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Auditory localization and the cocktail party ef-
fect are examples of the advantages of dichotic
hearing. Bilateral cochlear implants have already
begun to be used in many countrics, and been re-
ported to enable good performances of the patients
in speech recognition tasks. In Japan, cochlear im-
plant users generally use a hearing aid for the oppo-
site ear, because the benefits of use of a hearing aid
for contralateral cars have been reported by many
studies from other countries. We examined the
benefits of use of a hearing aid for the contralateral
ear in Japanese patients under silent and noisy con-
ditions. Under the silent condition, there was no
significant difference in the hearing ability between
subjccts with unilateral cochlear implants and thosc
with unilateral cochlear implants with a hearing aid
for the contralateral ear. According to further analy-
ses taking into consideration other components,
such as the period of wearing, hearing ability of the
contralateral ear and that of the cochlear implant,
no benefits were observed. Under the noisy condi-
tion also, no significant difference in the hearing
ability was observed between the two groups.
Some causes are suggested for the absence of the
benefits of contralateral hearing aids in the present
sludy : stringent criteria for the filling of cochlecar
implants ; the small number of cascs in the study;
the phonemic features of Japanese. To improve the
hearing ability in cochlear implant users, we sug-
gest aggressive use of the contralateral ears, using

bilateral cochlear implants if necessary.
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ABSTRACT

OBJECTIVE: To evaluate the incidence of newborn hearing
Ipss in a Japanese population and (o elucidate etiological factors
and one-ycar prognosis.
STUDY DESIGN: Screcning of newborn hearing.
SETTING: Children's tertiary referral center.
SUBJECTS AND METHODS: Between (999 and 2008,
101,912 newborn infants were screened. with 693 infants (0.68%)
referred. Etiology investigation included CT, detection of cyto-
megalovirus (CMV) DNA, and connexin 26 mutation.
RESULTS: Abnormal results (anditory  brainstem  response
[ABR] threshold = 35 normal hearing level [dB aHL] in either
side) were observed in 312 infants (0.31%). and 133 subjects
{0.13%) with ABR thresholds = 50 dB nHL on both sides were
classificd into the habilitation group. In this group, inner ear/
internal auditory meatus anomalies were detected in 20 of 121
subjects (17%) tested. middle/external car anomalics in 14 of 121
subjects (12%). CMV DNA in {3 of 77 subjecls (17%). and
connexin 26 mutation in 28 of 89 subjects (31%). In 68 subjects
undergoing all three investigations (CT. CMV, and connexin 26),
41 (60%) had positive results in at least once test. With inclusion of
otitis media with effusion and perinatal problems, this rate
amouated to 785 (53 subjects). Of the 97 infuats in the habilitation
group successfully followed up to one year, 36 (37%) showed a
threshold change of 20 dB or more in either ear: 11 (11%) pro-
gression and 25 (26%) improvement, and 15 infants (15%) were
reclassified into a less severe classification.
CONCLUSION: Considering that 26 percent of infants with
bilateral moderate W severe hearing loss showed improvement in
one year, habilitation protocols, especially very early cochlear
implantation within one year of birth, should be reconsidered.

© 2010 American Academy of Otolaryngology—Head and Neek
Surgery Foundation. All rights rescrved.

In Japan, there are about 1,060,000 newborns per year, of
whom 62 percent undergo newborn hearing screening
(NHS). The Saitama prefecture, situated to the north of and

adjacent to the capital, Tokyo, has a population of about
seven million. and has about 66.000 newborns cvery year.
Saitama Children’s Medical Center has carricd out highly
advanced health care for patients veferred from all parts of
the prefecture, and even from adjacent regions. For cxam-
ple, the automated audiometry brainstem response (AABR)
test was first introduced o Japan in 1997 at our center. In
the Saitama prefecture, the rate of NHS has been approxi-
mately 72.5 percent.

Despite the large number of newborns screcned in Japan,
there have been few large-scale reports on NHS.! in part
because there are small referral institutions scattered around
the country. Studies on definite etiologies and follow-up
results have been even rarer; however, this has also been the
case with international literature. This brief report summa-
rizes our 10-year experience with NHS and presents the
etiologies revealed and changes in hearing acuity observed
in a one-year follow-up study at our center.

Methods

Subjects

Between 1999 and 2008, a total of 101,912 newborn infants
were screened for hearing loss by AABRs and/or otoacous-
tic emission (OAE) responses (transient evoked OAE or
distortion product OAE) in the 36 gynecological hospitals
and clinics affiliated with Saitama Children’s Medical Cen-
ter. Our group has been covering almost one fifth of the
population in the Saitama prefecture, in a rural part of the
prefecture where few people of foreign origin, including
non-Japanese Asians, reside. The 693 infants (0.68%), 396
males and 297 females, who failed the screening (“refer”
results) werc referred to our center for further evaluation of
hearing acuity. These infants comprised the subjects of the
present study. All of the referred subjects were of Japanese
descent. The average age of their first visit to our center was
19 days (range 5 days to 8 months).

Received September 30, 2009; revised January 30, 2010; accepted February 3, 2010.

0194-5998/$36.00 © 2010 American Academy of Otolaryngology—Head and Neck Surgery Foundation. All rights reserved.
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Table 1
Results of hearing evaluation with ABR (of the 101,912 newborn infants initially screened, 693 [0.68%] were
referred)

Group ABR thresholds Number Incidence
Not abnormal Bilaterally <35 dB ' 381 ' 0.38%
Observation =35 dB in either ear and <50 179 (unilateral: 154; bilateral: 25) 0.18%

dB in either ear '
Habilitation Bilaterally =50 dB 133 0.13%

ABR, auditory brainstem response.

Examination of Hearing

On cxamination, the cxternal auditory canal and car drum
were inspected and cleaned. Evaluation of hearing was done
exclusively by ABRs with click stimuli. Response thresh-
olds less than 35 dB normal hearing tevel (nHL) on both
sides were classified as “not abnormal™ and excluded from
the follow-up study. Response thresholds more than or equal
to 5 dB nHL on both sides were classitied as the habilitation
aroup. The others comprised the observation group.

Evaluation of Etiology

In subjects helonging to the habilitation group whose par-
ents provided written permission, further tests were per-
formed to elucidate the etiology. Tests included high-resolu-
tion computed tomographic scans (HRCTs, slice thickness 1.0
nmm). screening for cytomegalovitus (CMV) DNA i the um-
bilical cord blood, and screening for connexin 26 (GIB2)
mutation. HRCTs were checked by both otolaryngologists
and radiologists. Both homozygous and heterozygous mu-
tations of GIB2 were classified as positive. There was no
patient selection protocol in regard to the performance of
these tests, which may cause a bias in the incidence of
eliology results. Family history of significant perinatal prob-
lems was checked by having parents complete question-
naires (open-ended questions). These procedures were ap-
proved by the cthics commiltee of our center.

Follow-up Study of Hearing Impairment

Subjects classified into the habilitation group were followed
up with ABRs in our center up 1o one year of age. Hearing
aids were fitted at three to four months if the threshold
recovery was not observed. Normally, instruction to the
parenis was given at our center and habilitation was started
at nearby institutions, Those classitied into the observation
group were followed up with conditioned orientation re-
sponse (COR) audiometry either at nearby otolaryngologic
clinics or at our center up o one year ol age.

Results

Tabde 1 describes the results of the hearing examination.
Abnormal results were observed in 312 infants (0.31% of
initially screened babies). Table 2 shows positive rates in

causative factors for hearing loss in the habilitation group.
HRCTs of the temporal bone were obtained in 121 infants in
the habilitation group to detect anomalies of the external
auditory canal, the middle ear including ossicles, inner ear,
and the internal auditory meatus (IAM). Inner ear/IAM
anomalies were suggestive of sensorineural hearing impair-
ment, and middle/external ear anomalies suggested conduc-
tive hearing loss. Two infants had both middle and inner ear
anomalies, suggesting mixed hearing loss. Opacity of the
middle ear suggested otitis media with effusion (OME),
possibly augmenting the hearing impairment. As a routine
procedure, apparent intratympanic fluid was cleared before-
hand, but it was not unusual with a one-month-old baby for
precise evaluation of the ear drums to be difficult. There-
fore, we chose opacity with CT as a better indicator [or
middle ear fluid. As for perinatal problems (with overlap-
ping problems permitted), 25 (19%) had apparent positive
records: nine cranial anomalies, eight congenital viral in-
fections (7 CMYV, | rubella), 13 neonatal asphyxia, two
jaundice, and seven very low birth weight (< 1500 g).
Thirty-one subjects (23%) had positive family history of
hearing loss. The combination of connexin 26 mutation and
inner ear/IAM anomaly was observed in three infants. Of

Table 2

Positive rates in causative factors for hearing loss in
habilitation group {(overlapping factors are
permitted)

No. No.

Abnormality tested positive Proportion*
Connexin 26 mutation 89 28 31%
CMV DNA 77 13 17%
HRCT findings

Inner ear/IAM

anomaly 121 20 17%
Middle/external ear

anomaly 121 14 12%
Middle ear opacity 121 47 39%

CMV, cytomegalovirus, HRCT, high-resolution computed to-
mography; !/AM, internal auditory meatus.
*Proportion = number positive/number tested.



Adachi et al Etiology and one-year follow-up results of ... 99

Table 3

Causative factors for hearing loss in subjects who
underwent all three tests (n = 68) in search of the
etiology in the habilitation group

No.

Abnormality positive  Proportion
Connexin 26 mutation 19 28%
CMV DNA 9 13%
Anomaly identified by CT 16 24%
Ovarlap (connexin 26 and

anomaly) 3 4%
Positive for at least one
abnormality 41 60%

CMV, cytomegalovirus.

infants with positive perinatal problems, three had inner
ear/TAM anomalies and one had connexin 26 mutation.

Results for all three tests (i.e., HRCT. CMV DNA, and
contexin 26 mutation) were available in 68 subjects. Table
3 depicts causative factors for hearing loss in subjects (n =
68) in the habilitation group who underwent all three tests in
search of the etiology. The proportion of subjects found
positive in any test was 60 percent. When middle ear opac-
ity in CT suggesting OME and positive history of perinatal
problems were also accounted for, this rate amounted (o 78
percent (53 of 68 subjects).

Of 133 infants classified into the habilitation group, 97
were followed with ABRs up to one year of age. Table 4
summarizes the one-year follow-up results. Overall, 37 per-
cent of subjects demonstrated a notable change in hearing
acuity, and 15 of 97 infants (15%) in the habilitation group
were reclassified into the observation group at the age of
one year. Of the 25 infants with imprdvement, nine had
bilateral profound hearing loss (= 90 dB) initially, among
whom six had shown no responses in ABRs (thresholds >
100 dB). With regard to the causative factors among these
25 subjects, two had connexin 26 mutation (heterozygotes),
three had CMV DNA, eight had middle ear opacity in CT,
seven had middle/inner ear anomaly, and three had perinatal
problems. In ABRs, eight showed shortening of wave 1

latency indicative of amelioration of middle ear problems,
and three showed shortening of the wave I-V interval, in-
dicating amelioration of retrocochlear problems among
these subjects. On the other hand, among 11 subjects with
progressive hearing loss, two had connexin 26 mutation,
two had CMV DNA, three had middle ear opacity in CT,
and three had perinatal problems.

Of the 179 infants classified into the observation group,
110 were followed with CORs up to one year of age. Of
those, one subject (0.9%) showed remarkable progression

~ and was reclassified into the habilitation group and recruited

for intensive habilitation programs.

Discussion

Here we present the results of a large-scale retrospective
study of follow-up of newborn hearing in Asia. Considering
the more detailed hearing evaluation currently performed in
Western countries, as well as racial and climate differences,
the authors do not know whether the data can presenily be
applied directly to the West. With the expectation that
similar studies will be conducted in the West, we discuss the
results of our present, preceding research below.

The rate of newborn hearing loss (0.31%) and bilateral
moderate to severe hearing loss (0.13%) corresponded with
results from previous reports.”* With regard to the cause of
congenital hearing loss other than anomalies, CMV infec- -
tion and connexin 26 mutation have attracted attention. It
has been shown that asymptomatic CMV infection causes
hearing loss in six to 23 percent of cases, symptomatic
infection causes hearing loss in 22 to 65 percent of cases,”*
and that 15 to 20 percent of bilateral moderate to profound
sensorineural hearing loss could be attributable to congen-
ital CMV infection in a Western population.” Our results
(17%) on bilateral moderate to severe hearing loss in Japan
correspond to results of these previous reports, despite the
regional and racial differences. Connexin 26 mutation has
been demonstrated to be responsible for 21 to 39 percent of
cases of genetic monsyndromic childhood deafness in a
Western population.'"* Our results (31%) also fell within
this reported range.

Table 4
ABR threshold changes {either ear) in habilitati.on group during one-year follow-up {n = 97)
Course Threshold change Number Proportion

Improvement 20-30 dB, inclusively* 1" ; 1%
>30 dB 14 14%
Subtotal 25 26%

No change <20 dB . 61 63%

Progression 20-30 dB, inclusively* 8 8%
>30 dB 3 3%
Subtotal 11 4 1%

*220 dB and =30 dB.
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The most important finding demonstrated by the present
study was the rate of change (37%) in hearing acuity within
one year of birth. This was much higher than expected and
should not be confused with a lack of short time reproduc-
ibility of the screening test itself."* Above all, the fact that
not a small proportion of infants (26%) with bilateral mod-
erate to severe hearing loss showed improvement at one
year, rendering 15 percent of subjects to a less severe
classification, was surprising. From the distribution of caus-
ative factors such as CMV, connexin 26, and middle ear
opacily, no apparent predictor for improvement or progres-
sion could be suggested. Undeniably, the fact that a high
proportion of subjects did not undergo all three tests (68 of
133; 51%) might have produced bias. This was probably
because more than a few parents chose to leave the etiology
unknown (especially in cases of persistent viral infection
and genetic abnormality that could raise unnecessary prej-
udice) when no effective treatment could be provided. How-
ever, it should be noted that no intentional selection was
made for entry into these tests.

The ABR study also failed to suggest known factors
(e.g., resolution of OME or auditory neuropathy) as a major
cause of improved hearing. Moreover, the ability to evaluate
etiology from ABR results is limited because shortening of
wave T may reflect only the maturity of brainstem pathways
rather than auditory neuropathy, and because OME alone
cannet produce profound hearing loss, leaving the possibil-
ity that it simply accompanies cochlear hearing loss. Even if
the subjects with opacity in CT are excluded, 18 percent (17
of 97) showed unexplained recovery, which is not an ignor-
able proportion. This necessitates a follow-up study of all
infants with bilateral hearing loss, regardless of the caus-
ative factors for cach infant’s hearing loss. Spontaneous
hearing threshold recovery in sensorineural hearing loss has
been demonstrated even in children around one year of age,
as proven by behavioral audiometry as well as ABRs."* In
our patients, not an ignorable number (9 infants; 9.3%)
. demonstrated improvement from bilateral profound hearing
loss (= 90 dB), for which cochlear implantation could have
been a choice. If the natural courses shown in the present
study are taken into account, habilitation protocols may
have to be reconsidered, and cochlear implantation, espe-
cially in infants less than one year of age,'”'* remains
controversial.
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Risk Factors for Hearing Loss After Pediatric Meningitis in Japan

Nodoka Adachi, MD; Ken Ito, MD; Hideaki Sakata, MD

Objectives: We sought to identify predictors for hearing loss in Japanese children with meningitis.

Methods: We analyzed 155 cases of pediatric meningitis without other entities causing hearing loss in children admitted
to Saitama Children’s Medical Center between 1990 and 2005 for potential risk factors for hearing loss, using multiple
Iogistic regression. Auditory brain stem response tests were performed to evaluate hearing loss.

Results: Of 155 children, 35 (23%) developed hearing loss (21 unilaterally and 14 bilaterally). Profound hearing loss
(greater than 90 dB normal hearing level) occurred in 15 patients (9.7%; 4 unilaterally and 11 bilaterally). Of 112 patients
with positive cerebrospinal fluid cultures, 27 (24%) developed hearing loss and 13 (12%) showed profound loss. Of 22
patients with Streptococcus preumoniae meningitis, 11 (50%) developed hearing loss and 7 (32%) showed profound loss.
Of 54 patients with Haemophilus influenzae meningitis, 11 (20%) developed hearing loss and 4 (7.4%) showed profound
loss. High serum C-reactive protein levels and cerebrospinal fluid cultures positive for Streptococcus pneumoniae were
identified as significant risk factors for hearing loss.

Conclusions: A high serum C-reactive protein level was first identified as a sisk factor for hearing impairment after pe-

diatric meningitis.

Key Words: Asian population, child, complication, hearing loss, meningitis, risk factor.

INTRODUCTION

Hearing impairment is one of the most important
sequelae of pediatric meningitis. Although the inci-
dence has been reported principally in white popula-
tions,!8 the rates vary considerably among reports,
and possible differences among races have not been
elucidated. Moreover, only a few articles have re-
ported risk factors or predictors for hearing impair-
ment in pediatric meningitis.2>%6.7 Thus, the issue re-
ma:ns controversial.

In this study, we report the first review of a large
consecutive series of children with meningitis in
an Asian population. We also conducted statistical
analyses to elucidate risk factors for hearing impair-
ment in our series.

PATIENTS AND METHODS

Between 1990 and 2005, a total of 192 children
(up to 15 years) were admitted to Saitama Chil-
dren’s Medical Center with a diagnosis of menin-
gitis. Of these patients, 155 children without other
causes of hearing loss, eg, inner ear anomalies, who
underwent auditory brain stem response (ABR) test-
ing during their hospital stay comprised the study

subjects. Patient ages ranged from 1 day to 13 years
(median, 8 months), and there were 84 male and 71
female patients. The medical records were reviewed
retrospectively. Treatment was directed by the pedi-
atricians. The standard treatment comprised admin-
istration of antibiotics (penicillins or cephems) along
with mannitol or glycerol. Antiviral drugs, gamma
globulins, and steroids were sometimes used, but
aminoglycosides were administered only exception-
ally.

Hearing loss was defined as threshold elevation
of 40 dB normal hearing level or more in either ear,
determined by click-evoked ABRs. This value of 40

'dB was chosen to exclude mild hearing loss, which

leaves little potential handicap. Candidate predic-
tors for hearing loss, chosen after previous reports,
included patient age, gender, positive cerebrospinal
fluid (CSF) culture, CSF glucose level, CSF protein
level, CSF white blood cell (WBC) count, serum C-
reactive protein (CRP) level, and development of
seizures. In an additional analysis to evaluate the
influence of bacterial strains, CSF cultures positive
for Streptococcus pneumoniae and for Haemophilus
influenzae replaced the parameter of an overall posi-
tive CSF culture. Table 1 shows the patient demo-
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Health, Japan.
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TABLE 1. PATIENT DEMOGRAPHICS

Parameter . Values

Age 1dto 13 y (median, 8 mo)
Gender 84 malc, 71 female

Serum CRP (mg/dL) 0.0 t0 38.2 (mean, 11.1)
CSF glucose (mg/dL) 0.0 to 151 (inean, 37.3)
CSF protein (mg/dL.) 6.1 to 3,200 (mean, 277)
CSF WBCs (cells/uL) 8 to 308,000 (mean, 11,600}
Seizure 29/155 (18.7%)

Positive CSF cniture 1127152 (73.7%)

Poszitive CSF culture for
Streptococcus pnewmoniae

Positive CSF culture for
Haemaophilus influenzae
CRP — C-reactive protein; CSF ~ cerebrospinal fluid; WBCs —
white blood cells.

22/152 (14.5%)

547152 (35.5%})

graphics. Possible risk factors for hearing impair-
ment were assessed with multiple logistic regression
analysis.? '

RESULTS

Of the 155 children, 35 (23%) developed hearing
loss (21 unilaterally and 14 bilaterally). Profound
hearing loss (greater than 90 dB normal hearing
level) occurred in 15 patients (9.7%; 4 unilaterally
and 11 bilaterally). Bacteria were isolated from the
CSF cultures in 112 patients. Of these, S preumo-
niae was isolated in 22 patients and H influenzae in
54. Of 112 patients with positive CSF cultures, 27
(24%) developed hearing loss and 13 (12%) showed
profound loss. Of 22 patients with S preumoniae
meningitis, 11 (50%) developed hearing loss and 7
(32%) showed profound loss. Of 54 patients with
H influenzae meningitis, 11 (20%) developed hear-
ing loss and 4 (7.4%) showed profound loss. Twen-
ty-nine children developed seizures. Other apparent
neurologic complications, eg, involvement of crani-
al nerves other than the eighth nerve and paralyses
of the extremities, were not noted.

Table 2 shows the results of muitiple logistic re-

TABLE 2. LOGISTIC REGRESSION USING PARAMETER
OF OVERALL POSITIVE CSE CULTURE

Overall Profound

Parameter Hearing Loss Hearing Loss
Age (logarithmic) 0.2239 0.8357
Gender 0.1321 0.3257
Serum CRP 0.0470* 0.0216*
CSF glucose 0.2155 0.1746
CS¥ protein 0.3851 0.9765
CSEFWBCs 0.5868 0.6318
Seizure 0.1984 0.4202
Positive CSF culture 0.6142 0.4060

Data are p values.
*Significance (p < 0.05),

TABLE 3. LOGISTIC REGRESSION USING PARAMETERS
OF POSITIVE CSF CULTURE FOR STREPTOCOCCUS
PNEUMONIAE AND FOR HAEMOPHILUS INFLUENZAE
INSTEAD OF OVERALL POSITIVE CSF CULTURE

Overall Profound
Parameter Hearing Loss  Hearing Loss
Age (logarithmic) 0.2990 0.7204
Gender 0.1879 05142
Serum CRP 00755 0.0442*
CSF glucose 0.1687 0.1810
CSF protein 0.3211 0.9831
CSF WBCs 0.7218 0.7085
Seizure 0.0674 0.2044
Positive CSF culture for 0.0284* 0.0528
Streptococcus prewmoniae
Positive CSF culture for 0.53%90 0.7652

Haemophilus influenzae
Data are p values.
*Significance (p < 0.05).

gression analyses. Of 8 candidate factors, only a
high serum CRP level was identified as a significant
risk factor (p < 0.05), for both hearing loss and pro-
found hearing loss. To further analyze the effect of
bacterial strains, we replaced the parameter of over-
all positive CSF culture with that of CSF cultures
positive for S pneumoniae and for H influenzae (Ta-
ble 3). For overall hearing loss, a CSF culture posi-
tive for S pneumoniae was determined as the most
significant risk factor, whereas the serum CRP level
failed to reach significance. However, for profound
hearing loss, the serum CRP level regained signifi-
cance. A CSF culture positive for S prewmoniae fol-
lowed, but failed to reach significance for profound
loss. On the basis of these results, a high serum CRP
level and a CSF culture positive for § pneumoniae
were considered important risk factors for develop-
ing hearing loss due to pediatric meningitis.

DISCUSSION

The incidence of hearing loss in pediatric menin-
gitis has been reported principally in Western popu-
lations. The overall incidence of hearing impairment
has ranged from 14% to 29%.,1:25 and that in bacteri-
al meningitis has ranged from 7% to 31%.!-46.7 The
incidences reported in the present report — 23% for
overall meningitis and 24% for bacterial meningi-
tis — correspond to those in previous reports, de-
spite racial and climate differences. The incidence
of hearing loss has been greater in bacterial menin-
gitis than in overall meningitis,! as was also con-
firmed by the present findings.

Streptococcus pneumoniae, H influenzae, and
Neisseria meningitides are the 3 most important
pathogens for pediatric meningitis. The incidence of
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hearing impairment due to S pneumoniae meningitis
ranges from 20% to 52% 24948 that due to H influen-
zae meningitis ranges from 22% to 41%,!2# and that
due to N meningitidis meningitis ranges from 4% to
24% 2456 The order of preponderance in hearing in-
volvement has remained consistent, including in the
present report: S pneumoniae first, then H influen-
zae meningitis, and then N meningitidis meningitis.
Other bacteria cultured in the present study included
Escherichia coli, methicillin-resistant Staphylococ-
cus aureus, other Streptococcus species, Neisseria
species, Listeria, etc, but the small number of af-
fected patients prevented these from being nominat-
ed as risk factors. In Japan, vaccination for S pneu-
moniae is not yet popular, and that for H influenzae
type B has only recently been approved. Encourag-
ing vaccination for these 2 bacteria will be impor-
tant in preventing hearing loss caused by meningitis
in our country.

Several risk factors or predictors for hearing im-
pairment in pediatric meningitis have been pro-
posed 2368 but the significance of risk factors has

varied greatly among reports. The most common
factor was a low CSF glucose level 239.7 followed
by a CSF culture positive for S pneumoniae 2 In
the present study, a CSF culture positive for S pneu-
moniae was a significant risk factor, but a low CSF
glucose level failed to reach significance. Instead, a
high serum CRP level was recognized as another sig-
nificant risk factor — a finding not reported in pre-
vious articles. This outcome is not surprising, since
the serum CRP level corresponds to the severity of
overall inflammation. In our search of the English-
language literature, there were no reports describing
risk factors for neurologic dysfunction other than
hearing impairment (eg, other cranial nerve disor-
ders) as sequelae after meningitis.

CONCLUSIONS

Logistic regression analyses of our consecutive
series of Japanese children with meningitis identi-
fied a high serum CRP level and a CSF culture posi-
tive for § pneumoniae as risk factors for hearing im-
pairment after pediatric meningitis.
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Abstract

A 55-year-old woman had bilateral sensorineural hearing loss (SNHL), vertigo, uveitis, and aortitis assocjated with Cogan’s syndrome
(CS). She had a history of listeria meningitis and hypertrophic cranial pachymeningitis (HCP), both of which were considered to be related to
SNHL progression. She developed bilateral profound deafness within | year, despite medical treatment with corticosteroids and methotrexate
(MTX). She underwent cochlear implantation (CI) of the left ear. Although the left and right basal mms of the cochleae were ossified, all
electrodes were successfully inserted, and subsequently the inferior segment of the basal tarn was drilled out. The patient did not have any

postoperative complications and showed good speech perception.
© 2010 Bisevier Treland Led. All rights reserved.

Keywords: Cogan’s syndrome; Hypertrophic cranial pachymeningitis; Cochlear implantation; Bilateral profound sensorineural hearing loss

1. Introduction

Cogan’s syndrome (CS) is a rare disease, and an
autoimmune process has been postulated to play a crucial
role in its etiology. CS generally shows ear involvement
{(progressive bilateral sensorineural hearing loss (SNHL),
tinnitus, and vertigo), ocular involvement (most commonly
non-syphilitic interstitial keratitis), and variable systemic
symptoms. The central nervous system is more commonly
involved in CS, but hypertrophic cranial pachymeningitis
(HCP), which may contribute the progression of SNHL, is
rarely encountered. To date, there is only 1 case of CS
complicated with HCP [1]. Fortunately, conservative steroid
therapy improved SNHL in the patient.

Audiovestibular dysfunction of CS usually requires high
systemic doses of corticosteroids and immunosuppressive

* Corresponding author. Tel.: +81 3 5800 8924; fax: +81 3 3814 9486.
E-mail addresses: tsakamoto-tky @umin.ac jp, ta-saka @nifty.com
(T. Sakamoto).

drugs such as methotrexate (MTX) and cyclophosphamide
[2]. In spite of proper treatment, 50-80% of patients develop
irreversible bilateral profound SNHL [3-5]. Prognosis of
cochlear implantation (CI) is generally favorable [6]. This
report describes CI in a patient with a rare case of CS
complicated with HCP. The patient showed good speech
perception after CI.

2. Case report

A 55-year-old woman complained of sudden right SNHL
in April 2005. Corticosteroids failed to improve the SNHL,
and the patient developed profound deafness in her right ear
(Fig. 1a). After 4 months, left SNHL and vertigo developed.
Corticosteroids failed to alleviate these symptoms, and she
developed profound deafness in her left ear (Fig. 1b). After 1
year, she developed conjunctival congestion and blurred
vision and was diagnosed with bilateral conjunctivitis and
uveitis, but she did not show headache or other cranial nerve

0385-8146/$ — see front matter € 2010 Elsevier Treland Ltd. All rights reserved.

doi:10.1016/).an1.2010.04.005
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Fig. 1. (a) Audiogram at the time of developing sudden right SNHL, in April 2005. (b) Audiogram at the time of developing left SNHL in April 2005. (<)

Audiogram immediately after meningitis.

signs. In September 2006, she was referred to the
Department of Internal Medicine at the University of Tokyo
Hospital because she was suspected to have an autoimmune
disease. The leukocyte count {3500/.l) was not elevated, but
the erythrocyte sedimentation rate (75 mm/h) and C-reactive
protein level (3.07 mg/dl) were elevated. The patient tested
negative for antinuclear antibodies, myeloperoxidase-anti-
eutrophil cytoplasmic antibody (MPO-ANCA), proteinase
3-ANCA, and syphilis. She was diagnosed with aortitis by F-
18 fluoro-2-p-deoxyglucose (FDG) positron emission
tomography (PET). The findings suggested CS. Magnetic
resonance imaging (MRI) revealed meningioma at the left
parietal convexity and gadolinium-enhanced T1-weighted
MRI showed linear enhancement of the dura mater from the
frontal lobe to the falx and along the internal auditory
meatus; this finding suggests thickening of the dura mater
due to HCP. The meningioma was resected, and open biopsy
was performed from the dura mater at the falx. The dura
mater showed intense lymphocyte infiltration, as is observed
in the case of HCP. She was given a high-dose of
corticosteroids and MTX, but the extent of linear enhance-

ment of the dura mater was the same before and after as
observed on the gadolinium-enhanced T1-weighted MRI
(Fig. 2).

The patient was referred to our department for CI
evaluation. Pure-tone audiometry showed bilateral profound
SNHL similar to that depicted in Fig. 1b. High resolution
computed tomography (HRCT) revealed mild ossification of
the basal turns of bilateral cochleae, MRI revealed reduction
of the fluid content in the basal tams of bilateral cochleae.
However, we did not perform CI at this time point because
she was very afraid of the disadvantage induced by
implantation of an artificial device. In June 2007, she
developed listeria meningitis, probably because of immu-
nosuppression induced by long-term administration of
corticosteroids and MTX. Pure-tone audiometry immedi-
ately after meningitis showed slight progression of low tone
SNHL in the right ear (Fig. 1c). HRCT performed after 1
year revealed progression of ossification in the basal turns of
bilateral cochleae (Fig. 3). Gadolinium-enhanced T1-
weighted MRI showed dural enhancement to the same
extent as was identified in the previous MRI. The
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Fig. 4. Preoperative 3D fast imaging employing steady state acquisition MRI revealed reduction in fluid intensity in the basal turns in the right (a and c) and left

(b and d) ears (arrow). Figure c and d are one slice below than figure a and b.

The diagnosis of typical CS was made on the basis of
non-syphilitic interstitial keratitis and acute-onset SNHL
[7]. CS is commonly associated with aortitis and aortic
insufficiency [8]. Atypical CS is diagnosed when other
inflammatory eye diseases, such as conjunctivitis, uveitis,
episcleritis, iritis, and retinal vasculitis, develop, or when the
interval between the onset of ophthalmologic symptoms and
SNHL is >2 years [9]. '

The differential diagnosis of CS includes congenital
syphilis, Vogt—Koyanagi-Harada syndrome, Wegener’s
granulomatosis, and rheumatoid arthritis. To diagnose CS,
a negative result is required on serologic evaluation for
syphilis. No tests can confirm the diagnosis; however, the
acute-phase reactants of inflammation, including leukocyte
count, erythrocyte sedimentation rate, and C-reactive
protein level, were reported to be elevated in CS [10].

In our patient, acute-phase reactants, except leukocyte
count, were elevated, whereas tests for antinuclear
antibodies, MPO-ANCA, proteinase 3-ANCA, and syphilis
gave negative results. These results excluded diseases other
than CS. Although the interval between the onset of
ophthalmologic symptoms and SNHL was <2 years, our
patient was diagnosed with atypical CS because her ocular
involvement presented with conjunctivitis and uveitis and
not interstitial keratitis.

In CS, several abnormalities are detected during
radiologic investigations. HRCT is useful for detecting
intracochlear bony obliteration, whereas MRT is useful for
detecting intracochlear soft-tissue obliteration and other
central nervous lesions.

In our case, preoperative HRCT revealed bony oblitera-
tion in the basal turns of both ears. The preoperative T2-

weighted MRI demonstrated reduction in fluid intensity in
the basal turns in both ears; this finding suggests obliteration
due to ossification and the presence of fibrous tissue. CS
alone can cause intracochlear bony obliteration [11]. Listeria
meningitis may also have influenced the acute progression of
cochlear ossification.

Unexpectedly, in our case, gadolinium-enhanced T1-
weighted MRI revealed linear enhancement of the dura
mater, which suggested thickening of the dura mater and
revealed complication with HCP.

HCP is a rare form of a fibrosing chronic inflammatory
process, characterized by marked thickening of intracranial
dura mater. Fibrous entrapment and ischemic damage of
neurologic structures can cause various symptoms, includ-
ing headache, decreased vision, and bilateral progressive
SNHL [12]. Although HCP may cause retrocochlear hearing
loss by entrapment of the eighth nerve in the internal
auditory canal, the presence of sound sensation with
promontory stimulation test suggested that hearing loss in
our patient was due mainly to cochlear damage. Tt is well
known that eighth nerve lesions such as acoustic neurinoma
frequently cause cochlear damage as a result of the ischemia
caused by the tumor and/or biochemical disturbances in the
inner ear fluid. Meningitis is also known to cause cochlear
damage due to the direct spread of infection from the
subarachnoid space to the inner ear (suppurative labyr-
inthitis), but other mechanisms, such as toxic or serous
labyrinthitis and secondary ischemic damage, are also
proposed. Although the mechanisms are difficult to prove,
secondary ischemia or biochemical disturbances in the
inner ear fluid due to fibrous entrapment may account for
cochlear damage in our patient. HCP generally shows a good
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response to corticosteroids [13]. In our patient, however, an
adequate dose of corticosteroids did not help improve linear
enhancement of the dura mater; this was inferred by
comparing the gadolinium-enhanced T1-weighted MRI
obtained before and after treatment.

It has been reported that despite proper treatment, 50~
80% of CS patients develop irreversible profound SNHL [3~
5]. The prognosis of CI is favorable in CS patients with
profound SNHL {5,9]. This is considered because of the
following facts. (1) The patients are postlingually deaf. (2)
They use hearing aids properly during the progression of
SNHL.. (3) The period of profound SNHL is relatively short.
In accordance with previous reports, our patient showed
good speech perception after the operation.

CS can have several kinds of systemic manifestations.
However, the complication with HCP has been reported only
in 1 case by Togashi et al. [1]. Fortunately, oral corticosteroid
therapy improved bilateral SNHL in their patient, and CT was
not needed. Our report was the first to describe hearing results
after CI in a patient with CS complicated with HCP.

Both CS and HCP are related to an autoimmune disorder
and vasculitis syndrome {14]. The major complications after
CI are a local flap ischemia caused by insufficient blood
supply due to vasculitis, and the worsening of CS and HCP
symptoms because of stress consequent to the surgical
procedure. Our patient did not show flush, infection, and
necrosis at the flap site. Extrusion of the CI device was not
observed. Moreover, symptoms suggesting CS and HCP
recurrence were not observed after the surgery.

CI dramatically improves speech perception in patients
with bilateral profound SNHL due to CS [5,9]. Hence, these
patients are good candidates for CI. However, cochlear
obliteration often poses a challenge for electrode insertion,
requiring modifications of the surgical technique. Pasanisi
et al. reported that the case of incomplete bone obliteration
of basal turn, undetected on preoperative radiological
examination and confined to a narrow portion, required
tunneling through the ossified portion. The case of complete
ossification of the inferior segment of basal turn required
insertion into the scala vestibule [6]. Our patient also showed
incomplete ossification of the basal turn, detected during
preoperative radiological evalnations. However, we inserted

all electrodes into the scala tympani by drilling out the
inferior segment of the basal turn. Surgeon should be
prepared to manage cochlear obliteration because cochlear
obliteration is often confirmed only by intraoperative
findings.
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Summary

We measured neural activation of the central anditory system in a prelingually deaf
cochlear implant (CT) patient on the day of first fitting. Optical topography was used
to assess cortical activity non-invasively while auditory stimuli were presented through
the CL. Deoxyhemoglobin (deoxy-Hb) as well as sum of oxyhemoglobin (oxy-Hb)
and deoxy-Hb increased in the temporal region during the auditory stimuli, reflecting
activation of the temporal cortex. Examination of the central auditory system would
benefit the rehabilitation process of the CL

Introduction

Cochlear implantation (CI) is a well-established treatment for prelingually deaf
children. These days CI operation tends to be performed earlier in the patient’s life,
making the postoperative fitting more difficult. Although neural responses of the pe-
ripheral auditory system can be recorded by most of modern CIs, it is still difficult to
evalnate the activity of the central auditory system, because functional MRI (fMRI)
cannot be used for CI patients and because the parents hesitate to participate in PET
studies due to iradiation. Optical topography, or Near-Infrared Optical Spectroscopy
(NIRS), is a neuroimaging method which measures brain activations non-invasively.
Near infrared light penetrates the tissue to a certain depth and undergoes partial ab-
sorption by blood hemoglobin (Hb) along the light path. By continuously measuring
the reflected light on the skull, relative changes of the concentration of oxyhemo-
globin (oxy-Hb), deoxyhemoglobin (deoxy-Hb), and total hemoglobin (total-Hb) in
specific brain region can be monitored, reflecting local brain responses. In this study
we used an optical topography system to study activation of the auditory cortex in
an infant CI user.
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Figure 1. Schematic diagram of the three light emitting (red) and three light receiving (blue) probes on the
right temporal region. Numbers indicate the layout of the seven recording sites, called channels.

Materials and Methods

A two-year-old prelingually deaf girl participated in this study. She was diagnosed
as severe hearing loss at the age of 12 months, and continued to use hearing aids on
both sides. Auditory brainstem response was absent at 105 dBnHL at all times. She
had implanted with a Nucleus® 24 system on the left ear at the age of 24 months.
This optical topography study was done 13 days after the operation, on the day of
first fitting. Before the study, two speech therapists obtained neural response teleme-
try (NRT) and set T and C levels by evaluating the patient’s behavioral responses. A
portable CD player was connected to the external input of the speech processor to
present auditory stimuli.

Three light emitting and three light receiving probes of an optical topography
system (ETG-100, Hitachi, Japan) were attached to the temporal region of the head
opposite to the CI (Figure 1). Each probe was kept 3 cm apart by a probe holder.
Quantitative changes of oxy-Hb, deoxy-Hb, and total-Hb were recorded at seven
different recording sites (channels), which were expected to cover the perisylvian
region (Figure 1). Auditory stimuli, which were consisted of spoken words of four
syllables, were presented for twenty seconds, and then turned off for twenty seconds.
This was repeated for ten times, making the total measurement time for about seven
minutes. The patient was tested while seated in a chair playing with toys. Written
informed consent was obtained from the parents. The protocol was in compliance
with the ethical committee of the institute.

Resuiis

No obvious behavioral change was observed between the stimulated and silent
periods. In channel 13, which was located in the anterior-inferior part of the measu-
rement site, oxy-Hb and total-Hb decreased during the auditory stimuli (Figure 2). In



