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Case Report

Reduced Size of the Cochlear Branch of the
Vestibulocochlear Nerve in a Child with

Sensorineural Hearing Loss

Susumu Furuta, Masaki Ogura, Shuichi Higano, Shoki Takahashi, and Tetsuaki Kawase

Summary: A 12-year-old female patient presented with
unilateral sensorineural hearing loss. Distortion-product
otoacoustic emission testing failed to reveal any measurable
emissions in the affected side. MR imaging did not reveal
labyrinthine malformation. Three-dimensional Fourier
transformation–constructive interference in steady-state
MR images showed a thin cochlear branch. We speculated
that mumps infection or developmental malformation
caused the unilateral sensorineural hearing loss.

Recent development of high-resolution T2-
weighted MR imaging has enabled the delineation
of detailed anatomic structures in the internal au-
ditory canal (IAC), with good contrast between
CSF and nerves. The facial nerve and the superior
vestibular, inferior vestibular, and cochlear branch-
es of the vestibulocochlear nerve (VCN) can be
identified in the lateral portion of the IAC, partic-
ularly on the cross-sectional images of the nerves
(1, 2). We report a case of unilateral sensorineural
hearing loss (SNHL) occurring in a patient with a
history of mumps, who had a thin cochlear branch
shown on the MR images.

Case Report
A 12-year-old female patient presented at our institute with

unilateral hearing impairment. She had contracted mumps at
the age of 3 years. A survey for the deaf at age 6 years revealed
hearing loss on the left side. Nonetheless, no further exami-
nation or treatment was performed at that time.

An audiogram and auditory brain stem response confirmed
SNHL in the left ear. Hearing in the right ear was normal.
Distortion-product otoacoustic emission testing, the level of
which is correlated with the degree of damage in the cochlea,
failed to show any measurable emissions on the left side con-
sistent with cochlear damage. There was no family history of
hearing problems.

MR imaging was performed on a 1.5-T superconductive sys-
tem (Magnetom Vision, Siemens-Asahi Medical Technolo-
gies), including axial 3D Fourier transformation–constructive
interference in steady state (3DFT-CISS), T1-weighted spin-
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echo, and T2-weighted fast spin-echo imaging. The parameters
of the CISS sequence were as follows: one 37.8-mm-thick
slab; 60 partitions; 12.3/5.9/1 (TR/TE/excitations); matrix, 256
3 512; field of view, 160 mm; and flip angle, 708. The CISS
images were reconstructed perpendicular to the long axis of
the IAC by using a built-in multiplanar reconstruction software
program.

These images showed a thin cochlear branch in the left IAC.
The cochlear branch was the smallest segment of the VCN and
was smaller than the facial nerve (Fig 1A and B). On the
normal right side, the cochlear branch was the largest segment
of the VCN and was larger than the facial nerve (Fig 1C and
D). The IAC on the left side seemed to be smaller than that
on the right side, based on visual observation, particularly near
the fundus. The inner ear structures appeared otherwise normal
on the MR images; labyrinthine malformation, including an
enlarged endolymphatic duct/sac or brain stem abnormality,
was not seen.

Discussion

SNHL is caused by dysfunction of the cochlea,
the VCN, or central auditory pathways. In children
with SNHL, detection of inner ear malformations
is important for understanding the cause of hearing
loss. CT and MR imaging are helpful in investi-
gating developmental abnormalities of the inner
ear. Although CT performed with bone algorithms
could show the osseous labyrinth, 3DFT gradient-
echo imaging with multiplanar reconstruction is su-
perior in recognizing membranous labyrinth, par-
ticularly the detailed anatomic relationship of the
inner ear (ie, abnormalities of the three branches of
the VCN) (3).

Kim et al (4) described the relative size of the
facial nerve and the branches of the VCN in the
lateral portion of the IAC on fast T2-weighted im-
ages. In 88% of the 58 cases, the cochlear branch
was the largest segment of the VCN and the infe-
rior vestibular branch was the smallest segment.
Furthermore, the relative sizes of the four nerves
were symmetric in 70% of the 23 participants. Cas-
selman et al (5) reported that the cochlear branch
of the VCN was the same size or larger than the
facial nerve in 17 of 20 normal inner ears on CISS
images. Even in the remaining three inner ears, in
which the cochlear branch was slightly smaller than
the facial nerve, the diameters of both nerves were
nearly the same. In our case, the cochlear branch
was the smallest segment of the VCN on the pa-
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FIG 1. Images from the case of a 12-year-old female patient who presented at our institute with unilateral hearing impairment.
A, Abnormal left ear. Parasagittal 3DFT-CISS (12.3/5.9/1; flip angle, 708) reconstruction images obtained perpendicular to the IAC at

the midportion in the affected left side. The facial nerve is depicted in the superior and anterior position in the IAC (arrowhead). The
common vestibular nerve is identified (thin arrow). A thin cochlear branch arises (arrow) from the VCN.

B, Abnormal left ear. Parasagittal 3DFT-CISS reconstruction images obtained perpendicular to the IAC at the lateral portion. The
common vestibular nerve (not identified on this image) divides into the superior vestibular branch (thin arrow) and the inferior vestibular
branch (short arrow) (poorly visualized). The cochlear branch is not visualized. The IAC seems to be slightly narrow compared with that
on the right side (see panel D). The facial nerve is identified (arrowhead). The basal turn of the cochlea is shown (arrow). The vestibular
branches also seem to be small in comparison with those on the right side (see panel D). Any vestibular abnormality, however, could
be detected in the patient.

C, Normal right ear. Parasagittal 3DFT-CISS (12.3/5.9/1; flip angle, 708) reconstruction images obtained perpendicular to the IAC at
the midportion in the normal right side. The cochlear branch (arrow) is larger than the facial nerve (arrowhead). The common vestibular
nerve is shown (thin arrow).

D, Normal right ear. Parasagittal 3DFT-CISS reconstruction images obtained perpendicular to the IAC at the lateral portion. The
common vestibular nerve divides into the superior vestibular branch (thin arrow) and the inferior vestibular branch (short arrow). The
cochlear branch (arrow) is larger than the facial nerve (arrowhead). Small arrowhead, the cochlea.

tient’s abnormal side. This suggested atrophy or hy-
poplasia of the cochlear branch.

The otoacoustic emission is a sound created by
the healthy cochlea and measured in the external
auditory canal. It occurs spontaneously (spontane-
ous otoacoustic emission) and during or after ex-
ternal acoustic stimulation (evoked otoacoustic
emission). The outer hair cells in the cochlea, con-
sidered to be responsible for the sharp tuning and
exquisite sensitivity of the ear, are thought to be
the dominant source of otoacoustic emissions in
mammals from animal studies (6). The distortion
product otoacoustic emission is one of the evoked
otoacoustic emissions. Two simultaneously pre-
sented pure tones evoke the distortion-product
otoacoustic emission response, the levels of which
correlate with the degree of damage in the cochlea
(7). Our patient had documented severe impairment

of the left cochlea and the cochlear branch of the
eighth cranial nerve.

One possible explanation for the MR findings is
that mumps infection resulted in the atrophy of the
cochlear branch. Viral infections, such as mumps,
measles, chickenpox, rubella, and influenza, are
well-recognized causes of postnatal hearing loss.
Mumps is supposed to be one of the most common
causes of acquired unilateral SNHL in children (8).
It is postulated that viruses reach the inner ear via
the circulatory route, via the meningeal route, or
from the middle ear. Mumps deafness is usually
sudden in onset, profound, and unilateral. It occurs
in less than 0.1% of mumps cases. Because of the
normal hearing in the unaffected side, deafness in
children is sometimes not recognized until a survey
is performed for hearing impairment. Pathological-
ly, mumps affects the organ of Corti, stria vascu-
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laris, tectorial membrane, and Reissner membrane.
Loss of nerve fibers and spiral ganglion cells is also
seen (9). The MR findings and the results of the
otologic examination in our case might be second-
ary to these pathologic changes. To our knowledge,
no reports documenting atrophy of the cochlear
nerve owing to viral infection have included im-
aging studies.

Another possible explanation for the reduced
size of the cochlear branch is developmental mal-
formation. In our case, the left IAC at the fundus
seemed to be slightly narrower than that of the con-
tralateral side. Casselman et al (5) proposed the
classification of developmental anomalies. One of
them was described as aplasia or hypoplasia of the
cochlear branch of the VCN with the normal lab-
yrinth. They also hypothesized that loss of a suf-
ficient number of neuronal fibers of the VCN may
result in stenosis of the IAC during embryologic
development. The findings of our case may be ex-
plained by this hypothesis.

Epidemiologic studies suggest that approximate-
ly one third of all cases of childhood hearing im-
pairment are hereditary, one third are acquired and
have causes for the malfunction in the auditory sys-
tem with reasonable assurance, and the remaining
cases are idiopathic (10). High-resolution T2-
weighted MR imaging may disclose abnormalities
in some of the children with SNHL, corroborating
or providing presumptive evidence of the cause of
SNHL. Clinically, detection of the VCN abnor-
mality is beneficial to the selection of candidates
for cochlear implantation (5). In our case, it could
be predicted that cochlear implantation in the left
ear would result in poor hearing ability.

Conclusion
A reduced size of the cochlear branch of the

VCN was delineated by 3DFT-CISS images in a

patient with unilateral SNHL. We hypothesize that
previous mumps infection or developmental mal-
formation might explain this finding. High-resolu-
tion T2-weighted images may help determine the
cause of SNHL in children. Clinically, detection of
the VCN abnormality is beneficial to the selection
of candidates for cochlear implantation.
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