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Cochlear Implantation withAberrant Internal Carotid Artery in Middle Ear
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OBJECTIVE: An aberrant internal carotid artery (ICA) in the middle ear is a rare congenital finding. We
here report on the case of a successful cochlear implantation (CI) in a patient with an aberrant ICA in the
middle ear.

CASE DESCRIPTION: The patient was a girl with hearing loss diagnosed by newborn screening. She
had a history of truncusarteriosuscommunis (TAC) as a complex heart disease and repaired TAC at the age
of 2months. Preoperative computed tomography (CT) and magnetic resonance imaging (MRI) suggested
cochlear nerve hypoplasia in the right ear. In the left ear, therewas no inner ear malformation norcochlear
nerve hypoplasia. There was, however, an aberrant ICA running near the promontory and round window in
the middle ear. Clin her left ear was performed at 31months. The aberrant ICA in the middle ear wascon-
firmedby microscope observation. Theelectrode array was inserted without arterial injury. Intraoperative,
acoustic reflex threshold (ART) and electrically evoked auditory brainstem responses (EABR) were satisfactory.

CONCLUSIONS: To the best of our knowledge, this is the first case report of a successful cochlear

implantation in a patient with an aberrant ICA in the middle ear.

Key words : aberrant internal carotid artery, round window, cochlear nerve canal
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Correlation of congenital cytomegalovirus infection in children with unilateral sensorineural hearing loss
Satoshi Twasaki *, Sakiko Furutate **, Shin-ya Nishio **, Takuya Yano **, Hideaki Moteki ***,
Yutaka Takumi ***, Shin-ich Usami **
* Department of Hearing Implant Sciences, Shinshu University School of Medicine
o Department of Otolaryngology, Shinshu University School of Medicine

Congenital Cytomegalovirus (CMV) infection and mumps infection are major cause of unilateral sen-
sorineural hearing loss (SNHL), but there were few reports showing the frequency of congenital CMV infec-
tion in children with unilateral SNHL. The present study investigated the prevalence of congenital CMV
infection diagnosed by detection of CMV DNA in dried umbilical cord specimens from children with unilateral
SNHL and other causes of unilateral SNHL.

This study evaluated 88 children with unilateral SNHL who were referred to the Department of
Otolaryngology, Shinshu University School of Medicine from May 2008 to April 2012. DNA was extracted
from the dried umbilical cords and CMV DNA was examined by quantitative PCR. CMV DNA was identified
in 8 (9.1%) of 88 children with unilateral SNHL. Unilateral severe to profound SNHL and mild to moderate
SNHL caused by congenital CMV infection were detected in 9.6% (7/73) and 6.7% (1/15), respectively.
Genetic deafness mutations could not be found. In conclusion, congenital CMV infection plays a major role as
a cause of unilateral SNHL in children.

Key words : congenital cytomegalovirus infection, unilateral sensorineural hearing loss, dried umbilical cord,
genetic hearing loss
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Objective: To predict cochlear implant efficacy and investigate the cortical processing of the visual
component of language in profoundly deafened patients with asymptomatic congenital cytomegalovirus
(CMV) infection.

Methods and cases: The cortical activity of two children with CMV-related hearing loss was evaluated
with fluorodeoxyglucose-positron emission tomography (FDG-PET) with a visual language task before
cochlear implantation. Total development and auditory perception ability were assessed one year after

g}gg;dfs implantation.

Resuits: The two children with CMV-related hearing loss showed activation in the auditory association
CMV s : " : . . i pmpi
Hearing loss area where no activation was found in the controls, and exhibited nearly identical cortical activation

patterns to those seen in patients with profound congenital hearing loss. In contrast, differences in total
development in verbal ability and discrimination of sentences between the two cases were revealed one
year after implantation.
Conclusion: These results might indicate that the differences of cortical activities according to hearing
abilities could have been influenced by CMV infection that involves higher function of the brain directly
and/or affects the cochlea peripherally, Additionally, if CMV infection might have affected only the
cochlea, these cortical activation patterns were influenced secondary by the time course of hearing loss
characterized by CMV infection, which had varied manifestations.

Accurate diagnosis and cochlear implantation at the appropriate time are important for successful
speech development, and each patient needs a personalized habilitation program based on their etiology
and brain function. ’

Visual language task

© 2013 The Authors. Published by Elsevier Ireland Ltd. All rights reserved.

1. Introduction investigating the cortical processing of language [1,2]. Previous

studies have shown low levels of auditory cortical activity in

Functional brain imaging provides important evidence of the
plasticity of the central auditory pathway following a profound
loss of hearing, and is one of the effective methods for

* This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike License, which permits non-
commercial use, distribution, and reproduction in any medium, provided the
original author and source are credited.

* Corresponding author at: Department of Otorhinolaryngology, Shinshu
University School of Medicine, 3-1-1 Asahi, Matsumoto 390-8621, Japan.

Tel.: +81 263 37 2666; fax: +81 263 36 9164.
E-mail address: usami@shinshu-u.ac.jp (S.-i. Usami).

! These authors contributed equally to this work.

subjects with profound deafness, i.e. lower levels of activity are
observed with longer durations of deafness [3,4]. The importance
of early hearing inputs by hearing aids or cochlear implantation
(Cl1) has also been shown. Children with prelingual deafness can
acquire spoken language by CI, but this approach is less effective
in older children who have not acquired language during the
critical language acquisition periods [5,6]. The development of the
auditory cortex is believed to depend on the patient’'s auditory
experience within ‘critical periods’ in the early lifetime. Positron
emission tomography (PET) activation study by visual language
task has shown that low glucose metabolism in the temporal
auditory cortex predicts a good CI outcome in prelingually
deafened children, which suggests that low metabolism in the

0165-5876/$ ~ see front matter ® 2013 The Authors. Published by Elsevier Ireland Ltc. All rights reserved.
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auditory cortex may indicate its potential of plasticity for spoken
language acquisition [7].

Congenital cytomegalovirus (CMV) infection is the most
common environmental cause of developmental disability and
sensorineural hearing loss (SNHL) in children [8]. Approximately
90% of infected infants are born with no clinical symptoms of
congenital CMV infection, such as microcephaly, growth retarda-
tion, hepatomegaly, jaundice, or abnormal neurologic findings.
SNHL is found in 6-23% of these asymptomatic infection cases and
is often late-onset, fluctuating and progressive in nature within the
first 6 years of childhood [9,10]. Hence, newborn hearing screening
often does not detect problems in children with asymptomatic
congenital CMV infection, and at the time of eventual SNHL
diagnosis, the exact time course and manifestations cannot be
determined [11]. The development of auditory skills and experi-
ences of children with congenital CMV infection with associated
hearing loss are unclear due to various clinical histories. Hearing
impairment resulting from (even asymptomatic) congenital CMV
infection might be not only of cochlear origin but also have central
nerve involvement and entail possible risk of CMV-associated
disorders later in life. Brain function and Cl outcomes have not
been examined in asymptomatic congenital CMV-associated
hearing loss. In this study, we used 'SF-fluorodeoxyglucose
(FDG)-PET to measure cortical glucose metabolism with a visual
language task before ClI in two profoundly deaf children with
asymptomatic congenital CMV infection in order to assess the
activities of the auditory cortex and predict the CI outcomes.

2. Methods and cases
2.1. Diagnosis of congenital CMV infection

To analyze congenital CMV infection, we used CMV DNA
quantitative PCR (gPCR) analysis. Before gPCR analysis, total DNA
including genomic DNA and CMV DNA was extracted from
preserved dried umbilical cords. Each 10 pg total DNA was
analyzed by a Step One Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) using a TagMan Universal Master
Mix Il (Applied Biosystems). The detailed methods of gPCR have
been described previously (Furutate et al.) [12].

2.2. FDG-PET scanning and image analysis

FDG-PET scanning and image analysis were performed using
the methods described by Fujiwara et al. [7]. During the time
period between the intravenous injection of 370 MBq 18 F-FDG
(the dose was adjusted according to the body weight of each
subject) and the PET scanning of the brain, the patients were
instructed to watch a video of the face of a speaking person reading
a children’s book. The video lasted for 30 min, and several still
illustrations taken from the book were inserted (for a few seconds
each) to help the subjects to follow the story. The subjects were
video-recorded to confirm that they were watching the task video.
PET images were acquired with a GE ADVANCE NXi system
(General Electric Medical Systems, Milwaukee, WI, USA). The
patients were then sedated by an anesthesiologist, and their heads
were immobilized with a bandage during the scan. Spatial pre-
processing and statistical analysis were performed with SPM2
(Institute of Neurology, University College of London, UK)
implemented in Matlab (Mathworks, MA, USA). The cortical
radioactivity of each deaf patient was compared with that of a
control group by a t test in the basic model of SPM2. The control
group consisted of six normal-hearing (pure tone average hearing
levels within 20dB HL) right-handed adult (27.5 + 3.8 years)
subjects. The statistical significance level was set at p < 0.001
(uncorrected).

2.3. Measurement of language and total development

Before CI, we evaluated the patients’ mental development by
the Kyoto scale of psychological development (K-test) in which
Cognitive-Adaptive development [13] that consists of non-verbal
reasoning or visuospatial perceptions is measured. This test is used
commonly to assess developmental status for Japanese language
users and the results are described as a developmental quotient
(DQ) in comparison to normal controls. In the K-test, developmen-
tal delay is defined by DQ below 80.

One year after Cl, auditory perception ability was assessed by
word and sentence discrimination tests, which are components of
the CI2004 test battery for children. Audible word discrimination
tests were administered by a speech therapist with live voice
stimuli presented at 70dB in a soundproof room. We also
evaluated intellectual development using the Japanese version
of the WISC-11I that corresponds to the Wechsler Intelligence Scale
for Children (WISC) and contains non-verbal and verbal ability
components. The Japanese WISC-llI includes five subsets for
performance IQ (PIQ) (picture completion, picture arrangement,
block design, object assembly and coding) and five subsets for
verbal IQ (VIQ) (information, comprehension, similarities, arith-
metic and vocabulary).

This study was approved by the Ethics Committee of Shinshu
University School of Medicine and prior written consent was
obtained from the parents of both children after a full explanation
of the study.

2.4. Details of cases

2.4.1. Case 1

This case was a 5-year-old girl. She had no particular events in
the perinatal period and passed the newborn hearing screening.
However at age 4 years 11 months, her mother suspected
hearing loss because of poor response to sound. She only had
mild expressive language impairment; her fine motor skills were
unaffected. An auditory steady state response (ASSR) test
showed bilateral hearing loss (approximately, right: 60 dB, left:
110 dB) (Fig. 1A). She was promptly fitted for bilateral hearing
aids. After one month, a follow-up ASSR test indicated
deterioration of hearing in her right ear to over 110dB
{(Fig. 1C). At this point, DNA testing for hereditary hearing loss
e.g. screening for mutations in the GJB2 and SLC26A4 genes, and
checking for congenital CMV infection using preserved dried
umbilical cord (above mentioned) was performed to diagnose
the cause of hearing loss. These tests revealed that there were no
pathological mutations causing hearing loss, but there were
positive results for CMV infection. It was suspected that this late-
onset, and rapidly progressive for one month, hearing loss was
due to asymptomatic congenital CMV infection. Computed
tomography (CT) findings of the middle and inner ear were
normal. Hearing aids were not expected to be adequate to
acquire spoken language, therefore CI was performed in the left
ear at the age of 5 years 5 months.

2.4.2. Case 2

This 4-year-old girl had no particular events in the perinatal
period and had not undergone newborn hearing screening. Her
parents noticed that she did not respond to their voices when she
had just turned 3 years old. She visited a hospital for a checkup
where she was diagnosed by ASSR test at the age of 3 years 6
months with hearing loss that was approximately right: 60 dB, and
left: 110 dB (Fig. 1B). She attended rehabilitation for hearing, using
a combination of finger signing and gestures. In the following year,
her hearing deteriorated further to right: 90 dB, left: 110 dB at the
age of 4 years five months and her speech development was not
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