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Measurement of diameter and cross—sectional area of
cochlear nerve and clinical implication of cochlear
implantation with cochleovestibular anomalies
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1.03 mm (LD)

FN' .87 mm (sD)

e

.

1.02 mm (LD)

N 0.83 mm (SD)

Fig. 1. 3D DRIVE (3D-driven equilibrium sequence) parasagittal reformatted
image along the axis of the IAC. In the anterior aspect of the IAC, the
facial nerve (FN) lies superiorly, whereas the cochlear nerve (CN) lies
inferiorly. The figure shows the diameter measurements of cochlear nerve and
facial nerve in 1.7-year—old patients with normal structure. LD indicates

long diameter; SD, short diameter.
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Table 1A. Clinical characteristics of 64 patients with and without

cochleovestibular anomalies

All Normal Anomaly p-value
No. 64 33 31
Sex 0.227
Male 33 22 16
Female 31 11 15
Age at operation (yrs) 1.7+0.6 1.7+0.4 1.6+0.6 0.423
Follow up period (mo) 47.4+14.7 49.3£15.1 45.5%x14.1 0.194
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Table 1B. Classification of 128 ears of 64 patients with and without

cochleovestibular anomalies

Normal

hypo/aplasia)

No.

66 62(32)

Type of anomalies
None
Cochlear anomalies
IP type I
IP type II
Common cavity
Cochlear hypoplasia
Vestibular anomalies

Both anomalies

66

32(21)
7(4)

22(17)
1(0)
2(0)

40(20)
18(9)

IP indicates incomplete partition.

13
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Table 2. Comparison of long diameter, short diameter, cross—sectional area

of cochlear nerve and the ratio of cochlear nerve to facial nerve between

normal and cochleovestibular ears

Normal (n=66) Anomaly (n=32) p-value
Measurement of CN
LD (mm) 0.83£0.11 (0.59-1.09) 0.73+£0.13 (0.45-0.94)  <0.001
SD (mm) 0.65+0.09 (0.43-0.91) 0.61£0.10 (0.39-0.80) 0.066
CSA (mm*) 0.43£0.11 (0.20-0.78) 0.36%+0.10 (0.14-0.58) 0.004
The ratio of CN to FN
LD 1.1940.20 (0.81-1.75) 1.07+0.19 (0.58-1.47) 0.004
SD 1.20£0.21 (0.78-1.93) 1.1440.19 (0.75-1.71) 0.146
CSA 1.45£0.41 (0.63-2.72) 1.234£0.31 (0.44-1.85) 0.008

The ears with cochlear nerve hypo/aplasia (n=30) were excluded.

The numbers in parentheses mean the minimal and maximal value.

CN indicates cochlear nerve; LD, long diameter; SD, short diameter; CSA,

cross—sectional area; FEN, facial nerve.
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Fig. 2A. Comparison of long diameter, short diameter and cross—-sectional
area of cochlear nerve between normal and cochleovestibular anomalies. Plots
show standard deviation. CN indicates cochlear nerve; LD, long diameter; SD,
short diameter; CSA, cross—sectional area. * indicates a significant

difference.
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Fig. 2B. Comparison of long diameter, short diameter and cross—sectional

Ratios of diameters or cross-sectional area of CN
compared to FN

CSA

area of cochlear nerve to facial nerve between normal and cochleovestibular
anomalies. Plots show standard deviation. CN indicates cochlear nerve; EN,
facial nerve; LD, long diameter; SD, short diameter; CSA, cross—sectional

area. * indicates a significant difference.

17



. Il Normal

0 IP type 1
. Bl P type 2

Il Only vestibular anomaly

-
o
1

e
-]
1

e e
-y 2]
1 1

e
N
1
- een s ememem-m----

0.0-

LD SD CSA

Diameters or cross-sectional area of CN (mm or MMZ)

Fig. 3A. Comparison of long diameter, short diameter and cross—sectional
area of cochlear nerve between cochleovestibular anomalies. Plots show
standard deviation. CN indicates cochlear nerve; LD, long diameter; SD,
short diameter; CSA, cross—sectional area; IP, incomplete partition. *

indicates a significant difference.
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Fig. 3B. Comparison of long diameter, short diameter and cross—sectional
area of cochlear nerve to facial nerve between cochleovestibular anomalies.
Plots show standard deviation. CN indicates cochlear nerve; FN, facial nerve;
LD, long diameter; SD, short diameter; CSA, cross—sectional area; IP,
incomplete partition; EVA, enlarged vestibular aqueduct. * indicates a

significant difference.
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Table 3A. Comparison of speech perception assessment between normal and

cochleovestibular anomalies including cochlear nerve hypo/aplasia

Normal Anomaly p-value
(n=33) (n=31)
Open-set monosyllabic word (%) 71.0£37.9 42 .5+39.1 0.001
Sentence comprehension (%) 75.7+40.2 44.0+44.5 0.001
MAIS (%) 93.9+15.5 86.6+16.9 0.003
CAP (0-7) 6.2+1.3 4.9+1.6 0.001

MAIS indicates Meaningful Auditory Integration Scale; CAP, Categories of

Auditory Performance.
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Table 3B. Comparison of speech perception assessment between normal and

cochleovestibular anomalies without cochlear nerve hypo/aplasia

Normal Anomaly p-value
(n=33) (n=17)
Open-set monosyllabic word (%) 71.0£37.9 66.6+33.6 0.172
Sentence comprehension (%) 75.7+£40.2 67.4+39.9 0.133
MAIS (%) 93.9+15.5 93.8+12.4 0.391
CAP (0-7) 6.2+1.3 5.6x1.6 0.151

The patients with bilateral cochlear nerve hypo/aplasia (n=14) were excluded.
MAIS indicates Meaningful Auditory Integration Scale; CAP, Categories of

Auditory Performance.
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Fig. 4. Comparison of speech perception assessment between normal and
cochleovestibular anomalies. Plots show standard deviation. Monosyllabic
means open-set monosyllabic word recognition. MAIS indicates Meaningful
Auditory Integration Scale; CAP, Categories of Auditory Performance. *

indicates a significant difference.
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Fig. 5. Comparison of speech perception test between cochleovestibular
anomalies. The patients with cochlear nerve hypo/aplasia (n=14) were
excluded. IP indicates incomplete partition; MAIS, Meaningful Auditory

Integration Scale; CAP, Categories of Auditory Performance.
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Table 4A. Correlations between the measurements and open—-set monosyllabic

word discrimination conducted on last follow-up in cochleovestibular

anomalies

Correlation coefficient p-value
Measurement of CN
LD (mm) 0.436 0.080
SD (mm) 0.597 0.011
CSA (mm?) 0.523 0.031
The ratio of CN to FN
LD -0.022 0.935
SD 0.325 0.203
CSA 0.126 0.631

CN indicates cochlear nerve; LD, long diameter; SD, short diameter; CSA,

cross—sectional area; FN, facial nerve
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Table 4B. Correlations between the measurements and open-set monosyllabic

word discrimination conducted on last follow-up in IP type II patients

Correlation coefficient p-value
Measurement of CN
LD (mm) 0.584 0.099
SD (mm) 0.855 0.003
CSA (mm?) 0.774 0.014
The ratio of CN to FN
LD 0.071 0.856
SD 0.342 0.367
CSA 0.213 0.583

IP indicates incomplete partition; CN, cochlear nerve; LD, long diameter;

SD, short diameter; CSA, cross—sectional area; EN, facial nerve
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Fig. 6A. The scatter dot graphs from the cochleovestibular anomalies are

presented. Correlations between the measurements and open-set monosyllabic

word discrimination conducted on last follow-up. The patients with

bilateral cochlear nerve hypo/aplasia (n=14) were excluded. LD indicates

long diameter; CN, cochlear nerve; IP, incomplete partition; EVA, enlarged

vestibular aqueduct.
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Cochlear implantation (CI) is an operation that converts sound information
coming from outside into electrical signals so that the sound can be heard.
CI is a safe and effective mean of hearing rehabilitation for children with
sensorineural impairment before language development, and is now widely
practiced worldwide.

The cause of hearing loss i1s important because 1t affects the pre-tests
and the operation timing of the CI, and the surgical approach may vary
depending on the cause. Various degrees of bony and neural anomalies can be
identified by CT and MRI in clinical practice, and 1t 1s known that about
20 to 40% of congenital hearing loss children have these anatomical
deformities. The high-resolution temporal bone CT has the advantage of
showing bone structure and is suitable for assessing the development of the
cochlea. MRI has the advantage of showing the soft tissue and nerve structure
through the contrast medium and various sequences. The development of the
facial nerve and cochleovestibular nerve can be evaluated through oblique
parasagittal plane images.

In the early stages of CI, the malformed inner ear was considered a
contraindication to CI due to the insertion and maintenance of electrodes,
the frequent absence of nerve, the possibility of intraoperative
cerebrospinal fluid leakage, and facial nerve damage. In 1983, CI has been
successfully performed in an adult patient with abnormal cochlear structure.
Since then, 1t has been reported that successful CI can be performed and
satisfactory results can be obtained in patients with cochleovestibular
anomal ies.

Although there have been several reports that analyzed the CI results

according to the cochlear anomaly type, the existing reports focus on the
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classification of anomaly and the development of the cochlear nerve and an
attempt to quantitatively measure the cochlear nerve in patients with
cochleovestibular anomaly have not been reported. In this study, we were to
measure the size of the nerve in the pediatric patients with congenital
sensorineural hearing loss by diameters, cross—sectional area, and the ratio
of the cochlear nerve, and to analyze them with the speech perception tests
for predicting the consequences of CI.

The children who underwent CI before the age of 3 years in Asan Medical
Center from October 2010 to May 2016 were included. In this study, we
measured the long and short diameters of each nerve in the image of the
cochlear and facial nerves seen most separately in the course of the internal
auditory canal. 64 ears available for measuring nerves were included in the
analysis. All the results including the diameter and cross-sectional area
of the nerve, the results of the speech perception test were expressed as
mean and standard deviation. The results were analyzed by T-test or Mann-
Whitney U-test according to the variables and the correlation between the
measurement of the nerve and the results of the speech perception test was
calculated by bivariate correlation analysis.

In the normal group, mean long diameter was 0.83£0.11 mm, short diameter
0.65+0.09 mm. In the anomalous group, mean long diameter was 0.73%0.13 mm
and short diameter 0.61%+0.10. The cross—sectional areas calculated from the
long and short diameters were 0.4340.11 mm® and 0.36+0.10 mm*, respectively.
In the analysis of the anomalies divided by the classification, there was
no difference in the ears with incomplete partition type I compared to the
normal group, but there was significant difference in the ears with
incomplete partition type II and the ears with only vestibular anomalies.

There was no significant difference between the normal and anomalous group

in all four speech perception tests. In contrast to the result that there
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was no significant correlation between the size of the cochlear nerve and
the speech perception tests in the normal group, there was significant
correlation between the size of the nerve and the speech perception in

patients with inner ear anomalies.
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