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Abstract

Background: Cochlear implantation is considered an
acceptable treatment for severe to profound sensorineural
hearing loss with normal cochlea and cochlear nerve. CT is
the best modality for evaluation of bony labyrinth and MRI
is the best modality to evaluate membranous labyrinth so
combined CT and MRI is mandatory for preoperative evalu-
ation for cochlear implantation, radiologist should be familial
with absolute and relative contraindication of cochlear im-
plantation.

Aimof Sudy: The aim of this study isto evaluate therole
of HRCT and MRI in pre-operative assessment of cochlear
implantation candidates.

Patients and Methods: Our study included 60 patients
(120 ears) 39 of them were males while 21 were females. The
age of our selected patents ranged from 2 to 60 years with a
mean of 15.8 years most of them were in pediatric age group
2-10 years representing 60%. The present study included
patients with bilateral profound sensory neural hearing loss,
minimum age of eligibility is 1 year, both sexes will be
included. We excluded pediatric age group >1 year. All patients
were subjected to the clinical evaluation. Computed Tomog-
raphy (CT), all CT studies (60 figs) were obtained using a
320-row multidetector CT scanner (Aquilion One Toshiba
Medical Systems, Otawara, Japan) installed in Tanta University
Educational Hospital.Magnetic Resonance Imaging (MRI),
al MRI studies (60 figs) were obtained using a closed MRI
machine (General Electric SIGNA) HS (high speed) with
magnets of intensity field 1.5T.

Results: Combined HRCT and MRI revealed a normal
appearance of the labyrinth and internal auditory canal in 44
(88 ears) patients (73%). In 16 (32 ears) patients (26%) had
abnormalities of the labyrinth; 10 patients (16%) of them had
congenital anomalies and 6 patients (10%) had acquired
Sensoneural Hearing Loss (SNHL). Ten patients (16%) had
congenital abnormalities of inner ear bilaterally; absent cochlea
(n=3) represented 5%, IP type | (n=2) represented 3%, IP type
11 (n=4) represented 6%, common cavity (n=1) represent about
2%, absent vestibule (n=3) represented 5%, dilated vestibule
(n=6) represented 10%, dilated vestibular aqueduct (n=5)
represented 8% and dysplastic semicircular canals (n=4)

Correspondenceto: Dr. AyaM. Adly Gabr,
The Department of Radio-Diagnosis & Medical Imaging,
Faculty of Medicine, Tanta University

represented 7%. The cochlear nerve was normal in 57 figs
(95%), while two patients (3%) had absent nerve, and one
patient (2%) presented with atrophied cochlear nerve. Nar-
rowed internal auditory canal (n=3) represented 5%. Six
patients (10%) had acquired sensoneura hearing loss after
meningitis, labyrinthitis, otitis media, trauma and sequalae
of old age. Calcifications within the cochlea and in the
semicircular canals caused by |abyrinthitis ossificans (n=3)

represented 5% and otosclerosis (n=1) represented about 2%.

In current study, we found 4 ears with narrow IAC and absent
vestibulocochlear nerve, 2 ears with narrowed |AC and atro-
phied small sized vestibulocochlear nerve. In all of them the
assessment of VCN were done using 3D MRI.

Conclusion: Combined HRCT and MRI studies are man-
datory for evaluation of inner ear, the radiologist must be
familiar with imaging findings that absolutely contraindicate
implantation (Cochlear aplasia, cochlear nerve aplasia and
labyrinthine aplasia), and with those that relatively contrain-
dicate implantation (Iabyrinthitis ossificans, other inner ear
dysplasia) and with other findings that could significantly
alter or complicate surgery (hypoplastic mastoid process,
facial nerve dehiscence, oto-mastoiditis).

Key Words: CT —MRI — Cochlear implant — Hearing loss.
Introduction

M ORE than 28 million people across the world
had some degree of hearing impairment. Cochlear
i mplantation has become an accepted treatment
for severe to profound deafness in patients who
derive only minimal benefit from conventional
amplification [1].

Congenital sensorineural hearing loss arises as
aresult of abnormalitiesin the inner ear, the vestib?
ulocochlear nerve, or the processing centers of the
brain. The abnormality may have a genetic cause
or be asequel of infection or injury at birth; in
some figs, no causeisidentified [2].

High-resolution Computed Tomography (CT)
and Magnetic Resonance (MR) imaging of the
temporal bones allow excellent depiction of inner
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ear malformations and are routinely used in the
evaluation of pediatric sensorineural hearing loss.

CT has aways been the preferred imaging modality

to delineate the intricate osseous anatomy and
malformations of the inner ear, but high-resolution
MR imaging is used with increasing frequency to
study the membranous labyrinth and eighth cranial

nerve (vestibulocochlear nerve) [34].

Pre-operative high-resolution CT of the tempo-
ral bone allows the additional identification of
middle and external ear abnormalities and provides
anatomic information that is important for surgical
planning. Together, these modalities play avital
role in the pre-operative work-up for cochlear
implantation [5].

For optimal interpretation of high-resolution
CT and MR images obtained in children with
congenital sensorineural hearing loss, the radiolo-
gist must have a comprehensive knowledge of the
embryologic development of normal inner ear
structures as well as the spectrum of malformations
that may be encountered [6].

Cochlear implant is the method of choicein
the treatment of deep sensorineural hypoacusis,
particularly in patients where conventional ampli-
fication devices do not imply noticeable clinical
improvement. Imaging findings are crucial in the
indication or contraindication for such surgical
procedure. In the assessment of the temporal bone
[7].

Some criteria such as cochlear nerve aplasia,
labyrinthine and/or cochlear aplasia are still con-
sidered as absol ute contraindications, in spite of
studies bringing such criteriainto question. Coch-
lear dysplasias constitute relative contraindications,
among them labyrinthitis ossificans is highlighted.
Other alterations may be mentioned as complicating
agents in the temporal bone assessment, namely,
hypoplasia of the mastoid process, aberrant facial
nerve, otomastoiditis, otosclerosis, dehiscent jugular
bulb, enlarged endolymphatic duct and sac. [7].

Patients and M ethods

This prospective study was carried out upon
60 patients (39 male, 21 female) the age of our
selected patents ranged from 2 to 60 years with a
mean of 15.8 years most of them were in pediatric
age group 2-10 years representing 60%. They were
referred to Diagnostic Radiology and Medical
Imaging Department, Tanta University Hospital
from ENT Department and presented with hearing
loss throughout the period from August 2017 to
October 2018. The study approved by Research

Ethics Committee (REC) and informed written
consent were obtained from all participantsin the
study after full explanation of the benefits and
risks of the procedure. Privacy & confidentiality
of all patient data were guaranteed. All data provi-
sion was monitored and used for scientific purpose
only.

Patients with bilateral profound sensory neural
hearing loss, with the minimum age of eligibility
is 1 year, and both sexes were included. While
Paediatric age group >1 year were excluded. All
patients were subjected to clinical evaluation,
Computed Tomography (CT), and Magnetic Res-
onance Imaging (MRI). All CT studies (60 figs)
were obtained using a 320-row multidetector CT
scanner (Aquilion One Toshiba Medical Systems,
Otawara, Japan) installed in Tanta University Ed-
ucational Hospital. Patients lied supine with head
first. Scout films were taken routinely in all patients.
Scanning commenced from the lower margin of
external auditory meatus and extended upward to
the arcuate eminence of superior semicircular canal,
as seen on the lateral topogram. Continuous 0.5-
Imm-thin slices were obtained at 1mm interval
using ultrahigh algorithm with a scan time of 20s
with adelay of 4sat 120kV tube voltage and 400
mAs (Milli amber Second). The cochlea, vestibule,
three semicircular canals, endolymphatic duct and
sac, internal auditory canal, bony and membranous
labyrinth were assessed on both 3D MRI and CT
exams and rated as pathologic or normal. In 3D
MRI, particular attention was given to the visibility
of all four nervesin the internal auditory canal as
well as abnormal signal intensities within the
labyrinth; moreover, the cerebellopontine angle
was evaluated for any abnormality.

All MRI studies (60 figs) were obtained using
aclosed MRI machine (General Electric SIGNA)
HS (high speed) with magnets of intensity field
1.5T. The patient is positioned supine with head
first. Axial T1 weighted (TR/TE, 500/10ms) with
slice thickness 3mm, gap 1mm, FOV 32-42cm and
matrix 256 X 256. Axial T2 weighted (TR/TE,
3300/100ms) with dlice thickness 3mm, gap 1mm,
FOV 32-42cm and matrix 256 X 256.

- Sagittal oblique T2 weighted with slice thickness
1-3mm, gap 1mm, FOV 40-50cm and matrix
256 X 256. Corona T2 weighted with slice thick-
ness 1-3mm, gap 1mm, FOV 40-50cm and matrix
256 X 256. MRI 3D reconstruction coronal image
is the best choice for the clear delineation of the
cochlear turns. We used coronal 3D reconstruction
image of the MRI for taking measurement of the
cochlea.
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Results

Our study included 60 patients (120 ears) 39
of them were males while 21 were females. The
age of our selected patents ranged from 2 to 60
years with a mean of 15.8 years most of them
were in pediatric age group 2-10 years represent-
ing 60%. The different age groups are listed in
(Table 1).

Table (1): Age and sex distribution in the studied patients
(n=60 patients).

Sex Totd

: t

Agein 0
Male e
years Female No %
No % No %

2-<10 22 36.7 14 23.3 36 60
10-<20 6 10 3 5 9 15
20-<30 4 6.7 2 33 6 10
30-<40 2 33 1 17 3 5
40-<50 3 5 0 0 3 5
50-60 2 33 1 17 3 5
Total 39 65 21 35 60 100

Combined HRCT and MRI revealed a normal
appearance of the labyrinth and internal auditory
canal in 44 (88 ears) patients (73%). In 16 (32
ears) patients (26%) had abnormalities of the
labyrinth; 10 patients (16%) of them had congenital
anomalies and 6 patients (10%) had acquired Sen-
soneural Hearing Loss (SNHL). Ten patients (16%)
had congenital abnormalities of inner ear bilater-
aly; absent cochlea (n=3) represented 5%, |P type
| (n=2) represented 3%, IP type Il (n=4) represented
6%, common cavity (n=1) represent about 2%,
absent vestibule (n=3) represented 5%, dilated
vestibule (n=6) represented 10%, dilated vestibular
agueduct (n=5) represented 8% and dysplastic
semicircular canals (n=4) represented 7%. The
cochlear nerve was normal in 57 figs (95%), while
two patients (3%) had absent nerve, and one pa-
tients (2%0) presented with atrophied cochlear
nerve. Narrowed internal auditory canal (n=3)
represented 5%. Six patients (10%) had acquired
sensoneural hearing loss after meningitis, labyrin-
thitis, otitis media, trauma and sequalae of old
age. Calcifications within the cochleaand in the
semicircular canals caused by labyrinthitis ossifi-
cans (n=3) represented 5% and otosclerosis (n=1)
represented about 2%. The above findings are
listed in (Table 2).

Cochlear anomalies:
In 10 patients (17%), combined MRl and HRCT

depicted abnormalities that affected the cochlea
on both sides as listed in (Table 3). Absent cochlea
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detected in 3 patients representing 5%, presented
in CT as absent cochlea and lost normal high signal
intensity fluid in cochlea on high resolution T2
MRI. Incomplete Partition (IP) type | detected in
2 patients representing about 3%. HRCT and MRl
revealed that cochlea had a cystic appearance and
the vestibule is dilated (featurel ess cochlea and
vestibule with characteristic figure of 8). Incomplete
Partition (IP) type Il (Mondini malformation)
detected in 4 patients representing 6%. In HRCT
& MRI the cochlea consists of 1/2 turns, the basa
cochlear turn appears normal, but the middle and
apical turns coalesce to form a cystic apex. These
patients associated with alarge endolymphatic sac
and an enlarged vestibular aqueduct. Common
cavity (n=1) representing 2% of figs. Cochlea,
vestibule & SCC in HRCT and MRI form common
cavity of variable size with featurel ess cochlea and
vestibule.

These findings were listed in (Table 3) and Fig.
(D).

Table (2): Spectrum of HRCT and MRI findings.

Findings Number Percentage %
Absent cochlea. 3 5
IPtypel. 2 3
IPtypell. 4 6
Common cavity. 1 2
Absent cochlear nerve. 2 3
Atrophied cochlear nerve. 1 2
Absent vestibule. 3 5
Dysplastic dilated vestibule. 6 10
Dilated vestibular agqueduct. 5 8
Dysplastic SSC. 4 7
Narrowed IAC. 3 5
Labyrinthitis ossificans. 3 5
Otosclerosis. 1 2

N.B: One patient could present with multiple MRI findings.
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Fig. (1): A graph summarizing MRI and CT findings of
involved patients regarding the cochlea.
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Table (3): Summary of MRI and CT findings of cochlear

anomalies.
CT MRI

The cochlea

N % N %
Normal 50 83 50 83
Absent 3 5 3 5
IPI 2 3 2 3
IPII 4 6 4 6
Common cavity 1 2 1 2

Cochlear nerve abnormalities:

The cochlear nerve was normal in 57 figs (95%),
while two patients (3%) had absent cochlear nerve
and narrowed internal auditory canal while one
patient (2%) had atrophied cochlear nerve and
narrowed internal auditory canal as listed in (Table

4), Fig. (2).

Table (4): Summary of cochlear nerve and internal auditory
canal findings.

patients (8%). 4 patients associated with Incomplete
Partition (IP) type Il representing 6%. Isolated
dilated vestibular aqueduct (n=1) representing 2%.
In HRCT and MRI revealed dilated vestibular
aqueduct (vestibular aqueduct syndrome).

Labyrinthitis ossificans:

Labyrinthitis ossificans detected in 3 patients
representing 5%. Ossification of the basal turns of
the cochlea detected in HRCT and in MRI T2
revealed reduced endolymph signal reflected from
the cochlear turns.

Table (5): MRI and CT findings of vestibular anomalies.

Cochlear nerve IAC (n=) %
Absent Narrow 2 3
Atrophy Narrow | 2
Normal Normal 57 95
Total Total 60 100
Absent Atrophy
3% 2%
Normal
95%

Fig. (2): Summary of cochlear nerve and internal auditory
canal findings.

Anomalies:

Combined MRI and HRCT depicted vestibular
abnormalities in 10 patients (17%) bilaterally
associated with deformed dysplastic semicircular
canals. Absent vestibule associated with cochlear
aplasia (n=3) representing 5% with deformed sem-
icircular canals. Incomplete Partition (IP) type I
(n=2) representing about 3%. Incomplete Partition
(IP) type II (Mondini malformation) (n=4) repre-
senting 6%. Common cavity (n=1) representing
2%, no isolated vestibular anomalies reported.
These findings were listed in (Table 5).

Vestibular aqueduct abnormalities:

Combined MRI and HRCT depicted abnormal-
ities that affected the vestibular aqueduct in 5

CT MRI

The vestibule

N % N %
Normal 50 83 50 83
Absent 3 5 3 5
IP1 2 3 2 2
IP II 4 6 4 6
Common cavity 1 2 1 2
Total 60 100 60 100

Right ear Left ear

Fig. (3): A 2 years old Female patient Presented with
bilateral SNHL with no history of fever. MDCT Axial, Coronal
and sagittal Oblique views showed: (A,B) Bilateral complete
absence of the cochlea (Cochlear aplasia). (A,B) Hypoplastic
superior and posterior semicircular canals. (C) Internal auditory
meatus on right side (4.3mm), left side (4.2 mm). MRI Axial
T2, Coronal T2, Sagittal oblique FFE & 3D drive of the
internal ear showed: (D) Bilateral cochlear nerve agenesis.
(D,E,F) Bilateral coclear aplasia with cochlear nerve agenesis.
It was Contraindicated for cochlear implantation.
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Right ear Left ear

Right ear Left ear

Right ear Left ear

Fig. (4): A 4 years old Female patient Presented with
bilateral SNHL since birth. MDCT Axial, Coronal and sagittal
Oblique views showed: Bilateral vestibular acqueduct syn-
drome with bilateral incomplete partition of the cochlea
(Modini Malformation), and bilateral endolymphatic sac
diltation (A,B). Bilateral incomplete partition of the cochlea
(A) Bilatera dilated vestibular acqueduct

Right side Left side
C,D
(mm) (mm)
Internal auditory canal 10 9
Basal (1st) turn of cochlea 7 7.46
Whole cochlear length 29 29

MRI Axial T2, Coronal T2, Sagittal oblique FFE & 3D drive
of theinternal ear was showing: Bilateral vestibular acqueduct
syndrome with bilateral incomplete partition of the cochlea
(Modini Maformation).(E) Bilateral incomplete partition of the
cochlea. The basd turn isintact; the more apical turns are absent
& replaced by asingle cystic cavity. (F) Bilateral vestibular
aqueduct syndrome with bilateral incomplete partition of the
cochlea). Right endolymphatic sac dil atation.
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Discussion

Cochlear implants were introduced commer-
cialy in 1972. These devices stimulate the auditory
nerve directly when placed in the cochlea (tympanic
ramp) [8] . Today screening tests as part of newborn
evaluations facilitate the early detection of congen-
ital hearing impairment [9].

The surgery for the cochlear implantation is
common in present era and one of the most suc-
cessful surgical procedure in congenital and ac-
quired sensorineural deep hearing loss particularly
in those patients who have not responded well to
medical treatment [10].

Cochlear implants are used recently in patients
having hearing loss, whether congenital or acquired
cause, o it is very important for the implant surgeon
and for the radiologist to have detailed knowledge
of the cochlear cavity, which islocation for the
active electrode of implant. In present time, Com-
puted Tomography (CT) and Magnetic Resonance
Imaging (MRI) used as combined modality in pre-
operative workup of the cochlear implant patients
[11.

As a cochlear implant surgeon and as aradiol-
ogist, it is most important to understand the imaging
findings, which contraindicate the surgery like
complete labyrinthine agenesis, cochlear nerve
agenesis and cochlear ossification. However, the
value of CT in the qualitative and quantitative
evaluation of patients with sensorineural hearing
loss has been reported earlier [12].

Patients with bilateral congenital profound
SNHL and various inner ear malformations can
benefit from cochlear implant but the presence of
bilateral hypoplastic vestibulocochlear nerveis
considered as a contraindication to a successful
surgery. In these patients, brainstem implant would
be an alternative [13].

CT depicted dysplastic malformations of the
inner ear structures, which have been reported
earlier to be an important cause of sensorineural
hearing loss, especially in pediatric age prior to
speech development [14].

Casselman et al., [15] werefirst to apply Con-
structive Interference in Steady State-Three-
dimensional Fourier Transformation Magnetic
Resonance Imaging (CISS-3DFT MRI) in the study
of the inner ear and in the cerebellopontine angle.

3D imagesin CT and MRI provide the infor-
mation to the operating surgeon with anatomical
structural information, which helpsin cochlear
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implantation surgery and provide information for
contraindication of implantation [16].

Yi et al., (2013) [17] advised otologist in an
assessment of SNHL not to hesitate to evaluate the
inner ear structure by CT scan for detecting anom-
aly and to gain information of pathophysiology of
hearing loss.

MRI and CT have become essential parts of
the diagnostic work-up in patients with symptoms
related to the inner ear. Both imaging modalities
are complementary. The strength of CT liesin the
better delineation of the osseous otic capsule. The
soft-tissue components cannot be evaluated [18].

However, CT scan does not directly show the
cochlear nerve and MRI is highly recommended
for obtaining complementary information and for
observing the cochlear nerve if the patient isa
candidate for cochlear implantation [17].

In current study, we found 4 ears with narrow
IAC and absent vestibulocochlear nerve, 2 ears
with narrowed IAC and atrophied small sized
vestibulocochlear nerve. In all of them the assess-
ment of VCN were done using 3D MRI.

In the present study CT failed to assess cochl ear
nervein all 60 figs (120 ears) while MRI had
detected 2 figs with absent cochlear nerve bilateral
and atrophied cochlear nerve in one case. These
results agreed with Henk et al., (2003) [14], they
reported that CT is unable to depict variations of
the neural structures; however, thisis possible with
3D T2-weighted thin-section MRI. Also, we report-
ed high association of narrowed internal auditory
canal diameter and cochlear nerve anomalies.

We followed the same method as McClay et
al., (2008) [13] for confirming hypoplasia or aplasia
of the vestibulocochlear nerve by comparison of
the width between facial nerve and vestibulococh-
lear nerve performed using MRI parasagittal re-
construction. The diagnosis of internal auditory
canal stenosisis particularly important in making
decision for cochlear implantation.

In our study, we reported six patients (12 ears)
with labyrinthitis ossificans, CT detected calcifi-
cation in the labrynith and MRI detected | oss of
normal fluid signal of the endolymph in figs of
|abrynthitis ossificans.

If any patchy hypointensity in perilymphatic
fluid on MRI always suspects early fibrosis even
with normal CT study. Cochlear fibrosis detection

is important because cochlear implant surgeon
decides the length of electrode array as per the
normal length of the cochlear canal [19].

Silberman et a., [20] studied 40 patients with
deep hearing loss. These authors suggested that
fibrosis may be missed on CT scan, so using CT
scan and MRI together as complement modalities
as pre-operatively in cochlear implants patientsis
mandatory.

Henk et al., (2003) [14] proved that both MRI
and CT can depict sclerosis or ossification of a
dysplastic labyrinth with high agreement rates.
Such patients may be suitable for cochlear implant
surgery only in selected figs that do not demonstrate
additional fibrotic changes.

In the present study we observed that dilated
vestibular aqueduct was the common cause of
SNHL which reported in 5 figs which agreed with
Salibaet a., (2012) who suggested that the in-
creased use of high resolution CT scans has re-
vealed Enlarged Vestibular Aqueduct (EVA) to be
the most commonly identified inner ear malforma-
tion in children with unknown causes of SNHL.

Normal CT study not exclude large vestibular
aqueduct syndrome. These are figs where only the
extraosseous part of the endolymphatic sacis
enlarged which cannot be seen on CT [g].

We reported MDCT is best for the bony laby-
rinth and high-field MRI for the membranous
labyrinth and for the assessment of the vestibul o-
cochlear nerve. 3D reconstruction in MDCT and
high field MRI are very helpful for cochlear turns
and to detect cochlear anomalies.

Conclusion:

Combined HRCT and MRI studies are manda-
tory for evaluation of inner ear, the radiologist
must be familiar with imaging findings that abso-
lutely contraindicate implantation (Cochlear aplasia,
cochlear nerve aplasia and labyrinthine aplasia),
and with those that relatively contraindicate im-
plantation (Iabyrinthitis ossificans, other inner ear
dysplasia) and with other findings that could sig-
nificantly alter or complicate surgery (Hypoplastic
mastoid process, facial nerve dehiscence, Oto-
mastoiditis).
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