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Assessment of the Clinical Benefit of Imaging
in Children With Unilateral Sensorineural Hearing Loss
A Systematic Review and Meta-analysis
Fabienne G. Ropers, MD, Dr Med; Eveline N. B. Pham, BSc; Sarina G. Kant, MD, PhD; Liselotte J. C. Rotteveel, MD, PhD;
Edmond H. H. M. Rings, MD, PhD; Berit M. Verbist, MD, PhD; Olaf M. Dekkers, MD, PhD

IMPORTANCE Imaging used to determine the cause of unilateral sensorineural hearing loss
(USNHL) in children is often justified by the high likelihood of detecting abnormalities, which
implies that these abnormalities are associated with hearing loss and that imaging has a
positive contribution to patient outcome or well-being by providing information on the
prognosis, hereditary factors, or cause of hearing loss.

OBJECTIVES To evaluate the diagnostic yield of computed tomography (CT) and magnetic
resonance imaging (MRI) in children with isolated unexplained USNHL and investigate the
clinical relevance of these findings.

EVIDENCE REVIEW Cochrane Library, Embase, PubMed, and Web of Science databases were
searched for articles published from 1978 to 2017 on studies of children with USNHL who
underwent CT and/or MRI of the temporal bone. Two authors (F.G.R. and E.N.B.P.)
independently extracted information on population characteristics, imaging modality, and
the prevalence of abnormalities and assessed the studies for risk of bias. Eligibility criteria
included studies with 20 or more patients with USNHL who had CT and/or MRI scans,
a population younger than 18 years, and those published in English.

MAIN OUTCOMES AND MEASURES The pooled prevalence with 95% CI of inner ear
abnormalities grouped according to finding and imaging modality.

FINDINGS Of 1562 studies, 18 were included with a total of 1504 participants included in
the analysis. Fifteen studies were consecutive case studies and 3 were retrospective cohort
studies. The pooled diagnostic yield for pathophysiologic relevant findings in patients
with unexplained USNHL was 37% for CT (95% CI, 25%-48%) and 35% for MRI (95% CI,
22%-49%). Cochleovestibular abnormalities were found with a pooled frequency of 19%
for CT (95% CI, 14%-25%) and 16% for MRI (95% CI, 7%-25%). Cochlear nerve deficiency
and associated cochlear aperture stenosis had a pooled frequency of 16% for MRI (95% CI,
3%-29%) and 44% for CT (95% CI, 36%-53%), respectively. Enlarged vestibular aqueduct
(EVA) was detected with a pooled frequency of 7% for CT and 12% for MRI in children
with USNHL.

CONCLUSIONS AND RELEVANCE Imaging provided insight into the cause of hearing loss
in a pooled frequency of about 35% to 37% in children with isolated unexplained USNHL.
However, none of these findings had therapeutic consequences, and imaging provided
information on prognosis and hereditary factors only in a small proportion of children,
namely those with EVA. Thus, there is currently no convincing evidence supporting a strong
recommendation for imaging in children who present with USNHL. The advantages of
imaging should be carefully balanced against the drawbacks during shared decision making.
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C hildren with unilateral sensorineural hearing loss
(USNHL) are at risk for behavioral problems and de-
layed speech, language, social, and mathematical skill

development compared with normal-hearing peers.1-4 With
a prevalence of 1.7 per 1000 live births, which rises up to 3%
at school age, USNHL is not uncommon among children.5,6

The severity of USNHL can range from mild to profound, and
in approximately 30% of patients, progression occurs.7

There is no evidence-based protocol for diagnostic test-
ing to identify the cause of USNHL. However, the usual ap-
proach is that diagnostic tests are guided by clinical informa-
tion if it points to a specific diagnosis. If history taking and
physical examination offer no clue, the first diagnostic step is
testing for congenital cytomegalovirus (CMV) infection, the
most common nongenetic cause of hearing loss.8,9 If results
are negative for infection, imaging of the temporal bone is rec-
ommended because of the high frequency of abnormalities
(25%-49%).10-12 Laboratory testing and genetic screening are
not routinely performed.11-13

Computed tomography (CT) and magnetic resonance
imaging (MRI) are used for evaluation of sensorineural hear-
ing loss (SNHL). Computed tomography is an excellent
modality to identify abnormalities of the bony labyrinth and
middle ear. Magnetic resonance imaging has a higher soft-
tissue resolution that displays the internal cochlear struc-
tures in detail, outperforming CT for evaluation of the
cochleovestibular and facial nerve in the internal auditory
canal, the cerebellopontine angle cistern, and abnormalities
along the auditory pathway. No consensus exists regarding
the preferred imaging modality for SNHL; some authors rec-
ommend CT as the first choice,10,12,14 whereas others have
advocated for an increased role for MRI15,16 or even dual-
modality screening.17

Imaging is often advocated for patients with USNHL given
the high detection rate of inner ear abnormalities.12 However,
advantages and disadvantages of diagnostic testing should be
balanced carefully, and testing should be initiated only if it may
result in net patient benefit. Tests may benefit the patient if the
results improve outcomes through a change in management or
if valuable information about prognosis or hereditary factors is
provided. Also, parents and patients may benefit from know-
ing the exact anatomic cause of hearing loss, despite the fact that
this information does not change the disease course through
altered management. However, imaging for this sole purpose
is a preference-sensitive decision; the net benefit depends on
how benefits and harms (and cost) of imaging are weighed by
patients and their families. Because no curative treatment ex-
ists for almost all causes of USNHL, the benefits of imaging on
prognosis could be associated with effective preventive mea-
sures, if available. Radiation exposure is a disadvantage of CT,
particularly in very young children; however, owing to changes
in screening policies, the typical age at diagnosis of USNHL
has decreased from 4 to 5 years to 2 to 3 months.18 Sedation is
necessary for MRI in young children.

Herein, we assessed the diagnostic yield and conse-
quences of imaging in children with isolated USNHL in
whom medical history and physical examination is not sug-
gestive for a specific diagnosis; imaging is often recom-

mended for these patients.13 We performed a meta-analysis
to evaluate the diagnostic yield of imaging, focusing on find-
ings associated with hearing loss. Subsequently, we aimed to
provide an overview, combining information on expected
findings and the potential benefits of these findings, to
facilitate shared decision making.

Methods
Data Sources and Study Selection
We included original studies on the prevalence of inner ear
abnormalities in children with USNHL that used CT or MRI of
the temporal bone. A systematic literature search was con-
ducted in PubMed, Cochrane Library, Web of Science, and
Embase databases in December 2017. The detailed search strat-
egy is outlined in eTable 1 in the Supplement. Reference lists
of the included articles were reviewed for relevant studies.
Studies published before 1978 were not considered because
prior to 1978 enlarged vestibular aqueduct (EVA) was not
recognized as being associated with hearing loss.19

The following eligibility criteria were applied: (1) studies
with 20 or more patients with USNHL who underwent CT or
MRI, (2) studies with a patient population with a mean age
younger than 18 years, and (3) studies published in English.

Studies were excluded if (1) mixed categories of hearing
loss were included, but separate data for USNHL were not
provided, (2) only the total number of abnormal scans was
given, without further specification of the abnormalities, or
(3) studies included more than 10% of children with a dys-
morphological syndrome or more than 10% of children
with acquired causes of USNHL (mumps, CMV, or meningi-
tis) without sufficient information to separate data for
the nonsyndromic/acquired cohort. Two authors (F.G.R.
and E.N.B.P.) independently evaluated eligibility and
extracted data.

Key Points
Question What is the clinical benefit of diagnostic imaging
(computed tomography [CT] or magnetic resonance imaging
[MRI]) in children with isolated unexplained unilateral
sensorineural hearing loss (USNHL)?

Findings In this systematic review and meta-analysis, imaging
revealed relevant pathophysiologic findings in one-third of 1504
children with USNHL, but these findings did not alter treatment
for USNHL. Only detection of enlarged vestibular aqueduct
with a pooled frequency of 7% for CT and 12% for MRI yielded
information on hereditary factors and higher risk of progressive
hearing loss in participants. Harms of imaging include radiation
exposure in CT and sedation for MRI if MRI is performed
in young children.

Meaning Imaging performed as part of the routine workup for
patients with USNHL does not provide information that alters
treatment or give insight into prognosis or hereditary factors of
hearing loss in most cases; the benefits of imaging should be
carefully balanced against the drawbacks during shared
decision making.
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Data Extraction and Endpoint Definition
The following data were extracted using a piloted and stan-
dardized data extraction form: (1) bibliographic details,
(2) study period, (3) patient characteristics, (4) hearing loss
characteristics, (5) number of patients with CT and/or MRI,
(6) imaging modality, and (7) frequency and type of findings
on CT and/or MRI. To standardize outcomes, cochleovestibu-
lar abnormalities were categorized according to the classifi-
cation described by Sennaroğlu and Bajin20 (eTable 2 in the
Supplement). In addition to the description of the CT and/or
MRI findings, the findings were classified as having a likely
or unlikely association with USNHL. The association was
assessed using the Bradford Hill criteria21,22 and is based on
current literature as outlined in eTable 3 in the Supplement.
Because the goal of imaging is to detect abnormalities associ-
ated with hearing loss, we excluded findings without a likely
association with hearing loss to determine the corrected yield.

Definition of Patient Benefit and Harm
The potential patient benefit was defined as all information ac-
quiredbyimagingthatcontributestoanimprovedoutcomeeither
by altering management or providing information on prognosis
or hereditary factors. Potential harms of imaging were radiation
exposure for CT and sedation for MRI. In our definition of ben-
efit, we chose to exclude “potential benefit of receiving informa-
tion on the etiology of hearing loss without further consequence
for the mentioned aspects treatment, heredity, or prognosis.”23

We also focused on individual harms associated with CT and MRI
rather than on the societal burden of resource use.

Risk of Bias
Each selected study was assessed for risk of bias according to 3
domains. The first domain was patient selection. We considered
studies to have a low risk of bias if the authors clearly described
the proportion of patients with USNHL who underwent imaging

and the reasons for imaging. All other studies were considered
to have an intermediate risk of bias. The second domain was the
blinding of outcome assessment. We considered studies to have
low risk of bias if reviewers of imaging data were blinded to the
side and degree of the hearing loss. All other studies were consi-
dered to have an intermediate risk of bias. The last domain was
classification of inner ear abnormalities. We considered studies
tohavealowriskofbiasifabroadlyacceptedclassificationsystem,
suchasthesystemproposedbySennaroğluandBajin,20 wasused.

Data Analysis
The primary outcome was the prevalence (expressed as propor-
tion) of inner ear abnormalities. We grouped outcomes according
to finding and imaging modality (CT, MRI, and CT and/or MRI).
For the latter category, patients had CT and/or MRI, but the
detected abnormalities and/or the total number of patients with
USNHL with imaging were not specified per imaging modality.
InstudiesdescribingtheresultsofbothCTandMRI,findingswere
excluded if less than 20 patients were evaluated with a specific
modality.

We pooled proportions using a random effects model; a
fixed effect model was used when there were fewer than 4 stud-
ies per subgroup because the between-study variability can-
not be estimated reliably in this case. To evaluate the hetero-
geneity among studies, I2 statistics were used. All statistical
analysis was performed using Stata version 14 (StataCorp).

Results
Study Characteristics
The search yielded 1562 articles; 18 studies were included
(Figure 1).10,11,14,18,24-37 Studies were published between 1991
and 2017. Study details are described in Table 1 and more com-
prehensively in eTable 4 in the Supplement. Indications for

Figure 1. PRISMA Flowchart

920 PubMed articles 933 Embase articles

2323 Total articles

1362 Articles for title and abstract screening

62 Full-text articles screened for eligibility

18 Articles included for meta-analysis

152 Cochrane articles 318 Web of Science articles

961 Removal of duplicates

44 Articles excluded after full-text
review or during data extraction

1300 Articles excluded at title
and abstract level

Articles excluded at the title and
abstract level were studies
performed before 1978, a study
population with a mean/median age
older than 18 years, reviews, and
studies published in languages other
than English. Articles excluded after
full-text review or during data
extraction included those with mixed
categories of hearing loss that had no
separate data for unilateral
sensorineural hearing loss, articles
that listed only the total number of
abnormal imaging scans without
specification of the abnormalities
found, and articles without sufficient
information to separate data for the
entire nonsyndromic and/or acquired
hearing loss cohort.
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imaging were not specified in most studies. If mentioned, es-
tablishing the cause of USNHL was the most common reason
for imaging. Four studies26,29,31,37 excluded children with a dys-
morphological syndrome, and 4 studies24,33-35 allowed for ex-
clusion of imaging results of children with a dysmorphologi-
cal syndrome or infectious causes. In the remaining 10
studies,10,11,14,18,25,27,28,30,32,36 less than 10% of the included
study population were syndromic, or diagnosed with menin-
gitis, CMV, or mumps, but the presented data were insuffi-
cient to exclude those participants. With the exception of
1 study28 including only children with severe-to-profound
USNHL, all studies included all grades of hearing impair-
ment. Children not part of our target population were ex-
cluded from the study, including 1045 children who only had
a CT, 188 children who only had an MRI, 108 children who
were assessed with both modalities, and 163 children with a
nonspecified imaging modality.

Most studies presented findings irrespective of their as-
sociation with SNHL. Because the goal of imaging in SNHL is
detection of abnormalities that are associated with hearing
loss, we assessed the abnormalities’ association with hearing
loss as described in the Methods section. The resulting clas-
sification is presented in Figure 2.

Most studies reported on inner ear abnormalities in
detail. Five studies reported on “inner ear abnormality” or
“cochleovestibular malformations” without further
specifications.14,18,25,33,35

Pooled Yield of Imaging
Figure 3 shows the abnormalities detected with imaging,
excluding findings not associated with the cause of USNHL
and those findings in children with a dysmorphological
syndrome, CMV, mumps, or meningitis, when possible.
The pooled yield was 37% (95% CI, 25%-48%) for CT (14
studies10,11,14,18,24-26,30-33,35-37; I2 = 95%) and 35% (95% CI,
22%-49%) for MRI (4 studies10,14,27,30; I2 = 77%).

Frequently Detected Abnormalities (Pooled Frequencies)
Cochlear nerve deficiency (CND) was the most common
abnormality found by MRI, with a frequency of 16% (95% CI,
3%-29%; 3 studies10,14,27). Cochlear nerve deficiency was the
term used to describe both the complete absence of the coch-
lear nerve and different grades of cochlear nerve hypoplasia.
The frequency of a cochlear aperture (CA), also known as coch-
lear nerve canal (CNC) stenosis, was 44% (95% CI, 36%-53%)
(5 studies11,31-33,37; I2, 66%). Cochlear aperture is the most com-
mon abnormality detected by CT. This percentage is higher than
the overall yield because it was calculated over 5 studies11,31-33,37

describing CA stenosis in detail. A stenotic or absent internal
auditory canal (IAC) was detected with a pooled frequency of
9% (95% CI, 5%-14%) (CT, 8 studies10,14,18,24,32,33,36,37).

Pooled frequencies of cochleovestibular abnormalities
(including EVA) were 19% for CT (95% CI, 14%-25%) and 16%
for MRI (95% CI, 7%-25%) (MRI). The frequency of detection
of cochlear abnormalities with CT and MRI was 14% (95% CI,
11%-18%) and 2% (95% CI, 0%-5%), respectively. Enlarged ves-
tibular aqueducts were found with a frequency of 7% for CT
(95% CI, 4%-11%) and 12% for MRI (95% CI, 3%-12%). The EVATa
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was found bilaterally with a frequency of 21%. Various defi-
nitions for EVA were used in the studies, with a vestibular aq-
ueduct larger than 1.5 mm at midpoint being the most ap-
plied definition. Two studies used a more stringent definition
of a vestibular aqueduct larger than 2.0 mm at midpoint and
found 0 of 55 (0%)10 and 3 of 160 (2%)31 EVAs with CT and MRI,
respectively. One study applied a definition of vestibular
aqueduct size greater than 0.9 mm at midpoint and found 32
EVAs in 128 cases (25%).27

The frequency of acquired causes of hearing loss (coch-
lear inflammation, temporal bone fractures and cochlear he-
matoma) was 5% with CT and 3% with MRI. In these cases,
medical history and physical examination can be indicative of
an acquired cause of the hearing loss. Proportions of other ob-
served abnormalities, as well as their association with hear-
ing loss and the clinical consequences of these abnormalities
are presented in Table 2 and eTable 5 in the Supplement.

Discussion

To our knowledge, this is the first meta-analysis that critically
reviews the diagnostic yield of imaging of the temporal bone in
children with USNHL, with an emphasis on the clinical relevance
of imaging findings. By focusing on unexplained isolated hear-
ing loss in children and on abnormalities with an association with
hearing loss we aimed to provide a better estimation of the preva-
lence of relevant inner ear abnormalities in patients with USNHL
in whom medical history and physical examination did not
contribute to the diagnosis. The pooled data show an overall
diagnostic yield of 37% for CT and 35% for MRI.

Limitations
There was a wide range in the reported diagnostic yield and
heterogeneity among the studies. None of the studies

Figure 2. Classification of Abnormalities Detected on Imaging
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The association between specific abnormalities and hearing loss was assessed
using the literature and the Bradford Hill criteria.21,22 For background and
references, see eTable 3 in the Supplement.

a Outside our target population.
b Associated with conductive hearing loss.
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provided a clear description of the selection process for per-
forming imaging in patients with USNHL. Because the stud-
ies reflect clinical practice, imaging decisions likely depend on
physicians’ and parents’ preference. Given that none of the
studies in this meta-analysis described the clinical decision pro-
cess for imaging, the generalizability of our findings could be
limited, especially for patients with severe hearing loss who
undergo imaging. Furthermore, improved imaging tech-
niques and the description of new entities seemingly related
to hearing loss through the years, such as CA stenosis and CND,
will have introduced heterogeneity. Finally, measurement
errors and the use of different inner ear classifications and
definitions can contribute to the heterogeneity. In accor-
dance with previous authors,20 this limitation underlines the
importance of universally accepted and correct classification
of inner ear abnormalities.

Detected Abnormalities and Association With Hearing Loss
Historically, EVA has been the most commonly reported in-
ner ear abnormality in early onset hearing loss.14 However, our
meta-analysis showed that the prevalence of CND and CA ste-
nosis is higher (16% and 44%, respectively) in this selected
group with USNHL. Both CA stenosis and IAC stenosis de-
tected by CT are suggestive for CND because the cochlear nerve
passes through these bony structures. Jang et al67 analyzed the
correlation between CNC and hearing status and found that the
width of the CNC was smaller in the affected ears of children
with USNHL compared with the nonaffected ears. In addi-
tion, no cutoff value exists for CNC size to discriminate
affected ears from nonaffected ears. In 2 separate studies,

Adunka and colleagues have assessed the status of the IAC68

and the CA69 in children with USNHL with a likely CND.
The authors concluded that both IAC stenosis (<3 mm) and CA
stenosis (<1.4 mm) are unreliable surrogate markers for the
cochlear nerve integrity and therefore recommended MRI
as the primary imaging modality in children with severe to
profound hearing loss. The term CND has been used to de-
scribe both an absent as well as a hypoplastic cochlear nerve,
which is detected on MRI. There is no uniform definition for
cochlear nerve hypoplasia,70 and discriminatory power
varies depending on the definition used.

Although there is an association between hearing loss
and stenotic bony structures (IAC and CA) found on CT and
hearing loss and CN hypoplasia and aplasia found on MRI,
the proposed cutoffs or definitions do not provide high dis-
criminatory power.27,71-73 Ambiguous terminology, such as
CND, should be avoided. Research determining the diagnos-
tic accuracy of different cutoff values for CN hypoplasia, IAC
stenosis, and CA stenosis by performing imaging in partici-
pants with normal hearing vs those with USNHL could facili-
tate correct interpretation of imaging findings. Taking this
into consideration, the relevance of the high frequency of CA
stenosis (44%) must be interpreted with care. Similarly, a
universal definition for EVA with concomitant diagnostic
accuracy for hearing loss would be helpful.

The association between semicircular canal (SCC) abnor-
malities and hearing loss is controversial. Yamashita et al49 have
concluded that there is no correlation between an isolated small
lateral SCC and SNHL. However, in the setting of Waarden-
burg syndrome, the SNHL is associated with SCC dysplasia.74

Given this controversy and the fact that we focused on chil-
dren without dysmorphological syndrome, we classified SCC
dysplasia as an abnormality without a likely association with
hearing loss.

Clinical Implications: Benefit-Harm Balance
Several studies have briefly mentioned that imaging acquisi-
tion barely has clinical implications,24,28 but imaging is still
justified because of its high diagnostic yield. However, clini-
cal benefit should be the foremost consideration when per-
forming diagnostic tests. There is no consensus on the exact
definition of the benefit of diagnostics. Diagnostic informa-
tion is beneficial if it positively influences patient outcome
through altered management. However, prognostic and
genetic information can confer benefit as well.23 Also, know-
ing the exact anatomical cause of hearing loss might be val-
ued positively by patients and parents. It is crucial to empha-
size that no curative treatment is available for any of the
abnormalities detected with imaging of the temporal bone
(Table 2). Specific anatomical information only provides
additional value if cochlear implantation is considered for
USNHL because the outcomes of cochlear implantation are
less favorable in patients with CND and cochlear aplasia.75-78

Given that cochlear implantation is currently not standard
treatment for USNHL, imaging in children with USNHL is
performed to provide information about prognosis, heredi-
tary factors, and the specific cause of hearing loss. With
regard to inner ear abnormalities found on imaging, only

Figure 3. Abnormalities Detected by Imaging of the Temporal Bone
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The Figure shows the pooled frequencies for the main classification groups,
frequently detected abnormalities, and yield based on imaging modality. The
circles represent the pooled frequencies, and the 95% CIs are represented by
the error bars. The number of studies included to calculate specific frequencies
depends on the detail in which abnormalities were presented in the respective
studies. See eTable 4 in the Supplement for the details of all the included
studies10,11,14,18,24-37 and eTable 5 in the Supplement for frequency calculations.
CA indicates cochlear aperture; CND, cochlear nerve deficiency; CT, computed
tomography; EVA, enlarged vestibular aqueduct; IAC, inner auditory canal;
MRI, magnetic resonance imaging.
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detection of EVA, which occurs in approximately 10% of
USNHL, provides prognostic and hereditary information.
Patients with EVA show more progression and fluctuation of
hearing loss than those without EVA,7 bilateral EVA and/or
fluctuating hearing loss is particularly associated with a risk
of progression.7,39 Furthermore, progression has been asso-
ciated with minor head trauma.40 However, there is no con-
vincing evidence substantiating this association, and a
recent meta-analysis demonstrated no correlation between

hearing loss and head trauma in EVA.38 Importantly, current
literature does not provide evidence for effective preventive
measures for progression of hearing loss in children with
EVA. Consequently, there is no evidence that the detection
of EVA could contribute to improved hearing outcome.

Enlarged vestibular aqueduct has been associated with
pathogenic mutations in SLC26A4 and appears to be inher-
ited as a recessive trait.41,42 However, in patients with unilat-
eral EVA, biallelic mutations have only been found

Table 2. Frequencies and Clinical Consequences of Abnormalities Detected by Temporal Bone Imaging in Children With USNHL

Imaging Findings

Frequency, % (95% CI) Association
With
Hearing Lossa

Available
Treatment

Additional Risk
of Progression
of Hearing Loss

Information
About
Heredity

Reference
No.CT MRI CT/MRI

Corrected yield 37 (25-48) 35 (22-49) 40 (33-48)

Cochleovestibular
abnormalities
(including EVA)

19 (14-25) 16 (7-25) 20 (13-28) Likely No Only for isolated
EVA and IP2

No 20

Cochlear abnormalities 12 (8-17) 2 (1-5) 8 (2-14) Likely No No No 20

Cochlear aplasia 0 (0-1) 0 (0-7) NA Likely No No No 20

Cochlear dysplasia 12 (8-17) 1 (0-3) 12 (5-18) Likely No No No 20

Common cavity 2 (1-3) 0 (0-2) NA Likely No No No 20

Cochlear hypoplasia 3 (0-7) 4 (1-13) 8 (3-13) Likely No No No 20

IP type 1 or 2 10 (7-13) 2 (0-6) 6 (2-17) Likely No No No 20

IP type 1b 3 (1-4) 0 (0-7) 4 (1-14) Likely No No No 20

IP type 2c 6 (2-10) 2 (0-6) 2 (0-11) Likely No Progression occurs.
Association with head
trauma and common
cold has been
suggested, in absence
of substantial
evidence.

No 20,38

EVAc,d 7 (4-11) 12 (3-22) 9 (4-14) Likely No Progression occurs.
Association with head
trauma and common
cold has been
suggested, in absence
of substantial
evidence.

SLC26A4 mutation:
in unilateral EVA
10%-13%
monoallelic, if
bilateral EVA 30%
monoallelic,
15%-30% biallelic

7,8,38-48

Vestibular
abnormalities (isolated)

6 (2-10) 4 (1-6) 4 (1-8) Unlikely NA NA No 49

Stenosis or absence
of IACe

9 (5-14) NA 4 (0-7) Likely, depending
on cut-off

No No No 20

Enlarged, asymmetric,
wide and
malformed IAC

1 (0-2) 3 (1-17) NA Unlikely NA NA No 50

Cochlear aperture
stenosisf

44 (36-53) NA NA Likely, depending
on cut-off

No No No 20

Cochlear nerve
deficiency

NA 16 (3-29) 20 (14-26) Likely, depending
on definition

No No No 20

Jugular bulb
deformities

2 (0-5) 3 (1-17) NA Unlikely NA NA No 51,52

Brain malignancies NA 0 (0-3) NA Likely, if affecting
auditory pathway

Possibly Yes Possibly 14,53

Brain abnormalities 0 (0-3) 9 (4-14) 5 (1-16) Depends on exact
abnormalitya

NA NA NA 54-64

Middle ear
malformations

2 (0-4) 0 (0-7) 2 (0-12) Associated with
conductive
hearing loss

NA NA NA 20

Acquired causes 5 (2-7) 3 (0-6) 4 (1-14) Likely, but
outside scope

Yes Yes No 65,66

Abbreviations: CT, computed tomography; EVA, enlarged vestibular aqueduct;
IAC, inner auditory canal; IP, incomplete partition; MRI, magnetic resonance
imaging; NA, not applicable; USNHL, unilateral sensorineural hearing loss.
a See eTable 3 in the Supplement for details.
b Chance of recurrent meningitis, during attack of otitis media.20

c No evidence supporting advice to wear helmets when playing sports or to

avoid contact sports to prevent progression.
d Various definitions of EVA were used: >0.9 mm, >1.5 mm and >2.0 mm.
e Different definitions of stenosis were applied: <2.0 mm, <3.0 mm and

<3.8 mm. The most applied definition was <3.0 mm.
f Different definitions of stenosis were applied: <1.4 mm, <1.5 mm and <1.7 mm.

The most frequently used definition was <1.5 mm.
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sporadically,41-45 whereas monoallelic mutations have been re-
ported in 10% to 13% of patients.7,41 The fact that only 1 mu-
tation can be found could be explained by a second unde-
tected mutation in SLC26A4, a mutation in another gene related
to deafness, or mutations in multiple genes related to deaf-
ness combined with environmental factors (multifactorial
inheritance).42,46,47 Biallelic mutations in SLC26A4 are de-
tected in at least 15% of patients with bilateral EVA,7 although
this might be a conservative estimate given that data combin-
ing laterality of EVA, laterality of hearing loss, and genotype
are rare. Monoallelic mutations are detected in about 25% of
patients with bilateral EVA.7 Percentages are based on pre-
dominantly Caucasian populations. Several children with
biallelic mutations are likely to develop Pendred syndrome,
which is characterized by EVA, hearing loss, and euthyroid
goiter, with euthyroid goiter usually manifesting in the sec-
ond or third decade of life.7,43,48 Considering that (1) approxi-
mately 10% of the patients with USNHL have EVA, (2) approxi-
mately 20% of these patients have bilateral EVA, and (3) at least
15% of patients with bilateral EVA carry biallelic SLC26A4
mutations, an estimated 0.3% (10% × 20% × 15%) of the total
population of children with USNHL carry biallelic SLC26A4
mutations and are at risk for Pendred syndrome.

Compared with other inner ear abnormalities, incom-
plete partition type 2 also carries an increased risk of progres-
sion of hearing loss, similar to isolated EVA.20 In incomplete
partition 2, the middle and apical turns of the cochlea
coalesce to form a cystic apex accompanied by EVA and
possibly a dilated vestibule.20

An important question is how often imaging reveals
rare malignant tumors. In one study14 a pons glioma was
reported, without further data on symptoms or physical exami-
nation. However, in general, the probability of an intracranial
tumor is very low.79 It is even more unlikely that USNHL is the
sole manifestation in the setting of rare malignant tumors. This
may explain why none of the studies included in the meta-
analysis mentioned detection of malignant tumors as a reason
for imaging. In conclusion, with the exception of EVA, abnor-
malities found on temporal bone imaging do not provide
additional information on prognosis or heredity.

The harms of imaging involve radiation exposure for CT
and the need for sedation in young children who undergo MRI.
An increased risk of developing cancer has been attributed to
radiation exposure through CT. The radiation effect de-
creases with increasing age.80,81 In our experience, contem-

porary CT scans use a radiation dose of 0.4 mSv in children
younger than 12 months compared with 4.5 mSv in the origi-
nal publication,82 which will likely translate to a lower cancer
risk. Sedation for MRI is usually not necessary when a child is
old enough to lie still during the MRI. One single anesthetic
procedure before the age of 4 years does not lead to an in-
creased risk of learning or behavioral problems, but multiple
exposures are reported to do so.83-87

Thus, to mitigate the risks, imaging can be postponed. The
potential consequences of postponing imaging to an older age
or refraining from imaging include a delayed and/or missed
diagnosis of EVA in approximately 10% of patients with USNHL
and therefore no additional prognostic information and a
delayed or missed diagnosis of Pendred syndrome in less than
1%. Regarding information on recurrence risk, the potential
consequence would be delayed and/or missed information in
about 2% of children with USNHL and unilateral EVA
(0.8 × 0.10 [frequency of unilateral EVA in USNHL] × 0.10 [10%
detected mutation in SLC26A4] = 1%) or bilateral EVA
(0.2 × 0.10 [frequency of bilateral EVA in USNHL] × 0.4 [40%
detected mutation in SLC26A4] = 1%) under the assumption
of a recessive mode of inheritance and in patients with mono-
allelic mutations.41,42

Conclusions
With this study, we want to spark the discussion about
patient outcomes associated with imaging findings in chil-
dren with USNHL. Evaluating the diagnostic yield and conse-
quences of imaging has demonstrated that imaging per-
formed as part of the routine workup for patients with
USNHL does not provide information that alters management
or gives insight into prognosis or hereditary causes in most
cases and therefore does not warrant strong recommenda-
tions. Physicians may assume that parents and patients are
reassured by knowing the exact anatomical cause of hearing
loss, despite the fact that this information does not change
the natural course of the condition. However, imaging with
this sole purpose is a preference-sensitive decision. There-
fore, we suggest a shared decision-making approach to help
elucidate these preferences after providing the relevant
information of advantages and disadvantages of imaging, as
opposed to presenting imaging as a part of routine care in the
diagnostic assessment of children with USNHL.
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