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HRCT-BASED PREDICTION FOR COCHLEAR IMPLANT
OUTCOMES OF CASES WITH INNER EAR AND INTERNAL
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wara,! Kyo Itoh,? Yasushi Naito'?
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"~ Introduction

Inner ear and internal auditory canal (IAC) malformations account for approximately 20-35% of congenital
sensorineural hearing loss'? and an increasing number of children with inher ear and/or JAC malformations
underwent cochlear implantation. According to Sennaroglu’s classification of inner ear malformations, which
is the most widely accepted, the inner ear malformations are divided into labyrinth aplasia, cochlear aplasia,
common cavity (CC), incomplete partition type I (IP-I), type II (IP-II), and type IIL (IP-IIL), cochlear hypo-
plasia type [ (CH-I), type [T (CH-II), and type III (CH-III), and large vestibular aqueduct syndrome (LVAS).!?
This classification is essential to investigate the etiology of the inner ear malformations, but with respect to
predicting cochlear implant (CI) outcomes, it might not be enough, because it does not include TAC malfor-
mations such as narrow IAC (NIAC) and hypoplasia of the bony cochlear nerve canal (HBCNC). These IAC
malformations are highly associated with cochlear nerve deficiency (CND), which has a negative impact to
CI outcomes.*’ _

The purpose of this study was to establish a new CT-based categorization which is simple and includes
both inner ear and TAC malformations for predicting CI outcomes.

Materials and methods

Between 2004 and 2010, 98 subjects who were under 20 years old underwent cochlear implantation at Kobe
City Medical Center General Hospital. Among them, CT revealed that 24 subjects had inner ear and/or IAC
malformations at the implanted side.

We evaluated inner ear and IAC malformations at the implanted side based on CT findings. Sennarogiu’s
classification was used to classify inner ear malformations and the IAC malformations were classified into
NIAC and HBCNC. NIAC was diagnosed when the maximum diameter of the IAC was less than 2 mm.”
The width of the bony cochlear nerve canal (BCNC) was evaluated at the mid-portion between the base of
the modiolus of a cochlea and the fundus of the IAC on axial images. When the diameter of the BCNC is
less than 1.5 mm, it is diagnosed as HBCNC.> CND was diagnosed when a cochlear nerve (CN) appeared
smaller than the facial nerve on the parasagittal MR imaging. '

We categorized inner ear and IAC malformations into four groups by two criteria: (1) the presence or
absence of a bony modiolus in the cochlea; and (2) the diameters of JAC and BCNC. In this categorization,
both Group 1 and Group 3 have a bony modiolus in the cochlea, while Group 2 and Group 4 lack this com-
ponent. Both IAC and BCNC are normal in Group 1 and Group 2, but NIAC or HBCNC was observed in
. Group 3 and Group 4. Sennaroglu’s classification of inner ear malformations clearly discriminates between
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the presence and absence of a bony modiolus in the cochlea. According to his classification, a bony modiolus
is present in IP-1I, CH-III, LVAS, and a normal inner ear, while CC, IP-I, IP-III, CH-I, and CH-II have a
cystic cavity without a bony modiolus.?

We evaluated CI outcomes by category of auditory performance (CAP) scores,® hearing thresholds.of pure-
tone sounds, infant word speech discrimination scores, and monosyllabic word speech discrimination scores -
at one to three years after implantation. A subject with 0-4 CAP scores could not even understand common
phrases without visual language and, therefore, we defined 5-7 CAP scores as a good CI outcome and 0-4
CAP scores as a poor one.

Results

We categorized our patients based on the two criteria as described above. In this study, there was no case
categorized in Group 4. Group 1, Group 2, and Group 3 consisted of 11, 7, and 6 cases, respectively. MR
imaging revealed CND in all cases of Group 3.

The post-operative CAP score was equal or over five in all cases of Group 1, but did not exceed four in
all of Group 3. In Group 2, the post-operative CAP score was still four in two cases even after three years of
CI usage, but reached to five or six in the remaining five cases. As shown in Figure 1, using our new catego-
rization instead of the existing classifications, we can better discriminate between a good and poor outcome.

We examined speech discrimination scores of 22 cases except for two cases of Group 3 whose response
to voice was poor. The correct percentage of the closed-set infant word discrimination test was > 80 in all
cases of Group 1, while the score ranged from 40 to 60 in tested cases of Group 3. The correct percentage of
Group 2 widely varied between cases, ranging from 55 to 100. The open-set monosyllabic word discrimination
test is much more difficult than the closed-set infant word discrimination test and, therefore, only 17 of 24
patients, who were over five years old and used their CI for more than two years, underwent this examination.
All tested cases of Group [ and 3 cases of Group 2 could answer correctly in equal or over 80% of accuracy.
The correct percentage of the remaining cases, including all tested cases of Group 3, was < 30.

The existing classifications Our new categorization
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Fig. 1. A. The post-operative CAP score of each type of malformations based on the existing classifications. One case with both
CH-III and HBCNC is plotted twice (*). B. The post-operative CAP score of each group of our new categorization. In both graphs,
the members of Group 1, Group 2, and Group 3 are represented by a circle, diamond, and triangle, respectively.
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Discussion

In this study, we established a new CT-based categorization including both the inner ear and IAC malforma-
tions. This categorization is defined by two criterid; (1) the presence or absence of a bony modiolus in the
cochlea; and (2) the diameters of IAC and BCNC. We focused on these structures because the bony modio-
lus contains spiral ganglion cells, the major target of Cl-mediated electrical stimulation, and their axons go
through BCNC and IAC. -

Group 1, which is defined by the presence of a bony modiolus of the cochlea with a normal TAC and
BCNC, showed the best Cl-aided hearing performance among three groups. The high proportion of post- or
peri-lingually deaf cases might also contribute to the high CI outcomes of this group.” Group 2 is defiried by
the absence of a bony modiolus with a normal diameter of IAC. The CAP score and speech discrimination
score varied widely between cases in this group, but five out of seven cases could understand common phrases
without visual languages. Group 3 is defined by the presence of a bony modiolus in the cochlea with NIAC
or HBCNC and their post-operative improvement of hearing performance was limited. Visual languages were
necessary for them to understand common phrases even after long usage of their CI. MR imaging revealed
CND in all cases of Group 3, which might be responsible for their poor outcomes. V

Conclusion

Our new CT-based categorization, which was based on the presence or absence of a bony modiolus in the
cochlea and the diameters of IAC and BCNC, was effective in predicting CI outcomes of children with inner
ear and/or IAC malformations. The CI outcomes were the best in Group 1, followed by Group 2 and Group 3.
All cases of Group 1 showed good CI outcomes and could communicate orally. On the other hand, all cases of
Group 3 showed poor CI outcomes and used lip-reading or sign language to understand common phrases. The
CI outcomes of Group 2 varied between cases, but many of them showed good ClI-aided hearing performance.
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