios. Basado en los resulta-
dos, se encontré que cada paciente informé una mejora en la capacidad auditiva (mejora promedio en los cuestionarios APHAB con el valor
M =25; SD = 27), que fue el mas alto en las condiciones de ruido de fondo. También se observé una mejora significativa en la calidad de vida de los
pacientes relacionados con la audicién (mejoria promedio en la escala NCIQ M = 38; SD = 13), que fue mas pronunciada en el caso de la per-
cepcion del sonido basica y avanzada. El tinnitus desaparecié por completo en dos pacientes y disminuyd en un paciente (mejora media en la
puntuacion de THI para estos pacientes en M = 25; SD = 21). Se observé un aumento en el tinnitus de 26 a 84 puntos en THI en el ultimo
paciente que tuvo los sintomas mas graves de NF2 en el postoperatorio y tuvo el menor beneficio de ABI.

Conclusion: La implantacion troncal puede mejorar la capacidad auditiva subjetiva, la calidad de vida asociada con la audicién y reducir la gra-
vedad del tinnitus en pacientes con NF2. Sin embargo, se necesita mas investigacion en estudios prospectivos para confirmar su efectividad
y explorar mas a fondo este potencial.

Palabras clave: implantes auditivos troncales; tinnitus; audicién; beneficios

CIIYXOBBIE CTBO/IOMOS3I'OBBIE UMIUTAHTBI - BO3MOKHOCTD YIVUIIEHNA
CIIYXA Y YMEHBIIEHUA IIYMA B YIIIAX. PETPOCITEKTUBHBIN AHATIN3
YETBIPEX CJIYYAEB

AHHOTaIMA

Beenenne: CyxoBas CTBOJIOMO3TOBasl MMIIAHTALUA ABJIAETCA COBPEMEHHBIM METOJOM JIe4eHNA TYTOYXOCTH, IpefHa3HaYeHHbIM
B 0COOEHHOCTH I MALIMEHTOB C Helipoduopomarosom II Tuma. Illym B yiax siBIseTCA COMyTCTBYIOIIET »Kamo60il y TaKMX HaLyieH-
ToB. TeM He MeHee, cyliecTByeT Mano MH(POPMALMM Ha TEMY PacIpPOCTPAaHEHHOCTY JAaHHOTO HeJyra M ero CTeleHM TshKecTu. B maH-
HOM HCCIefoBaHMy Obl/Ta IPOBe/leHa OlleHKa BIVSAHMA CTBOJIOMO3IOBOJ VIMIUIAHTAlIMM HA CITYX, KAYeCTBO >KM3HM M LIYM B yLIaX Y
4 HaIMEeHTOB, KOTOPBIM ObII BXMBJIEH CTyXOBOJ CTBOIOMO3rOBOJ MMIIIAHT.

Marepuansl 1 MeTofbl: ViccienoBanne uMeeT peTpOCHeKTUBHBIN xapakTop. lllecTh ManmueHToB, OC/Ie CTBOJIOMO3TOBON MMIUIAHTA-
1y, KOTopasi OblIa MPOBEfieHa B OHOM M TOM JKe L[eHTpe C 3-11 CTeleHbI0 pedpepeHTHOCTH, MOMyI I ABa Habopa aHKeT C BOIPO-
caMM, Kacalol¥MUCA Mepuofia mepey U mocse onepanyn. s cy6bbeKTUBHOI OLeHKM cayxa Oblla ucronb3oBaHa aHkera APHAB.
Ankera NCIQ ncronp3oBanach JiIs OIJeHK! KadeCTBa )KM3HM, CBA3aHHOTO CO CITyXoM. BocrpusaTue nryma B yIrax oleHnBanoch C 1M0-
Mobio onpocHukos THS n THI.

Pe3y}IbTaTbI: N3 6 MMallMeHTOB, KOTOPbI€ M3HAYA/IbHO COTTACU/INCHh IPUHATDH y‘{aCTI/Ie B UCCIeJOBaHUN, 4 BepHym/[ 3aIllO/THEHHBbIC
BOIPOCHUKM. Ha OCHOBAaHMY MOTYyYEHHBIX PE3y/lIbTaTOB ObIZIO OOHAPYXKEHO, YTO KaXKMABIN IALMEHT OTMETH/I YIy4lleHue CIyXo-
BOIJI crtoco6HOCTHM (cpefiHee yny4diieHne B onpocHnkax APHAB: M = 25; SD = 27), 0co6eHHO B yCI0BMAX GOHOBOTO IIyMa. 3Ha4M-
Te/lIbHOE y/Iy4llleH)e ObI/I0 TAK)Ke OTMEYeHO B KadeCTBe )KM3HM IAI[IeHTOB, CBA3aHHOTO CO CIyXOM (CpefHee yay4lIeHMe IO IIKale
NCIQ: M = 38; SD = 13), xoTopoe 6b1710 Han6oee BEIPA)KEHHBIM B CTyYae OCHOBHOTO U PAaCUIMPEHHOr0 BOCHpUATHUA 3ByKa. Illym
B yIIaX IOTHOCTDIO ¥ICYe3 y IBYX ITALMEeHTOB ¥ CHU3N/ICA Y OfIHOTO ManyeHTa (cpefiHee ymy4imenne nokasareneir THI pnsa stux ma-
1ueHToB: M = 25; SD = 21). YBenndenue myMa B yiax ¢ 26 g0 84 6amnos B THI Habmioganocsk y mociefHero malueHTa, KOTOPBIil
uMen Hanbosee BhIpaskeHHbIe cuMITOMbI NF2 B IIOC/IeonepaiioHHOM II€pUOfie M OTMETU/I HauMeHbIIyIo 9 PeKTUBHOCTD CTBO-
JIOMO3TOBOV MMIITAHTAI[UA.

BI)IBOI[I)IZ CTBO/IOMO3rOBast VIMIUIAHTAOWsA MOXKET yTy4YIIUTDb Cy6’beKTI/IBHyIO CIyXOBYIO CHOC06HOCTI>, Ka49€CTBO JXU3HN, CBA3aH-
HO€ CO CITyXOM, I CHU3UTD CTENEHD IIyMa B YIIaX y IIALIMEHTOB C NF2. Tem nHe MEHEe, H806XOI[I/IMI)I AOIIO/THUTE/IbHbIE IPOCIEKTUB-
HbI€ NICCII€ENOBAaHNA, YTOOBI MOATBEPAUTD 3(1)(1)CKTI/[BHOCTI> VI IOTEHIMIA/I JAHHOTO BY A MMIVIAaHTAIVIN.

KnroueBsbie cnoBa: CIIyXOBbI€ CTBO/IOMO3TOBbIE€ MMIUIAHTDI  IIIYM B yIIIaX e CIIyX e SQ)d)eKTbI

SEUCHOWE IMPLANTY PNIOWE JAKO SZANSA NA POPRAWE SEYSZENIA
I REDUKCJE SZUMOW USZNYCH - RETROSPEKTYWNA ANALIZA
CZTERECH PRZYPADKOW

Streszczenie

Wstep: Wszczepianie stuchowych implantéw pniowych jest nowoczesna metoda leczenia niedostuchu, przeznaczong szczegélnie dla pacjentéw
z neurofibromatozg typu 2. Jedng ze wspoitwystepujacych dolegliwosci u tych pacjentéw s3 szumy uszne, jednak niewiele wiadomo na temat
ich wystepowania i ciezko$ci. W badaniu oceniono wptyw implantacji pniowej na slyszenie, jako$¢ zycia oraz ucigzliwo$¢ szumoéw usznych
u 4 pacjentéw poddanych zabiegowi implantacji pniowe;.

Material i metody: Badanie mialo charakter retrospektywny. Szeécioro pacjentow, ktorzy zostali poddani implantacji pniowej w tym sa-
mym oérodku o 3. stopniu referencyjnosci, poproszono o wypelnienie dwdch zestawéw kwestionariuszy odnoszacych si¢ do ich do$wiadczen
przed- i pooperacyjnych. Kwestionariusz APHAB zostal wykorzystany do oceny subiektywnej zdolnosci slyszenia, a kwestionariusz NCIQ
- do oceny jakosci zycia zwigzanej ze stuchem. Percepcje szuméw usznych oceniano za pomocg kwestionariuszy THS oraz THI.

Wyniki: Sposréd 6 pacjentéw, ktdrzy poczatkowo zgodzili sie wzigé¢ udzial w badaniu, 4 zwrdcito kwestionariusze. Na podstawie wyni-
kéw stwierdzono, ze kazdy pacjent odnotowal poprawe zdolnosci styszenia (§rednia poprawa wyniku w kwestionariuszy APHAB o wartosci
M =25; SD = 27), ktéra byla najwigksza w warunkach hatasu tfa. Znaczna poprawe odnotowano takze w zakresie jakosci zycia pacjentow zwia-
zanej ze stuchem ($rednia poprawa w skali NCIQ M = 38; SD = 13), co bylo najbardziej wyrazne w przypadku podstawowej i zaawansowanej
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percepcji dzwigku. Szumy uszne zniknely catkowicie u 2 pacjentow i zmniejszyty sie¢ u 1 pacjenta (§rednia poprawa wyniku THI dla tych pa-
cjentow o M = 25; SD = 21). Wzrost nasilenia szuméw usznych z 26 do 84 punktéw w THI zaobserwowano u ostatniego pacjenta, ktory miat
najwieksze nasilenie objawow NF2 w okresie pooperacyjnym i odnotowal najmniejsze korzysci z ABI.

Whioski: Implantacja pniowa moze poprawi¢ subiektywna zdolno$¢ styszenia, jakos¢ zycia zwigzana ze slyszeniem i zredukowac ucigzliwo$é
szumo6w usznych u pacjentéw z NF2. Potrzeba jednak wigkszej liczby badan prospektywnych w celu potwierdzenia ich skutecznosci i potencjatu.

Stowa kluczowe: stuchowe implanty pniowe « szumy uszne e slyszenie « korzysci

Abbreviations

ABI - auditory brainstem implant

APHAB - Abbreviated Profile of Hearing Aid Benefit
NCIQ - Nijmegen Cochlear Implant Questionnaire
NF2 - neurofibromatosis type 2

THI - Tinnitus Handicap Inventory

THS - Tinnitus and Hearing Survey

Background

The use of auditory implants has allowed for effective
auditory rehabilitation in a number of patients with var-
ious types of hearing losses. The most commonly used
implantable hearing prostheses are cochlear implants. In
Poland, the national program of treating hearing loss
with the help of cochlear implants was initiated by the
team of prof. Henryk Skarzynski in 1992 [1]. Since that
time, there has been a dynamic development of both
surgical techniques and fitting methods [2] that allow
the best possible hearing preservation and speech un-
derstanding [3-5].

However, in some cases it is impossible to successfully
use a cochlear implant due to disturbed transmission in
the auditory nerve. A solution in this situation might be
an auditory brainstem implant (ABI), a modern method
of treating hearing loss caused by damage to the audito-
ry nerve(s). It is intended mainly for patients diagnosed
with neurofibromatosis type 2 (NF2). NF2 is a genetic dis-
ease with autosomal dominant inheritance. In the clin-
ical picture, skin and ocular neoplastic lesions are ob-
served. Its other characteristic feature is the occurrence
of bilateral tumors of the vestibular part of the auditory
nerve (called schwannomas). These can lead to progres-
sive retrocochlear hearing loss, dizziness, and headaches
as well as troublesome tinnitus [6-8].

ABI surgery relies on placing a prosthesis that electrically
stimulates the brainstem. It is a complicated procedure and
requires the cooperation of many specialists. In Poland, the
first implantation of a brainstem implant was performed
in 1998 [9]. Very good results obtained with the first pa-
tient has allowed the treatment of hearing loss with this
method to continue with subsequent patients. The prima-
ry purpose of auditory implantation is to improve speech
intelligibility. However, studies conducted among patients
with cochlear implants indicate that the reduction of an-
noying tinnitus is also important from the perspective of
patients’ quality of life [10,11].

Tinnitus is one of the most common symptoms associ-
ated with hearing loss in patients qualified for audito-
ry implantation. It is defined as a phantom sound sen-
sation, i.e. sound without the presence of an external
acoustic source. Tinnitus may lead to disruption in the
daily functioning of the patient [12,13]. To the authors’ best
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knowledge, the first to describe the suppression effect of
ABI on tinnitus were Soussi and Otto [14] in 1994. In their
work, the authors found that the daily use of ABI led to
a tinnitus reduction in 85.7% of evaluated patients; how-
ever, no validated measures of tinnitus severity or hand-
icap were used. Some 25 years later, only a few papers
have been published on tinnitus reduction from the use
of a brainstem implant. A comprehensive report has re-
cently been published by the same center [15]. Based on
a validated tinnitus questionnaire, the authors found ad-
ditional evidence supporting the assumption that tinni-
tus is suppressed after ABI. In their study, ABI users with
NF?2 reported significant tinnitus handicap reduction from
wearing the device.

The aim of the present study is to add new evidence rel-
evant to this surprising finding by assessing the effect of
brainstem implantation on hearing under various acoustic
conditions, the health-related quality of life, and the reduc-
tion of tinnitus in Polish patients. Based on the available
literature, the authors hypothesize that a brainstem im-
plant not only improves hearing and health-related qual-
ity of life, but also reduces tinnitus.

Material and methods

This retrospective study was conducted among a group of
patients with a brainstem implant under the care of the In-
stitute of Physiology and Pathology of Hearing (IPPH, War-
saw, Poland). After obtaining initial interest in participat-
ing in the study from the patients via a phone call, two
sets of questionnaires were sent to them by post: one re-
lating to the pre-implantation period, where patients were
asked to retrospectively evaluate their hearing under differ-
ent acoustic conditions, health-related quality of life, and
tinnitus severity; the second set was the same question-
naire but the patients were asked to make an assessment
based on their current perception. Both sets of question-
naires were sent at the same time. The study procedures
complied with the Declaration of Helsinki.

Surgery

The ABI surgeries of 3 patients were carried out by an ex-
perienced team of oto- and neurosurgeons at IPPH. One
patient (Patient 2) was operated on at another center
(abroad) but all the auditory rehabilitation was done at
our center. All patients received the Med-El ABI (Inns-
bruck, Austria), which consists of two components: an
external audio processor and an internal implant with
a 12-electrode array. Operations were conducted using
a retrosigmoid approach. A number of electrophysiological
tests were performed to decide on the optimal placement
of the ABI electrodes. Electrically evoked auditory brain-
stem responses were intraoperatively recorded to ensure
that the electrodes activated the auditory system and did
not stimulate nearby nonauditory structures. The electrode
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array was then introduced, placing it in the area vestibu-
laris, also under electrophysiological control.

Self-report measures

The assessment of subjective hearing in different acous-
tic situations was made on the basis of the widely used
Abbreviated Profile of Hearing Aid Benefit (APHAB) [16].
The questionnaire consists of 24 questions aimed at as-
sessing hearing benefits obtained with a hearing aid in
the following areas: Ease of Communication, Background
Noise, and Reverberation; another scale is designed to
measure Aversiveness to sound. The higher the APHAB
score, the less the subject’s hearing benefits.

The hearing-related quality of life was tested using the
Nijmegen Cochlear Implant Questionnaire (NCIQ) [17],
which is intended mainly for cochlear implant users. In
the current study, an experimental version of the tool was
used to meet the needs of ABI users. The NCIQ consists
of 60 questions assigned to six subscales: Basic Sound
Perception, Advanced Sound Perception, Speech Produc-
tion, Psychological, Activity Limitations, and Social Inter-
actions. The higher the NCIQ score, the better the hear-
ing-related quality of life.

Self-reported tinnitus severity was measured with the Tin-
nitus Handicap Inventory (THI) [18-20]. This questionnaire
assesses the general handicap caused by tinnitus and is one
of the most frequently used questionnaires for gauging the
effectiveness of tinnitus treatment. The questionnaire con-
sists of 25 items. The higher the THI score, the higher the
tinnitus severity. Additionally, in order to differentiate which
of the symptoms — hearing loss or tinnitus — was a bigger
problem for the patient, the Tinnitus and Hearing Survey
(THS) [21,22] was used. This questionnaire is a screening
tool designed to differentiate the effects of tinnitus and those
of hearing loss. THS consists of 10 statements and is divided
into three main parts: A, Tinnitus; B, Hearing; and C, Sound
Tolerance. The higher the THS score, the bigger the prob-
lem caused by the evaluated symptom.

Patients were also asked to fill in a form constructed by
the study authors in which they were asked to provide gen-
der, age, time of becoming an ABI user, subjective ben-
efits with ABI (on a 5-level Likert scale from 1, no bene-
fits, to 5, very big benefits), and the localization and nature
of the tinnitus.

Table 1. Patient characteristics

Results

Because NF2 is characterized by a high percentage of
deaths [23], one patient (among the 7 found in the medi-
cal charts of IPPH) died before the study began. Question-
naires were sent to the remaining 6 patients, 4 of which
were returned (a rate of 67%).

The characteristics of the study participants are presented
in Table 1. The participants were adults aged from 29 to
42 years at the time of the study. They were predominant-
ly female (75%). Patients used their ABI at least 12 hours
a day and in most cases reported large subjective bene-
fits with the device.

Subjective change in hearing and health-related
quality of life

A subjective assessment of the patients’ hearing in dif-
ferent acoustic conditions based on APHAB is present-
ed in Figure 1. Mean improvement in APHAB score was
M =24.7; SD = 26.5. Each patient noticed an improvement
in hearing; the greatest benefits were reported under the
background noise condition. In two of four patients an
increased aversiveness to sound was noted. The smallest
benefits were observed in Patient 3. Based on the medi-
cal interview, the highest progression of NF2 symptoms
was noted in this patient, which significantly impaired
her overall health.

Results of the NCIQ are presented in Figure 2. Mean im-
provement in NCIQ score was M = 37.7; SD = 13.25, which
was most pronounced for basic and advanced sound per-
ception. In two of the four patients a considerable improve-
ment in health-related quality of life was noted. A smaller
improvement was observed in Patient 4. Once again, due to
the general deterioration of health status in Patient 3, her
hearing-related quality of life was only slight.

Subjective change in tinnitus handicap

Tinnitus characteristics. All patients reported tinni-
tus prior to surgery. Patient 1 described the tinnitus as
high sounds comparable to a kettle squeak, moderate-
ly loud, and moderately bothersome. After the operation
tinnitus disappeared completely in the right ear; how-
ever, it remained in the left ear. Patient 2 complained of
moderately bothersome, monotonous tones and noises, of

Patientno. Gender  Age  OPgmed  Tmeofbeing ABlweper Sublecthelbeneft  PTA PTAC
1 F 29 R 3 years 17 + 120 120
2 M 31 R 10 years 12 + 1144 120
3 F 37 L 3 years 15 + 85 1183
4 F 42 L 3 years 13 + 56.6 120

F, female; M, male; R, right; L, left; + patient reported subjective benefit with ABI; + patient reported moderate benefit with ABI;
"PTA, pure tone average (mean of hearing levels for octave frequencies of 125-8000 Hz; for no response at max output

(120 dB), the max value was used)
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Figure 1. Pre- and postoperative APHAB results of individual patients.
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Figure 2. Pre- and postoperative NCIQ results of individual patients.

Journal of Hearing Science - 2019Vol.9 - No.4 41




Case Studies - 37-45

medium high, quite loud, like a crackling or chirp. After
ABI surgery, the tinnitus remained binaural, both when
the speech processor was in use and after its removal. Pa-
tient 3 described her tinnitus as a simultaneous tone and
noise, medium high, not too loud, but troublesome. Af-
ter the ABI, tinnitus was present only in the left (not op-
erated) ear, both when wearing the speech processor and
after removing it. Patient 4 complained of a monotonous
tinnitus tone, medium high, moderately loud, and mod-
erately troublesome. After the operation, the patient expe-
rienced tinnitus only in the right (not operated) ear, both
when wearing the speech processor and after removing it.

Questionnaire results. The results of the THI and THS
questionnaires are presented in Figure 3 and 4, respective-
ly. In all patients, hearing problems were greater than tin-
nitus problems. Based on the results, it was found that for
most patients the ABI treatment not only improved hear-
ing ability, but also contributed to a reduction of tinni-
tus. Mean improvement in THI score was M = 25; SD = 21.

Discussion

To date, few tinnitus studies have been published on pa-
tients who have undergone brainstem implantation. More
papers have been concerned with assessing hearing pa-
rameters [24-26], which indicate a clinically significant
improvement in hearing ability. These findings are in line
with our study, where an improvement in hearing ability
and health-related quality of life was reported by all eval-
uated ABI users.

Although the majority of patients in our study reported
that hearing problems were more pronounced than tin-
nitus problems, tinnitus severity was assessed by them as
mild to moderate, indicating some disruptions in every-
day functioning. Based on our results, we noted that ABI
also has the potential to reduce tinnitus, possibly in a sim-
ilar way to other implantable hearing prostheses such as
cochlear implants [27], middle ear implants [28], or bone-
conduction implants [29]. However, there are still patients
who complained about tinnitus after surgery.

There are many hypotheses as to why not all patients
achieve the expected improvement in hearing parame-
ters and tinnitus reduction after ABI surgery. One of them
is that the intensity of the symptoms may relate to the se-
verity of pathological changes caused by advancement of
the underlying disease. Additionally, the lack of appropri-
ate rehabilitation and postoperative complications (such
as, for example, the displacement of electrodes or prob-
lems with the choice of speech processor) can also nega-
tively affect the postoperative results [30].

Tinnitus suppression mechanisms in ABI users

The exact mechanism explaining tinnitus suppression in
ABI users is not fully known. In the literature, two possi-
ble hypotheses regarding tinnitus suppression by audito-
ry implants have been discussed [15].

The first assumes that tinnitus suppression is caused by
masking, an idea which is supported by both early [31] and
more recent [32] studies on cochlear implant users, who
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additionally benefited from some kind of sound thera-
py (from hearing aids or a dedicated app) for their tinni-
tus suppression. A masking theory has also been partial-
ly supported by Roberts et al. [15] who found that ABI
users reported tinnitus suppression immediately after the
device was activated, but the effect did not persist longer
than an hour after the device was deactivated.

The second theory explaining the tinnitus suppression in
ABI users is that the device has a direct effect on the brain
or brainstem. For example, Argence et al. [33] found in
their experimental study on rats that some receptors in
the central nucleus of the inferior colliculus can, due to
the electrophysiological stimulation, be re-regulated and
in this way suppress tinnitus perception.

In recent years interesting neural tinnitus suppression
models have been proposed, relevant also to human
subjects [34-36]. It is worth noting that 3 of our 4 pa-
tients reported that after ABI surgery tinnitus complete-
ly disappeared on their operated side, while persisting on
the other, non-operated side. Roberts et al. [15] found
that 39.1% of their patients claimed that tinnitus suppres-
sion lasted also when the ABI was off.

Taking into account that tinnitus is a multifactorial symp-
tom, depending on a range of psychological and sociode-
mographic factors [37,38], further studies exploring the
mechanisms that alter its perception are needed, as in au-
ditory implant users.

Limitations of the study and future directions

Apart from certain advantages, our study also has limi-
tations. First of all, it was a retrospective design and so
was prone to recall bias — especially taking into consider-
ation that two sets of questionnaires were sent to patients
at the same time. It is known that people are more like-
ly to remember certain events, or exaggerate or minimize
some symptoms after time [39], which could affect our
results. Additionally, none of the questionnaires used in
the current study was created specifically for the needs of
ABI users, which might question their validity and relia-
bility in this particular group of patients [40]. Also, ques-
tionnaire responders — in comparison to non-responders
— are generally more motivated and healthier [39]. It is not
known what the results of our examination would have
been if all 6 people contacted by phone had responded to
the questionnaires, especially considering the large num-
ber of questions and the low number of participants. An-
other disadvantage of retrospective case series is that they
are uncontrolled [41] - we did not have the opportuni-
ty to compare the hearing benefits and tinnitus severity
of our participants with other NF2 patients who were not
implanted with an ABIL

In future it is recommended that prospective studies on
a bigger groups of ABI users be conducted to confirm the
results obtained in the current study. A rigorous method-
ology and adequate sample size is necessary to decide on
an intervention’s effectiveness [42]. Currently, only a gen-
eral association, and not causation [43], can be inferred
from the studies on the hearing benefits and tinnitus im-
provement in ABI users.
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Figure 3. Pre- and postoperative THS results of individual patients.
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From a clinical point of view, it also needs to the highlight-
ed that brainstem implantation is suitable only for a select
group of patients suffering from NF2. The size of the tu-
mor affecting the cochlear nuclei and its vascularization
may be contraindications for surgery. The location of the
electrodes during the operation and during activation of
the device is also important, requiring appropriate anatomi-
cal conditions. All of these factors can affect the course of
surgery and the postoperative improvements obtainable.
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