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7.1  Introduction

Cross-sectional imaging has become an indis-
pensable tool in the preoperative assessment of
cochlear implant (CI) and auditory brainstem
implant (ABI) patients.

In infants and young children, computerized
tomography (CT) and/or magnetic resonance
(MR) imaging examinations of the inner ear are
routinely performed to identify a potential etiol-
ogy for hearing loss, to define the anatomy of the
temporal bone and the auditory pathways, and for
surgical planning [1]. In the setting of preopera-
tive imaging, the evaluation of the cochlea and
cochlear nerve determines the eligibility of the
patient for the cochlear versus auditory brainstem
implantation. Additionally, the imaging of the
posterior fossa as well as supratentorial struc-
tures is crucial for appropriate preoperative
assessment of a CI/ABI candidate.

7.2  Imaging Modalities

The ideal initial imaging modality for the evalua-
tion of children with newly diagnosed SNHL is
currently a topic of debate. Historically, CT has
been the study of choice, but there is an increased
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use of MR imaging due to concerns regarding the
ionizing radiation exposure in small children who
are more radiosensitive [2]. However dual-
technique imaging (with CT and MR imaging)
was found to identify a larger number of abnor-
malities in preimplant candidates than either tech-
nique alone [3]. CT and MR imaging are mostly
complementary in the preoperative work-up, each
with its own strengths and weaknesses [1, 4-9].

7.3 CTlImaging

CT enables accurate anatomical surgical plan-
ning, visualizing the bony structures of the ear
and anatomical variants that may influence sur-
gery such as facial nerve course or mastoid pneu-
matization [10]. Multidetector CT (MDCT) can
be performed in a relatively short time without a
need for sedation and at a lower cost.

CT of the temporal bone is able to delineate
the detailed anatomy of the inner ear, but can also
help to demonstrate anatomical variants that may
influence surgery. The two currently available
and recommended CT scanners for the imaging
of the temporal bone are multidetector CT
(MDCT) and cone-beam CT (CBCT).

7.3.1 MDCT

MDCT is the most commonly used and widely
available method to evaluate the temporal bone
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with CT. The image acquisition is performed in
the axial plane; however, isotropic voxels allow
reformatted images with high resolution in any
additional plane. Scans have to extend from the
top of the petrous apex to the mastoid tip in the
axial direction with reformatted coronal images
from the anterior tip of the petrous apex to the
posterior margin of the mastoid. The imaging
parameters are scanner specific but the collima-
tion is usually chosen to be 0.5-0.625 mm and
has to be less than 1 mm. Images should always
be processed with a bone algorithm and viewed
with a window width of 4000 HU and a window
level of 200-500 HU [11].

7.3.2 CBCT

Although MDCT is used worldwide, CBCT
using flat panel detector technology is slowly tak-
ing over for detailed evaluation of the small tem-
poral bone structures [11]. The CBCT uses a
rotating gantry and a cone-shaped X-ray beam
that generates 3D volumetric dataset [11]. Newer
cone-beam techniques offer higher resolution
(0.15 mm thickness) but at lower radiation doses
compared to traditional MDCT, making it valu-
able in the pediatric patient group. This technique
is however more sensitive to motion as the acqui-
sition usually lasts for 40 s and anesthesia may be
required for small children.

For either technique, the CT of the temporal
bone for the assessment of SNHL is routinely
done without intravenous contrast.

7.4 MRImaging

One of the main advantages of the MR imaging is
the lack of ionizing radiation. However, due to
longer exam times (of at least 20 min) the patient
cooperation is paramount and anesthesia is usu-
ally required for small children. MR imaging has
a higher soft tissue contrast compared to CT and
is critical in the assessment of the cochlear nerve
and also for a detailed evaluation of the auditory
pathway [6, 8, 12—14]. Advances in MR imaging
technology, including high-field-strength mag-

nets, improved coil technology, and new sequence
designs, allow increasingly more detailed imag-
ing of the inner ear [15-18].

MR imaging should be performed with a
3.0 Tesla scanner, whenever possible, as higher
field strength improves the signal-to-noise ratio
(SNR) and increases the spatial resolution [17].
MR imaging for the evaluation of an implant can-
didate should include high-resolution heavily
T2-weighted (T2W) sequence for a detailed eval-
uation of the membranous labyrinth but espe-
cially for the assessment of the cochlear nerve.

These sequences can be achieved with both
gradient-echo (GRE) and fast spin-echo (FSE)
T2-weighted techniques but the choice of which
sequence to prefer is a heavily debated and pub-
lished topic [19]. The most commonly used and
widely available sequences include constructive
interference into steady state (CISS), fast imag-
ing employing steady-state acquisition (FIESTA),
driven equilibrium radio frequency reset pulse
(DRIVE), 3D true-fast imaging with steady-state
precession (FISP), 3D T2 FSE, or 3D T2 FSE
with fast recovery (FRFSE) depending on the
scanner vendor. A high resolution of these
sequences should be obtained despite thin slice
thickness (of less than 1 mm) with appropriate
increased scanning time. Those high T2 weighted
images (with a spatial resolution approaching
0.4 mm) enable detailed evaluation of very small
cochlear structures such as the interscalar septum
and lamina spiralis but more importantly allow
for rigorous assessment of the neural structures.
For the accurate assessment of the cochlear nerve
sagittal oblique images are required and although
reformatted images can be obtained in the sagit-
tal oblique plane from the axial dataset, bilateral
direct sagittal oblique images, perpendicular to
the TACs, with the same heavily T2-weighted
sequence should always be acquired as the direct
sagittal oblique images have a better resolution
than reformatted images [20]. The T2-weighted
imaging of the entire brain is also required to
assess the auditory pathway [21, 22].

Intravenous contrast is not routinely adminis-
tered in children assessed for SNHL unless there
is a clinical concern for underlying neoplasm or
infectious/inflammatory cause of hearing loss.



7 Preoperative Radiological Evaluation

89

7.5 Imaging Evaluation

7.5.1 CT Evaluation

The imaging evaluation of a child with congeni-
tal SNHL primarily focuses on the detection of
possible inner ear anomaly. The imaging
appearances of different types of inner ear anom-
alies are further detailed in respective chapters.

Probably the most important function of the
CT evaluation is to detect contraindications for
the cochlear implantation including cochlear
aplasia but also aplasia of the cochlear nerve
canal/cochlear aperture (Fig. 7.1).

The atresia of the cochlear aperture is a strong
indicator of underlying cochlear nerve anomaly
[23, 24]. Tahir et al. reported that all 21 cases
with cochlear aperture atresia in their series had
accompanying cochlear nerve deficiency (either
aplasia or hypoplasia) [23]. The dimension of a
patent cochlear aperture thus needs to be assessed,
as its diameter is a marker of the cochlear nerve
status [23, 25]. The cochlear aperture is consid-
ered stenotic when it is narrower than 1.4 mm
(Fig. 7.2) [7, 26-29]. 1t is critical to realize that
the aperture can be stenotic in the presence of a
normal-appearing and normal-sized cochlea;
thus, a normal cochlear shape does not always
indicate normal cochlear nerve structure and fur-
ther imaging with MR is required to assess the
cochlear nerve status [23]. The internal auditory

canal size is also crucial for the preoperative
assessment.

The IAC is considered stenotic when the
diameter at its midpoint is smaller than 2 mm
[30]. The IAC stenosis or atresia may easily be
demonstrated by CT and the finding of a narrow
or aplastic IAC again should raise concern for a
deficiency of the cochlear nerve [24, 31].
However, the IAC morphology is an unreliable
surrogate marker of CN integrity and as reported
by Adunka et al., a normal IAC diameter can be

Fig.7.1 CT anatomy of the cochlea. Axial temporal bone
CT image demonstrates normal appearance of the cochlear
aperture (delineated by the arrows). Note the normal
appearance of the Modiolus (star) at the base of the
cochlea

Fig.7.2 Axial temporal bone CT (a) and sagittal oblique
3D-DRIVE image (b) of a patient with bilateral congeni-
tal severe SNHL. The CT image of the right ear reveals

atresia of the right cochlear aperture (arrow) with aplasia
of the cochlear nerve on the corresponding MR image (b)
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seen in up to half of cochlear nerve aplasia
patients [23, 32].

During the imaging evaluation, the cochlea
should be carefully assessed not only for pos-
sible malformations as the type and severity of
the cochlear anomaly will determine the type
of the implant used, but also for possible pres-
ence of labyrinthine ossificans (Fig. 7.3).
Furthermore, CT may demonstrate anomalies
of the bony labyrinth such as Paget and oto-
sclerosis (Fig. 7.4) that could increase the inci-
dence of postimplant complications such as
facial nerve irritation.

Preoperative assessment should also detect
entities that may increase the degree of surgical
difficulty such as mastoid sclerosis, abnormal

Fig. 7.3 Axial temporal bone CT revealing mineraliza-
tion within the cochlea consistent with labyrinthine ossifi-
cans (c carotid canal)

Fig. 7.4 Axial temporal bone CT revealing pericochlear

lucency consistent with extensive retrofenestral

otosclerosis

sigmoid sinus position, high riding jugular bulb,
aberrant carotid artery, and especially dehiscent
or aberrant facial nerve. The size of the round
window should also be assessed as there might
be congenital or acquired stenosis of the round
window [33]. Additionally, the thickness of the
bone at the potential pedestal placement and
large emissary veins in that location should also
be noticed and conveyed to the referring
physician.

7.5.2 MR Imaging Evaluation

MRI with the heavily T2-weighted gradient-echo
sequence allows a high spatial resolution that
allows detailed visualization of the cochlear
structures (Fig. 7.5a), allowing accurate depic-
tion of the modiolus, lamina spiralis, and inters-
calar septum [34, 35].

Radiological assessment with MR not only
gives detailed information regarding the inner
ear structures but it is also essential for the
assessment of the cochlear nerve. The evaluation
of the cochleovestibular nerve and especially of
its cochlear branch is of extreme importance
prior to cochlear implantation. In a normal-sized
IAC the diagnosis of cochlear nerve aplasia is
relatively straightforward with dedicated sagittal
oblique high-resolution images (Fig. 7.5b, c)
[36]. However, in a very stenotic IAC, the diag-
nosis may be difficult because of the inability to
separate the nerves [30, 32]. Again the visual-
ized inner ear may be normal or have subtle
abnormality despite severe deficiency of the
cochlear nerve [12, 36]. Differentiation between
hypoplasia and a normal size of the cochlear
nerve can also be challenging and requires the
highest possible resolution [12]. There is not a
well-defined consensus regarding the definition
of cochlear nerve hypoplasia. Li et al. defined
cochlear nerve hypoplasia as a cochlear nerve
with a diameter smaller than that of the facial
nerve, seen on the oblique sagittal images.
Similarly Glastonbury designated the cochlear
nerve as small when it appeared decreased in
size compared with the other nerves of the IAC
[12]. It is critical to recognize that there might be
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Fig.7.5 Anatomy of
the cochlea and cochlear
nerve by high-resolution
MR. Heavy T2-weighted
driven equilibrium
(DRIVE) images in axial
(a) and sagittal oblique
(b and ¢) planes. The
cochlear turns with
internal spiral lamina
(arrow) are visible with
this high T2-weighted
axial image (a). The
cochlear nerve (dotted
arrow) is seen at the
fundus of the IAC (a).
With sagittal oblique
imaging, the
vestibulocochlear nerve
(arrow) is seen as a
crescent-shaped
structure at the medial
aspect of the IAC (b);
however more laterally
the cochlear nerve
(arrow) can be seen
separately from the
inferior and superior
vestibular nerves (c¢)

occasional discrepancy between the imaging and
audiological findings regarding the presence/
functionality of the cochlear nerve [37, 38].
Several studies have shown that subsets of
patients with cochlear nerve aplasia have posi-
tive audiological responses and might derive
benefit from cochlear implantation [37-39].
Anatomical connections between the cochlear
nerve and other branches of the vestibuloco-
chlear complex that are below the resolution of
the current MR imaging might be responsible for
this radiological-audiological inconsistency
[40]. Imaging with ultra-high field magnets with
DTI fiber tractography might solve this problem
in the future [18, 41].

In every patient who is a candidate for a CI or
ABI placement, the imaging of the brainstem and
supratentorial brain structures with MRI is cru-
cial to verify the integrity of the auditory path-

ways up to the temporal cortex but also to
determine possible underlying congenital or
acquired malformations that might hinder post-
implant rehabilitation [42, 43].

MR imaging is better in delineating details of
the brain anatomy but it is somewhat limited in
the brainstem [44]. The difficulties in assessing
the brainstem by using MR imaging arise not
only from the small size of various brainstem
structures but also from the fact that those ana-
tomical components do not exhibit enough con-
trast to enable their individual identification [45].
Therefore, when relaxation-based MR image
contrast is used, despite high resolution, conspi-
cuity of those structures such as cranial nerve
nuclei cannot be achieved in clinical field
strengths [46]. Nevertheless, the bulge of the
medulla into the lateral recess of the fourth ven-
tricle and to the foramen of Luschka caused by
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Fig. 7.6 Axial image from a BOLD fMRI study demon-
strating bilateral activation of the auditory cortex (arrows).
(Courtesy of Dr. Keith Thulborn)

the cochlear nuclear complex can be easily iden-
tified by MR imaging [47]. There is significant
variability of the anatomy of the lateral recess in
children with congenital deafness due to abnor-
malities of embryonic and fetal development
[48].

It has been previously reported that congenital
developmental abnormalities of the brain is more
common in patients with auditory neuropathy
spectrum disorder [1, 22, 48]. In patients with
bilateral cochlear nerve deficiency hindbrain
anomalies, such as pontine hypoplasia, were
reported to be the most common abnormal
intracranial finding [48]. Additionally there
might be evidence of central pathologies such as
chronic changes of hypoxic-ischemic injury, ker-
nicterus, and chronic changes of congenital CNS
infections [49, 50]. White matter lesions are also
common findings in the preimplant imaging of
the CI/ABI candidates [22, 51]. These lesions are
nonspecific but more diffuse and prominent
parenchymal changes were found to represent
negative prognostic factors for speech and lan-
guage development [21, 50, 51]. It is therefore
critical to make a comprehensive evaluation of

the brainstem and cerebrum in each CI and ABI
candidate.

Similar to the cochlear nuclear complex, the
ascending fibers of the auditory pathway are not
visible with normal visual inspection of routine
MR sequences. The auditory radiation can only
be demonstrated with dedicated fiber tracking
obtained from diffusion tensor imaging [52].
With new developing technologies, MRI also has
the potential to study the anatomical and func-
tional organization of the auditory cortex through
voxel-based morphometry and functional MRI
(fMRI) (Fig. 7.6) [53]. DTI metrics, such as frac-
tional anisotropy, may prove important in select-
ing patients and predicting outcomes after the
implantation [54].
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