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Abstract
Objective: To describe the concomitant imaging and genetic findings in children diagnosed with non-syndromic
unilateral sensorineural hearing loss.

Methods: A retrospective cohort study was conducted of 60 children diagnosed between January 2005 and
December 2015 in a tertiary-level paediatric institution.

Results: Average age at diagnosis was 4.3 years. All children were considered non-syndromic. Hearing loss was
categorised as mild (17 children), moderate (17 children), severe (7 children) or profound (19 children). Imaging
was performed in 43 children (71.66 per cent). Nineteen patients (44.2 per cent) had positive computed
tomography or magnetic resonance imaging findings. Genetic testing was performed in 51 children (85 per
cent). Sixteen children (31 per cent) tested positive to connexin 26 (GJB2); 1 patient (2 per cent) had a
homozygous mutation of GJB2 and 15 were heterozygous carriers. Amongst children who tested positive as
heterozygous carriers of a GJB2 mutation, there was a high rate of positive imaging findings (47 per cent
compared to 37.2 per cent in the total cohort). A genetic abnormality was confirmed in 50 per cent of children
with positive imaging findings who underwent genetic testing.

Conclusion: Rates of concomitant imaging and genetic findings suggest that both investigations are of value in
the study of these patients.
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Introduction
Paediatric unilateral sensorineural hearing loss (SNHL)
is diagnosed more often and at an earlier age as a result
of the wide international implementation of universal
newborn hearing screening programmes. Previously
published studies have shown that unilateral SNHL
may present with adverse effects on speech and lan-
guage development, behaviour, and school perform-
ance.1–4 The estimated prevalence in school children
is 3–5 per cent.5,6

Worldwide implementation of universal newborn
hearing screening has recently allowed better under-
standing of the timing of unilateral SNHL onset, and
differentiation between congenital and acquired
hearing loss. Computed tomography (CT) and mag-
netic resonance imaging (MRI) scans are an integral
part of the clinical investigations, although it is still
controversial as to which type of scan should be per-
formed first and if there is a role for both. This study
aimed to examine the various concomitant radiological
and genetic abnormalities in a cohort of non-syndromic
children with unilateral SNHL.

Materials and methods
A retrospective case series was conducted, comprising
60 children diagnosed with unilateral SNHL between
January 2005 and December 2015 in a tertiary-level
paediatric institution in Auckland, New Zealand. The
study was approved by the local Auckland District
Health Board ethical committee (ethical approval refer-
ence: 16/NTA/19).
All caregivers of newly diagnosed children with uni-

lateral SNHL were counselled in the clinic by a paedi-
atric otolaryngologist. Careful clinical history and
physical examination findings were obtained prior to
embarking on further investigations. All children
were reviewed by a paediatrician to rule out associated
syndromes; only non-syndromic children were consid-
ered for inclusion in the study.
The universal newborn hearing screening pro-

gramme was implemented in specific areas around
New Zealand from July 2007. The programme was
later expanded, and, since April 2010, all New
Zealand born babies are screened. Automatic auditory
brainstem response (ABR) testing is the first-line

Accepted for publication 21 March 2017 First published online 27 June 2017

The Journal of Laryngology & Otology (2017), 131, 688–695. MAIN ARTICLE
©JLO (1984) Limited, 2017
doi:10.1017/S0022215117001219

https://doi.org/10.1017/S0022215117001219 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215117001219


screening tool in our programme. Babies who do not
pass screening for one or two ears are referred to audi-
ology services, and formal ABR testing is completed.
Babies who are confirmed to have hearing loss are
urgently referred to our paediatric otolaryngology
unit at Starship Children’s Hospital, Auckland. We
aim to complete diagnostic testing by three months of
age and provide appropriate amplification by six
months of age.
Age-appropriate audiometry with air and bone

thresholds was available for all patients included in
this cohort. Auditory brainstem response testing was
performed on children who were either too young or
unable to co-operate with behavioural audiometry.
See Table I for our management protocol for children
with newly diagnosed SNHL.7

Demographic data were collected, including age at
diagnosis and ethnicity. Pre- and post-natal risk
factors were assessed, including: maternal alcohol
and/or drug abuse; gestational diabetes mellitus; gesta-
tional hypothyroidism; gestational toxoplasma, others
(syphilis), rubella, cytomegalovirus (CMV) and
herpes (‘TORCH’) exposure; prematurity; birth
weight of less than 1500 g; jaundice; ventilation for
more than 4 days; ototoxic medication exposure; and
family history of hearing loss. Cytomegalovirus
testing was performed in babies aged less than six
months. Cytomegalovirus was tested with a polymerase
chain reaction assay using blood retrieved from the
newborn Guthrie card test.
Imaging was conducted as part of the routine inves-

tigation, and included CT scanning and/or MRI of the
temporal bones and brain. Some caregivers preferred to
delay imaging until an older age.
Parental consent for genetic evaluation was obtained

for 51 children. A multi-gene screening panel (micro-
array) was used to test for 11 possible genetic abnor-
malities. Blood samples were taken from each child
at our institute and one sample per child was sent for

testing. The genotyping took place at Asper Biotech
laboratory, Tartu, Estonia.
The inclusion criteriawere: any newly diagnosed child

with unilateral SNHL, aged 0–15 years. The exclusion
criteria were: any diagnosed syndrome, mixed SNHL
and conductive hearing loss, asymmetrical bilateral
SNHL, and inconsistent audiometry results.

Unilateral sensorineural hearing loss

Unilateral SNHL was defined as bone conduction
hearing thresholds over 25 dB in any three consecutive
frequencies in the worse ear. In addition, the better ear
did not have any three consecutive frequencies with
hearing loss over 20 dB.

Hearing loss severity

Hearing loss was classified as mild (25–45 dB HL),
moderate (46–70 dB HL), severe (71–90 dB HL) or
profound (more than 90 dB HL). High-frequency
hearing loss was considered if the lowest abnormal fre-
quency was more than 2 kHz. Low-frequency hearing
loss was considered if the highest abnormal frequency
was less than 2 kHz.

Genetic testing

Sensorineural hearing loss can follow a pattern of auto-
somal dominant, autosomal recessive, X-linked reces-
sive or mitochondrial inheritance. Targeted mutation
analysis was performed using DNA microarray for the
genotyping of 11 different genes known to be correlated
with non-syndromic SNHL, including: GJB2 (OMIM®

entry: 121011), GJB3 (OMIM entry: 603324), GJB6
(OMIM entry: 604418), KCNQ4 (OMIM entry:
603537), MYO7A (OMIM entry: 276903), MYO15A
(OMIM entry: 602666), MTRNR1 (OMIM entry:
561000), MTTS1 (OMIM entry: 590080), SLC26A4
(OMIM entry: 605646), SLC26A5 (OMIM entry:
604943) and TMC1 (OMIM entry: 606706).8 A total
of 249 detectable mutations were tested from each

TABLE I

STARSHIP CHILDREN’S HOSPITAL HEARING LOSS INVESTIGATION PROTOCOL

Service Who to refer Additional information

Otolaryngology All patients
Ophthalmology All patients 50% may have eye abnormalities, especially refractive errors,7 retinopathy from intra-uterine

infection, retinitis pigmentosa, cataracts, severe myopia
Audiology All patients Screen all first-degree relatives with audiometry
Genetic services Selected

patients
Where family request further information about cause of deafness, especially if concerned about

recurrence risks, are planning pregnancies, or want to discuss pre-natal testing or pre-
implantation gestational diagnosis. Where there is a family history of deafness. Patients with
syndromes. Patients with deafness & other features raising concerns of possible genetic
condition

Paediatric clinic Selected
patients

History of developmental delay. Medical or syndrome diagnosis & management

Speech & language
therapy

All patients

Radiology All patients MRI scan

MRI=magnetic resonance imaging
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sample. Criteria for assigning a variant as pathogenic or
benign are based on scientific publications and data
available from relevant databases (ClinVar, ExAC,
Ensembl and so on). All detected variants were con-
firmed by Sanger sequencing. The data were analysed
using Genorama® Basecaller™ and PicDB™ software.
A full list and information on the tested genes (hearing
loss pathologies and analysed mutations) are shown in
Appendices I and II (available in the online version of
this article).
This specific array for SNHL was used for the ana-

lysis of 1282 samples, conducted in Asper Biotech
laboratory. Seven false negatives and zero false posi-
tives were detected with the particular array. The sensi-
tivity and specificity of this method are as follows:
sensitivity= (true positives / (true positives+ false
negatives))= 1275 / 1282= 0.9945 (99.4 per cent);
and specificity= (true negatives / (true negatives+
false positives))= 1282 / 1282= 1 (100 per cent).

Statistical analysis

Statistical analysis was performed using chi-square
analysis and Fisher’s exact test. The significance
level was set at p< 0.05.

Results
A total of 60 children with unilateral SNHL were
included in this cohort. The average age at diagnosis
was 4.3 years. Sixteen children were diagnosed at
birth following a referral from the newborn hearing
screening programme. Forty-one children were diag-
nosed at a later age, all of whom were born prior to
the universal implementation of the hearing screening
programme. The median age at diagnosis of this sub-
group of patients was 6.3 years. There were no data
on the age at diagnosis of three children.
All children were considered non-syndromic.

Hearing loss was categorised as mild (17 children),
moderate (17 children), severe (7 children) or profound
(19 children). A total of 51 patients completed genetic
testing. Table II shows the genetic test results according
to hearing level.
The cohort was comprised of children living in or

around Auckland, New Zealand. Regarding the ethni-
city of the children, 25 (42 per cent) were European,
14 (23 per cent) were Asian or Indian, 10 (17 per
cent) were Maori, 6 (10 per cent) were Pacific islanders

(Tonga, Samoa and so on), and 5 (8 per cent) were
Middle Eastern, Arab or African.
Post-natal risk factors were assessed for all children

in this cohort. Fifteen children (25 per cent) suffered
from jaundice, six (10 per cent) were premature, five
(8.33 per cent) had a positive family history of
hearing loss, five (8.33 per cent) were admitted to the
neonatal intensive care unit, two (3.33 per cent) were
ventilated for more than 4 days and one child received
an ototoxic medication. Seventeen children (28.33 per
cent) had only one risk factor, four (6.66 per cent) had
two risk factors, two (3.33 per cent) had three risk
factors and one child had four risk factors.
We also reviewed possible pre-natal risk factors,

such as: gestational diabetes mellitus; fetal alcohol
exposure; hypothyroidism; and toxoplasma, others
(syphilis), rubella, CMV and herpes exposure. Two
children had gestational exposure to alcohol and one
mother had gestational diabetes mellitus.
No patient had a history of meningitis. No patient

was suspected to suffer from syphilis; however, eight
patients were tested and found negative for this infec-
tion. Ten patients tested negative for congenital CMV
infection and one patient tested positive for this condi-
tion. The genetic testing and CT scan for the CMV-
positive patient were reported as normal.

Radiology

Computed tomography and/or MRI were performed in
43 children (71.66 per cent). Of the children who
underwent CT and/or MRI scanning, 27 (62.8 per
cent) had negative findings. Nineteen patients (44.2
per cent) had positive scan findings; of these, nine
had a CT scan, seven had an MRI scan, and three
underwent both CT and MRI scanning.
Eight patients (50 per cent) with positive imaging

findings had positive genetic test results, and eight
patients (50 per cent) with positive imaging findings
had negative genetic test results. As might be suggested
from these rates, a comparison of both groups did not
yield a statistically significant difference (p= 0.3069).
Three patients with positive imaging findings did not
have a genetic evaluation. Hence, for those children
who underwent scanning and were tested genetically,
there was a 50 per cent likelihood of having a genetic
abnormality if the scan findings were positive. In the

TABLE II

GENETIC TEST RESULTS ACCORDING TO HEARING LEVEL∗

Parameter Mild hearing
loss (25–45 dB)

Moderate hearing
loss (46–70 dB)

Severe hearing
loss (71–90 dB)

Profound hearing
loss (>90 dB)

Total

Children (n) 14 15 7 15 51
Positive genetic result (n (%)) 6 (42.85) 4 (26.66) 0 6 (40) 16 (31.4)
Negative genetic result (n (%)) 8 (57.15) 11 (73.33) 7 (100) 9 (60) 35 (68.6)

∗For the 51 patients who completed genetic testing
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cohort overall, the likelihood of having a genetic abnor-
mality was 31 per cent.
Ten patients (23 per cent) were found to have an

absent or abnormal cochlear nerve on MRI or CT.
Six patients were found to have an absent cochlear
nerve on MRI. Four patients were found to have a
small cochlear aperture or narrow internal auditory
canal on CT, which was regarded as suggestive of an
abnormal or absent cochlear nerve in the context of
normal homolateral facial nerve examination findings.
Cochlear dysplasia was seen in four patients (9 per

cent); three of these patients were diagnosed using
CT and one with MRI. Three children (7 per cent)
were found to have an enlarged vestibular aqueduct
on CT. Only one of these patients had the unilateral
enlarged vestibular aqueduct on the same side as the
unilateral SNHL; the second patient had bilateral
enlarged vestibular aqueducts and the third patient
had a contralateral enlarged vestibular aqueduct.
See Table III for a description of the imaging find-

ings in the children with positive radiology results.

Genetic results

Sixteen children in this cohort (31 per cent) had positive
genetic results. One child had a homozygous mutation
of GJB2. The heterozygous carrier rate for GJB2muta-
tions amongst our cohort was 29 per cent (15 children).
Seven children with different CT and/or MRI abnor-
malities tested positive as heterozygous carriers of a
GJB2 mutation. Seven of 15 children with positive
carrier status forGJB2mutations (47 per cent) had posi-
tive imaging findings. Nine (31 per cent) of the 29 chil-
dren with negative genetic results and unilateral SNHL
had positive imaging findings. Comparisons of children
with various imaging findings and positive versus nega-
tive genetic results showed a trend toward an association
between positive imaging findings and positive genetics
results, although the findings did not reach statistical sig-
nificance (p= 0.15). No association between ethnicity
and genetic results was demonstrated.

Discussion
Early diagnosis of paediatric unilateral SNHL is import-
ant to promote better speech and language abilities,
coupled with improved child behaviour and academic
outcomes. Treatment modalities include classroom
modifications, speech and language therapy, hearing
amplification, a contralateral routing of signal (‘CROS’)
aid (with or without a bone-anchored device), and coch-
lear implantation.9

Imaging is an important part of the clinical investiga-
tion for children with unilateral SNHL, as it may reveal
an underlying structural abnormality. The presence of
an enlarged vestibular aqueduct, for example, is signifi-
cant, as affected patients are at risk of progressive
hearing loss, especially if secondary to head trauma.
This finding has important implications for the patient
and family, and the avoidance of contact sports might
be suggested (as head trauma may be a concomitant

risk factor). Genetic analysis as part of unilateral
SNHL evaluation is frequently considered. It may aid
understanding of hearing loss aetiology, which often
allows ‘closure’ and facilitates family counselling
regarding the risk of hearing loss in future pregnancies.
Historically, unilateral SNHL was believed to have

little consequence on a child’s development, and,
prior to the implementation of the universal newborn
hearing screening programme, it was usually diagnosed
late. However, there is an increasing body of evidence
to suggest that unilateral SNHL may affect speech and
language development, behaviour, and academic
achievements.1–4,10 This has enhanced our understand-
ing of the importance of early diagnosis, which allows
the prompt institution of interventions such as those
mentioned above.
Ghogomu et al. studied the epidemiology of unilat-

eral SNHL before and after implementing a universal
newborn hearing screening programme.11 They
showed that, prior to screening, only 3 per cent of
patients were identified by the age of six months, com-
pared to 42 per cent after screening started. They
reported that a significant number of patients (60 per
cent) were not detected by the universal screening pro-
gramme and were likely to develop hearing loss later in
life.11 This finding underscores the importance of con-
tinued awareness regarding hearing loss, even after suc-
cessfully passing a newborn screening test.
In New Zealand, a behavioural screening hearing test

is routinely performed for children of early school age
(the ‘B4 school assessment’), and this has resulted in
new unilateral SNHL referrals to our service. This
explains the average age at presentation in this cohort
(4.3 years), with a population mainly consisting of
babies who did not pass the newborn hearing screening
and children who failed school-age hearing screening.
We believe that this routine school-age screening
remains important in the era of universal newborn
hearing screening programmes.
Haffey et al. reviewed unilateral SNHL evaluation in

children, and suggested that genetic testing be recom-
mended for patients with risk factors or abnormal clin-
ical examination findings.12 Fourteen patients out of a
cohort of 89 pursued genetic evaluation, and 3 (21 per
cent) of the 14 children were confirmed to be heterozy-
gous carriers of the connexin 26 mutation. They sug-
gested that CT be the first radiological modality to be
used in children with unilateral SNHL and that MRI
should be considered in children with negative CT find-
ings. They did not comment regarding any possible cor-
relation between genetics and radiological findings.
Lee et al. investigated the audiological and temporal

bone findings in a cohort of children with hearing loss
and GJB2 mutations.13 They conducted a retrospective
review of patients with SNHL, both bilateral and unilat-
eral. Fifty-four patients in this cohort had unilateral
SNHL. Three patients tested positive as heterozygous
carriers of a GJB2 mutation and 51 had negative
genetic results. Amongst all patients with GJB2
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TABLE III

IMAGING FINDINGS OF CHILDREN WITH POSITIVE RADIOLOGY RESULTS

Age at
diagnosis
(years)

Sex Hearing
loss side

Hearing
level (dB)

CT findings MRI findings Genetics test results

4 M Right 100 Right IAC stenosis & absent auditory nerve Heterozygous: c.79G>A &
c.341A>G

5 M Left 60 Cochlear dysplasia Negative
6 M Left 65 Bilateral inner-ear dysplasia. Left cochlear nerve aperture was

abnormally small
Negative

5 M Right 86 Mild to moderate vestibular aqueduct enlargement bilaterally.
Bony structures were otherwise of normal appearance

Negative

13 M Right 95 Right inner-ear dysplasia, with small lateral
semicircular canal & large vestibule. Less severe
hypoplasia of left lateral semicircular canal

Heterozygous, non-coding
region

8 F Right 25 Normal A small vascular loop entered mouth of left internal
acoustic meatus

Heterozygous: c.109G>A &
c.299_300delAT

<1 F Left 100 Absent cochlear division of left vestibulocochlear nerve Negative
7 M Left 70 Left cochlear dysplasia Heterozygous: c109G>A,

c380G>A
<1 M Right 60 Right EAC stenosis. Left vestibular dysplasia Right cochlear nerve aplasia. Left temporal arachnoid

cyst
Heterozygous: c.109G>A,

c.79G>A & c.341A>G
13 M Left 40 Enlarged vestibular aqueduct on right Negative
<1 M Right 50 Right cochlear aqueduct was small, right vestibular aqueduct

was large
Cerebral dysmorphic changes Chromosome 13 deletion or

duplication, involvement of
GJB2

11 F Right 95 Very small cochlear aperture on right, with a globular
appearing vestibule & abnormal lateral semicircular canal.
By comparison, left cochlear aperture was enlarged

Negative

6 F Right 45 Small aperture for right cochlear nerve Not done
3 M Left 95 Soft tissue opacification within Prussak’s space on left, with

no bony erosion to confirm cholesteatoma
Not done

<1 M Right Profound White matter abnormality; cochlear nerve normal Heterozygous: c.79G>A
<1 F Left 100 Absent left cochlear nerve Negative
<1 M Right Profound Absent right cochlear nerve Negative
<1 F Left 100 Absent left cochlear nerve Heterozygous
<1 M Left Profound Absent left cochlear nerve Not done

CT= computed tomography; MRI=magnetic resonance imaging; M=male; IAC= internal auditory canal; F= female; EAC= external auditory canal
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mutations (bilateral and unilateral) and asymmetrical
hearing loss, those with heterozygous mutations (n=
14 (20 per cent)) had a higher rate of asymmetric
SNHL loss than those with bi-allelic mutations (n= 6
(7.9 per cent)) (p= 0.03). Those with heterozygous
mutations were more likely to experience progression
than were those with bi-allelic mutations, although
this difference was only marginally significant.
The rate of positive heterozygosity in our cohort is

higher; however, Lee et al.13 used a different genetic
assessmentmethod to ours. They performed polymerase
chain reaction amplification, and the polymerase chain
reaction products were sequenced with an ABI Prism®

3700 automated fluorescent sequencer. We believe
that our genetic investigation method, using a micro-
array technique combined with Sanger sequencing,
may eventually uncover more mutations and might
explain the difference in heterozygosity rates. Their
results do support our data, which indicate that heterozy-
gous carriers of GJB2 mutations may be more prone to
unilateral SNHL. Using a next-generation sequencing
tool in a large cohort of unilateral SNHL patients may
help to clarify these results, and will be the most accur-
ate, up-to-date method of assessing for genetic muta-
tions and establishing their significance.
A study by Preciado et al., published in 2005, prior to

the wide initiation of the universal newborn screening
programme, evaluated 150 consecutive patients with
bilateral or unilateral SNHL.14 Twenty children from
this cohort had unilateral SNHL. None of the children
had a bi-allelic homozygous connexin 26 mutation,
although overall they showed 12 per cent bi-allelic con-
nexin 26 mutations (for bilateral cases). The authors
concluded that connexin 26 analysis should be the first
investigation performed for severe-to-profound bilateral
SNHL; starting the clinical investigation with a CT scan
for patients with milder forms of hearing loss should be
avoided. This aimed to support a more cost-effective
congenital SNHL investigation.
We found no significant association between degree of

hearing loss and presence of mutation. According to our
results, the degree of hearing loss should therefore not
influence the decision whether to perform genetic
testing or not. One patient from our unilateral SNHL
cohort had bi-allelic GJB2 mutations and his hearing
loss was only mild. This patient did not present any
imaging abnormalities. Our data suggest that hearing
levels should not influence decisions regarding whether
to perform genotyping by sequencing or imaging, as
both methods may prove helpful.
Previous studies have demonstrated the detrimental

effect of ionising radiation and increased risk of malig-
nancy related to the use of CT scanners, especially in
children, who are more radiosensitive.15 The radiation
exposure dose of high-resolution CT of the temporal
bones is 0.8 millisievert (mSv). High-resolution CT
also irradiates the orbits, hence mildly increasing the
risk of cataracts. This is in comparison to the radiation
exposure dose of 2 mSv for head CT and 0.04 mSv for

chest X-ray (0.04 mSv equates to one long-haul air-
plane flight).
Magnetic resonance imaging is not free of limitations,

and usually requires sedation or general anaesthetic (such
as for CT) in young children older than three to four
months. There is growing evidence that sedation in
young children may result in neuronal toxicity, although
the clinical implications are still to be determined.16,17 In
very young babies, usually up to the age of three to six
months, an MRI scan can sometimes be completed
using a feed-and-wrap protocol.18 This can allow
imaging without the need for sedation or ionising irradi-
ation, although it is not always successful, and is limited
by age and movement artefacts. The sensitivity of either
imaging modality (CT and MRI) in investigating unilat-
eral SNHL has yet to be fully determined.
In 37 per cent of our patients, we were able to show a

structural abnormality on CT and/or MRI that was pos-
sibly related to the hearing loss. This rate is comparable
to that of other studies on unilateral SNHL. Friedman
et al. reported on a series of children with severe-to-pro-
found unilateral SNHL and showed a 40.8 per cent like-
lihood of abnormal CT findings overall.19 Their study
showed: semicircular canal dysplasia (10.2 per cent),
cochlear aperture stenosis (10.2 per cent), a hypoplastic
cochlea (8.1 per cent), an enlarged vestibular aqueduct
(14.3 per cent), incomplete partition types I or II (6.1
per cent), and an anomalous internal auditory canal
(2.0 per cent). They concluded that imaging is avaluable
part of unilateral SNHL evaluation, which supports our
data and personal impression.
A study by Clemmens et al. investigated absent

cochlear nerves in children with unilateral SNHL
using MRI.20 They showed absent nerves in 26 per
cent of cases, with a higher prevalence in severe-to-pro-
found hearing loss cases, of up to 48 per cent. Again,
these numbers are comparable to our data, which
show absent cochlear nerves in 23 per cent of children
with unilateral SNHL. Importantly,GJB2mutations are
relevant to cochlear-originated SNHL and have not yet
been shown to result in cochlear nerve aplasia.
Our results suggest that children with positive genetic

results (mainly heterozygous carriers of aGJB2mutation)
are more likely to have positive radiological findings. This
subgroupof childrenwithdiagnosedgenetic abnormalities
had a 47 per cent likelihoodof positive imaging, compared
to a 31 per cent likelihood of positive imaging when no
genetic abnormalities were demonstrated. Importantly, a
GJB2 heterozygous carrier state is not commonly believed
to be a cause of hearing loss by itself. Interestingly, 29 per
cent of the children in our unilateral SNHL cohort were
heterozygous carriers of a GJB2mutation, in comparison
to less than 3 per cent in a European population.21 These
data are surprising and question the common thinking
behind the non-significant role that GJB2 carrier state is
thought to play in congenital hearing loss.
The data presented in this study highlight the poten-

tial value of imaging in a subgroup of children with
unilateral SNHL and positive genetic findings, and
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indicate a possible association between some positive
genetic results and imaging findings. Furthermore,
there was a significant likelihood (50 per cent) of
having positive genetic tests findings in children who
presented with positive imaging findings. This is in
comparison to an overall likelihood of 31 per cent for
having abnormal genetic results in our cohort. We rec-
ommend completing genetic testing in children with
positive imaging findings, and vice versa.
The optimal imaging modality for unilateral SNHL

remains unclear. Age at the time of imaging, and the
risks of radiation exposure and general anaesthesia,
are the main issues, as discussed above. Based on the
presented data, we believe that in children with unilat-
eral SNHL the preferred modality should be MRI. This
will provide accurate detailed anatomical data, with no
ionising radiation risks. Ideally, it should be performed
using a feed-and-wrap method in babies, or when the
child is old enough to co-operate.

• Unilateral sensorineural hearing loss (SNHL)
can have adverse effects on speech and
language development, behaviour, and school
performance

• In this cohort, 50 per cent of the patients with
positive imaging findings had concomitant
positive genetic results

• Thirty-one per cent of children had positive
genetic results; the most common condition
was positive carrier status for GJB2

• Forty-seven per cent of children with positive
carrier status for GJB2 had positive imaging
findings

• In comparison, 31 per cent of children with
negative genetic results had positive imaging
findings

• Both imaging and genetic studies are of value
in the investigation of children with unilateral
SNHL

The limitations of this study are its retrospective nature,
and the fact that not all children with unilateral SNHL
underwent the full investigation including genetic
testing and radiology. The genotyping method used
in this study may be replaced in the future by a more
sensitive and specific targeted mutation analysis.
Deep genomic sequencing may be helpful to fully
appreciate the complexity of GJB2 mutations and
other candidate genes. The role of GJB2 carrier state
is still to be determined.

Conclusion
Unilateral SNHL is now being diagnosed at an earlier
age following the wide implementation of universal
newborn hearing screening. However, the evaluation
and management of a newly diagnosed child is still

evolving. Our results suggest that both imaging and
genetic studies are of value in the investigation of chil-
dren with unilateral SNHL.
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