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ABSTRACT

Auditory brainstem implants (ABIs) are neuroprosthetic devices that stimulate the cochlear nuclei directly. Unilateral ABI applications are
more common than bilateral. This paper reports our experience with a 7-year-old bilateral ABI user. Subjective and objective tests were ap-
plied, and bilateral profound sensorineural hearing loss was confirmed. The computerized tomography and magnetic resonance imaging of
the temporal bone revealed bilateral cochlear aplasia with dilated vestibule. Intraoperative eABR was measured during both surgeries. Mean-
ingful Auditory Integration Scale (MAIS), Categories of Auditory Performance (CAP) Il, and Speech Intelligibility Rating (SIR) were used for
evaluations of auditory perception. To evaluate auditory performance and hearing related quality of life, Functioning After Pediatric Cochlear
Implantation instrument (FAPCI) and Pediatrics Quality of Life (PedsQL) scales were used. Free-field results improved rapidly following the
second implant and soon reached 50-65 dB 0.5, 1, 2. and 4 kHz. With both implants, the CAP |l and SIR scores were improved. ABI procedure
is mostly performed unilaterally, but the outcomes tend to fall short of those attained by children with normal anatomy. Although our patient
benefited significantly from her bilateral ABI, the surgery remains complex and is not routinely undertaken.

Keywords: Auditory brainstem implantation, electrical evoked auditory brainstem response, inner ear malformations, cochlear aplasia, au-
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For preoperative auditory perception evaluation, the Meaning-
ful Auditory Integration Scale (MAIS) was used. MAIS consists
of 10 items for evaluating auditory behavior as revealed in daily
routines (4). Her MAIS score was 5/40. Radiological evaluation
of the temporal bone was conducted at the age of 1 year and
revealed bilateral cochlear aplasia with dilated vestibule and
cochlear nerve absence (Figure 1). Informed consent was ob-

Introduction

Auditory brainstem implants (ABIs) are prosthetic devices sur-
gically placed on the cochlear nucleus in the brainstem to pro-
vide hearing to patients for whom cochlear implantation (Cl) is
a contraindication (1). Colletti et al. (2) (2000) reported the first
pediatric ABl in a 4-year-old child. Bilateral ABI is not a common
treatment modality. Colletti et al. (3) (2017) reported a simulta-

neous bilateral pediatric ABI and mainly focused on the surgical
aspects. In this case study, the authors report the long-term
outcomes of a bilateral sequential pediatric ABI, which was our
first experience and thus unique in our series. We have 142 pe-
diatric-ABI cases, and have another two cases with bilateral ABI.

Case presentation

This was a 7-year-old girl who in her preoperative audiologi-
cal evaluation did not respond to any sound in behavioral tests
with insert earphones in both ears. Diagnostic auditory brain-
stem response (ABR) tests showed an absence of wave-V and
cochlear microphonics.
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tained from the parents.

She received the left ABI (Med-EL Coop., Innsbruck, Austria)
first at 1 year and 8 months of age. This child was granted
special permission from insurance to receive a second ABI 28
months after the first implant at 3 years and 11 months of age.
She had normal development, except hearing and language.

During implantation, the retrosigmoid approach was used and
electrically evoked ABR (eABR) testing was done in selected
electrodes on both sides. It is known that intraoperative eABR
is the only objective measure for ABI; and in the authors’ clinic,
eABR is routinely applied in all ABI surgeries. The clinic general-
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Figure 1. (a) Preoperative computerized tomography: Bilateral cochlear aplasia, (b) Diffusion weighted axial magnetic resonance images: Bilateral

cochlear nerve aplasia
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Figure 2. Intraoperative electrical evoked auditory brainstem response results from both auditory brainstem implantations

ly uses the first, fifth, sixth, ninth, and 12t electrodes owing to
limited time in the surgery room. Telemetry values are critical
when choosing electrodes and on the basis of these values, the
audiologist can change electrodes. During the first implanta-
tion, five electrodes were tested (el, e4, €5, €8, and €9), and
the electrodes were selected according to telemetry values.

Main Points:

Auditory brainstem implantation (ABI) is performed unilat-
erally, but the outcomes do not reach the level of cochlear
implantation in children with normal anatomy.

Although more challenging than unilateral cases, bilateral ABI
surgery provides binaural hearing to pediatric users via the
stimulation of two cortices.

These children constitute the most important group who
need bilateral implants, but the complexity of the surgery
prevents it from being a routine procedure.

It is difficult to make a general conclusion with one case;
however, when compared with unilateral ABIs, it could be in-
ferred that even with limited binaural hearing, bilateral ABI
provides improvement in speech understanding, speech pro-
duction, and incidental learning and thus increased quality of
daily life.

Bilateral ABI surgery could be applied safely in pediatric pa-
tients.

Wave-V was observed at e1, e4, €5, and €9 and was dominated
with a single peak. The clearest wave-V was observed at 600
cu/60 ps and 800 cu/60 ps at the fifth electrode (Figure 2A).
There was no response at the eighth electrode at 900 cu/60 ps,
and we could not increase the amplitude because of the risk of
artefact. Similarly, intraoperative eABR testing was conduct-
ed during the second implantation on three electrodes (e3, €6,
and e9) owing to limited time in the surgery room, and wave-V
was observed on all three electrodes. There were both elll and
eV at 500 cu/60 ps at the third electrode (Figure 2B). No peak
related to non-auditory stimulation was observed on either
side. Waveforms for the second implant were clearer and dif-
ferent from those seen in the first one, which had two peaks.

Each ABI was initially activated under monitoring without gen-
eral anesthesia two weeks post-surgery. Electrode selection
for activation was done according to obtained intraoperative
eABR results.

The patient’s postoperative auditory function was evaluated
with behavioral audiometry. Figure 3 shows the latest thresh-
olds in free field.

For postoperative auditory perception evaluation besides MAIS,
Categories of Auditory Performance (CAP) Il and Speech Intel-
ligibility Rating (SIR) were used. CAP-II includes eight perfor-
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Figure 3. Free field results with auditory brainstem implantations

mance categories arranged in order of increasing difficulty (5).
For SIR, hearing aid or implant users listen to a passage and judge
intelligibility of connected speech passages (6). To evaluate au-
ditory performance and hearing related quality of life, Function-
ing After Pediatric Cochlear Implantation instrument (FAPCI)
and Pediatrics Quality of Life (PedsQL) scales were used. FAPCI
is a questionnaire which evaluates the communication perfor-
mance of pre-school children with cochlear implant and de-
pends on parent or primary caregiver reports (7). PedsQL is used
to get health related quality of life information in general (8).

The patient’s MAIS score following the first ABl was 26/40 two
years post-surgery, rising to 36/40 after one year of bilateral
ABI usage. Her CAP score was 3, and SIR score was 2 when
tested with only the first implant. These scores improved to 5
for CAP and 4 for SIR after the second implant. The patient’s
word identification was 6/12, and her sentence identification
was rated 5/10. Her FAPCI score was 108, and PedsQL score
was 91.30/100.

This child began attending a mainstream school program in
her second grade. The school focuses on developing her ac-
ademic skills and integrating her with normal hearing peers.
The monthly intervention supports the acquisition of auditory
oral-verbal communication skills in combination with her other
developmental needs. The program aims to secure the active
participation of parents in sensory integration sessions and to
encourage her passive learning. Each session is based on inte-
grating cognitive skills and listening, following the diagnostic
therapy model.

Discussion

ABl is an effective method of auditory rehabilitation in patients
with severe inner ear malformations (IEMs) (1, 2, 9). Pediatric
ABl s still in its development phase and requires more attention.
Although unilateral ABI continues to be the general approach,
this report describes the authors' experience and the long-term
outcomes they observed in their first application of sequential
bilateral ABIs. eABR is an intraoperative tool for confirming the
placement of the ABI electrode (10, 11). The researchers ob-
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tained clear waves in intraoperative eABR testing on both sides.
The presence of clear waves indicates a properly placed elec-
trode, which is necessary for optimal programming of the ABI.
The eABR waveform morphology is different for the first and
second ABI, and the waves from the second ABI were clearer
than the first ABI. This could be related to anatomical changes
on the cochlear nucleus, placement of the ABI electrode, and
also auditory stimulation experience from the first ABI.

Programming ABIs is more complex than programming Cis as
there is a higher risk of side effects because of the location
of the implant array (11, 12). Owing to the need for anatomi-
cal placement of the ABI electrode, with electrical stimulation
some non-auditory responses (side effects such as a twitch of
the eye or chin) could be elicited with ABI activation on the
ipsilateral side because of the stimulation of different crani-
al nerves in the cochlear nucleus (11). On her left side, there
were four inactive electrodes, three because of side effects
and the other did not provide hearing. However, there were
no side effects with live voice after deactivation of electrodes.
During follow-up, feedback from the family was critical to de-
termining any changes in the most comfortable level (MCL)
and threshold (T) levels. Programming of the second ABI was
easier than the first as the patient was now familiar with sound.

In the authors' experience with bilateral ABI, hearing thresh-
olds improve with time, and responses become clearer, much
like in the bilateral Cl. This child's rapid responses to environ-
mental sound and to the behavioral audiometry test with her
second ABI were especially interesting. Her MAIS, CAP, and
SIR scores dramatically improved. Her CAP score was 7 which
meant that she could talk with family members (mostly par-
ents) on the phone and follow ongoing context related speech.
A recently published paper from the same clinic by Aslan et
al. (13) (2020) evaluated unilateral ABI outcomes according to
age and found that children under the age of three years had
better outcomes than older ones in terms of auditory percep-
tion, language development, and speech intelligibility. Children
who had received their implants before they were three years
old were rated at 5 for CAP and 3 for SIR. This child received
her second ABI at nearly four years of age, and it may be in-
ferred that bilateral usage is also a factor in the significant im-
provement relative to unilateral ABI users.

The listening skills and speech understanding of the child in this
case were initially observed as limited, despite the use of the
FM system. However, after the second ABI was implanted, the
child’s learning ability, speech understanding, and spontaneous
speech production improved in her daily life. She benefited from
contralateral cues despite a gap of 28 months between implan-
tations. Although our patient's first ABI is her favorite one, she
prefers bilateral usage all day and especially at school. She ex-
plains her listening experience with bilateral ABI as "Words come
to my mind more quickly.” Following the second ABI, her vocab-
ulary gain increased and academic skills improved.

It was clear that increased vocabulary gain which is related to
“incidental learning,” following and continuing communication
in different acoustic settings and increased speech intelligibil-
ity should be regarded as a cumulative effect of bilateral hear-
ing. Sennaroglu et al. (14) (2016) evaluated the listening skills
and language development of unilateral ABI users and bimodal
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CI/ABI users, reporting that the language abilities of bimodal
users were better than those of unilateral ABI users, but not at
the level of Cl users with normal inner ear structures. There-
fore, bilateral stimulation of children with IEM is very import-
ant.

Although more challenging than unilateral cases, bilateral ABI
surgery provides binaural hearing to pediatric users via the
stimulation of two cortices. In cases of possible device failure,
the patient will have the ability to use the second ear until re-
vision surgery takes place for the broken side. In unilateral ABI,
there is the risk of not being able to remove and satisfactori-
ly place a new ABI. In such a situation, it is usually too late to
place the ABI on the contralateral, non-stimulated side. Bilat-
eral ABI users will have the advantage in case of such surgical
difficulties.

Informed Consent: Written informed consent was obtained from the
patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Supervision — G.S., EY, LS., B.B, Design
- B.C.C., M.O.B,, M.Y.; Supervision — G.S,, E\Y,, LS., B.B,; Resources —
B.C.C., LS, E.Y.; Materials — B.C.C., M.O.B,, M.Y.; Data Collection and/
or Processing — B.C.C, M.O.B, M.Y.G.S,, E.Y,, LS, B.B; Analysis and/or
Interpretation — G.S., E\Y,, LS., B.B, Literature Search - B.C.C., M.O.B,,
M.Y.; Writing Manuscript — B.C.C., M.O.B,, M.Y.; Critical Review — G.S.,
E.Y., LS., BB.

Conflict of Interest: The authors have no conflict of interest to de-
clare.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

References

1. Sennaroglu L, Colletti V, Manrique M, et al. Auditory brainstem
implantation in children and non-neurofibromatosis type 2 pa-

Cinar et al. Bilateral ABl outcomes

tients: A Consensus Statement. Otol Neurotol 2011; 32: 187-91.
[Crossref]

Colletti V, Fiorino FG, Carner M, Giarbini N, Sacchetto L, Cumer G.
Advantages of the retrosigmoid approach in auditory brain stem
implantation. Skull Base Surg 2000; 10: 165-70. [Crossref]
Colletti G, Mandalla M, Coletti V, Daganello A, Allevi F, Colletti L.
Resorbable mesh cranioplasty repair of bilateral cerebrospinal flu-
id leaks following pediatric simultaneous bilateral auditory brain-
stem implant surgery. Otol Neurotol 2017; 38: 606-9. [Crossref]
Robbins AM, Renshaw JJ, Berry SW. Evaluating meaningful au-
ditory integration in profoundly hearing-impaired children, Am J
Otol 1991; 12: 144-50.

Archbold S, Lutman ME, Marshall DM. Categories of auditory per-
formance. Ann Otol Rhinol Laryngol Suppl 1995; 166: 12-4.

Cox RM, McDaniel DM. Development of the speech intelligibility
rating (SIR) test for hearing aid comparisons. J Speech Hear Re-
search 1989; 32: 347-52. [Crossref]

Frank RL, Ceh K, Bervinchak D, Riley A, Miech R. Niparko JK. De-
velopment of a communicative performance scale for pediatric
cochlear implantation. Ear Hearing 2007; 28: 703-12. [Crossref]
Varni JW, Seid M, Rode CA The PedsQL: Measured model for the
pediatric quality of life inventory. Med Care 1999; 37: 126-39.
[Crossref]

Deep NL, Choudhury B, Roland JT Jr. Auditory brainstem implan-
tation: an overview. J Neurol Surg B 2019; 80: 203-8. [Crossref]

. Anwar A, Singleton A, Fang Y, Wang B, Shapiro W. Roland JT Jr, et

al. The value of intraoperative EABRs in auditory brainstem im-
plantation. Int J Ped ORL 2017; 101: 158-63. [Crossref]
Sennaroglu L, Sennaroglu G, Atay G. Auditory brainstem im-
plantation in children. Curr Otorhinolaryngol Rep 2013; 1: 80-91.
[Crossref]

Goffi-Gomez MVS, Magalhaes AT, Neto RB, Tsuji RK, Gomes MQT,
Bento RF. Auditory brainstem implant outcomes and MAP param-
eters: report of experiences in adults and children. Int J Ped ORL
2012; 76: 257-64. [Crossref]

. Aslan F, Ozkan HB, Yucel E., Sennaroglu G, Bilginer B, Sennaroglu

L. Effects of age at auditory brainstem implantation: impact on
auditory perception, language development, speech intelligibility.
Otol Neurotol 2020; 41: 11-20. [Crossref]

Sennaroglu L, Sennaroglu G, Yicel E, et al. Long-term results of
ABI in children with severe inner ear malformations, Otol. Neuro-
tol 2016; 37: 865-72. [Crossref]

195 I


https://doi.org/10.1097/MAO.0b013e318206fc1e
https://doi.org/10.1055/s-2000-9335
https://doi.org/10.1097/MAO.0000000000001338
https://doi.org/10.1044/jshr.3202.347
https://doi.org/10.1097/AUD.0b013e31812f71f4
https://doi.org/10.1097/00005650-199902000-00003
https://doi.org/10.1055/s-0039-1679891
https://doi.org/10.1016/j.ijporl.2017.08.007
https://doi.org/10.1007/s40136-013-0016-7
https://doi.org/10.1016/j.ijporl.2011.11.016
https://doi.org/10.1097/MAO.0000000000002455
https://doi.org/10.1097/MAO.0000000000001050

