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

'Department of Otolaryngology, Kobe City Medical Center General Hospital,; *Department of Radiology, Kobe
City Medical Center General Hospital; *Institute of Biomedical Research and Innovation, Kobe, Japan

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 inner ear and/or IAC 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 III (IP-III), cochlear hypo-
plasia type I (CH-I), type II (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 IAC 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. Sennaroglu’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 IAC 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 JAC 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

Address for correspondence: Yasushi Naito MD, PhD, Department of Otolaryngology Kobe City Medical Center General Hospital, 650-
0047 2-1-1 Minatojima Minamimachi Chuo-ku, Kobe City, Japan. naito@kcho.jp

Cholesteatoma and Ear Surgery — An Update, pp. 371-373
Edited by Haruo Takahashi
2013 © Kugler Publications, Amsterdam, The Netherlands

167



372 ' _ - H. Yamazaki et al.

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 cCorrect 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
i @ @ . @ S 7 g
© e
- o Qo
53 e e - - L -
& 6 0 g & 8 g
o 3 A D A s 8 < "
@ O S . fenimmctcacermnn caacanacanmaacmam s
Q * w Y
8 a Y A L “gy, M 4 @ é &
a 5 5
L 3 - 2 3. S
) =1 o
!
PR I e 2 4 N
1 - A 1 TAN
oo . —— S 4] - -
O T =T = v O O - < ot
= 6 _>_, z @] =3 = =3
@ o 2 ©
x o O G}

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 criteria; (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 CI-mediated electrical stimulation, and their axons go
through BCNC and TAC. :

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 defined 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.

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 JAC and BCNC, was effective in predicting CI outcomes of children with inner
ear and/or JAC 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 Cl-aided hearing performance.
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Imaging of ear disorders seen from a viewpoint of treatment.

De;iarfment of Otolaryngology, Kobe City Medical Center Gene'ral,Hospital

Yasushi NAITO, M.D.

Textbooks on medical imaging usually show key images for diagnosing a certain disease,

but seldom describe its treatment ;ind prognosis leaving them to clinical or surgical text-

books. We encounter many patients and diseases during our clinical practice. Each disease

has its unique etiology, diagnostic prdcess, treatment and its result, which cannot be under-

" stood well without seeing the stages after the diagnosis. A viewpoint of treatment is, thus, es-

sential for clinically appropriate imaging diagnosis. This article reports cases of infectious and

inflammatory ear diseases, temporal bone traumas and inner ear anomalies, in which not only

their diagnostic key images but also their treatment findings and prognoses are described

and discussed. = .
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Fig. 4 Brain and temporal bone CT of severe
head trauma
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ORIGINAL ARTICLE

Clinical features of rapidly progressive bilateral sensorineural
hearing loss

IPPEI KISHIMOTO', HIROSHI YAMAZAKI?™, YASUSHI NAITO"?,
SHOGO SHINOHARA!, KEIZO FUJIWARA!, MASAHIRO KIKUCHI', YUJI KANAZAWA',
RISA TONA? & HIROYUKI HARADA!

' Department of Owlaryngology, Kobe City Medical Center General Hospiral, Kobe and 2Institute of Biomedical Research
and Innovation, Kobe, Fapan

Abstract

Conclusion: Rapidly progressive bilateral sensorineural hearing loss (SNHL) often develops as a symptom of intracranial
diseases or systemic vasculitis. For early diagnosis and treatment of these potentially fatal diseases, a history of hearing
deterioration within 2 months and associated symptoms may be important. Objectives: To reveal clinical features and causative
diseases for rapidly progressive bilateral SNHL. Methods: The inclusion criterion was patients with bilateral progressive SNHL.,
who had experienced difficulty in daily conversation within 4 days to 1 year after the onset of hearing loss awareness. This study
was a retrospective evaluation of 12 patients with rapidly progressive bilateral SNHL who visited our hospital between
2007 and 2011. Results: The causative disease for hearing loss was identified in 11 of 12 patients; intracranial lesions including
nonbacterial meningitis, meningeal metastasis of lymphoma, and superficial siderosis in 4 patients, systemic vasculitis in 2,
auditory neuropathy spectrum disorder in 1, and an isolated inner ear disorder in 4. Relatively rapid hearing deterioration
within 2 months showed a significant association in six patients with an intracranial lesion or systemic vasculitis. Moreover, all
these six patients complained of dizziness and/or non-cochleovestibular symptoms such as fever, headache, and/or altered
mental state in addition to hearing loss.

Keywords: Auditory perception, intracranial disease, systemic vasculitis, magnetic resonance imaging, hearing threshold

Introduction

Sensorineural hearing loss (SNHL) is caused by various
disorders, including sudden deafness, presbycusis,
hereditary hearing loss, drug-induced hearing loss,
and Meniere’s disease. Various clinical data are used
to diagnose the cause of SNHL, of which the time course
of hearing deterioration may be particularly important
for estimating the nature of the disorder. For example,
sudden deafness has an onset period of < 72 h [1], while
presbycusis deteriorates by 1-2.5 dB peryear overalong
period of time. We also encounter patients with bilateral
SNHL whose hearing deteriorates more slowly than that

in sudden deafness but more quickly than that in pres-
bycusis. Such patients often have serious complicating
diseases, although only a few studies have examined this
type of hearing loss. In this study, we report 12 cases of
rapidly progressive bilateral SNHIL and analyze the
clinical features and causative diseases for hearing loss.

Material and methods

The study was a retrospective review of medical
records. Of the 908 patients diagnosed with bilateral
SNHL who visited the Department of Otolaryngology
at Kobe City Medical Center General Hospital from
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Table I. Characteristics of 12 patients with rapidly progressive bilateral sensorineural hearing loss.

Case no. . Time f?om Gender Causative disorder Categ(.)ry of Worst hearing Hearing after Clinical symptoms
(age in years) onset to difficulty causative disorder (dB) treatment (dB)
in daily life (days)
R L R L
1 33 4 M Cryptococcal meningitis Intracranial lesion 115 115 68.3 25 Fever, headache,
altered mentation,
dizziness
2 45 60 M Chronic herpes 115 108.3 No improvement Fever, tinnitus
meningitis + labyrinthitis
3 60 6 M Meningial metastasis 75 50 45 48.3 Fever, dizziness
of lymphoma
4 79 30 F Superficial siderosis 65 61.7 No improvement Dizziness, tinnitus
73 45 F Cogan’s syndrome Systemic vasculitis 115 115 No improvement Fever, headache,
dizziness
6 44 4 F Vasculitis syndrome 93.3 81.7 51.7 38.3 Fever, headache,
altered mentation
7 26 7 F Auditory neuropathy ANSD 115 113.3 No improvement Tinnitus
8 63 120 F Isolated inner Isolated inner 65 56.7 No improvement Tinnitus
ear disorders ear disorder
9 67 90 M Isolated inner 103.3 103.3 No improvement Tinnitus
ear disorders
10 69 360 M Isolated inner 95 115 No improvement Tinnitus
ear disorders
11 69 360 F Isolated inner 80 73.3 No improvement Tinnitus
ear disorders
12 61 14 F Undefined disorder Undefined 53.3 55 41.7 41.7 Fever, backache

THNS 104210719 20155245044 Aprdvy

6%
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January 2007 to December 2011, 12 (1.3%, 5 males
and 7 females; Table I) who met the following criteria
for rapidly progressive bilateral SNHL were selected:
(1) pure-tone audiometry data showing bilateral
SNHL and average hearing thresholds at 500,
1000, and 2000 Hz of 2 50 dB; (2) difficulty in daily
conversation without lip-reading or sign language
within 4 days to 1 year after the onset of hearing
loss awareness; and (3) exclusion of cases with bilat-
eral Meniere’s disease or functional hearing loss.
Wegener’s granulomatosis [2], Churg-Strauss
syndrome [3], and eosinophilic otitis media [4], are
also known to induce progressive hearing loss, but
were excluded from this study because these diseases
lead to mixed hearing loss rather than SNHL. The
median age at onset of hearing loss was 62 years
(range 2679 years). The precise deterioration speed
of the patients’ pure-tone audiometric thresholds
could not be calculated because most of them came
to our hospital after having moderate or severe SNHL
and their initial pure-tone audiometry thresholds
before the onset of hearing loss had not been tested.
Therefore, we defined progressive bilateral SNHL on
the basis of subjective time course of deterioration in
auditory perception.

The diagnoses of causative diseases of rapidly pro-
gressive bilateral SNHL were based on medical inter-
views, physical findings, and examinations by
otologists, internal medicine specialists, and radiolo-
gists. The examinations included blood autoantibody
tests, microbiological culture tests, radiographic exam-
inations (CT and MRI), and cerebrospinal fluid (CSF)
tests, as well as conventional otological examinations
including pure-tone audiometry, distortion product
otoacoustic emissions (DPOAESs), and auditory brain-
stem response (ABR). The causative diseases were
categorized into five groups: (1) an intracranial lesion
for which CT, MRI, and/or CSF tests revealed an
abnormality in the central nervous system; (2) systemic
vasculitis, diagnosed by positive blood tests for auto-
antibodies and systemic inflammation and vasculitis-
specific skin lesion, retinal vasculitis, or non-
syphilitic interstitial keratitis; (3) auditory neuropathy
spectrum disorder (ANSD), diagnosed on the basis of
good responses in DPOAE and a lack of obvious
responses in ABR; (4) isolated inner ear disorder,
with no abnormality on CT or MRI scans and no
symptoms other than cochleovestibular symptoms;
and (5) an undefined disorder with symptoms other
than cochleovestibular symptoms.

The time course of hearing deterioration was eval-
uated using subjective manifestations. The time course
was defined as the time period from the onset of
hearing loss awareness to the onset of difficulty in
understanding speech in daily life, and it was classified
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as follows: (1) 4 days to 1 week, (2) 1 week to 1 month,
(3) 1-6 months, and (4) 6 months to 1 year. We also
focused on clinical manifestations other than hearing
loss, which were divided into cochleovestibular symp-
toms including tinnitus and dizziness and noncochleo-
vestibular symptoms including fever, headache, and
altered mental state.

Results
Clinical manifestations

The time course of hearing deterioration was from
4 days to 1 week in four patients, from 1 week to
1 month in two patients, from 1 to 6 months in four
patients, and from 6 months to 1 year in two patients.
The median hearing level (i.e. the worst value for each
patient) of the 12 patients was 94 dB for the right ear
and 93 dB for the left ear (Table I). With respect to
manifestations related to noncochleovestibular disor-
ders, fever was the leading symptom and was observed
in six patients (50%). Among these patients with
fever, three also complained of severe headache and
two of these further suffered from altered mental state.
Tinnitus was observed in seven patients including all
six patients without noncochleovestibular symptoms.
Dizziness was reported in four patients and three of
these were also associated with a noncochleovestibu-
lar symptom, but the other complained of only tin-
nitus and dizziness (Table I).

MRI findings

Brain MRI was performed in nine patients including
all six with a noncochleovestibular symptom, one with
both tinnitus and dizziness, and two with tinnitus.
Association of noncochleovestibular symptoms and
dizziness with bilateral SNHL suggests the presence
of systemic or intracranial lesions in the former and a
retrocochlear or unusual inner ear disease in the
latter. In fact, the diagnosis of an intracranial lesion
or systemic vasculitis was confirmed or supported by
MRI in five of seven patients with a noncochleoves-
tibular symptom or dizziness (Figure 1). In case 4,
T2-weighted MRI revealed superficial hypointensity
on the surface of the brainstem and cerebellum, which
was diagnosed as superficial siderosis. In the other
four patients, gadolinium-enhanced TIl-weighted
MRI showed abnormal enhancement in the inner
ear or internal auditory canal. In five cases complain-
ing solely of tinnitus in addition to hearing loss, only
two underwent brain MRI. In the other three cases,
results of neurological examinations implied that the
lesion was restricted in the cochleae and, therefore,
careful follow-up of pure-tone audiometry, ABR,
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Figure 1. (a) Case no. 1. Cryptococcus meningitis with enhancement of bilateral internal auditory canal (IAC) on gadolinium-enhanced MRI.
The enhanced right IAC is shown. (b) Case no. 2. Chronic viral meningitis plus labyrinthitis with enhancement of bilateral cochlea on
gadolinium-enhanced MRI. The enhanced basal turn of the right cochlea is shown. (c) Case no. 3. Meningeal metastasis of lymphoma with
enhancement of bilateral IAC on gadolinium-enhanced MRI. Enhanced left IAC is shown. (d) Case no. 4. Superficial siderosis with
hypointensity along the brainstem and cerebellum on T2-weighted MRI. (e) Case no. 5. Cogan’s syndrome with enhancement of bilateral
cochlea on gadolinium-enhanced MRI. The right whole cochlea is enhanced.

DPOAE, and/or blood tests for autoimmune antibo-
dies rather than brain MRI were conducted to eval-
uate cochlear disorders.

Caztegories of causative diseases

The causative diseases for hearing loss are shown
in Table 1. Systemic evaluation showed abnormalities
restricted to the inner ear in four patients (isolated
inner ear disorder). Intracranial lesions were detected
in four patients and systemic vasculitis in two, with
these disorders diagnosed as the causes of bilateral
SNHL. The intracranial lesions included Cryptococ-
cus meningitis, chronic meningitis due to herpes
simplex virus, meningeal metastasis of lymphoma,
and superficial siderosis. The two patients with sys-
temic vasculitis were diagnosed with Cogan’s syn-
drome and Sjogren syndrome with aseptic
meningitis, retinal vasculitis, and skin lesions.

Relationship between category of causative diseases and
clinical manifestations

The time course for deterioration in auditory percep-
tion was < 60 days in the six patients with an
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Figure 2. Time course of hearing deterioration in different cate-
gories of causative disorders. There was a significant difference
between patients with intracranial lesion and systemic vasculits,
and those with an isolated inner ear disorder.

i p < 0.05
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Table II. Characteristics of six patients with an intracranial lesion or systemic vasculitis.

Time before

Case no. Diagnosis Treatment treatment (days) Hearing improvement

1 Cryptococcal meningitis Antifungal drug 3 Improved
Chronic herpes Steroid and

2 meningitis + labyrinthitis ant-HSV agents Unknown Not improved
Meningial metastasis Steroid and

3 of lymphoma anticancer drug 6 Improved

4 Superficial siderosis No treatment Not improved

5 Cogan’s syndrome Steroid 90 Not improved

6 Sjogren syndrome Steroid 4 Improved

intracranial lesion or systemic vasculitis and 2 90 days
in the four patients with an isolated inner ear disorder.
The Mann—-Whitney U test showed a significant dif-
ference (p < 0.05) between these groups (Figure 2). As
shown in Table I, all patients with an intracranial
lesion or systemic vasculitis complained of dizziness
and/or noncochleovestibular symptoms in addition to
hearing loss. Four of these six patients had dizziness
and five of them had fever, headache, or altered
mental state. These symptoms were not observed in
patients with ANSD or an isolated inner ear disorder,
who had only tinnitus as an associated symptom.

Hearing improvement after treavment for the causative
diseases

The causative disease was treated in five patients with
an intracranial lesion or systemic vasculitis, except in
case 4 who had superficial siderosis (Table II). Hear-
ing improved in three patients, who did not require
hearing aids in daily life. The delay from the onset of
hearing loss awareness to the beginning of treatment
was within 1 week in cases 1, 3, and 6, who showed an
improvement in hearing. However, it took as long as
90 days in case 5, who showed no change in hearing
threshold after treatments. In case 4, the origin of
bleeding that caused hemosiderosis was not deter-
mined despite radiographic evaluations, including
brain and spinal MRI, and the patient showed no
improvement in hearing at follow-up. Improvement
in hearing loss did not occur in any of the patients with
ANSD or an isolated inner ear disorder, despite
systemic administration of steroids and/or circulation
activators.

Discussion

This study was performed as a retrospective review of
12 cases with progressive bilateral SNHL who com-
plained of difficulty in daily conversation within
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4 days to 1 year after the onset of hearing loss
awareness. The patients with bilateral SNHL present-
ing this time course of deterioration were relatively
rare and accounted for only 1.3% of those with
bilateral SNHL in this study. However, retrospec-
tively, distinguishing this type of SNHL from others
was meaningful because 6 of these 12 patients (50%)
developed SNHL from an intracranial lesion or
systemic vasculitis, which can be fatal without appro-
priate treatment. It is also noteworthy that all three
patients with an intracranial lesion or systemic
vasculitis, who showed improvement in hearing,
underwent early treatment of the causative diseases,
suggesting that accurate diagnosis and appropriate
treatments for the causative disease at its early stage
may be important to restore hearing as well as to lower
the mortality. In the present study, the rapidly pro-
gressive SNHL was also caused by ANSD or an
isolated inner ear disorder, but clinical manifestations
of intracranial lesions and systemic vasculitis were
different from those observed in other categories of
causative diseases. Our study showed that in patients
with intracranial lesions and systemic vasculitis, the
time from onset of hearing loss to difficulty in daily life
was within 2 months and significantly shorter than
that in patients with an isolated inner ear disorder. In
addition to the rapidly progressing hearing loss, non-
cochleovestibular symptoms and/or dizziness were
always associated with intracranial lesions and sys-
temic vasculitis, while all five patients with an isolated
inner ear disorder or ANSD complained of only
tinnitus. Among noncochleovestibular symptoms,
fever was the leading symptom (6 of 12 patients),
followed by headache and an altered mental state. In
all cases with fever, the origin of fever was difficult to
identify at first and systemic inflammation or intra-
cranial infection was identified later based on systemic
evaluations by otologists, internal medicine specia-
lists, and radiologists. The presence of headache and
an altered mental state also suggests that lesions may



