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A Case of Delayed-onset Sensorineural Hearlng Loss
with Congenital Cytomegalovirus Infection

Mieko Yoshioka
(Kobe City Pediatric and General Rehabilitation Center for the Challenged)

Yasushi Naito
.~ (Kobe City Medical Center General Hospital)-

Sensorineural hearing loss (SNHL) due to congenital cytomegalovirus (CMV) infection can either be
- present at birth or develop later in life. We report a 3 years 7 months old boy who gradually developed
speech until 3 years of age, but later showed no responses to verbal stimuli. '
He was first referred to our clinic for the evaluation of motor delay at 9 months of age and was found
to have left hemiparesis. Brain MRI revealed polymicrogyria in the right frontal region. Epileptic seizures
began at the age of 13 months. Verbal development was assessed annually using intellectual function
testing. He responded to his name at 9 months of age, and imitated words and pointed to objects when
asked at 21 months. He could speak several words at 34 months of age. However, around 3 years of age,
he stopped saying meaningful words. Audiologic evaluation revealed severe SNHL at 3 years 7 months
old. There was no family history of hearing loss, past medical history of ototoxic medications or bacterial
meningitis, or craniofacial/auditory anomalies, as possible factors related to the hearing loss. At the age
of 7 years 5 months, examination of a dried umbilical cord specimen revealed the presence of CMV DNA.
Thus, this patient was diagnosed as having delayed-onset SNHL with asymptomatic congenital CMV
infection. ‘
A prospective study is necessary for early detection of delayed-onset SNHL in patients with
asymptomatic congenital CMV infection. Testing for the presence of CMV DNA in neonatal urine is
performed in cases in which pregnant women are seronegative for CMV-IgG antibody or seropositive for
CMV-IgM antibody during the first trimester of pregnancy. Infants diagnosed as having congenital CMV
“infection are evaluated by a newborn hearing screening test, head CT, ophthalmologic ‘evaluations, and
intellectual function testing. Follow-up hearing assessments are performed by both the auditory brainstem
response and behavioral audiometry.

Keywords : delayed-onset, sensormeural hearing loss, congenital cytomegalovirus mfectmn intellectual
function testing, dried umbilical cord
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Cochlear implantation in children with congenital cytomegalovirus
infection accompanied by psycho-neurological disorders

HIROSHI YAMAZAKI*, RINKO YAMAMOTO!, SABURO MOROTO!,
TOMOKO YAMAZAM‘ KEIZO FUJIWARA', MASAKO NAKAT?, JUICHI ITO? &
YASUSHI NAITO*
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Ungversity and *Instituze of Biomedical Research and Innovation, apan

Abstract

Conclusion: Cochlear implantation was effective for deaf children with congenital cytomegalovirus (CMYV) infection, but their
cochlear implant (CI) outcomes were often impaired, depending on the types of CMV-associated psjfcho—n‘eurological
disorders. Evaluation of cognitive development and autistic tendency of implantees might be useful to predict their CI
outcomes. Objectives: To reveal the influence of CMV-associated psycho-neurological disorders on CI outcomes. Methods:
This was a retrospective evaluation of 11 implantees with congenital GMV infection (CMV-CIs) and 14 implantees with
autosomal recessive hearing loss (genetic-Cls). Resulss: Nine of 11 CMV-CIs suffered from psycho-neurological disorders; one
from attention deficit hyperactivity disorder, two from pervasive developmental disorder, and six from mental retardation.
Aided hearing thresholds with CIs in the two groups did not differ, but two autistic and two mentally retarded CMV-
CIs showed significantly low scores in speech discrimination tests. Language-Soc1al (L-8) developmental quotienis (DQs)
evaluated by the Kyoto Scale of Psychological development were improved after the implantation in both groups, but the
postoperative increase of L-S DQs was significantly smaller in the CMV-CIs than that of genetic-Cls. Interestingly, ihe
postoperative L-S and Cognitive-Adaptive (C-A) DQs showed statistically significant correlation in all cases except for two
autistic CMV-CIs whose L-§ DQs were much lower than those expected from their C-A DQs. ’

Keywords: Cochlear implant, pervasive developmental disorder, PDD, auiistic, language developnéenz, cognitive development

jaundice, petechiae, microcephaly, seizures, and
" abnormal neurologic findings (symptomatic congen-
ital CMV infection). The rest are asymptromatic at
birth (asymptomatic congenital CMYV infection), but

Introduction

Congenital cytomegalovirus (CMYV). infection is a
leading cause of developmental disability and hearing

loss in children [1] and affects 0.6-0.7 of liveborn
babies in the indusirialized countries [2]. CMV,
belonging to the herpes virus family, is widely distrib-
uted and usually innocuous in immunocompetent
“adults, but the primary infection or reinfection in
pregnant women leads to congenital CMYV infection
of the infants. Approximately 10% of infants with
congenital CMV infection exhibit clinically apparent
signs at birth, such as growih retardation, prematu-
rity, hepatomegaly, splenomegaly, thrombocytopenia,

are at risk of CMV-associated disorders later in life.
In all, 60-90% of those with symptomatlc congenital
CMYV infection and 10-15% of those with asym-
ptomatic infection develop long-term neurological
sequelae including neurodevelopmental disorders
and/or sensorineural hearing loss [3].

Hearing loss, which is a common manifestation of
congenital CMYV infection, is often late-onset and
progressive within the first 6 years of life in children
[3]. CMV-associated hearing loss is reported to
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account for 15-20% of congenital and late-onset
deafness and CMV is a main- cause of nongenetic
hearing loss [1]. In nonsyndromic genetic hearing
loss, the disorders are usually limited within the inner
ears, but congenital CMV infection leads to neuro-
developmental disorders including mental retardation
(MR), pervasive developmental disorder (PDD),
attention deficit hyperactivity disorder (ADHD),
and motor dysfunction in addition to hearing loss.
Cochlear implants (ClIs) bypass the damaged hair
cells in the inner ears, but cannot compensate the

_disorders of the central nervous system. Until now, .
~the influence of CMV-associaied neurodevelop-

mental disorders on CI ouicomes has noi been
revealed well. Therefore, we examined implanted
children with congenital CMV infection to address
this question.

Material and methods

A total of 150 children who were implanted at Kobe
City Medical Center or Kyoto University from
2004 to 2010 and received language rehabilitation

at Kobe City Medical Center or Shiga Medical Center .

for Children were included in this study. Among
them, 11 children were diagnosed with congenital
CMYV infection by the detection o¢f CMV-DNA
from their blood or urine at birth or from their dried
‘umbilical cords using a polymerase chain reaction
(PCR)-based assay [4]. We retrospectively examined
these 11 implanted children with congenital CMV
infection (CMV-Cls: CMV-1 to -11) and compared
their CI outcomes with those of 14 implanied children

- with genetic hearing loss (genetic-ClIs). In this study,
we defined ‘genetic-CI’ by autosomal recessive inher-
itance, i.e. having parents with normal hearing as well
as at least one brother or sister with hearing loss. The
mean ages at implantation of CMV-CIs and genetic-
Cls were 37.5 and 28.2 monihs, respectively, and the
mean duraidons of deafness were 29.8 and
27.4 months, respeciively. As shown below, 3 of
11 CMV-CIs had late-onset deafiress and, therefore,
the mean age at implantation of CMV-CIs was higher
than that of genetic-Cls, but the mean durations of
deafness were comparable between the two groups. In
our study, only one genetic-CI was diagnosed with
compound heterozygbtes for GJB2 mutaiions using
the invader assay technique [5], but the remaining
generic-Cls did not receive any genetic iesis. All
children underwent implantation with Nuclear
devices (Cochlear Corporation).

We evaluated the CI outcomes of CMV-Cls and

genetic-CIs by testing four different aspects of the
auditory perceptual ability: (1) hearing threshold, (2)
closed-set infant word discrimination, (3) open-set
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monosyllabic word discrimination, and (4) language
development evaluated by Kyoto Scale of Psycholo-
gical Development (K-test). Each aspect is thought to
reflect a different level of the auditory perceptual
ability. Speech discrimination tests were periormed
in a sound-conirolled room with live voice or
recorded stimuli presented at 70 dB SPL. In the
evaluaiion of language developmeni, we used the
K-test, .which is one of the most widely used
standardized developmental tesis in Japan [6]. In
the K-test, three categories of a child’s development
including Postural-Motor (P-M; fine and gross motor

- functions), Cognitive-Adaptive (C-A; non-verbal rea-

soning or visuospatial perceptions), and. Language-
Social (L-S; interpersonal relationships, socializations,
and verbal abilities) are assessed separately [6]. In the
evaluation, we used a developmental quotient (DQ),
which is determined as a percentage of the develop-
mental age divided by the chronological age. In ithe
K-test, developmental delay is defined by DQ below

- 80. We analyzed data for speech discrimination,

language development and communication mode of
CMV-4 at 11 months afier the implantation and those
of CMV-1 1o CMV-9 except for CMV-4 at 2-3 years
after the surgery.

The use of human subjects in this study was
approved by the Research Ethics Committee of the
Kobe City Medical Center General Hospital. The
statistical analysis of difference in hearing thresholds
and postoperative increase of L-S DQs (postoperative
minus preoperative L-S DQs) between CMV-CIs and
genetic-CIs was performed using the Mann-
Whitney U test. Statistical analysis of difference in
preoperative and postoperative L-S DQs and corre-
lation between the L-S DQ and the C-A DQ in each
implantee were performed using the Wilcoxon
signed-ranks test and the Spearman rank correlation
coefficient, respectively. A p value < 0.05 was con-
sidered significani.

Results
Deiails of CMV-Cls

Severe hearing loss of CMV-1, -3, and -4 was laie-
onset, while the others were deaf at birth. Their -

neurodevelopmental disorders, including psycho-

neurological disorders and motor disorders, were
assessed by pediairic neurologists. Eight CMV-
CIs were delayed in motor development, which will
not be discussed in this paper. CMV-1 and -2 were
not diagnosed as having any psycho-neurological
disorders. CMV-3 was diagnosed with ADHD,

- CMV-8 and CMV-9 were autistic and diagnosed

with PDD. The remaining six CMV-Cls were
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Table 1. Details of CMV-Cls.

) CMV-associated
neurodevelopmental disorders

Onset of severe Age at implantation Duration of Communication -

Subject no. HL (months) (months) follow-up (months) Psycho-neurological Others mode
CMV-1 33 38 oc
CMV-2 25 36 Motor OoC
CMV-3 32 64 56 ADHD OC
CMV-4 48 63 11 MR Motor ocC
CMV-5 0 53 55 MR Motor TC
CMV-6 0 43 36 MR ocC
CMV-7 0 28 28 MR Motor TC
CMV-8 0 28 37 PDD Motor SL.
CMV-9 0 38 24 PDD Motor SL
CMV-10 0 15 10 - MR Motor not determined
CMV-11 0 23 10 MR Motor not determined

Severe hearing loss of CMV-1, -3, and -4 was late-onset, while the others were deaf at birth, CMV-associated neurodevelopmental disorders
were divided into psycho-neurological disorders and others including motor dysfunctions. Communication mode with CI of CMV-10 and -11
were not determined because they had used CI for less than one year and they were too young for accurate evaluation. ADHD, attention deficit
hyperactivity disorder; Motor, motor dysfunctions; MR, mental retardation; OC, oral communication; PDD, pervasive developmental

disorder; SL, sign language; TC, total communication.

mentally retarded (Table I). The psycho-neurological
disorders including ADHD, MR, and PDD accoun-

ted for over 80% in CMV-Cls, but were not identified

in genetic-Cls. The incidence of nenrodevelop-
mental disorders was significantly higher in the
congenital CMV-infected children than the conirols
(Table II).

CI ouzcomes in CMV-CIs and generic-Cls '

Both CMV-ClIs and genetic-Cls showed 30-40 dB of
aided hearing thresholds with CIs and their hearing
thresholds did not differ at tested frequencies,includ-
ing 250, 500, 1000, 2000, and 4000 Hz (» > 0.05)
(Figure 1). ,

In the speech discrimination and language devel-

opment tests, we examined 9 Qf 11 CMV-CIs. Two
subjects, CMV-10 and CMV-11, were under 3 years

Table IT. The proportion of each psycho-neurological disorder (%)
in CMV-CIs and genetic-Cls.

Psycho-neurological ‘disorder

Group ADHD MR PDD None Total
CMV-CI (z = 11) 9.1 545 182 182 100.0
Genetic-CI (n=14) 0.0 0.0 0.0 1000 100.0

ADHD, attention deficit hyperactivity disorder; CMV-CI, cochlear
implanted children with congenital CMV infection; genetic-CI,
cochlear implanted children with genetic hearing loss; MR, mental
retardation; PDD, pervasive developmental disorder. .

old and too young for accurate speech discrimination
examinations. Among the nine CMV-CIs, two auris-
tic CMV-CIs (CMV-PDDs) showed significantly

=@ CMV-Cls ~=>¢~-- Genetic-Cls
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Figure 1. Aided hearing thresholds with cochlear implants (Cls) in
CMV-CIs and genetic-Cls. Hearing thresholds of pure tone sounds
were comparable between the two groups at all tested frequencies,
250, 500, 1000, 2000, and 4000 Hz (p > 0.05). CMV-CI, cochlear
implanted children with congenital CMYV infection; genetic-CI,
cochlear implanted children with genetic hearing loss.



lower scores in both the closed-set infant word and
open-set monosyllabic word discrimination tests than
genetic-Cls. In addition to them, two of four mentally
retarded CMV-CIs (CMV-MRs) showed low scores,
50 and chance level, only in the monosyllabic word
discrimination test. The scores of the remaining
CMV-ClIs were comparable to those of genetic-
CIs (Figure 2). :

Figure 3 shows the preoperative and posioperative

L-S DQs of CMV-CIs and genetic-Cls. The duration

of CI usage of CMV-4 who had perilingual deafness
was 11 monihs at the time of resting, while the others
were examined at 2 or 3 years after the surgery. The
L-S DQs of boih groups improved significanily after
implantation (p < 0.05 and p < 0.01, respectively), but
the increase of L-S DQ was significanily smaller in the
CMYV group than the genetic group (p < 0.05).

Correlazion between C-A DQs and L-S§ DQs

In Figure 4, each implantee is plotied based on their
C-A DQ and L-S DQ in the K-tesi. Figure 4A and B
show data before and after the implantation, respec-
tively. The CMV-Cls with ADHD (CMV-ADHD),
CMV-MRs, CMV-PDDs, CMV without these
psycho-neurological disorders (CMV-others), and
genetic-Cls are represented by different markers.
Before the operation, 1-S DQs varied widely, even
if the C-A DQs were similar, After the implantation,
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" however, the correlation beiween L-S and C-A DQs

of both CMV-Cls and genetic CIs became clearer and
statistically significant (p < 0.01).

Types of communication mode

A choice of communication mode is also important
for children to achieve their best language perfor-
mance [7]. As shown in Table I, both the autistic
CMV-CIs used sign language, three of four CMV-
MRs chose total communicaiion, and the remaining
implantees with higher L-S DQ could communicate
orally. ~

Discussion

In this study, we examined 11 CMV-CIs and inves-
tigated. (1) details of CMV-associated psycho-neuro-
logical disorders, (2) varying outcomes of CI beiween
CMYV-CIs and genetic-Cls, and (3) how to predici.CI -
outcomes of CMV-CIs.

The percentage of congenital CMYV infection
among all implantees was only 7.3% (11 of 150) in
our study and smaller than 15-20%, which was
reported in previous studies [1]. Since newborn
screening of congenital CMV infection is not yet
common in Japan, it is possible that we overlooked
some -congenitally CMV-infected children;, especially
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Figure 2. Scores (correct %) in speech discrimination tests using infant words (A) and monosyllabic words (B) in CMV-CIs (cochlear
implanted children with congenital CMV infection) and genetic-Cls (cochlear implanted children with genetic hearing loss). The correct
percentage of each CMV-CI and the mean score of 14 genetic-CIs are shown. The percentage of correct answers by chance is represented as
‘chance level.” CMV-associated psycho-neurological disorders are described below the subject’s numbers. The correct percentages of autistic
CMV-CIs (CMV-8 and CMV-9) were extremely low, equal to or below 30 in infant word discrimination and chance level in monosyllabic word
discrimination. CMV-6 and CMV-7 showed low correct percentages in monosyllabic word discrimination, 50 and chance level, respectively,
but in infant word discrimination they performed as accurately as genetic-Cls. ADHD, attention deficit hyperaciivity disorder; MR, mental

retardation; PDD, pervasive developmental disorder.
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Figure 3. Changes of Language-Social (I-S) developmental quotients (DQs) in the K-test after cochlear implantation in CMV-CIs (cochlear
implanted children with congenital CMV infection) and genetic-CIs (cochlear implanted children with genetic hearing loss). The preoperative
(pre-OP) and postoperative (post-OP) I-S DQs in the K-test of 9 CMV-CIs and 14 genetic-Cls are plotted. L-S DQs showed statistically
significant increase in both CMV-CIs and genetic-Cls (p'< 0.05 and < 0.01, respectively), but the amount of increase in L-S DQs was significantly
smaller in CMV-CIs than that of genetic-CIs (p < 0.05). Moreover, postoperative L-S DQs of all genetic-Cls exceeded 80 after the implantation,
but all CMV-CIs except for two without any CMV-associated psycho-neurological disorders showed postoperative L-S DQs below 80.

those whose only CMV-associated manifestaiion was
hearing loss.

A considerable proportion of CMV-CIs suffered
from psycho-neurological disorders, while none of
the genetic-Cls had any neurodevelopmental disor-
ders. It is well known that congenital CMV infection
leads to MR [8], bui its causal relationship to ADHD
and PDD has not been proven. The cause of autism
has not been fully revealed, but genetic factors are
proven to play an important role in the development
of this disorder [9]. .Other than genetic factors,
environmental factors including congenital viral
infection are thought to contribute to the etiology
of autistic disorders in some cases and several reports
showed that congenital CMV infection is sometimes
associated with autistic disorder [10,11]. Therefore,
it is possible that congenital CMYV infeciion might
have played a role in the development of autism in
our two cases. ;

CMV-associaied psycho-neurological disorders of
CMV-CIs consisted of ADHD, MR, and PDD, all of
which are known to lead to language impairment even

“in children with normal hearing [12-14]. Since the
pathophysiology of each of these psycho-neurological

disorders is different, we hypothesized that auditory
perception with Cls might be impaired at different
levels in the auditory processing pathway. To address
this problem, we evaluated CI outcomes of CMV-
Cls and genetic-Cls by four examinations, each of
which is thought to assess a different level of the
auditory perceptual ability. Table III summarizes
the CI outcomes of the present subjects. The subtypes
of the psycho-neurological disorders appeared to
determine which levels of auditory perceptual ability
were affected. Hearing thresholds, which show the
most fundamental auditory perceptual ability, were
almost the same in both CMV-CIs and genetic-Cls,
but language developmeni and monosyllabic word
discrimination, which reflect higher levels of auditory
processing, were impaired in CMV-Cls with MR. In
autistic CMV-CIs, who showed the most devastating
results, all three abilities other than hearing threshold
were severely affected. These resulis supported our
hypothesis. _

As shown in Figure 3, cochlear implantation was
effective in improving language development in both
CMV-CIs and genetic-ClIs, but congenital CMV
infection impaired the rate of improvement. It was
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Figure 4. Correlation between Language-Social (L-S) and Cognitive-Adaptive (C-A) developmental quotients (DQs) in CMV-CIs (cochlear
implanted children with congenital CMYV infection) and genetic-ClIs (cochlear implanted children with genetic hearing loss). Each implantee is

plotted according to its L-S and C-A DQ before the surgery (A) and after the implantation (B). CMV-ADHD, CMV-MRs, CMV-PDDs,

CMV-others (CMV-CIs without any psycho—neurologlcal disorders), and genetic-Cls are represented by different markers on these scatter

graphs. The dotted line in each graph means that -8 DQ is equal to C-A DQ. After the implantation, all except for two CMV-PDDs were

plotted just beneath the dotted line, indicating that their L.-S DQs and C-A DQs were significantly correlated, but language development of

CMV-PDDs was retarded more severely than their cognitive development. ADHD, attention deficit hyperactivity disorder; MR, mental
retardation; PDD, pervasive developmental disorder. .

noteworthy that the developmental ages of iwo development and autistic tendency is important. for -
CMV-PDDs increased after the implantation, but such prediction. The level of cognitive development
their postoperative L-S DQs did not improve and might define the upper limit of language develop-
never exceeded 40, indicating that their language ment and, therefore, appropriate medical interven-
development remained severely retarded even after tions including surgery and rehabilitation could
the implantation. The CMV-CIs other than autistic achieve L-S DQ scores nearly reaching those of

children showed remarkable increase of L-S DQs. C-A DQs. However, if a child is autistic, the final
after the implantation, but postoperative I-S DQs =~ L-S DQ would be much lower than C-A DQ
of CMV-ADHD and CMV-MRs were still below 80, (Figure 5). In general, a younger age at cochlear

indicating that their language development had not implantation results in better language development
caught up to, the age equivalent values for normal [15]. Alihough the earlier usage of CI might also
hearing. On the other hand, the I-S DQs of all = - have resulted in the better language DQs in our
genetic-Cls significantly - improved to reach more CMV-ClISs, their L-S DQs would not have exceeded
than 80, within normal range. These data suggest the C-A DQs, due to disorders of their central
that congenital CMV infection affected the language nervous system. -The timing of surgery for the
development and the severity of impairment was CMYV-CIs in the present study varied widely, pri-
determined by the types of psycho-neurological dis- marily due to late-onset hearing loss [3], as observed
orders. Moreover, with respect to the communication in CMV-3 and CMV-4. The high mean age at which
- modes, all genetic-Cls could communicate well orally the operation of CMV-CIs was performed might not
after the implantation, but iwo CMV-PDDs and three . affect the CI ouicomes in this study, since the mean
CMV-MRs needed sign language and total commu- duration of deafness of the CMV-CIs was much the
nication, respectively, due to their insufficient audl- same as that of genetic-Cls.
- tory perceptual ability. , The preoperative evaluation for autistic tendency
As shown above, the CI performance widely varied ~ was useful io predict CI outcomes, but the discrim-
among CMV-CIs. Therefore, a preoperative predic- ination of communication disorders due to autistic -
tion for CI outcomes is important for clinicians and disorders from those induced by deafness is difficul,
parents to decide the indication for the implantation  especially when a child is under 3 years old. Because
as well as to choose the most appropriate commu- of the lack of a biological marker for autism, clinicians
nication mode. To address this problem, we have to rely on behavioral characteristics to make
focused on the cognitive development of implantees. a diagnosis, but both hearing loss and autistic dis-

‘Our data suggest that evaluation of cognitive ~ order could lead similar communication difficuliies.
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Table ITI. CI outcomes of CMV-CIs and genetic-CIs.

‘ CMV- CRMYV- CMYV- CMV-
. Genetic others ADHID MR PDD
Test ) (m=14) (n=2) (m=1) m=4) (m=2)
Higher Language’ Good Good _Moderate  Moderate
development
Open-set Good Good Good Moderate-
B monosyllabic poor
S - discrimination
2 E
SRS '
< § Closed-set - Good Good ' Good Good
B, infant word ‘
- discrimination
Hearing | Good Good Good Good ©  Good
TLower - threshold :

Auditory perceptual ability of implantees was assessed using four tests that may reflect different levels of ability. In CMV-Cls, the subtypes of
the CMV-associated psycho-neurological disorders seemed to determine the levels of auditory perceptual ability that were affected. ADHD,
attention deficit hyperactivity disorder; CMV-CI, cochlear implanted children with congenital CMV infection; genetic-CI, cochlear implanted
children with genetic hearing loss; MR, mental retardation; PDD, pervasive developmental disorder.

Actually, autisiic children with normal hearing are
sometimes misdiagnosed with hearing loss in their
infancy and, conversely, suspicion of autisiic tendency
of deaf children sometimes disappears afier the long
usage of CIs [16]. For accurate preoperative predic-
tions for CI outcomes, objeciive and quantitative
examinations for autistic tendency in the infant and
toddler stage are necessary. '

There have been several studies reporting the CI
ouicomes of implanted children with congeniial CMV
infection, but their results were inconsistent. Some
reported that the speech perception or production of
implanted children with congenital CMV infection
was as high as that of control children, while the CI
performance of CMV -groups was poorer than that of
controls in other swudies. [17-19]. Since our siudy
revealed that CI outcomes varied widely depending
on the psycho-neurological disorders, differences in
the proporiion and severity of CMV-associated
psycho-neurological disorders among subjects in
each study might explain the inconsistent results.

As shown above, cochlear implantation was effec-
tive for deaf children with congenital CMV infection,
but their CI ouicomes were impaired, depending on
the types of CMV-associated neurodevelopmental
disorders. Each neurological disorder varies widely

in severity and manifestations, but our study design
contained only 11 children with congenital CMV
infecrion and was not sufficient to normalize the
differences among individuals. Therefore, we need
further examinations to reach definite conclusions.
Nevertheless, in deaf children with multiple handi-
caps including infants with symptomatic congenital
CMUV infection, we have to carefully consider the
aims and objectives of implantation, especially how
CI contributes to improvement'in a child’s commu-
nication. BEven though autistic CMV-Cls could not
understand the meaning of spoken words or sen-
tences, their mothers thought that CI was effective,
because behaviors and family interactions of deaf
children with autistic specirum disorders were
improved to some extent after the implantation, as
reporied previously [20]. In the case of CMV-MR,
they were usually able to communicate with each
other using total communication. In this way, eval-
uation of the cognitive development and autistic
tendency of each CMV-CI might be useful for deter-
mination of an appropriate goal for language reha-
bilitation as well as choice of communication mode,
which is critical to achieve best language ouicomes
and improve both children’s and family’s satisfaction
with Cls. ‘
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Figure 5. Prediction for language development of CMV-
ClIs (cochlear implanted children with congenital CMYV infection).
The score of Language-Social (L-S) developmental quotients
(DQs) in the K-test of a CMV-CI without autistic disorder (w/o
AD) might be almost same as, but slightly smaller than that of its
Cognitive-Adaptive (C-A) developmental quotient (DQ). If a child
has autistic disorder (AD), its I-S DQ would be lower than that
expected from its C-A DQ.
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Article history: Neurotrophins participate in regulating the survival, differentiation, and target innervation
Accepted 30 October 2011 of many neurons, mediated by high-affinity Trk and low-affinity p75 receptors. In the co-
Available online 6 November 2011 chlea, spiral ganglion (SG) neuron survival is strongly dependent upon neurotrophic
: : input, including brain-derived neurotrophic factor (BDNF), which increases the number
Keywords: of neurite outgrowth in neonatal rat SG in vitro. Less is known about signal transduction
BDNF pathways linking the activation of neurotrophin receptors to SG neuron nuclei. In partic-
Neuritogenesis ular, the p38 and ¢JUN Kinase (JNK), mitogen-activated protein kinase (MAPK) pathways,
Ras/P38 ) which participate in JNK signaling in other neurons, have not been studied. We found
Spiral ganglion : ' that inhibition of Ras, p38, phosphatidyl inositol 3 kinase (PI3K) or Akt signaling reduced
Sigzial transduction or eliminated BDNF mediated increase in number of neurite outgrowth, while inhibition

TrkR receptor of Mek/Erk had no influence. Inhibition of Rac/cdc42, which lies upstream of JNK, mod-
. estly enhanced BDNF induced formation of neurites. Western blotting implicated p38
and Akt signaling, but not Mek/Erk. The results suggest that the Ras/p38 and PI3K/Akt

are the primary pathways by which BDNF promotes its effects. Activation of Rac/cdc42/

JNK signaling by BDNF may reduce the formation of neurjtes. This is in contrast to our

previous results on NT-3, in which Mek/Erk signaling was the primary mediator of SG

neurite outgrowth in vitro. Qur data on BDNF agree with prior results from others that

have implicated PI3K/Akt involvement in mediating the effects of BDNF on SG neurons

in vitvo, including neuronal survival ar;d neurite extension. However, the identification
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