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Abstract

Purpose of Review Children with unilateral deafness may ex-
perience challenges with language development, educational
progress, and social interaction. Rehabilitation with a cochlear
implant (CI) may minimize these impacts. This review exam-
ines the characteristics of children with unilateral deafness
presenting for candidacy assessment.

Recent Findings Forty-nine children with unilateral deafness
were assessed. Many (15/49) did not meet candidacy criteria
due to cochlear nerve aplasia’hypoplasia (12/49), while 17/49
elected not to pursue CI. The most common etiologies in those
17/49 (35%) who met candidacy and consented to CI were
congenital cytomegalovirus (cCMV) (41%) and trauma
(26%).
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Summary Many children with unilateral deafness who present
for assessment do not go on to receive an implant due to
anatomic contraindications or their desire for non-interven-
tion. This review highlights the high prevalence of cCMV
amongst children with unilateral deafness presenting for CI
where the potential for progression to bilateral hearing loss
may influence decision for implantation.
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Introduction

Treatment of unilateral hearing loss in children without delay
is warranted to protect from development of an “aural prefer-
ence syndrome” in which hearing is biased to one ear and
spatial hearing is compromised [1]. The present study exam-
ines clinical features of unilateral deafness which came to light
when evaluating the type of hearing device most appropriate
for use in a cohort of children with restricted duration
(< 4 years) of unilateral severe to profound deafness.

Rationale for Treatment of Unilateral Sensorineural
Hearing Loss in Children

Without access to binaural cues, children with unilateral sen-
sorineural hearing loss (or single-sided deafness) do not de-
velop sound localization [2]. Listening in noise becomes more
difficult [2—4], as spatial cues are not available to help distin-
guish one sound from another. Some animal data [5] show a
re-weighting of cues towards pinna spectral cues for localiza-
tion with temporary conductive hearing loss (HL). However,
despite the fact that children with unilateral deafness have
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access to pinna cues in one hemifield, these are not helpful for
many sounds as they depend on high frequencies [6] and are
used more for elevation, not sufficient for horizontal
localization.

The effects of unilateral deafness extend beyond spatial
hearing to language development, with significantly poorer
spoken language than normal [7, 8], and slower rates of edu-
cational progress have been reported [9—11]. Social interaction
and daily activities, such as safely riding a bike or crossing the
street, can also be negatively impacted by unilateral hearing
loss [9-12], suggesting deficits to spatial awareness because
of impaired sound localization. Balance skills can also be
reduced in children with unilateral hearing loss [13], and this
along with the absence of binaural hearing may impact how
these children navigate their environments. The impact of uni-
lateral hearing loss in children has typically been minimized
by clinicians despite clear evidence of impairments in children
with a unilateral hearing loss relative to peers with normal
hearing [7, 14]. Unilateral hearing loss is also associated with
abnormal changes to resting/default networks and networks
important for cognitively demanding tasks, executive func-
tions, attention, working memory, performance monitoring,
etc. [15—-18]. The integrity of these networks correlates with
educational outcomes [15].

Possible Treatments for Unilateral Sensorineural Hearing
Loss in Children

Treatment options have been at times limited and/or inconsis-
tent for children with single-sided deafness. The trivialization
of the impact of unilateral hearing loss in the face of evidence
may be a reflection of these therapeutic limitations. While
cochlear implants (CI) are now considered standard of care
for bilateral severe to profound sensorineural hearing loss,
largely because conventional hearing aids typically do not
provide sufficient audibility even with high gain amplification
of sound, they have only recently been considered for individ-
uals with unilateral deafness. Thus, until recently, treatments
for unilateral listeners were limited to routing signal(s) from
the deaf ear to the contralateral hearing ear either through
conventional CROS aids or through bone anchored technolo-
gies. Our growing familiarity and use of cochlear implants in
the setting of bilateral hearing loss suggests that these devices
might be useful to treat unilateral deafness. Over the last sev-
eral years, a number of studies revealed benefit of cochlear
implant surgery in adult patients with deafness in one ear.
Initially, cochlear implants were used in an attempt to treat
intractable tinnitus in such adults. Van de Heyning et al. [19]
reported complete tinnitus cessation in a group of 3 of 22
adults with single-sided deafness after 6 months of CI use.
Additional hearing benefit was reported in other similar co-
horts of adults [19, 20] with significant improvement in
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speech perception in noise, sound localization ability, and
subjective hearing performance [4, 19-26].

Given the positive results of cochlear implantation in adults
with acquired unilateral deafness, it is possible that children
with single-sided deafness could also benefit from cochlear
implantation. Delay to implantation is likely to be a significant
contributor of benefit as shown by persistent aural preference
in children not only who were bilaterally deaf in early life but
also who received stimulation from a unilateral cochlear im-
plant for several years before bilateral implantation [27]. Early
reports of cochlear implantation in children with unilateral
deafness appear to be consistent with this. Improved speech
recognition in noise and sound localization were reported for
three children who received a cochlear implant after acquiring
deafness in one ear post-lingually [28] and of four children in
another study [29]. Outcomes were best in the two children
with limited duration of deafness, one child with congenital
single-sided deafness implanted at 17 months of age and one
child with acquired post-lingual loss in one ear post-
meningitis with a short duration of deprivation at 5 weeks.
In comparison, outcomes were poorer in the two children with
longer periods of early deprivation, congenital single-sided
deafness implanted at 4.5 and 6.8 years of age. Similarly,
Arndt et al. [4] presented results of 12 months follow-up of
a cohort of 13 children, demonstrating no evidence of binaural
benefits for two children with congenital unilateral sensori-
neural hearing loss implanted at 4.3 and 13.8 years of ages,
whereas a younger child (1.8 years) showed some clinical
evidence of benefits comprising of substantial improvements
in speech comprehension in noise and sound localization.
Arndt suggested that CI intervention should take place before
the age of 4 years in the setting of congenital deafness [4], but
larger cohorts of children within this range are needed to better
define the short and long-term benefits of cochlear implanta-
tion in children with unilateral sensorineural hearing loss [4,
7-12, 14, 30, 31].

Treatment of Unilateral Hearing Loss in Children Will
Depend on Etiology

Several factors could affect implantation in children with uni-
lateral deafness. A major contributor could be the etiologies
associated with unilateral rather than bilateral deafness. While
both can be caused by a variety of lesions of the inner ear and
central nervous system [31], cochlear nerve deficiency
(CND), a rare form of bilateral deafness, is a common cause
of unilateral deafness in children. In a series of magnetic res-
onance imaging (MRI) scans from 128 children with unilater-
al hearing loss, Clemmens and colleagues found cochlear
nerve deficiency in over 25%; the prevalence rose to 48% in
children with severe to profound single-sided deafness [30].
This means that cochlear implantation is not a treatment op-
tion for many children with unilateral deafness. Other
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recognized etiologies for congenital unilateral sensorineural
hearing loss are also important to consider, including congen-
ital cytomegalovirus (CMV) infections, cochleovestibular
anomalies and malformations (i.e., enlarged vestibular aque-
duct (EVA)), labyrinthitis, meningitis, premature birth, trauma
(cranio-cerebral injury), and auditory neuropathy [4, 30].
Importantly, this group of etiologies can be further subdivided
into those in which the prognosis of the hearing loss is expect-
ed to progress and those more likely to remain stable.
Likewise, in certain etiologies, the contralateral normal hear-
ing ear may also be at risk of eventual hearing loss for exam-
ple, as is the case for unilateral hearing loss due to congenital
CMYV [32]. In the present study, we present clinical character-
istics of children with unilateral deafness presenting to our
cochlear implant program for candidacy assessment for inclu-
sion in a clinical trial examining the benefit of unilateral
implantation.

Methods

Children with unilateral deafness were recruited under a study
approved by the Hospital for Sick Children research ethics
board (REB no. 10000002954). This portion of the study
consisted of a retrospective review of the charts of children
presenting to the clinic with severe to profound unilateral
deafness. All families met with members of the cochlear im-
plant team as part of the regular candidacy assessment.
Implant candidacy was determined by the team using a
Graded Profile Analysis [33].

Hearing evaluation consisted of ear-specific pure tone au-
diometric testing or auditory brainstem responses with imped-
ance measures.

When performed, imaging included non-enhanced magnet-
ic resonance imaging (MRI) of the brain and internal auditory
canal and/or low dose, non-enhanced high resolution comput-
ed tomography (CT) of the temporal bones. MRI was per-
formed on 3 T magnet utilizing a steady-state coherent axial
images and direct multi-planar T2-weighted images in order to
visualize labyrinth and nerves. Routine brain MRI was per-
formed at the same time. CT utilized low-dose (70 mAs) thin
sections (0.625 mm) limited to the petrous bones.

All available imaging was reviewed with a staff neuro-
radiologist (SIB). Specific attention was paid to
cochleovestibular anatomy, size of the internal auditory canal
(IAC), as well as size and symmetry of the cochlear nerve
canal on CT and cochlear nerve on MRI. MRI of the brain
was also assessed for any abnormalities, particularly any con-
fluent white matter changes, temporal lobe cysts, or cortical
dysplasias that may be suggestive of congenital exposure to
CMV [34]. CT imaging was assessed for brain calcifications
that may also suggest congenital CMV exposure; however, CT
imaging was typically limited to the petrous bones and,

therefore, would miss any supratentorial calcifications.
Likewise, MRI was blind to ossicular or window
abnormalities.

For children with available neonatal dried blood spots, po-
lymerase chain reaction (PCR) testing for CMV DNA was
performed. In these instances, the possibility of congenital
CMV as the underlying etiology could only be assessed by
the presence or absence of the characteristic central nervous
system findings seen on MRI brain as outlined above [34] in
cases where imaging had been performed.

All families were offered a comprehensive 80-gene next-
generation sequencing (NGS) panel, including genes associ-
ated with both syndromic and non-syndromic forms of hear-
ing loss.

Results

Our program assessed 49 children (35 boys and 14 girls) with
unilateral deafness (33 had left-sided deafness and 16 had
right-sided deafness) between July 2013 and February 2017.
The mean age at presentation to our clinic was 3.6 years (SD
4.5), but this represented two main age groups. The first group
(n = 39) consisted of young children (1.7 (SD 1.8) years of
age) who had congenital (n = 35), very early progressive uni-
lateral hearing loss (n = 3), or early sudden unilateral hearing
loss from bacterial meningitis infection (n = 1). The second
group (n = 10) was older (10.3 (SD 4.2) years of age) and
primarily included children with unilateral deafness, which
was acquired suddenly either through trauma (n = 6) or an
idiopathic mechanism (n = 2), and two children with what
was suspected to be late discovered congenital hearing loss
where a prolonged period of deprivation (> 4 years)
disqualified them from further participating in the study.

Audiometric Assessment

Ear-specific pure tone audiometric thresholds for all children
are shown in Fig. 1. Most of the children (47/49, 96%) had
unilateral sensorineural hearing loss with no evidence of mid-
dle ear involvement, and most of the children (46/49, 94%)
had unilateral profound sensorineural deafness. The mean
pure tone average at 500, 1000, and 2000 Hz (PTA) was 14
(SD 12) dB HL for the normal hearing ear and 95 (SD 12) dB
HL for the deaf ear. One child had severe to profound senso-
rineural hearing loss; two had better hearing at 250 Hz (mild to
moderate hearing loss), which sloped to profound at higher
frequencies. Two children had hearing thresholds outside the
normal limits at high frequencies in their better hearing ear;
one child had mild sensorineural hearing loss at frequencies
> 4 kHz and the other child had mild to moderate sensorineu-
ral hearing loss > 3 kHz. None had a conductive component,
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Fig. 1 Audiometric results. Pure ‘
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nor did any have abnormalities of the pinnae or external audi-
tory canal.

Etiologic Assessment

Etiologic workup included imaging, assessment for congenital
exposure to congenital CMV where possible, and genetic
evaluation when desired by the family. Etiology of the unilat-
eral sensorineural hearing loss was determined in 37/49 chil-
dren and remained unknown in 12/49. A summary of etiolo-
gies is found in Table 1. The findings of the specific investi-
gations relevant to etiology within our cohort are reviewed in
detail below.

Imaging
Magnetic Resonance Imaging

The majority (37/49; 76%) of children underwent radiologic
assessment of the brain and internal auditory canal using MRI.

4000500 1000 2000 4000

Frequency (Hz)

2000

The families of 10 children opted to not complete MRI, as
they were not interested in the surgical aspect of the study
(i.e., cochlear implantation). An additional two children did
not complete MRI due to concerns about extended duration of
deafness disqualifying them from candidacy. Of the 37 chil-
dren who underwent MR imaging, over a third (12/37; 32%)
demonstrated aplasia/hypoplasia of the cochlear nerve (Fig.
1), 8/37 (22%) children showed evidence of non-specific
white matter changes associated with congenital CMV) [34],
and 6/37 of whom (16%) also had temporal lobe cysts (Fig. 2).
Four children (4/37; 11%) demonstrated cochleovestibular
anomalies: these were two children with EVA, one child with
incomplete partition type 1 (IP-1) (Fig. 3), and one child with
mild modiolar deficiency. Four of the children, where the pre-
dominant cause of deafness was identified to be an absent
cochlear nerve on MRI, also demonstrated labyrinthine abnor-
malities, which included three children with mild modiolar
deficiency and one child with a cystic cochlea and remnant
superior semicircular canal. One child had intra-labyrinthine
hemorrhage due to a severe arteriovenous malformation

Table 1 Distribution of the

etiology of deafness in the entire Etiology of deafness

Number (total = 49) Number Implanted (total = 17)

cohort and the implanted cohort
Cochlear nerve aplasia/hypoplasia®

Unknown

Congenital cytomegalovirus
Post-traumatic®

Idiopathic sudden SNHL

Enlarged vestibular aqueducts (EVA)*

Hypoplastic cochlea and modiolus
Incomplete partition Type 1
Intralabyrinthine hemorrhage
Meningitis (E. coli)

12

—_ =
[\

_ = = NN Oy —
—_ 0 O O = = U — O

#One child had EVA and head trauma and another had cochlear nerve hypoplasia and EVA
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Fig. 2 Cochlear nerve dysplasia.
Axial T2W (a) demonstrates a
normal right cochlea and
modiolus. Axial T2W (b) reveals
aplasia of the CNC (arrow).
Direct parasagittal T2W (¢) image
demonstrates four nerves in the
IAC, (d) while the cochlear and
vestibular nerves are not
identified on the contralateral side
(short arrow)

involving the right temporal lobe, thalamus, and basal ganglia
(Fig. 4). Vestibular abnormalities were observed in two of the
10 children whose unilateral deafness was acquired after trau-
ma to the head. In both cases, loss of signal within the laby-
rinth suggesting post-traumatic labyrinthitis ossificans was
noted, most prominently in the lateral semicircular canal
(Fig. 5). The remaining 10 children demonstrated no abnor-
malities on MR imaging.

Fig. 3 Congenital
cytomegalovirus. Sagittal T2-
weighted image (a) reveals a large
temporal pole cyst (arrow). Axial
FLAIR image (b) shows
confluent patches of white matter
in the frontal lobe (arrow) and
periatrial regions typical for
congenital TORCH (CMV)
infection

Computed Tomography

Twenty percent (10/49) of children underwent non-enhanced
high-resolution computed tomography (CT) of the temporal
bones. The indication for CT imaging was a post-traumatic
hearing loss in 5/10 and post-meningitic hearing loss in 1/10
(Fig. 6). The remaining 4/10 children had had CT imaging
performed by their referring physician as part of their etiologic
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Fig. 4 Incomplete partition type
1. Axial T2W image (a) through
the basal turns of the cochlea
demonstrate asymmetry. The left
(arrow) is bulbous. Contiguous
T2W image (b) demonstrates a
normal right cochlea, vestibule,
and horizontal semicircular canal.
On the left, the cochlea (short
arrow) is amorphous, bulbous,
and lacking a modiolus. The
vestibule is enlarged (long arrow),
and the central bone island of the
horizontal semicircular canal is
smaller than the contralateral side.
Findings are typical for IP1
malformation

workup, prior to presentation to our clinic. Of the six children
presenting with a history of traumatic injury to the temporal
bone or inner ear leading to SNHL, 5 children underwent CT.
Of these, ossification of the horizontal canal was observed in
one child (Fig. 5), temporal bone fracture with otic capsule
violation in another child, and evidence of stapes
suprastructure lying within the vestibule in a third child. The
remaining two CT scans were normal, and the one child who
received only MRI also had a normal scan.

Genetic Evaluation

All families were offered a comprehensive 80-gene NGS pan-
el which included genes associated with both syndromic and

Fig. 5 Arteriovenous
malformation. Axial enhanced
CT (a) demonstrates a massive
arteriovenous malformation
(arrow). Coronal T2W image (b)
again shows the massive AVM
(arrow) in addition to temporal
lobe atrophy. The cochlea on the
right (arrow) is normal in signal
and symmetrical with the
contralateral side
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non-syndromic forms of hearing loss. None were completed
pre-operatively although 15/49 children had samples taken at
the time of cochlear implantation. In total, three results were
still pending at the time of writing this review, four children
demonstrated no pathogenic variants in GJB2/GJB6 while the
remainder of the NGS panel is pending. Of the remaining
eight children who had completion of the NGS panel, none
demonstrated pathogenic variants; however, all but one had
variants of uncertain significance.

Congenital Cytomegalovirus

The majority of children (38/49; 78%) included in the present
study had a dried blood spot taken at birth available for
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Fig. 6 Post-traumatic ossifying
labyrinth. Axial CT (a) reveals a
linear fracture (short arrow)
entering the vestibule. There is
increased density within the
horizontal semicircular canal
(long arrow) consistent with
labyrinthine ossification. T2W
axial image (b) in the same child
reveals loss of signal in the
semicircular canal (arrow).
Coronal T2W image (c) confirms
loss of signal in the left superior
and horizontal semicircular canals
(long arrow) when compared with
the contralateral side

polymerase chain reaction (PCR) testing for CMV DNA.
Eleven children did not have the dried blood spot available
for assessment, either because they were born elsewhere or
their specimens could not be located or had been discarded.
In these instances, the possibility of congenital CMV as the
underlying etiology could only be assessed by the presence or
absence of the characteristic central nervous system findings
seen on MRI brain as outlined above [34], if it had been
performed. As a result, most (46/49, 94%) children could be
assessed for congenital CMV by dried blood spot (DBS) test-
ing either by PCR or by MR Imaging findings. The PCR test
for congenital CMV DNA on their dried blood spot was pos-
itive in nine children. In another two children, the diagnosis of
congenital CMV was based on MRI findings as outlined
above, one of which had a negative DBS for CMV and one
whose DBS was not available, as he was born in another
province. Neither of these children went on to implantation.
Six of the children whose dried blood spot showed evidence
of CMV DNA were interested in cochlear implantation and
thus underwent MRI; all six (100%) showed brain changes
associated with congenital CMYV, thus further confirming the
diagnosis. In summary, a total of 11/49 children were consid-
ered to have an etiology of cCMV in our cohort. Of the 11
children, 7 underwent unilateral cochlear implantation, and
the remaining 4 families opted against implantation.

Decision to Pursue Cochlear Implantation

Of'the 49 children that presented with single-sided deafness to
our clinic, 15 were not considered candidates for cochlear
implantation by the cochlear implant team using the Graded
Profile Analysis [33]. Of note, this workup includes an assess-
ment of realistic expectations of the implant by the family and
child, where appropriate [33]. Twelve of these 15 children had
aplasia’hypoplasia of the cochlear nerve, 2 children had longer
durations of deafness (> 4 years) than was initially appreciated
at presentation, and 1 child’s hearing thresholds in the poor ear
suggested sufficient residual hearing to make use of a hearing
aid in that ear. Of the remaining 34 children, 17 families
elected not to pursue cochlear implantation. This decision to
not be included in the surgical arm of the study was made by
families at various time points throughout the candidacy as-
sessment. Of note, 10 families made this decision before im-
aging was performed, citing concerns, which included risks of
the general anesthesia needed to obtain the imaging. It is ex-
pected that some of these 10 children would have had cochlear
nerve aplasia/hypoplasia and have been excluded on those
grounds. Of the children who went on to have imaging, where
cochlear nerves were present, seven additional families decid-
ed not to pursue implantation once the entire candidacy pro-
cess was known. In the remaining 17 children who were
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considered candidates for cochlear implantation of the poorer
ear, 16 have been implanted to date and 1 is scheduled for
surgery. The etiologies of deafness in these 17 children
(Table 1), from most common to least, were congenital
CMV (7/17, 41%), traumatic injury (4/17, 24%), noise in-
duced trauma (1/17, 6%), meningitis (1/17, 6%), enlarged
vestibular aqueduct (1/17, 6%), idiopathic hearing loss
(1/17, 6%), and unknown etiology (2/17, 12%).

Discussion

Data from the present study confirms a high prevalence (32%)
of cochlear nerve dysplasia in children presenting with unilat-
eral severe to profound sensorineural hearing loss. While still
a predominant cause of single-sided deafness, the prevalence
of cochlear nerve dysplasia in our study was less than the
nearly 50% previously reported in a similar cohort [30].
Children presenting with unilateral cochlear nerve dysplasia
are not candidates for cochlear implantation. While the path-
ophysiology responsible for cochlear nerve dysplasias re-
mains unknown, it is hypothesized to represent a defect in
embryogenesis. What remains equally unclear is the patho-
physiology underlining the predilection for it to be a unilateral
deficit in the great majority of cases. The prevalence of bilat-
eral cochlear nerve dysplasias was much lower. Specifically,
bilateral cochlear nerve dysplasias are reported to be in the
order of 5% [35] with the degree of stenosis related to hearing
deficit [36] and ultimately performance with cochlear im-
plants where indicated [37].

While unilateral cochlear nerve dysplasias are well known
to represent the most common cause of unilateral sensorineu-
ral hearing loss in children, the current study highlights also
the high prevalence of congenital CMV (24%) in our cohort.
This prevalence is in keeping with that reported by several
prevalence studies of congenital CMV in children presenting
with any form of sensorineural hearing loss [38—42].

If we then exclude the children with cochlear nerve dyspla-
sia (n = 12), as they are not candidates for implantation, as
well as other non-candidates (n = 2), children with congenital
CM V-related unilateral sensorineural hearing loss make up the
largest proportion of children (11/34, 32% in the present co-
hort) who are candidates for unilateral cochlear implantation.
In addition to being the most common cause, the characteris-
tics and behaviors of sensorineural hearing loss due to con-
genital CMV also make these children particularly relevant
candidates for early single-sided implantation. Specifically, it
is known that sensorineural hearing loss from congenital
CMYV carries a high risk of progression, in both the ear with
hearing loss and the normal hearing ear. In their cohort of
children with asymptomatic congenital CMV, Lanzieri et al.
demonstrated that 65% of children experienced progression in
their poorer hearing ear and, of particular relevance to the
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current study, 45% experienced progression in the better hear-
ing ear [32]. This group also demonstrated that those children
presenting with either congenital or early progressive pro-
found unilaterally sensorineural hearing loss developed bilat-
eral hearing loss in 75% of cases. Considering the risk of
progressive deterioration in the better hearing ear [32], the role
of early unilateral implantation in the presence of normal con-
tralateral hearing may be viewed as the first stage in preserv-
ing consistent bilateral auditory access over a lifetime. While
our cohort of children with cCMV were infants, our historical
experience, which is supported by the Lanzieri et al. study,
demonstrates that progressive loss in the contralateral normal
hearing ear can occur over a highly variable and, at times
protracted, time frame. Lanzieri et al. demonstrated that the
median time to bilateral hearing loss in children presenting
with congenital or early progressive profound loss, similar to
those children in our study, was 4 years, ranging from
4 months to 18 years [32]. If progression to bilateral loss
occurs early, any aural preference created as a result of asym-
metric auditory input should be resolvable following bilateral
implantation. If however one ear experiences a long period of
deprivation before the other ear develops hearing loss within
the range of implant candidacy, the induced cortical
asymmetries are expected to persist following bilateral im-
plantation, which in turn would yield limits on functional per-
formance. As a result, a strategy that leads to implanting the
poorer ear early will protect against the development of ab-
normal aural preference in children with contralateral normal
hearing. In the absence of such a strategy, and in the presence
of long durations of asymmetric auditory development, the
cortex will reorganize to prefer the better ear while waiting
to implant, and these changes will not be resolved after, on
average, 2 years of bimodal use [43]. In addition, our data
suggests that children who experience progressive hearing
loss will do well with an implant once hearing deteriorates
to the point of meeting candidacy for implantation.
Specifically, we have shown that children who were implanted
later/had longer periods of hearing aid use did better on some
music perception tests. Their duration of hearing aid use relat-
ed to their degree of hearing at 250 Hz so we suggested that
the better music perception was due to the period of residual
low-frequency hearing pre-implantation [44, 45]. The risk of
progressive deterioration in the only hearing ear could be a
major factor involved in families’ decision to choose unilateral
implantation for their children with unilateral deafness after
congenital CMV. Specifically, the majority (7/11, 64%) of
children with congenital CMV went on to agree to
implantation.

In addition to cochlear nerve dysplasias and congenital
CMY, the prevalence of unilateral sudden deafness was also
very high in our cohort (7/49, 14%) with the most common
cause being secondary to temporal bone trauma (5/49, 10%).
If we again exclude the children with cochlear nerve
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dysplasia, as well as other non-candidates for implantation,
children with sudden unilateral sensorineural hearing loss
make up 20% (7/34) of children who are potential candidates
for unilateral cochlear implantation, with traumatic injury be-
ing the underlying etiology in the majority, making up 15%
(5/34) of our potentially “implantable cohort.” Similar to our
cohort of children with congenital CMYV, the acceptability of
implantation to families of older children with sudden onset
loss was remarkably high, with all but one child who present-
ed with sudden single-sided deafness due to temporal bone
trauma, choosing to proceed with cochlear implantation.
This is in contrast to the large proportion of infants (16/27,
59%) who presented with congenital or early unilateral hear-
ing loss who elected not to proceed with intervention a num-
ber of which did not even wish to complete candidacy assess-
ment. There are likely several factors that contribute to this
difference. First, this may speak to the impact of the sudden
onset of the deficit in a child who has had access to binaural/
bilateral hearing and experiences a sudden change.
Essentially, these children are acutely aware of what they are
missing. This is in keeping with adult data, which suggests a
significant and prolonged impairment in quality of life follow-
ing the onset of sudden unilateral deafness. Improvements in
quality of life appear to occur in proportion with the intensity
of the auditory rehabilitation in these individuals as well as the
prevalence of associated tinnitus and vertigo [46]. Likewise,
there also appears to be an acute adjustment phase, which is
mirrored by cortical reorganization, with much of this change
occurring in the first 12 to 18 months following the loss [47,
48]. Secondly, children with sudden unilateral sensorineural
hearing loss were older and could actively relay their per-
ceived deficits and, as a result, share the burden of the decision
making with their caregivers. This is in contradistinction to
infants with unilateral sensorineural hearing loss where the
burden of decision making fell exclusively to the caregivers.
Following from this, what has become apparent to our im-
plant team through the social work interviews conducted with
these families is the distinct challenges these families face in
deciding whether or not to proceed with unilateral implanta-
tion under our experimental protocol. While families present-
ing for implantation with a child with bilateral hearing impair-
ment face their own challenges, the non-acceptance rate for
implantation in this cohort is exceedingly low. In comparison,
half of potential candidates for our study did not proceed to
implant, with many not even wishing to complete some parts
of the candidacy assessment. We have eluded above to some
of the factors that we think contribute to a family’s decision to
proceed with implantation, including risk of hearing loss in
the contralateral ear as well as sudden onset of hearing loss
and will no doubt learn more about the characteristics of these
children and their families as the study continues. There is no
doubt that the “optional” nature of participation, the invasive
nature of the intervention, and the unknown long-term

benefits of unilateral implantation act as significant stressors
for these families and should not be underestimated. The bur-
den of decision making for these families needs to be actively
managed by the implant team, and in our center, this is done
through universal evaluation and individual counseling by
social work.

The long-term impact of early unilateral implantation in
our cohort of children with single-sided deafness and limited
duration of auditory deprivation will be seen over the next
decade. However, early findings in our initial cohort are prom-
ising. Simply put, children who underwent implantation wear
their devices. Specifically, datalog information available from
the implant speech processor in the first seven implanted chil-
dren indicates that they wear their devices consistently from
the date of activation for on average 7.4 (SD 1.7) h/day [49].
Broken down by age, two teenagers with sudden sensorineural
hearing wore their devices for approximately 10 h/day, pre-
schoolers approximately 7 to 9 h/day, and toddlers approxi-
mately 4 to 5 h/day, which is typical for this age group given
their daytime sleeping pattern and similar to that of children
with bilateral cochlear implants. Beyond duration of use, these
children are wearing their devices in a variety of situations
including noisy environments [49]. Finally, the children in
our cohort wore their implant more than children who have
lesser degrees of unilateral hearing loss and use a hearing aid
in the worse ear [49].

Beyond usage, a number of studies report early findings
suggesting benefits to spatial hearing in children who undergo
implantation in treatment of unilateral hearing loss [2, 4]. Our
own early data demonstrates that while the cortical responses
to the deaf ear stimulated with a cochlear implant in young
children with limited duration single-sided deafness are unex-
pectedly abnormal, these responses rapidly resolve and nor-
malize within 6 months in the majority of children (4/5) [50].

In summary, even though implantation as a treatment for
single-sided deafness is currently not considered standard of
practice and the decision to proceed with implantation is a
challenging one, half of those families whose children are
candidates chose intervention. If willingness to proceed is a
marker of true or perceived disability from single-sided deaf-
ness and our early usage and cortical data are an indication of
benefit following implantation in this population, the rehabil-
itation strategies for short duration single-sided deafness in
children may routinely include implantation in the future.

Conclusions

Our cohort of children who have limited durations of unilat-
eral deprivation reveals both expected and novel findings
about their etiologies of deafness. While the high rate of co-
chlear nerve hypoplasia/aplasia would have been predicted,
there was a high proportion of children whose unilateral
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deafness was associated with congenital CMV or acquired
after injury. The congenital CMV group provides an ideal
opportunity to prospectively follow potential deterioration of
hearing in their better ear to determine whether early implan-
tation of the deaf ear protects lifelong bilateral hearing.
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