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Special Features

1. Enlarged vestibular aqueduct can be isolated
or accompany cochlear deformities.

2. No typical audiological configuration.
Hearing loss usually fluctuating and progres-
sive throughout lifetime, with occasional sud-
den SNHL. Air-bone gap is usually present at
the lower frequencies.

3. Usually they become a candidate for cochlear
implantation during follow-up.

4. The reason for the progressive SNHL may be
CSF pressure transmission into the inner ear.

27.1 Definition

Vestibular aqueduct (VA) is a bony canal trans-
mitting the endolymphatic duct between endo-
lymphatic sac and vestibule. Normally it is less
than 1.5 mm in diameter at the midpoint and also
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less than the diameter of the posterior semicircu-
lar canal (Fig. 27.1a, b).

Enlarged Vestibular Aqueduct (EVA): This
entity describes the presence of an enlarged ves-
tibular aqueduct (i.e. the midpoint between pos-
terior labyrinth and operculum is larger than
1.5 mm on axial HRCT of the temporal bone) in
the presence of a normal cochlea (Fig. 27.2a, b).

EVA was discovered by Carlo Mondini [1]
during temporal bone dissection for the first time.
Radiologically EVA was defined by Valvassori
and Clemis [2] in 1978 when its horizontal
dimensions are greater than 1.5 mm at the mid-
point and 2 mm at the external aperture of the
vestibular aqueduct on the axial plane. It can be
isolated as a separate group of inner ear malfor-
mations (IEM) in the presence of normal modio-
lus and cochlea (Figs. 27.2 and 27.3) or it may be
accompanying incomplete partition type II (IP-
IT) malformation (Fig. 27.4).

In the past, the term ‘“Large vestibular
Aqueduct Syndrome” was used to describe this
entity. A syndrome is defined as “a group of signs
and symptoms that occur together and character-
ize a particular abnormality or condition.”
However, EVA can be present as an isolated find-
ing or in association with cochlear abnormalities
as in IP-II. Sometimes it is seen in association
with  congenital  hypothyroidy  (Pendred
Syndrome). Therefore, it is more appropriate to
accept this entity as “enlarged vestibular aque-
duct” rather than “large vestibular aqueduct
syndrome.”
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Fig.27.1 Computerized tomography demonstrating normal vestibular aqueduct on axial (a) and 45° oblique reformat
(Poschell view) (b) views (dotted arrows vestibular aqueduct, straight arrow lateral semicircular canal)

Fig. 27.2 Axial computerized tomography of enlarged vestibular aqueduct (a) in the presence of normal cochlea and

modiolus (b) (C cochlea, EVA enlarged vestibular aqueduct)

Fig. 27.3 (a, b) Magnetic resonance imaging findings
showing normal modiolus (small white arrow) and osse-
ous spiral lamina (dotted white arrow). Note that the nor-

According to a recent paper by Sennaroglu
[3], etiology of enlarged vestibular aqueduct
(EVA) appears to be the result of a genetic abnor-
mality based on literature findings. It is usually

-3

mal sized vestibular aqueduct (straight long white arrow)
is difficult to appreciate with MR imaging

bilateral. Rarely there may be asymmetry
between the two sides. Depending on the time of
the pathology and extent of CSF pressure trans-
mission into the inner ear, other cochleovestibu-
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Fig. 27.4 Computerized tomography (a) and magnetic
resonance imaging (MRI) (b) findings in an incomplete
partition type II patient with enlarged vestibular aqueduct

lar findings may accompany EVA (see Chap. 24
IP-1II for further details).

The difference between EVA and IP-II is the
presence of additional findings in the latter. IP-1I
is characterized by a triad of anomalies, which
were first described by Mondini [1]:

1. EVA.

2. Minimally dilated vestibule.

3. Cochlear modiolar defects resulting in cystic
apex.

EVA appears to be responsible for the changes
observed in IP-II. High CSF pressure transmitted
into inner ear via EVA may cause different modi-
olar defects resulting in IP-II. Thus in the setting
of an EVA, the cochlea should be evaluated care-
fully for additional anomalies and if the cochlea
is completely normal on imaging the term EVA
should be used.

In the past EVA was diagnosed more often.
However, with the development of better scan-
ners it has become possible to detect smaller
cochlear changes with the present day HRCT and
MRI (Fig. 27.3). MRI particularly can demon-
strate even scala vestibuli dilatation [4].
Therefore, many of the pathologies may be in
fact IP-II rather that EVA.

It is appropriate to accept EVA as a separate
IEM group because the cochlea and vestibule are
normal on imaging in spite of EVA. However,
audiological findings are similar to IP-II cases.

(white arrow), with defective modiolus (thin white arrow)
and defective interscalar septa (dotted white arrow). MRI
demonstrates a very large endolymphatic sac (white star)

27.2 Anatomy of Vestibular
Aqueduct (VA),
Endolymphatic Duct (ED),
and Sac (ES)

According to Emmet [5], Valvassori and Clemis
[2] described VA as an inverted “J” shaped struc-
ture. It has two segments: short descending
proximal segment and a longer descending distal
segment:

1. Proximal segment or isthmus, which appears
as the short limb of “J”; it is approximately
1.5 mm in length, with a mean diameter of
0.3 mm.

2. Distal segment which appears as the long
limb of “J”; it is triangular in shape with the
apex at the isthmus and base at the opening
into the posterior fossa. It increases from
0.5 mm at the isthmus towards the outer
opening.

Vestibular aqueduct houses endolymphatic
duct (ED) and the endolymphatic sac (ES) and
the anatomy of the latter structures were described
in detail by Lo et al. [6]. The ED and ES are filled
with endolymph and are the non-sensory compo-
nents of the membranous labyrinth. The ED
forms from the confluence of the utricular and
saccular ducts. It passes through the VA to the
ES, which extends through the distal VA out of
the external aperture of the aqueduct to terminate
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in the epidural space of the posterior cranial
fossa. Therefore, ED and ES consist of compo-
nents both inside and outside the otic capsule
connected by a narrow passageway through the
capsule.

Lo et al. [6] indicated that its proximal seg-
ment, the sinus, lies in a groove on the postero-
medial surface of the vestibule, while its major
portion is contained within the short, slightly
upwardly arched, horizontal segment of the
VA. After entering the VA, the sinus tapers to its
intermediate segment within the horizontal seg-
ment of the VA and then narrows at its isthmus of
the VA. Endolymphatic sac begins distal to the
isthmus and has a proximal, intraosseous portion,
lying within the transversely widening, vertical
segment of the VA, which is covered posteriorly
by a thin scale of bone, the operculum. The distal,
extra-osseous portion of the sac rests on a fovea
on the posterior wall of the petrous bone, between
layers of dura.

27.3 Histopathology
and Pathophysiology

EVA appears to be responsible for the changes
observed in IP-II. High CSF pressure transmitted
into inner ear via EVA may cause different modi-
olar defects resulting in IP-II. The mildest defor-
mity observed in the cochlea is dilatation of scala
vestibuli and the most significant deformity is the
complete modiolar absence. It is also possible
that patency of the EVA is minimal or EVA
occurs after the development of the inner ear is
complete and no pathology is observed in the
cochlea. If the cochlea is completely normal on
imaging it is appropriate to use the term EVA. In
Chap. 24 on IP-II, histopathology and pathophys-
iology are described in more detail.

27.3.1 Literature Findings

Pritchett et al. [ 7] evaluated the results of cochlear
implantation in 55 individuals diagnosed with
EVA. They reported that the severity of IEM
affected the time of the implantation. They found

that the age of CI was approximately 6 years in
EVA due to the progressive nature of hearing
loss. They also emphasized that individuals diag-
nosed with isolated EVA could benefit from hear-
ing aids for a longer period without implantation
than those diagnosed with IP-II malformation.

Ahadizadeh et al. [8] reported the audiological
outcomes (word recognition scores, speech
reception thresholds, and pure tone audiometry)
in patients with EVA and IP-II in their retrospec-
tive longitudinal study. They mentioned that the
severity of the hearing loss in patients with EVA
had no correlation with the presence of the
IP-II. The main reason for the severity of the
hearing loss was thought to be the EVA.

In the paper by the authors [9], relationship
between the size of the vestibular aqueduct and
air-bone gap in patients with EVA was evaluated.
It was found out that the size of the vestibular
aqueduct is not associated with air-bone gap. Due
to the progressive nature of the hearing loss in
EVA, it is not possible to find a correlation
between the size of the vestibular aqueduct and
air-bone gap. While hearing changes over the
time, the size of the vestibular aqueduct remains
same.

Madden et al. [10] evaluated the audiometric
thresholds and the configuration of the hearing
loss and compared them with the size of the VA
in patients with EVA. They found no correlation
between the degree of the hearing loss and the
size of the VA.

In contrast to these findings, a study by Ascha
et al. [11] in 2017 identified a direct relationship
between the size of the VA and the audiometric
thresholds in the repeated measures of hearing
test results. They reported an increase of 17.5 dB
in speech reception threshold per each millimeter
increase of the size of the VA. They emphasized
that the size of the VA is directly associated with
the hearing loss in patients with EVA.

Aimoni et al. [12] described the clinical and
genetic characteristics of 14 adolescents with
EVA depending on the pendrin gene mutations
(SLC26A4) in their study. Participants were
divided into three subgroups: Group 1 non-
syndromic EVA; Group 2 EVA with SLC26A4
gene mutation without thyroid dysfunction; and
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Group 3 EVA with Pendred syndrome with two
pathological mutations of the SLC26A4 gene.
They defined that degree of the hearing loss
changes from mild to profound in patients with
non-syndromic EVA. Conversely, severe to pro-
found hearing loss was identified in most of the
patients (%70-75) with SLC26A4 gene mutation
(for more details see Chaps. 6 and 12).

In the literature many papers showed that the
audiological performance of the patients with
EVA are similar to the patients without any
cochlear malformation [13—15]. Isaiah et al. [14]
retrospectively analyzed the speech perception
and radiological characteristics of the pediatric
cochlear implant users with IEMs. They found
out that most of the children with EVA are able to
achieve open set speech perception and perform
as good as others with normal anatomy. Manzoor
et al. [15] also compared the performance of the
patients with isolated EVA and EVA with IP-11
and could not find any significant difference
between two the groups.

In addition to audiological findings, vestibular
symptoms in EVA were also reported in a recent
study by Song et al. [16]. In their series vestibular
complaints were reported in more than half of the
patients with EVA and surprisingly, the incidence
of benign paroxysmal positional vertigo (BPPV)
was 18.2%. Although the percentage of vestibu-
lar symptoms are less than cochlear findings, it
was recommended to evaluate vestibular symp-
toms particularly BPPV, in EVA.

27.3.2 Clinical Findings

Clinical and audiological presentation is similar
to IP-II patients. Hearing may be normal at birth.
Usual presentation is progressive mixed or
SNHL. There may be sudden hearing loss attacks.
In case of sudden hearing loss, there is a strong
possibility for hearing recovery if the treatment
(steroids and vasodilators) is started immediately.
Usually with more attacks hearing progresses to
a point with no benefit from hearing aids and they
become candidates for CI surgery. Meningitis
and facial nerve anomaly are extremely rare in
EVA.

27.3.3 Audiological Findings

Audiological presentation and management is
similar to that of IP-II. There is no typical audio-
logical configuration for EVA. A heterogeneous
hearing pattern, such as progressive sensorineu-
ral hearing loss, mixed type hearing loss, and
fluctuating hearing loss, is encountered in EVA
malformation. At birth they may obtain pass-on
hearing screening with otoacoustic emission and
automatic auditory brainstem response tests.
Hearing loss is usually progressive. At the begin-
ning they benefit from hearing aids. With pro-
gressive hearing loss or sudden hearing loss
attacks they become candidates for CI. A study
by Govaerts et al. [17] emphasized that initial
diagnosis of the hearing loss in EVA is between
the age of 3.5 and 5 years.

Hearing loss can be symmetric or asymmetric
(Fig. 27.5a, b). The most characteristic audiolog-
ical finding is air-bone gap (ABG) particularly
present at low frequencies, but sometimes ABG
can be seen in all frequencies. These patients
should not be operated for ossicular fixation.
The reason for air-bone gap is the third window
phenomenon caused by the EVA which creates a
bony defect in the labyrinth.

The pathological third window effect of EVA
malformation causes the acoustic energy to go in
a different direction from the cochlea, unlike the
normal third window effect. This increases the
compressive mechanism of bone conduction and
results in better bone conduction hearing thresh-
olds and lower air conduction hearing thresholds.
Third window effect refers to selective stimula-
tion of bone pathway in the presence of EVA
[18].

27.3.4 Radiology

According to the IEM database of Hacettepe
University Department of Otolaryngology, out of
776 patients with various IEMs, 69 of 1652 ears
had EVA (4.2%).

Vestibular aqueduct enlargement is diagnosed
when the midpoint between posterior labyrinth
and operculum is larger than 1.5 mm in the pres-
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Fig. 27.5 Audiological findings in enlarged vestibular aqueduct: (a) Symmetrical and (b) Asymmetrical audiological
findings

Fig.27.6 Magnetic resonance imaging showing normally developed cochlear nerves (CN) on both sides (a and b)

ence of a normal cochlea (Fig. 27.2a, b). The
external size of the cochlea as well as internal
architecture should be normal. Higher field
strength scanners with dedicated sequences such
as three-dimensional constructive interference in
steady-state (CISS), fast imaging employing
steady-state acquisition (FIESTA), or driven
equilibrium (DRIVE) allow higher resolution
imaging of the cochlea with a better demonstra-
tion of modiolus, interscalar septa, scala tympani,
and vestibule, allowing differentiation of EVA
from IP-II (Figs. 27.3 and 27.4) [19-21]. In some
cases of minor EVA, it may be difficult to diag-
nose EVA with only MRI. CT has been reported
to have a higher accuracy compared to MRI in
the depiction of enlargement (Fig. 27.2 and 27.3).

There are some controversies in the literature
about the dimensions of VA to be accepted as

enlarged. Vijayasekaran et al. [22] reported that
VAs with midpoint or opercular widths of 1.0 and
2.0 mm or greater, respectively, are enlarged.
Mohammed El Badry et al. [23] supported these
measurements for diagnosis of EVA.

MRI always reveals normally developed
cochlear nerves (Fig. 27.6). Therefore, ABI is not
indicated in EVA.

EVA was mainly diagnosed on axial sections.
Ozgen et al. [24] reported that the 45° oblique
reformate provides better visualization and more
accurate measurement of the VA compared to the
routine images in the axial plane (Fig. 27.1b). It is
very important to evaluate coronal sections as
well (Fig. 27.6). In a recent paper by Sennaroglu
and Bajin [25], the authors added the vertical
dimension as well in the diagnosis of EVA. We
have made the observation that EVA is present in



27 Enlarged Vestibular Aqueduct

307

Fig. 27.7 Enlarged vestibular aqueduct diagnosed on coronal section. (a) Axial section showing normal vestibular
aqueduct. (b) Coronal section showing enlarged vestibular aqueduct on oblique dimensions

anumber of axial cuts (Fig. 27.7). This means that
it can be enlarged in superior-inferior or oblique
dimensions as well. It is advisable to use the same
measurement of 1.5 mm at the midpoint on coro-
nal sections for the diagnosis of EVA as well.
Sometimes VA is enlarged in an oblique position;
when axial measurements are taken into consider-
ation, it may not be enlarged but it may be enlarged
when oblique measurements are used (Fig. 27.7).

EVA is frequently bilateral and symmetric;
rarely, it can be asymmetric.

27.4 Management

In patients with EVA, head trauma should be
avoided. This may cause increase in CSF pres-
sure and this may be transmitted into the inner
ear resulting in sudden or progressive hearing
loss. Helmets are advised during sports. It is
advisable to avoid contact sports. In a recently
published review study of Brodsky and Choi
[26], it was reported that despite the possible
association between EVA and sudden HL, head
traumas are not a risk factor for overall progres-
sion of HL in EVA.

As hearing loss shows a progressive pattern,
hearing aids are sufficient at the beginning.
Language development in EVA is excellent.

With bilateral profound SNHL CI is indicated.
There may be cases with asymmetric hearing loss
with one side moderate, and other side profound
SNHL. In this situation, CI is indicated on the
side with profound HL.

27.5 Surgery

During CI surgery, all kinds of electrodes can be
used as the modiolus and basal part of the cochlea
is normal. Dimensions of cochlea and semicircu-
lar canals are normal; therefore, no facial nerve
abnormality or difficulty during surgery is
expected.

27.6 Hacettepe Experience

In our department between 1997 and September
2018, 2646 patients underwent CI and ABI
operations. 279 of CI cases had IEMs. 30 had
EVA deformity. During this period 30 patients
with isolated EVA, out of 279 patients with
IEMs, were implanted with CI. In this particu-
lar group of patients with EVA, minimum age
of CI was 12 months and maximum age was
30 years. Mean age at CI was 9.7 years for our
series of EVA. These findings suggest two
important audiological characteristics of EVA
malformation:

1. Patients with EVA can benefit from their hear-
ing aids for a longer period due to progressive
nature of hearing loss.

2. Patients with EVA may have sudden hearing
loss at any time in their life.

Therefore, in patients with EVA, CI may be
required at any time in their life.
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Fig. 27.8 Case 27.1: 17-year-old male patient with bilateral EVA. (a) Preoperative audiogram, (b) hearing thresholds

with right cochlear implant

During surgery, a facial recess approach was
successfully used in all 30 patients. While pulsa-
tion was frequently observed, none of them had
gusher. Six had oozing during surgery. This was
easily controlled with any kind of electrode using
soft tissue around the electrode.

Cochlear nerve is always present in EVA. None
of the patients with EVA received an ABI.

27.7 Cases

Case 27.1: YY, 17-Year-Old Male Patient,
Operated October 2016

He had progressive hearing loss necessitating a
CI (Fig. 27.8a). HRCT of the patient revealed
bilateral EVA. Despite a large air-bone gap
especially at the low frequencies, no middle ear
surgery was planned because of EVA. He
received a CI on the right side in October 2016
(Fig. 27.8b).

Case 27.2: EC, 9-Year-Old Male Patient,
Follow-Up with Hearing Aids

He had bilateral EVA with severe mixed type
hearing loss (Fig. 27.9). His follow-up was done
with bilateral hearing aids. Family was informed
about the possibility of progressive hearing loss
and necessity of a CI during follow-up.
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Fig. 27.9 Case 27.2: 9-year-old male patient who is fol-
lowed up with bilateral hearing aids

Case 27.3: M1, 31-Year-Old Male Patient,
Operated November 2017

History revealed sudden hearing loss on the right
ear at the age of 4. His hearing on the left side
was normal and he did not use any hearing aids
on the right ear. He experienced sudden hearing
loss on the left ear in February 2016 (Fig. 27.10a).
Despite medical therapy, his hearing did not
recover. An audiogram 10 months later showed
another attack of hearing loss on the left ear
(Fig. 27.10b). He started to use hearing aids on
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Fig.27.10 Case 27.3: 31-year-old male patient with sud-
den hearing loss attack. (a) First sudden hearing loss
attack on the left ear, (b) second hearing loss attack (left

both sides. After the last attack, he applied for
cochlear implantation in May 2017 (Fig. 27.10c).
His left ear was operated with CI (Fig. 27.10d).
Present day approach with radiological imag-
ing techniques and cochlear implantation was not
present 30 years ago when his hearing loss on the
right side occurred. At that time appropriate reha-
bilitation option was not planned for the right ear.
At present time when a hearing loss occurs uni-
laterally, in a child of 4 years of age with bilateral
EVA, cochlear implantation should be planned if
there is no recovery after medical treatment. Only

side), (c¢) preoperative audiogram, (d) hearing thresholds
with left cochlear implant

in this way bilateral hearing can be restored in a
patient with EVA.

Case 27.4: MS, 3-Year-Old Male Patient,
Operated December 2016

He was diagnosed with profound mixed type
hearing loss (Fig. 27.11) and bilateral EVA. He
was implanted with CI at the age of 3.

In contrast to Case 27.3, at present time CI is
provided at the time of diagnosis of profound
hearing loss. Because of the nature of the EVA,
hearing loss is usually progressive and is expected
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Fig. 27.11 Case 27.4: 3-year-old male patient operated
with CI

on the left side as well. Therefore, in cases of
EVA, CI should be performed in unilateral pro-
found hearing loss.
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