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Figure 2. Audiologic findings in a child with right-sided cochlear nerve hypoplasia (case 1). (A) Auditory brainstem responses (ABRs), (B)

pure-tone audiogram, (C) word recognition curve.

a mulddetector-row CT scanner (8-detector, Light-
speed Ulira, GE, Milwaukee, USA). Images were
acquired in the direct axial planes using a 0.652 mm
slice thickness. The diameter of the CN canal (CNC)
was measured along the inner margin of its bony walls
at its middle portion on the axial image of the base of
the modiolus.

MR images were obtained using a 1.5 Tesla
system (Intera 1.5T; Philips, Belgium) according

t0 a protocol described previously in detail [4].
The MRI scans included 3-D T2-weighted fast
spin-echo sequences in axial and oblique sagittal
images of the IAC with a 0.7 mm slice thickness.
The 3-D constructive interference in steady-state
(CIS8) images was then reconstructed by traversing
the JAC in a perpendicular orientation, producing
images that visualized the four nerves (facial, super-
ior vestibular, inferior vestibular, and cochlear). The
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Figure 3. Audiologic findings in a child with lefi-sided cochlear nerve hypoplasia (case 2). (A) Auditory brainstem responses (ABRs),

(B) pure-tone audiogram, (C) word recognition curve.

findings of a normal ear are shown in Figure 13, b,
(case 2, right ear).

Audiologic assessment

In addition to the pure-tone hearing test, distortion
product otoacoustic emission (DPOAE) and auditory

brainstem response (ABR) testing, as well as speech
audiometry were performed. DPOAEs were measured
in all subjects for pairs of primary tones (fl and £2),
with a fixed ratio of £2/f1 = 1.2, and fixed levels of 65 dB
SPL (1.1) and 55 dB SPL (1.2) using the 110292
system (Otodynamics, UK). The frequency of 2
was stepped through a range of 1-6 kHz to vield a
nine-point DPGram.
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Figure 4. Audiologic findings in ears with cochlear nerve hypoplasia (cases 3-5). (a, ¢, &) Pure-tone audiograms: (&) case 3, (¢) case 4,
(e) case 5. (b, 4, ) Word recognition curves: (b} case 3, (d) case 4, () case 5.



ABRs were recorded in three subjects using the
MEB-2204 system (Nihon Koden, Japan). The
0.1 ms clicks with alternating polarity were presented
monaurally at a repetition rate of 10 Hz and a maximum
intensity of 105 dB nHI.

Speech audiometry was performed in five subjects,
but not in case 6 where the test could not be done.
The maximum word recognition scores were evalu-
ated based on the percentage of correct answers out of
20 words, using Japanese word list 67-S. In normal-
hearing subjects, the maximum word recognition
scores using the word list are usually 290%.

Results

A summary of the findings for the six children with
unilateral CN hypoplasia diagnosed by MRI is shown
in Table I. On the oblique sagittal MRI image of case
2, the left CN is undetectable, while the right CN is
normal (Figure la, b). The hearing levels of the
affected ears in the six cases ranged from 35 to 59
dB (Table I). The audiogram shapes (Figures 2, 3,
and 4) were high-frequency sloping (cases 3, 5, and
6), rising (case 4), 2—4 kHz noich (case 1), and
inverted scoop shape (case 2). DPOAFEs were present
in only one (17%) of the six affected ears, and the
shape of the hearing loss curve for that ear was rising.

In one of the three cases in which ABR testing was
performed, the ABR threshold of the ear with CN
hypoplasia was significantly elevated compared with
that expected from 10004000 Hz pure-tone hearing
levels (case 2). Speech discrimination tests were per-
formed in five cases (Figures 2¢, 3¢, and 4b, d, §) but
not in the 4-year-old patient (case 6). In two of these
five cases (cases 1 and 2), the maximum word rec-
ognition scores of the ears with CN hypoplasia were
poor compared with those of pure-tone hearing levels.
In one case (case 4), the maximum word recognition
score of the affected ear was 90%, but the results for
50 dB and 90 dB were 90% and 60%, respectively.
Therefore, the word recognition curve in case
4 showed marked roll-over.

The click-evoked ABR tracing, pure-tone audio-
gram, and word recognition curves for case 1 are
shown in Figure 2. The pure-tone audiogram of the
right ear (affected side) showed a 2-4 kHz notch
configuration. The wave V threshold of the right ear
was elevated (80 dB nHL). The ABR threshold com-
pared with the 1-4 kHz pure-tone hearing level of the
right ear was slightly higher than expected. The maxi-
mum word recognition score of the right ear was 25%,
which was lower than expected for pure-tone hearing.

The click-evoked ABR tracing, pure-tone audio-
gram, and word recognition curves for case 2 are
shown in Figure 3. The pure-tone audiogram of the
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left ear (affected side) showed an inverted scoop
shape. The ABR threshold of the left ear was
90 dB nHI. and the maximum word recognition score
of the left ear was 60%. These values were smaller
than expected for pure-tone hearing.

All six ears with CN hypoplasia were associated
with CNC stenosis (CNC diameter, <1.5 mm; mean,
0.83 mm). In contrast, the unaffected ears of the six
children had CNC diameters of >1.5 mm (mean,
1.9 mm). Axial HRCT images of a representative
case (case 2) of severe CNC stenosis are shown
in Figure lc¢ and d. No cochlear malformations
were seen in the six children.

Discussion

We defined CN hypoplasia as an undetectable. CN on
axial, coronal, or reconstructed oblique sagittal MR
images. An extremely small nerve, below the limits of
resolution of MRI, could appear absent and therefore
should not be disregarded. Therefore, we avoid the
terms deficiency, aplasia, and agenesis.

The mechanism of CN hypoplasia in children
remains speculative. Both congenital deficiency and
acquired degeneration of the CN might be seen in
children with SNHL [5]. In pediatric cases, it i8
possible that a vascular insult during critical periods
in development may result in isolated CN agenesis or
degeneration [1]. CN hypoplasia is often associated
with cochlear anomalies [4] or various coexisting
syndromes such as CHARGE association [1]. Neither
cochlear malformations nor known syndromes were
recognized in the padents presented in this report.

CN hypoplasia is not as uncommon as previously
thought [1]. Recent studies suggest that CN dysfunc-
ton accounts for up to 10% of diagnosed cases of
pediatric SNHL. [2]. Miyasaka et al. [4] reported CN
hypoplasia in 8 of 42 (19%) ears on MRI. Of these,
four ears had inner ear malformations. In the present
study, no cochlear malformations were recognized
in the six ears with CN hypoplasia. In addition, a
relationship between CNC stenosis and CN hypo-
plasia was previously reported [2,6,7]. CNC diameter
measurements of <1.8 mm were considered mode-
rate stenosis, while measurements of <1.0 mm
were defined as critical stenosis [8]. A CNC diameter
of <1.5 mm on CT suggested CN hypoplasia [4,6,7].
All six ears with CN hypoplasia in this study were
associated with CNC stenosis (CNC diameter,
<1.5 mm). And also 11 ears with CN hypoplasia
with profound hearing loss were associated with
CNC stenosis. The mean (SD) CNC diameter was
0.83 (0.40) mm in the affected side of 6 cases with
mild to moderate hearing loss, and 0.72 (0.32) mm in
the affected side of 11 cases with profound hearing
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loss. The CNC diameters in the group with profound
hearing loss were slightly narrower than in the group
with mild to moderate hearing loss, but there was no
statistically significant difference (p = 0.28, 1 test).
CNC may require stimulation by its contents for
normal development, meaning that CNC stenosis
may occur secondary to CN hypoplasia [6]. However,
it was previously reported that CNC stenosis can
occur without CN hypoplasia [4]. CNC stenosis on
CT may therefore be indicative of the diagnosis of CN
hypoplasia, but MRI should be performed to confirm
the diagnosis.

In the past, it was thought that CN hypoplasia was
always associated with profound SNHL [1], but a case
of CN hypoplasia without profound hearing loss was
reported recently [3]. In that case, an extremely small,
preserved, and partially functional CN was believed to
be present in the affected ear [3]. A minimal number
of residual CN fibers, which were too small to be
detected by MRI, may be enough to deliver sound
information without threshold elevation [8].

CN hypoplasia may present as auditory neuropathy
spectrum disorder (ANSD) [1,9]. In this study,
DPOAEs were detected in one of six cases, which
indicated normal outer hair cell function. In the
11 cases of CN hypoplasia with profound hearing
loss, DPOAESs at the affected ears were detected in
four cases (36%). The presence rates of DPOAEs
were supposed not to relate to hearing levels. The
reason for absent DPOAFESs in cases of mild hearing
loss is unclear, but malformations of inner ear micro-
structures associated with congenital CN hypoplasia
are considered to be the cause of absent DPOAES.
The shape of the hearing loss curve in the case with
normal DPOAE was rising (Figure 4c¢), and the
pure-tone thresholds at 2-8 kHz were <15 dB. The
normal DPOAE response in this case is assumed to
indicate the preservation of inner ear funcdon at high
frequencies.

In case 2, who was one of three cases in which ABR
testing was performed, the ABR threshold of the
affected ear was significantly elevated compared with
that expected from 1-4 kHz pure-tone hearing levels.
The elevated ABR threshold in the case suggests
disorders of CN synchrony at high frequencies.

Speech discrimination assessments showed poor
maximum word recognition scores compared with
that expected from pure-tone hearing levels in two
affected ears. In addition, the word recognition
curve of an affected ear had marked roll-over.
The results of the speech discrimination tests sug-
gested retrocochlear disorders in the affected ears.
Some of the findings of the ABR and the word
recognition tests in CN hypoplasia are consistent
with andiologic characteristics of ANSD, which has

been reported as retrocochlear hearing loss in CN
hypoplasia [1]. It is believed that 6-28% of ANSD
cases are due to CN hypoplasia [1,10,11]. CT is
recommended for the initial screening of children
with SNHL [4]. For children with ANSD, high-
resolution MRI of the CN should be performed as
the initial imaging study [12]. The resulis of the
present study suggest that the imaging study for the
screening of CN hypoplasia is desirable for even
mild to moderate hearing loss.

Conclusion

Here, we presented six pediatric cases of CN hypo-
plasia with mild to moderate hearing loss. Audiologic
characteristics of some ears with CN hypoplasia in this
study suggested retrocochlear disorders. Even if hear-
ing loss is mild to moderate, the presence of CN
hypoplasia associated with retrocochlear disorders
should be considered.

Declaration of imterest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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