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Objective: The aim of our study is to evaluate the diagnostic effectiveness of magnetic resonance imaging
(MRI) compared to computed tomography (CT) in
the detection of enlarged vestibular aqueduct (EVA)
in childhood.
Methods: One hundred twenty-three children who
underwent temporal bone CT and MRI examinations
for hearing loss between 2013 and 2020 were evaluated retrospectively. All CT and MRI images were examined by two pediatric radiologists, according to the
Valvassori and Cincinnati criteria for EVA. Imaging
findings on CT and MRI of the vestibular aqueduct
were recorded. Two pediatric radiologists performed
the measurements for EVA on CT and MRI. In addition, an otolaryngologist performed the measurements
independently. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of MRI compared to CT were calculated to
detect EVA. The difference between the measurements
on CT and MRI was investigated. The inter-observer
agreement was evaluated for measurements.
Results: The mean age of 123 children (65 boys and
58 girls) was 50.18±50.40 months. Two hundred for-

Introduction

Enlarged vestibular aqueduct (EVA) is one of the
most frequent congenital inner ear abnormalities
in children with sensorineural hearing loss (1).
Valvassori and Clemis (2) have described the most
commonly used criteria for determining the EVA
in 1978. The term EVA refers to a greater diameter than 1.5 millimeters (mm) at the vestibular
aqueduct’s midpoint. Another definition of EVA,
which has been introduced by Boston et al. (3) and
called the Cincinnati criteria, is also widely used
in daily clinical practice. According to Cincinnati

ty-six ears were evaluated in 123 children. On CT
images, EVA was present in 28 (11.3%) of 246 ears
according to Cincinnati criteria and 27 (10.9%) of
246 ears according to Valvassori criteria, respectively.
While sensitivity, specificity, PPD, and NPD rates of
MRI were 100%, 99%, 92.8%, and 100%, respectively, for Cincinnati criteria, for Valvassori criteria, they
were 100%, 97.3%, 77.7%, and 100%, respectively.
According to the visual evaluation performed without
using measurement, the enlarged appearance of the
vestibular aqueduct was significant for the diagnosis of
EVA (p<0.001), while the absence of this appearance
was significant for the exclusion of EVA (p<0.001).
There was no significant difference between the measurements on CT and MRI. There was a perfect correlation between the observers for measurements.
Conclusion: MRI can be used as an initial imaging
technique in children with suspicion of EVA to reduce radiation exposure.
Keywords: Magnetic resonance imaging, computed
tomography, vestibular aqueduct, inner ear, diagnostic
imaging, pediatric radiology

criteria, the EVA diagnosis is confirmed when the
diameter of the vestibular aqueduct is greater than
2 mm in the operculum and/or 1 mm in the midpoint on the axial images.
Computed tomography (CT) provides a high spatial resolution allowing accurate measurements
of the tiny temporal structures. Short acquisition
time, which does not generally require sedation, is
another advantage of CT. However, as is known,
ionizing radiation is a major disadvantage associated with CT scans, especially in the pediatric age
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group. Children have a higher risk of leukemia and brain tumors
due to ionizing radiation (4). Given the concern about exposure to ionizing radiation associated with CT scans, magnetic
resonance imaging (MRI) has been proposed as an alternative
first-line diagnostic tool for some common pathologies in children (5-7). Although CT has been accepted as the gold standard
diagnostic tool in detecting inner ear abnormalities according to
the previous literature (8), the advancing MRI technology has
recently enabled a comprehensive evaluation of inner ear structures (9, 10). High resolution three-dimensional T2-weighted sequences allow visualization of small inner ear structures
through exceptional image contrast between cerebrospinal fluid,
vessels, and cranial nerves (10, 11).
This study aims to evaluate the diagnostic performance of MRI
in detecting EVA in childhood. We aimed to reveal whether
MRI would be an efficient first-line diagnostic test to detect
EVA and ensure safety by avoiding ionizing radiation exposure
in the pediatric age group.

Methods
Patients
The study was approved by the Institutional Review Board of
Dokuz Eylül University School of Medicine (Protocol Number:
GOA 2020/12-07). Written informed consent was obtained
from the legal care-givers of all participants.
We retrospectively reviewed all pediatric patients (age range,
0-18 years) admitted to the Department of Otorhinolaryngology, Dokuz Eylül University School of Medicine, for hearing
loss and underwent temporal bone CT and MRI between January 2013 and April 2020. Children diagnosed with unilateral
or bilateral hearing loss, who were between 0-18 years old, and
underwent temporal bone CT and temporal MRI were eligible.
A child presenting with a temporal bone tumor invading the
inner ear and 12 children whose radiological images included
severe motion artifacts were excluded. Individuals with congenital cochleovestibular abnormalities, syndromic hearing loss,
prenatally or postnatally acquired hearing loss were not further
excluded because figuring out the EVA’s presence or absence by
using MRI was our primary purpose.
Main Points

• Magnetic resonance imaging offers high diagnostic performance for the diagnosis of enlarged vestibular aqueduct when
using either the Cincinnati or Valvassori criteria.
• An enlarged-appearance of the vestibular aqueduct without using the measurements is a highly suggestive finding for the enlarged vestibular aqueduct. Also, the non-visible vestibular aqueduct's appearance is beneficial to exclude the diagnosis of the
enlarged vestibular aqueduct on magnetic resonance imaging.
• We recommend using Magnetic resonance imaging as a firststep imaging technique in children with suspicion of an enlarged vestibular aqueduct to reduce the exposure of ionizing
radiation.
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Hearing assessment of the patients was carried out by a pure
tone audiometer (GN Otometrics Madsen Astera2, Taastrup,
Denmark). The hearing loss was categorized as sensorineural hearing loss (SNHL), conductive hearing loss (CHL), and
mixed hearing loss (MHL) for each ear separately, based on the
recommendations of the Hearing Committee of the American
Academy of Otolaryngology-Head and Neck Surgery (12). Finally, 123 children were enrolled in the study.
CT and MRI Protocol
Temporal bone CT images were obtained using a multi-detector CT scanner (Brilliance 64 Philips; Philips Medical Systems©, Eindhoven, The Netherlands). The field of view (FOV)
was adjusted from the arcuate eminence to the mastoid tip. The
acquisition parameters were as follows: slice thickness, 0.67 mm;
slice interval, 0.33; pitch, 0.348; rotation time, 0.75 second (s);
matrix, 768×768; FOV, 14×14 centimeters (cm); collimator,
20×0.625; 120 kilovolts (kV); 150 milliamperes (mA); bone algorithm reconstruction.
Temporal bone MRI images were obtained by a 1.5-Tesla MRI
scanner (Gyroscan Achieva, release 8.1; Philips Medical Systems, Best, The Netherlands). In case of necessity, sedation was
applied either orally or intravenously. Axial T1-weighted, axial
and coronal T2-weighted, and axial T2-balance fast field echo
(BFFE) weighted images were used for routine temporal MRI
in our department for congenital sensorineural hearing loss.
Contrast-enhanced images were also used in patients with acquired hearing loss. The features of imaging procedure were as
follows: T1-weighted (time to repetition [TR], 500 milliseconds
(ms); time to echo [TE], 15 ms; slice thickness, 3 mm; interslice
gap, 0.5 mm; FOV, 20×20 cm; number of excitations [NEX],
3); T2-weighted (TR, 3300 ms; TE, 100 ms; slice thickness, 4
mm; interslice gap, 0.5 mm; FOV, 20×20 cm; NEX, 3); BFFE
(TR, 6.8-7.3 ms; TE, 1.4-3.3 ms; slice thickness, 0.6 mm; FOV,
18×18 cm; NEX, 4).
Image Interpretation
Two pediatric radiologists, who have eight and 26 years of clinical experience in pediatric neuroradiology, read the CT and
MRI images of 246 temporal bones. Then, the measurements
were consulted by a ten-year experienced otorhinolaryngologist.
The radiologists, independent from each other, categorized the
vestibular aqueducts’ appearances on CT images based on their
visual appearance (without any measurements) to correspond
one of the enlarged, not enlarged, or suspiciously enlarged type
(Figure 1). The midpoint and operculum measurements were
performed for the enlarged and suspiciously enlarged types, as
previously described (9, 13, 14), while no further measurements
were required for the not enlarged types. The midpoint width
was measured at the vestibular plane, which corresponds to the
horizontal plane that the common dorsal crus arises from the
vestibule. The opercular width referred to the maximum perpendicular vestibular aqueduct width at the operculum level. When
the measurement met the Valvassori or Cincinnati criteria, the
EVA diagnosis of that ear was confirmed.
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Figure 1. a-c. The classification of the vestibular aqueducts according to the visual analysis on CT scan. (a) The enlarged appearance of the
vestibular aqueduct (arrow). (b) The non-enlarged vestibular aqueduct. (c) The vestibular aqueduct with suspicious enlargement (arrow)

a

b

c

Figure 2. a-c. The classification of the vestibular aqueducts according to the visual analysis on MRI. (a) The vestibular aqueduct with enlarged
appearance (arrow). (b) The visible vestibular aqueduct without an enlarged appearance (thick arrow). The posterior semicircular canal (thin
arrow). (c) The non-visible vestibular aqueduct. The posterior semicircular canal (arrow)

The widths of the midpoint and operculum of the vestibular aqueducts were recorded. The ears were classified as EVA group
and non-EVA group according to both the Cincinnati and the
Valvassori criteria.

Figure 3. The measurements of the midpoint (red line) and
operculum (green line) are demonstrated on the axial MRI image

The radiologists interpreted the MRI images three weeks after the CT evaluation. They classified the MRI findings of the
vestibular aqueduct into three groups: the non-visible vestibular
aqueduct, the visible vestibular aqueduct without an enlarged
appearance, and the vestibular aqueduct with enlarged appearance (Figure 2). If the vestibular aqueduct was not visible, EVA
was considered absent. For those ears with visible vestibular aqueducts (with enlargement or without enlargement), the width
of vestibular aqueducts was identified by MRI (Figure 3).

Statistical Analysis
Statistical analyses were performed with IBM Statistical Package for the Social Sciences version 22.0 (IBM SPSS Corp.;
Armonk, NY, USA). Categorical variables and continuous numerical data were presented as frequency counts and percentages; and mean±standard deviation, respectively. The degree of
inter-observer agreement was investigated by the intra-class
correlation coefficient. Accordingly, poor, moderate, good, and
excellent agreements were defined as the intra-class correlation coefficients to be less than 0.40, 0.41-0.60, 0.61-0.80, and
greater than 0.80, respectively. Spearman’s correlation coefficient was utilized to assess the correlation between the widths
of the midpoint and operculum. The comparison between the
EVA measurements obtained by CT and MRI was performed
using the Independent Samples t-Test. The sensitivity, specificity, positive predictive value (PPV ), and negative predictive
value (NPV ) of MRI in EVA diagnosis were calculated. Chisquare and Fisher’s exact tests were used for evaluating the relationship between the EVA and imaging findings of MRI.
A p-value of lesser than 0.05 was considered as statistically
significant.
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Results

A total of 123 children (65 boys and 58 girls) were enrolled
in the study. The mean age was 50.18±50.40 months (range, 3
to 192 months). Thirteen patients had unilateral hearing loss.
Among 246 temporal bones in 123 patients, the frequencies
of SNHL, CHL, and MHL were found to be 227 (92.2%), 1
(0.4%), and 5 (2%), respectively. Thirteen of 246 ears were presented with normal hearing (5.2%).
Eighteen of 246 vestibular aqueducts were enlarged, 23 of 246
showed a suspicious appearance for enlargement, and 205 of
246 were not enlarged according to the visual analysis on CT
scans. When the Cincinnati criteria were followed as the gold
standard on CT, 28 (ten of 23 ears showing a suspicious appearance for enlargement and all ears with enlarged-appearance) of 246 (11.3%) ears were included in the EVA group.
On MRI, EVA was verified in 26 of those 28 ears (92.9%),
which were diagnosed with EVA according to CT scans. The
vestibular aqueducts of the remaining two ears with EVA were
non-visible on MRI. None of the ears were false-positive for
EVA on MRI. MRI had a sensitivity of 100%, a specificity of
99%, a PPV of 92.8%, and an NPV of 100% for detecting the
EVA.
a
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When the Valvassori criteria were followed, EVA was confirmed
in 27 of 246 (10.9%) ears on CT images. One ear with a suspicious appearance for vestibular aqueduct enlargement on visual assessment was included in the EVA group according to
the Cincinnati criteria, while assigned in the non-EVA group
according to the Valvassori criteria (the widths of the midpoint
and operculum were 1.2 and 3.3 mm, respectively) (Figure 4).
Twenty-two of 27 ears (81.5%) with EVA were verified on MRI.
The imaging findings of five ears with EVA, which could not be
demonstrated on MRI, consisted of four ears with visible vestibular aqueducts without an enlarged appearance and one ear with
a non-visible vestibular aqueduct. Another ear with a non-visible aqueduct on MRI, which was mentioned above, was not
classified into the EVA group based on the Valvassori criteria.
MRI had a sensitivity of 100%, a specificity of 97.3%, a PPV of
77.7%, and an NPV of 100% for detecting the EVA. The diagnostic performance of MRI was shown in Table 1.
The imaging findings of the vestibular aqueduct on MRI were
summarized in Table 2. An enlarged appearance of the vestibular aqueduct on MRI (26 of 28 EVA ears (92.9%) according
to the Cincinnati criteria and 22 of 27 EVA ears (81.5% according to the Valvassori criteria) was a significant indicator for
b

Figure 4. a, b. A patient with an ear included both in EVA and non-EVA groups according to the Cincinnati and Valvassori criteria, respectively.
(a) On the CT scan, the midpoint and operculum widths were 1.2 and 3.3 mm, respectively. (b) The vestibular aqueduct was not visible on
MRI. Please note that the semicircular canals are dysplastic
Table 1. The diagnostic performances of MRI in detecting EVA*
Sensitivity (%)

According to the Cincinnati criteria

100 (83.9-1)

According to the Valvassori criteria

*Numbers in parentheses are 95% confidence intervals (CI)

100 (80.7-1)

Specificity (%)

99.0 (96.4-99.8)
97.3 (94.0-98.9)

PPV (%)

92.8 (75.0-98.7)
77.7 (57.2-90.6)

NPV (%)

Accuracy (%)

100 (97.8-1)

97.5

100 (97.8-1)

99.1

MRI: magnetic resonance imaging; EVA: enlarged vestibular aqueduct; PPV: positive predictive value; NPV: negative predictive value

Table 2. The appearances of the vestibular aqueducts on MRI
According to the Cincinnati Criteria		

Non-visible

Visible but not enlarged
Enlarged

EVA group (n=28)
2 (7.1%)
0 (0%)

26 (92.9%)

Non-EVA group (n=218)
193 (88.5%)

p

<0.001

25 (11.5%)		

MRI: magnetic resonance imaging; EVA: enlarged vestibular aqueduct

0 (0%)		

According to the Valvassori Criteria

EVA group (n=27)

Non-EVA group (n=219)

4 (14.8%)

25 (11.4%)

1 (3.7%)

22 (81.5%)

194 (88.6%)
0 (0%)

p

<0.001
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Table 3. Inter-observer reliability
Measurements of the vestibular aqueduct

ICC

95% CI

p

At the midpoint on CT

0.991

0.980-0.996

<0.001

At the ostium on CT

0.981

0.960-0.991

<0.001

At the midpoint on MRI
At the ostium on MRI

0.975
0.974

0.946-0.988
0.944-0.988

ICC: intra-class correlation coefficient; CI: confidence interval. CT: computed tomography; MRI: magnetic resonance imaging

EVA (p<0.001). The non-visible vestibular aqueduct (193 of 218
non-EVA ears (88.5%) according to the Cincinnati criteria and
194 of 219 non-EVA ears (88.6%) according to the Valvassori
criteria) was a statistically significant indicator to exclude the
diagnosis of EVA (p<0.001) (Figure 1).
The inter-observer reliability results between the otorhinolaryngologist and radiologists for the measurements of the vestibular aqueduct on CT scan and MRI are summarized in Table 3.
Excellent inter-observer agreements were obtained. The values
provided by the radiologists represented the mean values. The
mean midpoint width was 3.02±1.06 and 2.57±1.20 on CT and
MRI, respectively. The mean operculum width was 5.15±1.87
and 4.35±2.06 on CT and MRI, respectively. There were no significant differences regarding the midpoint (p=0.061) and operculum (p=0.053) between CT and MRI. There were excellent
correlations between the measurements of the midpoint and
operculum on the CT and MRI (p<0.001; Rho=0.826, p<0.001;
Rho=0.899, respectively).

Discussion

Currently, there has been no consensus on which initial imaging modality should be performed in children who are clinically
suspicious for the presence of EVA. Despite the well-known
and widely-used CT-based diagnostic criteria, we investigated
the potential diagnostic capability of MRI in EVA due to our
concerns about exposure to CT-based ionizing radiation in children. Our results indicated that MRI was quite valid to diagnose EVA with a sensitivity of 100% and a specificity of 97-99%.
The NPV values of MRI were 100% for both of the criteria.
The non-visible vestibular aqueduct was an indicator to exclude
EVA on MRI. Moreover, a vestibular aqueduct with enlarged
appearance on MRI was found to be a significant parameter for
detecting EVA according to the Cincinnati (92.9%) and Valvassori criteria (81.5%).
Only a few studies have evaluated the diagnostic capability
of MRI in comparison to CT to diagnose EVA (9, 15). In
1997, Dahlen et al. (15) reported that 33 of 38 ears (86.8%)
were positive for EVA on MRI. However, they suggested that
MRI is a complementary imaging tool to CT in the diagnosis
of EVA due to its false-positive and false-negative results. A
recent study conducted by Connor et al. (9) observed no differences between the vestibular aqueduct measurements using
CT and MRI in children with EVA. They defined the diagnostic agreement for CT and MRI to be 93%. They demonstrated that a few false-positive and false-negative cases were

<0.001
<0.001

present on MRI. We did not find any false-positive findings
on MRI. According to our results, the enlarged appearance of
the vestibular aqueduct on MRI was correlated with EVA diagnosis, which was confirmed by either the Valvassori or the
Cincinnati criteria. Hence, we suggest the use of MRI as a
first-step diagnostic tool instead of a CT scan to exclude EVA
and to perform a CT scan if required for those cases with high
clinical suspicion of EVA in pediatric age. Although MRI has
high diagnostic accuracy and NPV according to our results,
considering the pediatric age group, we recommend not to underestimate the potential necessity of sedation or anesthetic
administration to maintain the stability of positioning during
the long acquisition time of MRI, and we highlight this as a
limitation.
CT has a high spatial resolution, which means the capability of distinguishing two small, discrete objects (16). In the
literature, vestibular aqueducts’ measurements showed lower
values on MRI than CT, though there were not any statistically significant differences (9, 15). It has been proposed that
the lower values on MRI might be related to the challengings
of distinguishing between the tip of the thin bony operculum
and dura. Besides, a transient enlargement of the fluid space
that resulted in a widening of the vestibular aqueduct has also
been suggested as another theory to explain these differences
(9, 15). Our results were compatible with the literature. Another strength of our study was the reliability of the measurements between two independent assessors. The inter-observer
reliability was excellent when the measurements performed
on CT and MRI by the otorhinolaryngologist versus pediatric
radiologists.
The vestibular aqueduct’s normative measurements have been
studied in different planes of the temporal bone previously (2,
3, 17-19). Although the classical methods were described in
the Valvassori and Cincinnati criteria, the adjacent posterior
semicircular canal’s width was also used as a standard reference. Also, Juliano et al. (17) revealed that the vestibular aqueduct’s normative diameter in the 45° oblique reformat plane
was 0.5 mm (0.3-0.9 mm) at the midpoint. Ozgen et al. (18)
found that the 45° oblique plane on CT scan was more reliable
for measuring the vestibular aqueduct than the axial plane. The
45° oblique plane was not used in this study since reformat
images would be useful solely on CT scan, not MRI. Therefore,
an optimal comparison between CT and MRI could not be
achieved.
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EVA can occur either as an isolated abnormality or accompany
by other congenital conditions (20). Associated abnormalities
should be meticulously clarified, especially in the preoperative
assessment of cochlear implant candidates. Many authors investigated the benefit of using preoperative MRI and CT in
pediatric cochlear implant candidates (21-24). They concluded
that CT was superior to MRI to identify the temporal bone
abnormalities, whereas MRI played a critical role when demonstrating cochlear nerve pathologies and accompanied intracranial morbidities. Nevertheless, they also found many overlaps between the two imaging modalities. Trimble et al. (21) suggested
a selective use of both imaging modalities within a diagnostic
algorithm. Parry et al. (22) suggested the use of MRI in the firststep evaluation in cochlear implant candidates and to continue
with the use of CT if required, such as in the case of suspicion
for bony abnormalities. Unlike these results, Gleeson et al. (23)
demonstrated that the combined use of CT and MRI was not
superior to either modality alone.
The exact incidence of EVA in children is still unknown. However, it has been reported to distribute in a wide range from
%0.6 to 10% (19, 25-28). The differences regarding the studies
may be due to different factors such as the age of the sample
size, imaging techniques, and the evaluation methods. Besides,
detecting this abnormality has been improved day by day following the advances in imaging technology. Besides, SNHL,
which is known to be the most common clinical manifestation in patients with EVA, has become more detectable in the
younger age groups due to universal newborn hearing screening programs. In our study, 11% of the 246 temporal bones
had EVA. Our study’s high incidence rate may be related to
our patient cohort, most of which presented with SNHL (227
of 246 ears [92.2%]).
We agree that the relatively small sample size, the retrospective design, and the lack of vestibular assessment are among the
limitations of our study. However, we also wish to remind that
evaluating vestibular symptoms in the pediatric age group may
be extremely challenging.

Conclusion

MRI has high diagnostic accuracy in EVA when using either
the Cincinnati or the Valvassori criteria. The non-visible vestibular aqueduct on MRI is a useful marker to exclude EVA.
We believe that our results will make valuable contributions to
EVA’s diagnostic algorithm in otolaryngologists and radiologists’ daily clinical practice. Because it does not necessitate the
use of ionizing radiation, MRI may offer a safe and effective
diagnostic property in diagnosing EVA in children as a firststep diagnostic tool. Further research is also needed to determine the cost-effectiveness and feasibility of implementing
MRI on a large scale.
Ethics Committee Approval: Ethics committee approval was received for this study from the Institutional Review Board of Dokuz Eylül University School of Medicine (Protocol Number: GOA
2020/12-07).
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