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Enlarged Cochlear Aqueduct

uresh K. Mukherji, Henry C. Baggett, Jay Alley, and Vincent H. Carrasco
Summary: Enlargement of the cochlear aqueduct is a con-
troversial topic, with experienced investigators doubting its
existence because of a lack of published cases. We describe
the CT appearance of an enlarged cochlear aqueduct in a
patient with advanced congenital inner ear anomalies and
congenital hearing loss. The intent of this article is to
present the CT appearance of a presumably enlarged co-
chlear aqueduct and to underscore the need to examine this
structure in patients with congenital hearing loss.

The cochlear aqueduct is a bony canal that connects the
subarachnoid space to the basal turn of the cochlea. Enlarge-
ment of the cochlear aqueduct has been suggested as a cause of
sensorineural hearing loss and perilymph fistula (1). However,
because of its rarity, previous investigators have suggested that
this malformation may not exist (2, 3). The intent of this report
is to document the computed tomographic (CT) appearance of
an enlarged canal in the expected location of the cochlear
aqueduct. This malformation may be present in patients with
congenital hearing loss and other inner ear abnormalities.

Case Report
An 18-month-old boy was referred to our institution for

evaluation of severe bilateral hearing loss. The prenatal and
birth history were unremarkable. The hearing loss was identi-
fied at 15 months of age, at which time he was fitted with
Phonak (Naperville, Ill) PP-CL-P hearing aids binaurally. How-
ever, the boy’s mother reported no improvement in his respon-
siveness with the hearing aids. Other than delays in speech and
language acquisition, the patient developed normally.

Physical examination revealed normal tympanic membranes.
The remainder of the neurologic examination was unremark-
able. Audiologic examination disclosed a profound sensorineu-
ral loss, with greater than 90-dB hearing loss on the left and no
response on the right. Aided testing showed only minimal
response binaurally. The patient was severely deficient in
speech perception and production.

Temporal bone CT with contiguous axial and coronal 1-mm-
thick sections (field of view, 9.6 cm) showed severe inner ear
dysplasias bilaterally, including malformation of the common
cavity with dysplasia of the semicircular canals (Fig 1). The
right common cavity was separated from the internal auditory
canal (IAC) by a thin bony plate; the left common cavity
opened widely into the IAC. The vestibular aqueducts were not
enlarged on either side. A bony canal that courses along the
expected location of the left cochlear aqueduct was dilated and
was clearly visible throughout its course, from the medial to the
lateral orifice (Fig 1). The diameter of the lateral orifice and
midotic capsular portion of the left cochlear aqueduct was 1.2
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mm. The right cochlear aqueduct was slightly irregular but not
definitely enlarged.

On the basis of clinical and audiologic examination, the
patient was considered to be a suitable candidate for cochlear
implantation. Typically, the ear with the greatest hearing loss is
implanted to prevent conflicting signals between the implant
and normal auditory signal transmission. At 2 years of age, the
patient received a Clarion (Simi Valley, Calif) eight-channel
cochlear implant in the right ear. No perilymphatic fistula
developed during cochleotomy for insertion of the electrode.
The patient did well postoperatively and early evaluation indi-
cated that the implant was stimulating well. Three months after
implantation, the patient had a 50-dB hearing threshold and
conditioned responses to stimulation.

Discussion
The cochlear aqueduct is the narrow bony canal that

surrounds the perilymphatic (periotic) duct. The perilym-
phatic duct connects the scala tympani with the subarach-
noid space. The cochlear aqueduct runs a downward ob-
lique course between the cochlea and the subarachnoid
space. CT has allowed the course of the cochlear aqueduct
to be divided into four segments (2). The lateral orifice is the
narrow opening of the bony aqueduct into the basal turn of
the cochlea. It is located along the anteroinferior edge of
the scala tympani immediately anterior to the crest of the
attachment of the round window (4). The lateral orifice
opens into the otic capsule segment, which courses medially
through the labyrinthine bone. The otic capsule segment
becomes continuous with the petrous apex segment, medi-
ally. The petrous apex segment courses through bone,
which may be either pneumatized or filled with marrow.
The petrous apex segment opens into the subarachnoid
space adjacent to the pars nervosa of the jugular foramen
via the funnel-shaped medial orifice (2).

Enlargement of the cochlear aqueduct is a controversial
topic, with experienced investigators suggesting that this
developmental anomaly is perhaps a “nonexistent malfor-
mation” (2). Evaluation of the normal CT appearance of
the cochlear aqueduct on high-resolution studies (1.5-mm-
thick sections) performed by Jackler and Hwang (2) showed
that the diameter of the cochlear aqueduct is inconsistent
and dependent on the specific segment being studied. This
is consistent with results obtained by previous investigators
(4). The otic capsule, petrous apex, and lateral orifice por-
tions of the cochlear aqueduct were not visualized by Jack-
ler and Hwang in a high percentage of their patients (44%,
23%, and 64%, respectively) (2). The complete course of
the cochlear aqueduct was only seen throughout its entirety
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FIG 1. CT findings of enlarged cochlear aqueduct in an 18-month-old boy.
A, Axial scan obtained through the temporal bone shows dilatation of the lateral orifice (small arrow) and otic segment (large arrow)

of the cochlear aqueduct. Note the associated common cavity malformation (C) of the inner ear. On otoscopic examination, the
soft-tissue attenuation surrounding the ossciles was thought to represent fluid in the middle ear cavity rather than cholesteatoma.

B, Axial scan obtained 1 mm inferior to A shows the dilated duct is continuous with the funnel-shaped medial orifice (arrows) that
opens into the region of the jugular foramen. The jugular foramen and the pars nervosa were not malformed (not shown) (C indicates
common cavity malformation). Compare Figure 1A and B with the normal appearance of the cochlear aqueduct on the axial scan shown
in Figure 2A.

C, Coronal scan shows diffuse dilatation throughout the course of the cochlear aqueduct (smallest straight arrow indicates lateral
orifice; medium-sized straight arrow, otic segment; large straight arrow, petrous apex segment; small curved arrow, medial orifice; and
large curved arrow, dysplastic semicircular canal). The diameter of the cochlear aqueduct at the midotic segment measures 1.2 mm.
Compare this with the normal appearance of the cochlear aqueduct on the coronal study shown in Figure 2B.
FIG 2. CT appearance of normal co-
chlear aqueduct. Axial (A) and coronal
(B) scans show the normal appearance
of the cochlear aqueduct (arrows) in a
20-month-old patient examined for
cholesteatoma of the contralateral ear
(not shown). Note the gradual widen-
ing of the cochlear aqueduct on
the axial scan as the duct courses
medially.
in 31% of the patients studied (2). This inability to see
portions of the cochlear aqueduct is most likely due to its
small diameter, which, on anatomic studies, has been re-
ported to be between 0.1 and 0.2 mm at its midportion (2,
5, 6). The most visible portion of the cochlear aqueduct is
the medial orifice, which was identified in 97% of patients
and has a mean diameter of 4.5 mm (range, 0 to 11 mm) (2).
These findings led the authors to dispute previous claims of
an enlarged cochlear aqueduct based on a wide medial
aperture (2). They believed that prior claims of an enlarged
cochlear aqueduct based solely on widening of the medial
aperture could be accounted for by this normal variability,
and justifiably concluded that the entity of an “enlarged
cochlear aqueduct” must be questioned, as they were un-
able to identify a “single published image” of an enlarged
cochlear aqueduct that could be considered normal by their
measurements (2).

The appearance of the cochlear aqueduct in our patient
is different from the appearance reported previously (2).
The complete course of the cochlear aqueduct was visible
from the lateral orifice to the medial aperture. The diam-
eter, obtained at the midportion, was 1.2 mm, which is
significantly larger than measurements based on anatomical
studies (0.1 to 0.2 mm) (5, 6). To corroborate our observa-
tions, we measured the diameter of the midotic segment of
the cochlear aqueduct in 50 temporal bones imaged by
using 1-mm-thick contiguous axial CT sections. These pa-
tients (n 5 27) were being examined for signs and symp-
toms other than congenital or sensorineural hearing loss.
The midotic segment was seen in 33 (66%) of the 50
temporal bones. When visible, the midotic portion of the
cochlear aqueduct was seen on CT scans as a very thin
lucent line that courses from the basal turn of the cochlea to
the funnel-shaped medial orifice (Fig 2). The average mean
diameter of the midotic segment of the visualized aqueducts
was 0.56 6 0.26 mm. These findings lend support to our
supposition that the cochlear aqueduct in our patient was
enlarged.

Despite the lack of pathologic correlation, we believe
that the dilated canal illustrated in our case is due to an
enlarged cochlear aqueduct. We think the appearance can
be explained by a developmental arrest in the embryogen-
esis of the primitive cochlear aqueduct and its embryonic
contents (6). In the 16- to 18-week fetus, the primitive
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cochlear aqueduct contains the periotic duct, the inferior
cochlear vein, and the tympanomeningeal fissure (Hyrtl’s
fissure). At 20 weeks’ gestation, progressive ossification of
the otic capsule leads to separation of the inferior cochlear
vein from the primitive cochlear aqueduct. This results in
the formation of a separate parallel bony canal for the
inferior cochlear vein (Cotugno’s canal, or first accessory
canal) (6, 7). The bony covering of Cotugno’s canal forms
the medial border of the cochlear aqueduct. Progressive
otic capsule ossification also leads to concurrent oblitera-
tion of Hyrtl’s fissure and formation of the lateral wall of
the cochlear aqueduct (6, 7). This partitioning of the prim-
itive cochlear aqueduct corresponds with a sixfold reduction
in its diameter between the 16th and 26th weeks of gesta-
tion (6). An arrest in development prior to partitioning of
the cochlear aqueduct would prevent normal regression in
size and result in an abnormally enlarged structure that
contains its embryonic contents. This rationale is supported
by the associated common cavity malformation, which re-
sults from anomalous development of the otic capsule prior
to the 23rd week of gestation (8).

The association between an enlarged cochlear aqueduct
and inner ear malformation has been questioned because of
the separate embryological origins of the cochlear aqueduct
and membranous labyrinth (9). The membranous labyrinth
is derived from the otic vesicle. The perilymphatic duct
initially appears as an outpouching of the subarachnoid
space and is considered an extension of the subarachnoid
space (2). The cochlear aqueduct forms in the mesoderm
surrounding the perilymphatic duct and gradually ossifies
during embryogenesis. Because of the lack of a common
embryologic progenitor for both the membranous labyrinth
and the perilymphatic duct, some investigators have sug-
gested that there is no association between congenital inner
ear dysplasias and malformations of the cochlear aqueduct
(2, 9). This observation appears well supported by the
abundance of reported cases of congenital inner ear dys-
plasias and the rarity of similar malformations of the co-
chlear aqueduct. In our case, however, the enlarged co-
chlear aqueduct was associated with a severe complex
congenital inner ear dysplasia (Fig 1).

The cochlear aqueduct provides a conduit between the
posterior fossa and the inner ear, thereby permitting trans-
mission of perilymphatic fluid, which originates partly from
cerebrospinal fluid into the inner ear (10, 11). In the adult,
the perilymphatic duct is filled with a loose mesh of con-
nective tissue that, although permeable to fluid, limits the
patency of the cochlear aqueduct (2). The narrow diameter
of the cochlear aqueduct is thought to buffer the inner ear
from the wide pressure variations present within the poste-
rior fossa subarachnoid spaces (1, 4, 12). A patent cochlear
aqueduct has been suggested as a potential pathway that
may allow transmission of bacterial infection between the
subarachnoid space and perilymph contained within the
inner ear (12, 13). After a subarachnoid hemorrhage, red
blood cells may also traverse the cochlear aqueduct to reach
the basal turn of the cochlea (14, 15). Cerebrospinal fluid
otorrhea as a complication of stapedectomy (stapes gusher)
has been suggested to be the result of increased inner ear
pressures caused by an enlarged and overly patent cochlear
aqueduct (1). However, owing to the lack of conclusive
imaging findings showing enlargement of the cochlear aq-
ueduct, its role as a route for perilymph fistula formation
has been discounted (2, 16). The pathogenesis of perilymph
fistulas is thought to result from a direct communication
between the subarachnoid space and inner ear caused by a
defect in the bony partition of the fundus of the IAC (2, 16).
We think it likely that the left ear of our patient would be
at high risk for developing a perilymph fistula after cochlear
implantation because of the presence of both an enlarged
cochlear aqueduct and a defect in the bony partition of the
fundus of the IAC.

In summary, we described congenital enlargement of a
canal in the expected location of the cochlear aqueduct
associated with a severe inner ear malformation. Our find-
ings suggest that, contrary to previous reports, enlargement
of the cochlear aqueduct is a distinct entity that may be
detected by high-resolution CT (1.0-mm-thick sections).
Additionally, an enlarged cochlear aqueduct may be asso-
ciated with inner ear malformations, and evaluation of the
cochlear aqueduct should be considered part of the routine
imaging examination in patients with congenital sensori-
neural hearing loss. However, isolated enlargement of the
cochlear aqueduct has still not been documented by imag-
ing, nor has it been implicated as an actual cause of peri-
lymph/cerebrospinal fluid fistula.
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