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Objectives: Single-sided deafness (SSD) can have consequences for a child’s language, educational, and social
development. A cochlear implant (CI) is the only device which can restore true binaural hearing, yet they are
only approved for children with (SSD) over the age of five in the United States. Reports on speech perception
outcomes for children implanted at a younger age are limited. The present study aims to examine the effects of
age at implantation, duration of deafness, hearing loss etiology, and presence of additional disabilities on device
usage and speech perception outcomes.

Methods: A retrospective chart review was used to examine demographics and speech perception outcomes for 18
children implanted at age five or younger.

Results: Speech perception results were highly variable, with some children deriving significant benefit and
others demonstrating no sound awareness through the implant alone. Age at implantation and duration of
deafness did not have a clear impact on outcomes. Device usage was low in many children, often those with
anatomical abnormalities such as a hypoplastic cochlear nerve. There are challenges to assessing speech
perception in young children with SSD, leading to a lack of standardized outcome measures.

Conclusions: Early CI for children with SSD may improve speech perception, but benefit is not guaranteed.
Candidacy evaluation should consider both medical and audiological factors, in addition to the degree of family
support and realistic expectations. Caution is especially warranted in children with significant anatomical

anomalies.

1. Introduction

Permanent unilateral hearing loss has an incidence of 1 in 1000 for
children born in the United States [1], representing approximately one
third of all congenital hearing loss [2,3]. Despite being able to hear well
in quiet environments, children with profound unilateral hearing loss
(single-sided deafness, SSD) struggle to perform auditory tasks that
require binaural hearing, such as sound localization [4]. Speech in noise
perception, a crucial task for children learning in noisy environments, is
also impaired due to a lack of binaural hearing abilities such as squelch,
head shadow effects, and source localization [5]. Additionally, 10-11 %
of children with SSD show later-onset contralateral hearing loss, sug-
gesting that SSD is an early manifestation of bilateral hearing loss in
these cases [6,7]. Decades of research have shown that children with
SSD are at risk for delays in speech-language development, cognition,
and educational achievement [8,9]. Children also show an increased
incidence of behavioral problems and decreased quality of life [10-12].
An inability to localize sounds can also pose a safety hazard, such as

hearing a car coming from the poorer side when crossing the street.

For children with bilateral severe-to-profound sensorineural hearing
loss, a cochlear implant (CI) provides access to sound, often allowing for
the development of normal or near-normal speech perception. The best
outcomes are seen when children have normal inner ear anatomy, early
diagnosis and fitting with hearing aids, no other developmental dis-
abilities, and early implantation (<12 months of age). Consistent CI use
and intensive auditory rehabilitation stressing oral language are also
important factors for good speech outcomes. Children who have addi-
tional disabilities, abnormal inner ear anatomy (often precluding full
insertion of the electrode array), late diagnosis or implantation, and/or
inconsistent device use and commitment to speech therapy typically see
poorer speech outcomes. However, these children may still derive
quality of life and sound-awareness benefits from their CIs.

Previous treatments for SSD in children have included observation
only (e.g. “watchful waiting™) or hearing devices that route the signal to
the better ear, either via air conduction (CROS hearing aids) or bone
conduction devices, none of which restore true binaural hearing.
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Furthermore, these devices require the user to turn off the device in
disadvantageous situations, such as when noise is presented to the poor
hearing ear (which is then routed to the good ear), a task young children
are often incapable of completing.

In adults, cochlear implantation (CI) has been used in cases of SSD to
provide binaural hearing without affecting the normal hearing ear since
at least 2008 [13]. Studies have shown consistent improvements in
speech perception in noise, localization, and quality of life. This treat-
ment was officially FDA approved in 2019 for adults and children over
the age of 5.

Outcomes for CIs for children with SSD can be measured in a variety
of ways, there has been a lack of clinical consensus until recently [14].
Typically, speech perception for age-appropriate words or sentences is
compared with device on to the same measure prior to implantation. To
assess the benefits of a CI for localization or speech perception in noise,
the stimuli are often presented in spatially separated background noise.
For example, sentences are presented via loudspeaker to the good ear
and noise is presented via loudspeaker to the poorer ear. Performance is
compared across different spatial locations of speech and noise, some-
times with and without the implant on. If a child is old enough to un-
derstand the task, speech stimuli can be presented directly to the implant
via an audio cable or streaming device. This allows for true isolation of
the implanted ear. Other outcome measures include tasks of localization
(pointing to which speaker a noise is heard from in array of speakers),
surveys regarding quality of life, or the number of hours a child wore the
device.

Given the recentness of the FDA approval, there are fewer reports on
CI for children with SSD. Nevertheless, results are generally similar to
the adult population, with children showing improved speech percep-
tion in noise, localization, and hearing-related quality of life [15].
However, some children are minimal users of the device [16] or do not
demonstrate clinically significant improvement [17,18]. Published
studies primarily include children implanted above the age of 5 or
include a wide range of ages at implantation. Deep et al. (2021) exam-
ined CI in children with SSD with a mean age of 5 years old (range:
0.6-7.0 years) at implantation. Speech perception at 1-year post-CI was
available in 8 patients. The mean word recognition scores in this group
in Cl-only conditions was 56 % which was significantly improved from
49.3 % pre-operatively. In a similar study, implantation was evaluated
in 9 children with a mean age of 8.9 years-old (range: 1.5-15 years) at
implantation [19]. Due to age discrepancies, different testing materials
were used. Six subjects had post-operative word recognition testing
(CNC and MLNT) with a median improvement of 45.5 %. Five subjects
had post-operative sentence testing (AzBio and HINT) with a median
improvement of 40.5 %. A recent meta-analysis evaluated 119 children
with a mean age of 6.6 years-old for postoperative changes in speech
perception and sound localization [15]. Results showed 39 of 49 chil-
dren (79.6 %) saw improvement of their speech perception in noise,
though only two studies (comprising 42.8 % of the children) demon-
strated statistically significant improvement. For speech perception in
quiet, 34 of 42 (81.0 %) saw improvement with the implant. A benefit of
CI for localization and patient-reported sound quality was also seen,
though the number of patients was small. Several studies included in the
analysis reported longer durations of deafness to have a negative effect
on speech perception outcomes.

Given the promising data from cohorts with a wide range of ages, and
the recent FDA approval for SSD CI in children above the age of 5, there
is a growing interest in earlier implantation for this SSD population.
Data suggest early implantation can lead to expressive and receptive
language skills on par with normal hearing peers [20], but parents still
report challenges for listening in noisy environments [21]. A recent
study examined 12 children who received a CI before age 2.5, finding a
consistent improvement in speech in noise perception, but variable re-
sults for localization abilities. A third of the children did not use the
device consistently [22]. Another recent study [23] examined long term
outcomes in 11 children with congenital SSD, nine of whom received a
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CI before the age of 6. The authors found an improvement in speech
perception in quiet and subjective sound quality, especially for children
implanted below the age of 3.2. There were two non-users.

There is a lack of consensus on the role of cochlear implantation for
in children under 5 with SSD. In the present study, we investigate the
outcomes of children with SSD who received an implant by age 5. Our
aim is to examine the effects of age at implantation hearing loss etiology,
presence of additional disabilities, and device usage on speech percep-
tion outcomes.

2. Methods
2.1. Participants

We conducted a retrospective chart review of 18 children at our
Center implanted between 2015 and 2022. This study was approved by
the Institutional Review Board. As inclusion criteria, all children had
SSD, defined as normal or borderline normal hearing in one ear and
severe-to-profound hearing loss in the other ear, and received a CI at age
5 or younger. Children who had less than 3 months of CI experience
were excluded. All children had a full electrode insertion with a
Cochlear Corp. perimodiolar electrode and utilized the ACE strategy. All
children received auditory rehabilitation therapy after implantation.
Charts were reviewed for demographic, audiologic, and speech
perception data. Speech perception results were collected preopera-
tively, at 3- and 12-months post-activation, and at the most recent follow
up visit.

Audiologic and Speech Evaluation Preoperatively, unilateral hearing
loss was confirmed either via auditory brainstem response (ABR) or
behavioral audiometry. Postoperatively, audibility with the CI was
confirmed via soundfield aided audiogram (contralateral ear plugged/
muffed) when possible. The average audiogram for the participants is
shown in Fig. 1.

A variety of speech perception test materials were used, as these
typically vary by age and experience with sound. All tests were con-
ducted in a sound isolated test booth. The following measures were
completed at a suprathreshold level, typically 60 dBA when presented
through the soundfield. Informal test measures included: detecting and
repeating the six Ling sounds [24], pointing to body parts, or detecting
and repeating familiar words (e.g., own name, “mommy”). Formal
measures included: parental questionnaires (IT-MAIS [25] and
Little-Ears [26]), closed-set word discrimination (NU-CHIPS [27], ESP
[28]), open set word discrimination (ranging from easiest to hardest:
GASP [29], MLNT [30], LNT [30], PBK [31], W-22 [32], and CNC [33]),
and open set sentence discrimination (ranging from easiest to hardest:

Frequency (Hz)
250 500 1000 2000 4000

-10
0 4
10 A
20 A
40 -
50 +
60 -
70
80 1
90 ~

100

Hearing Level (dB HL)

Fig. 1. Mean postoperative soundfield aided thresholds for 11/18 participants.
Error bars represent + 1 standard deviation.
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Common Phrases [34], HINT-C [35], HINT [36], and Pediatric AzBio
Sentences [37]). Questionnaires were typically completed during the
audiology appointment. When repetition of words was not possible, a
speech detection threshold (i.e., the softest level at which speech is
detected 50 % of the time) was obtained. Tests were presented in quiet,
or with background noise to increase test difficulty. Background noise
levels varied but were generally between 0 and 10 dB SNR (see Table 2).
Noise was co-located from the same loudspeaker, or spatially separated
to allow for measurement of binaural hearing. In this configuration, the
target talker was presented from a loudspeaker at 0° azimuth and noise
was presented to either the poorer ear or the better ear from a loud-
speaker at 90° azimuth. Listening conditions were also varied by age and
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comprehension ability. Preoperatively, possible aids included tradi-
tional aid conduction hearing aids, bone-anchored hearing aids (BAHA),
or no aid. The test ear was isolated for some children using a plug and
earmuff combination on the better ear. For some children,
speech-spectrum masking noise was introduced to the good ear via
insert earphone. Post-operatively, some children were assessed via
direct streaming or connection to the implant, thus isolating the ear.
Data Analysis Means and standard deviations, when appropriate,
were used to examine demographic variables such as age at implanta-
tion, etiology of hearing loss, and preoperative hearing abilities. Given
the small number of subjects and heterogeneity of outcome assessment
materials, descriptive analyses are primarily used to assess post-

Table 1
Patient demographics.
Patient Sex  Onset of HL. ~ NBHS results Etiology Age at Duration Ear Device  Additional Additional Contralateral
# Implant  of disabilities disabilities diagnosed =~ Hearing loss
Deafness diagnosed prior to  after implantation diagnosed after
implantation implantation?
1 F congenital Refer R, pass Idiopathic 1.2 1.2 R CI512 Atrial septal ¢
L defect”
2 F congenital Refer R, pass Hypoplastic 1.4 1.4 R CI512 ¢ Yes
L cochlea
3 F congenital Pass R, refer Idiopathic 3.0 3 L CI512 ¢ ¢
L
4 F Around age Passed Temporal 4.4 2.2 L CI512 Intraventricular partial epilepsy, left
2 bilaterally bleed at birth and left temporal temporal
lobe encephalomalacia,
hemorrhages” dyslexia, ADHD
5 M Congenital Passed Idiopathic 3.9 3.9 R CI532 ¢ ¢
progressive bilaterally
6 M Around age  Passed Idiopathic 4.4 0.4 L CI532 ¢ ¢
4 bilaterally
7 F congenital Pass R, refer CMV 1.0 1.0 L CI532 ¢ ¢
L
8 F Congenital Refer R, pass Idiopathic 5.2 5.2 R CI532 ¢ ¢
progressive L
9 F congenital Passed CN Hypoplasia 5.4 5.4 L CI632 ¢ ¢
bilaterally
10 M congenital Pass R, refer CMV 1.8 1.8 L CI632 Congenital autism Yes
L microcephaly?,
focal epilepsy”,
dysphagia®
11 M congenital Referred CMV 2.5 2.5 L CI632 ¢ ¢ Yes
bilaterally
(per parent),
passed
bilaterally
per state
record
12 F congenital Refer R, pass Waardenburg 1.0 1.0 R CI632 ¢ ¢
L Type 2a
13 M congenital Referred Idiopathic 1.5 1.5 L CI632 ¢ ¢
bilaterally
14 M congenital Pass R, refer Mondini-like 3.0 3.0 L Cl632 PKU", Chiari ¢
L dysplasia Malformation®
15 F congenital Pass R, refer Idiopathic 1.3 1.3 L CI632 Torticollis” ¢
L
16 F congenital Pass R, refer CMV 2.8 2.8 L CI632 Torticollis” ¢
L
17 M congenital Refer R, pass Abnormal CN 1.9 1.9 R CI632 ¢ ¢
L course but
normal caliber
18 F congenital Pass R, refer Waardenburg 4.2 4.2 L CI632 ¢ ¢

L

HL: Hearing loss.
NBHS: Newborn Hearing Screening.
CN: cochlear nerve.
CMV: congenital cytomegalovirus infection.
ADHD: attention-deficit/hyperactivity disorder.
PKU: phenylketonuria.

@ = serious medical condition/disability.

b — minor medical condition/disability.

¢ = none.
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operative outcomes, including the potential influence of demographic
variables. Pearson product correlations were used to examine relation-
ships between continuous demographic variables when enough data
points were available.

3. Results

Demographic data are summarized in Table 1. All children (n = 18)
were implanted with a Cochlear Corp. perimodiolar electrode. The
average age at implantation was 2.8 years, with a range of 1.0-5.4 years.
Most children had a congenital onset of hearing loss (n = 15), while
three had a pre- or per-lingual onset. The etiology of deafness was most
commonly unknown (n = 8). Known etiologies included congenital
cytomegalovirus infection (CMV; n = 4), anatomical anomalies (hypo-
plastic cochlea, n = 2; cochlear nerve deficiency, n = 1), Waardenberg
syndrome (n = 2), and birth trauma (n = 1). Prior to implantation, three
patients had been diagnosed with serious additional disabilities or
medical conditions, including one patient each with: intraventricular
and left temporal lobe hemorrhage, microcephaly and focal epilepsy,
phenylketonuria and Chiari malformation. Four patients had been
diagnosed with minor additional disabilities/medical conditions (torti-
collis (n = 2), dysphagia (n = 1), and atrial septal defect (n = 1)). In the
time since implantation, one patient had multiple additional disabil-
ities/medical conditions diagnosed (epilepsy and left temporal ence-
phalomalacia, dyslexia, and ADHD) and one patient was diagnosed with
autism. Three patients (17 %) have been diagnosed with hearing loss in
the good ear. Two of these three patients had diagnoses of congenital
CMV.

All patients underwent newborn hearing screening at birth. The
majority (n = 12) “referred” unilaterally, but five patients passed
bilaterally and one patient “referred” bilaterally. SSD was confirmed via
diagnostic ABR in 17/18 patients (one did not present for initial diag-
nosis until age 4) and via behavioral audiometry in all patients. The
median pure tone average (PTA, 500, 1000 and 2000 Hz) in the ear to be
implanted was 91.67 dB HL; the median PTA of the contralateral ear was
20.00 dB HL. The average age for behavioral confirmation of SSD was
1.66 years (SD: 1.25), a mean of 1.14 years prior to implantation. This
delay can largely be attributed to a later diagnosis in the children who
passed the newborn hearing screening bilaterally. Twelve patients (71
%) had a hearing aid trial prior to implantation, including air conduc-
tion, bone-anchored, and CROS styles. Postoperatively, aided soundfield
thresholds with the CI indicated adequate access to spoken language
(see Fig. 1).

Speech perception scores are shown in Table 2. Pre-operatively, the
majority of patients (10/18) completed formal measures of speech
perception. A wide range of tests and listening conditions were used to
assess aided performance, including presentation in background noise at
difficult signal to noise ratios (e.g. +5 or 0 dB SNR) and spatially
separating the noise and target talkers. Older children were able to
complete tasks with masking noise to their better hearing ear, while
younger children were tested in soundfield, which may have over-
estimated their abilities. Some children were tested with a hearing aid
(either air conduction, bone-anchored or CROS). For example, patient
#9 scored 26 % on PBK words [31] aided with the good ear plugged and
muffed, but 0 % correct with masking noise introduced to the good ear.
Three children were assessed using parental questionnaire (i.e. IT-MAIS,
Zimmerman-Phillips et al., 1997), and five children were unable to
complete any formal measure of speech perception preoperatively.

Three months post-activation speech perception scores were avail-
able for 16/18 participants; two participants had transferred care to a
local center. A wide range of abilities were seen, ranging from detection
of Ling sounds to open set speech perception (contralateral ear plugged
and muffed). Older children were able to complete testing via streaming
directly to the implant; younger children were tested in the soundfield.
One child saw no increase in objective scores, however their parent
reported the child had improved voice volume control, localization of
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sounds, and less nervous behaviors. Seven children had speech percep-
tion data at 12 months. Two of the seven children with data have open
set speech perception bilaterally, but are unable to repeat words via
direct streaming. One (patient #2) has a hypoplastic cochlea and reports
minimal benefit and wear time (4/hrs a day on average). The other
(patient #9) has a hypoplastic cochlear nerve, but reports good benefit
and wear time. This patient was also the oldest of the cohort when
implanted (5.4 years of age). Four children have not reached 12 months
post-activation at the time of writing. Eight children have undergone
speech perception evaluation beyond 12 months post activation; details
can be found in Table 2. The variety of speech perception tests and
listening conditions preclude formal statistical analyses of outcomes.
However, children who were implanted later (between ages 2.5-5.4) do
not uniformly have poorer outcomes than children implanted earlier
(between ages 1.0-2.4). For example, patient #3 was implanted at 2.95
years of age and scored 94 % correct on HINT-C sentences in noise at +5
dB SNR on their most recent evaluation [35]. Patient #2 was implanted
at 1.35 years of age and cannot repeat any words when tested via direct
streaming to the implant.

Daily usage information was available using datalogging from the
implant. Based on the most recent visit, usage ranged widely, from 1.3 to
10 h/day (mean: 5.8 h/day, see Table 2). There was no statistically
significant correlation detected between age at implantation and hours
of daily use (r = —0.42, p = 0.09) or between duration of deafness and
hours of daily use (r = —0.29, p = 0.24). Twelve of the 18 children wore
their implant for more than 6 h a day on average. Of the six children who
wore their implant for less than 6 h a day on average, one had a hypo-
plastic cochlea, one had Waardenburg syndrome, and four had unknown
causes of hearing loss. Children who perform poorly on speech percep-
tion tests generally had less wear time. For example, patient #2 is unable
to repeat PBK words via direct streaming and wears the implant for 4 h/
day on average. It is not clear whether poor benefit leads to less wear
time, or if less wear time leads to poor benefit. However, there were also
two children who perform very well (i.e. 80 and 88 % PBK words via
direct streaming) yet wear their processor for 6 or fewer hours per day,
and one patient who performs very poorly but wears their implant full
time. Patient #8 refuses to wear the implant (most recent datalogging: 2
h/day), citing lack of benefit. The child scores 100 % on a difficult
sentence test (Pediatric AzBio sentences in noise at +5 dB SNR) when
both ears are used. However, the patient transferred centers and has not
completed testing via direct streaming, making it difficult to discern the
true degree of benefit. All children received at least one additional
therapy service, including speech-language therapy, teacher of the deaf
services, occupational therapy, physical therapy, and access to class-
room FM systems. All children old enough to attend school were in
mainstream educational settings, except for one child who attended a
special needs classroom, primarily due to additional developmental
disabilities secondary to congenital CMV.

4. Discussion

The benefits of CI for patients with SSD have been well established in
the adult population, though there are some adults who have poorer
outcomes [17,38,39]. Children implanted over the age of five also
appear to receive benefit, but it is unclear how their relatively later age
at implantation (and thus longer duration of deafness) may have limited
their auditory potential with the device. In the present study, we
examined outcomes for a cohort of children who received a CI for SSD at
a young age. We found an improvement in speech perception after im-
plantation for the majority of children. However, there was wide vari-
ability in the degree of benefit. For example, patients #1 and #3 scored
greater than 80 % correct word recognition when tested 3 years after
implantation. Two patients (#2, #9) were unable to repeat any words
through the implant, both patients had an anatomical anomaly.
Although the small number of subjects precludes formal statistical an-
alyses, there are several demographic factors worth noting which might
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Table 2
Speech perception data.

International Journal of Pediatric Otorhinolaryngology 177 (2024) 111857

Patient Pre-operative 3 months 12 months Most Most recent yrs ~ Most recent follow Most recent
No. recent CI experience up hours
follow up datalogging
age
1 SDT 90 dB H® Detects all Ling sounds” Repeats all Ling 4.3 3.1 72 % PBK" 6.3
sounds” 88 % PBK'
98 % HINT +10'
2 NR for SDT® Detects all Ling sounds and name”  Detects but unable to 8.0 6.7 38 % PBK" 4
repeat all Ling sounds 86 %°%; 77 %'; 96 %'
and familiar words” HINT +10
0 % familiar words’
3 Aided with BAHA: 84 % LNT words” 92 % LNT” 6.4 3.5 80 % PBK' 4
58 %%;50 %" MLNT +5 40 %* 60 %"; 90 %' Common 80 % LNT' 94 % HINT-C +5'
Category 4 ESP +10" Phrases +10 74 % HINT quiet’ 98 %°%; 100 %";
90 %*%; 100 %"; 100 %' 100 %' HINT-C +10
Common Phrases +10
4 Aided with CROS: 90 %F¢; 100 %"; 100 %' Common 86 % MLNT" 9.5 5.1 25 %; 46 %; 52 % 6.6
96 % LNT¢ Phrases +10 44 9% LNT" CNC words; vowels;
90 %% 100 %"; 100 %' Mom reports better voice volume, 100 % Common consonants'
Common Phrases +10 improved localization of speakers, Phrases quiet”
Unaided: and less nervous behavior. 94 % Common Phrases
70 %°; 90 %"; 70 %' +10°
Common Phrases +10
5 Aided with HA: 32 % PBK” 70 % PBK” 9.4 5.5 88 % W-22" 9.2
36 % PBK” 96 %°; 94 %"; 96 %' HINT-C +10 89 %% 95 %"; 96 %'
94 %?%; 90 %h; 86 %' Ped. AzBio +10
HINT-C +10
6 Unaided: Repeats all Ling sounds” “ a4 ° “ 4
90 % Common phrases 28 % GASP”
quiet!
80 %°; 60 %""; 70 %'
Common phrases +10
7 SDT 85 dB HL® SDT 25 dB A” Repeated familiar 5.06 4.03 92 % LNT' 10
words' 83 % HINT-C in
quiet'
8 Aided with HA: Repeats all Ling sounds, identifies ? 8.7 3.5 100 % Ped. AzBio 2
24 % PBK" body parts” +5¢
96 %*%; 100 %"; 75 %'
Ped. AzBio +0
9 Aided with HA: 0 % PBK' 0 % PBK' 8.6 3.2 0 % PBK' 8.0
26 % PBK" 0 % HINT-C quiet' 0 % HINT-C" 0 % HINT-C quiet’
0 % PBK® 100 %?®; 100 %"; 100 %' HINT-C 94 %¢; 92 %"; 98 %' 100 %
0 % HINT-C quiet” +10 HINT-C +10 100 %°%; 100 %h;
98 %°; 86 %"'; 98 %' 100 %' HINT-C +10
HINT-C +0
10 IT-MAIS 27/40 a a “ “ “ 7.2
Little EARS 22/35
11 Aided with HA: detecting all Ling sounds, making ° N N ° 7.2
100 % GASP quiet” good approximations”
54 % GASP +10°
12 SDT 85 dB® “ “ “ “ “ 1.3
13 NR for SDT® copied familiar words (“uh-oh", “ “ a a 8.1
“all done”, “doggie")’
14 Aided with BAHA: informal limited closed set a ? . “ 6.3
92 % GASP discrimination (28 % of common
Category 4 ESP words “house" “fish”)’
15 IT-MAIS 22/40 detected 5/6 Ling sounds (ah oo, not yet reached . . a 4.6
ee, sh s) as well as name and
“daddy””
16 Aided with HA: detected all Ling sounds, name, not yet reached “ “ “ 7
100 % ESP quiet “mommy”"
67 % ESP +10
17 IT-MAIS 22/40 detected ling sounds” not yet reached a a a 6
18 90 % NU-CHIPS” Repeated 5/6 Ling sounds, not yet reached N a a 6.2

0 % NU-CHIPS®

repeated closed-set spondees’

NR = no response.

SDT = speech detection threshold.
BAHA=Bone anchored hearing aid.

CROS=Contralateral routing of signal hearing aid.
HA = Traditional air conduction hearing aid.
See text for descriptions of speech perception tests.

@ Test not performed.

b Soundfield presentation (0°), plug and muff used in contralateral ear.
¢ Soundfield presentation (0°), masking noise presented to contralateral ear.

4 Soundfield presentation (0°), no attenuation of contralateral ear.
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¢ Insert presentation to poorer ear, masking noise presented to contralateral ear.

f Direct streaming/line-in presentation to CI only.

& Soundfield presentation, speech and noise co-located (0° azimuth).

b Soundfield presentation, speech front (0°), noise to the poorer/ClI ear (90°).
! Soundfield presentation, speech front (0°), noise to the better ear (90°).

J Soundfield presentation, speech to better ear (45°), noise to poorer/CI ear (45°).
K Soundfield presentation, speech to poorer/CI ear (45°), noise to better ear (45°).

explain the variability as compared to typical pediatric CI users. Our
cohort had two children with cochlear malformations and one child with
a hypoplastic cochlear nerve. Prior research has demonstrated poorer
outcomes for children with cochlear nerve deficiency [40,41] and
cochlear anomalies [42,43]. Four children in our cohort (#7, #10, #11,
#16) had congenital CMV infections, which may have caused cognitive
and other delays and impacted speech perception outcomes [44].
Cochlear implant outcomes for children with CMV may be less positive
than children with non-CMV etiologies [45] Children in the present
cohort also had a long duration of deafness, given that the average age at
implantation was 2.8 years and most children were congenitally deaf.
For children with bilateral deafness, age at implantation is known to be
one of the most important factors in determining outcomes [46]. Device
use was variable, but generally lower than typical pediatric CI users. It is
difficult to know if a lack of device use reduced outcomes, or if reduced
benefit caused those children to wear the device less. Other recent
studies have also reported high degrees of variability, with up to a third
of the group classified as “non-users” [22,47]. While better performers
tended to have an earlier age at implantation, normal anatomy, and
higher device usage, it is worth noting that one of the best performers
(#3) was implanted at age three, had idiopathic hearing loss, and only
demonstrates 4 h of daily device usage, on average. Overall, our results
are similar to recently published literature on young children. For
example, Patro et al. [47], reported on 19 children with SSD who
received a CI by age 5. Their cohort also had several children with hy-
poplastic nerves, several children with CMV, and several children with
low device usage. Outcomes in that study were only documented for
eight children and ranged from 42 % correct on a closed-set word
recognition task (NU-CHIPS) to 82 % correct on an adult open-set word
recognition task (CNC words). The authors found no correlation be-
tween age at implantation and device usage, similar to the present study.

Prior studies in older children who received a CI for SSD cited long
durations of deafness as a potential cause for poor outcomes [48-51].
Children in those studies primarily had durations of deafness between 6
and 10 years. Amongst our group of children implanted by age five, we
did not find a significant relation between duration of deafness or age at
implantation and device usage. Though the heterogeneity in speech
perception tests precluded formal analyses, we did not observe any
obvious pattern between duration of deafness or age at implantation and
scores. This may suggest that when duration of deafness is more than
5-6 years, speech perception and device usage outcomes are likely to be
poorer, as shown in prior studies [48-51]. It is difficult to determine
how durations of deafness less than five years will impact outcomes for
speech perception, but our results suggest that device usage is not
impacted by age at implantation or duration of deafness for children five
and below.

Counseling parents of very young children with SSD presents a
number of challenges. Similar to all children with hearing loss, clinicians
must consider all aspects of the child, including medical and audiolog-
ical test results, and the presence of additional disabilities. However
unlike bilaterally deaf children who have the greatest chance of devel-
oping spoken language if implanted with a CI, children with SSD have
access to speech and language with their normal hearing ear alone
[52-54]. Challenges faced from untreated SSD, such as difficulty hearing
in noise, localization, or auditory fatigue, may not be evident in an in-
fant or young toddler. This may make it difficult for the family to
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appreciate the consequences of unilateral hearing loss and fully support
treatment. While not specifically assessed, it is possible that low family
support was related to the low average levels of device usage for some
children. Given the risk for low device usage in the SSD population, we
recommend the care team pay close attention to this metric and provide
frequent reminders to the family regarding the importance of consistent
device usage for good outcomes. For an otherwise typically developing
child, the decision to implant means numerous doctor’s appointments,
costs, and time. Additionally, the child will have to wear an external
device, potentially causing bullying [55]. Parents must decide if this
additional burden is feasible for their family in the face of an uncertain
benefit. If they are implanted, young children with SSD also present a
unique challenge for CI audiologists. Programming and assessing speech
perception for the CI requires isolation of the better ear, either via
masking noise or direct stimulation of the CI, both of which can be
difficult tasks for very young children. Direct streaming is crucially
important to ensure that children are receiving useable auditory infor-
mation from the device, as several children in our sample perform
extremely well in a bilateral condition but score 0 % when tested via
direct streaming to the CI alone.

5. Conclusions

Cochlear implantation can be an effective treatment option for young
children with SSD, with some caveats. Children who have hypoplastic
cochlear nerves, cochlear anomalies, or additional disabilities may
receive less benefit than children with normal anatomy and no addi-
tional disabilities, thus caution is especially warranted when considering
implantation for those children. However, predicting outcomes based on
coexisting conditions alone is difficult, as no statistically significant
trends emerged in our data. Furthermore, each child with SSD has a
unique combination of medical, audiological, and personal character-
istics. Therefore, the counseling process should involve multiple medical
professionals, including audiologists, speech language pathologists, and
surgeons, to ensure the family has realistic expectations regarding po-
tential outcomes.
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