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Figure 5. Case 5. This 68-year-old man presented with slowly progressive bilateral hearing loss from around age 40. He had only minimal gain
from hearing aids. The PULSAR FLEXsoft/RW approach was applied on May 17, 2010. Preservation of residual hearing was obtained. (A)
Endoscopic view of round window insertion, (B) postoperative X-ray finding, (C) imaging with putative location of electrode and the referential

tonotopic map, (D) preoperative and postoperative audiograms.

There have been a series of trials with the goal of
minimizing intracochlear trauma, by both cochleost-
omy insertion and round window insertion. For
cochleostomy insertion, to avoid trauma, much
attention has been paid to the cochleostomy site
with the aim of avoiding the critical structures of
the inner ear [10,11]. According to Lane et al. [12],
by using 64-slice multidetector computed tomogra-
phy (CT), localization of the electrode in the
scala vestibuli as well as migration of the electrode
array from the scala tympani to the scala vestibuli,
which may influence hearing preservation, was
observed in the patients with cochleostomy. On
that basis, round window insertion was chosen in
the present series.

Detailed clinical evaluation has confirmed the
atraumaticity of the surgical approach in the present
cases from the point of drilling time as well as of
vestibular function.
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During cochleostomy, noise levels were reported
ranging from 114 to 128 dB SPL, indicating that
during inner ear surgery they reach levels that can
cause noise-induced hearing loss [13].

Our measurements clearly showed that drilling
time to reach the perilymphatic space is significantly
less for the round window approach compared with
cochleostomy insertion, suggesting reduced influence
of noise-induced trauma that may cause sensorineural
hearing loss.

The importance of conservation of vestibular func-
tion is recognized, especially for bilateral cochlear
implantation. A recent study suggested that dysfunc-
tion of the saccular macula, an integral component of
the otolith system, likely resulting from insertion
trauma of the cochlear implant electrode, can cause
chronic dizziness after cochlear implantation [14].
In the present series, postoperative assessment of
VEMPs as well as caloric response also supported
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Figure 6. Video recording showing that drilling time to reach the
perilymphatic space is significantly shorter for the round window
approach compared with cochleostomy insertion.
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achievement of atraumatic surgery from the vestibular
functional point of view. Comparison with the
cochleostomy insertion cases showed symmetrical
VEMP scores in round window cases. The cochleost-
omy cases showed poorer response postoperatively,
indicating that saccular function may be affected by
the cochleostomy. These data support the recent
report that for the sacculus, which is known to be
the most vulnerable vestibular organ, the round win-
dow approach is preferable from the viewpoint of
vestibular function [15].

Conclusion

In our series of experiences with full insertion with a
long electrode we were able to preserve residual
hearing at low frequencies as well as the vestibular
function. Combined postoperative imaging with the
referential tonotopic map clearly indicated that hear-
ing preservation can be achieved even in the presence
of a long electrode covering the residual hearing
region and indicated that development of atraumatic
procedures, including fine flexible electrodes, surgical
technique (round window insertion), and postopera-
tive steroid application enabled successful hearing
preservation.
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Figure 7. (A) Vestibular evoked myogenic potential (VEMP) responses were recorded in four of five cases and were well preserved
postoperatively. VEMP responses decreased postoperatively in the cochleostomy cases while they were maintained in the round window
insertion cases. Corrected amplitude value Cp13-n23 (ms ') = amplitude Cp13-n23 (micro V)/background electromyographic activities (micro

V ms). (B) Caloric response was well preserved and there were no differences between the two groups. MSV, maximum slow eye velocity.
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Clinical profile of hearing loss in children with congenital
cytomegalovirus (CMYV) infection: CMV DNA diagnosis using preserved
umbilical cord
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Abstract

Conclusions: Congenital cytomegalovirus (CMYV) infection is a major cause of bilateral and unilateral sensorineural hearing loss
(SNHL) in children, accounting for 9.0% of SNHL cases. The diagnostic rate using combined genetic deafness test and CMV
DNA detection test was determined to be 46.4% in bilateral profound SNHL. Objectives. The present study investigated the
prevalence of congenital CMV infection diagnosed retrospectively by detection of CMV DNA in dried umbilical cord
specimens from children with unilateral or bilateral SNHL up to the age of 12 years. Methods: Preserved dried umbilical cords
were collected from 134 children with bilateral (46 children) or unilateral (88 children) SNHL. DNA was extracted from the
dried umbilical cords and CMV DNA was detected by quantitative PCR. Genetic deafness tests based on the invader assay
were performed in children with bilateral SNHL. Results: CMV DNA from the dried umbilical cords was detected in 8.7% of
the bilateral SNHL and 9.1% of unilateral SNHL. Deafness gene mutations were identified in 21.7% (10/46) of children with
bilateral SNHL.

Keywords: Sensorineural hearing loss, GYB2, SLC26A4

Introduction infections and 6-23% of children with asymptomatic
infections [2].
Sensorineural hearing loss (SNHL) is one of the most Late-onset and progressive natures are character-

common birth defects. Genetic causes of SNHL can istic of SNHL with congenital CMV infection. The
be found in half of prelingual cases and the remaining frequency of SNHL in children with asymptomatic

half are ascribed to environmental or unidentified congenital CMV infection is also uncertain. The gold
genetic factors. The most common environmental standard for diagnosis of congenital CMV infection is
cause of SNHL is congenital cytomegalovirus the isolation of the virus from urine or saliva in the
(CMV) infection, with an estimated overall birth first 2 weeks of life. However, asymptomatic congen-
prevalence of approximately 0.3-2.4% [1]. The vast ital CMYV infection in children who develop late-
majority (approximately 90%) of these infants exhibit onset SNHL after 2 weeks of age cannot be diagnosed
no signs of congenital infection, which is asymptom- on the basis of viral isolation from urine or saliva.
atic at birth. Approximately 10% of infected infants Detection of CMV DNA in infant blood or umbilical
are born with clinical symptoms of congenital CMV cord using polymerase chain reaction (PCR) assays
infection. SNHL reportedly occurs in 22-65% is a more feasible method to identify children with

of children with symptomatic congenital CMV late-onset of SNHL. Blood stored as dried blood
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spots (DBS) on Guthrie cards and the dried umbilical
cord that is generally stored at home as a memento of
the birth in the Japanese culture are suitable for
retrospective diagnosis of congenital CMV infection.

Congenital CMYV infections and genetic defects are
the two major causes of SNHL in children. For severe
bilateral SNHL children, Ogawa et al. [3] reported
that congenital CMV infection, which was diagnosed
by detection of CMV DNA in dried umbilical cord,
and genetic defects (G¥B2) were identified in 15%
and 30% of the children, respectively. The etiology of
SNHL in children including mild to moderate SNHL
and unilateral SNHL is still uncertain. The purpose of
the present study was to investigate the prevalence of
congenital CMV infection diagnosed retrospectively
by detection of CMV DNA extracted from dried
umbilical cord specimens in children with unilateral
or bilateral SNHL defined at an age of months or even
years after birth. Genetic testing was also applied to
identify the other causes of SNHL.

Material and methods
Subjects

This study evaluated 134 patients (70 males and
64 females) with bilateral (46 patients) or unilateral
(88 patients) SNHL who were referred to the Depart-
ment of Otolaryngology, Shinshu University School
of Medicine, from May 2008 to September
2009 (Table I). Informed consent and dried umbilical
cord for the preparation of DNA specimens were
collected for all of them. The ages of children who
were diagnosed with SNHL ranged from 1 month to
138 months (mean age 37.7 + 36.2 months). Children
with deafness syndrome were excluded from this
study by an etiologic work-up of their SNHL. Both
genetic deafness testing and CMV DNA analysis were
performed for children with bilateral SNHL. For

children with unilateral SNHL, CMV DNA analysis
and genetic test (G¥B2, Mit1555) were performed.

Audiologic evaluations

Audiometric evaluation was performed for each
patient using auditory brainstem response (ABR)
and auditory steady-state evoked response (Master
580-Navpro; Nihon Kohden Co. Ltd, Tokyo, Japan)
as objective audiologic tests and behavioral audiologic
tests and/or pure tone audiometry were also used.
Hearing levels (average of 500, 1000, 2000, 4000 Hz)
of the patients were classified into two categories on
the basis of the severity of the worse ear: severe (71—
90 dB) to profound (>90 dB), mild (20-40 dB) to
moderate (41-70 dB). The threshold of ABR was
determined as a means of hearing level in 5 of 134 chil-
dren with hearing loss. The follow-up hearing assess-
ments were performed at intervals of 6—12 months.
Progressive hearing loss was defined as a decrease in
hearing of 10 dB or more at one or more frequencies.
Fluctuating hearing loss was defined as a decrease in
hearing of >10 dB followed by an improvement of
>10 dB at one or more frequencies.

Preparation of DNA samples and real-time PCR
analysis and genetic testing

To analyze congenital CMV infection, we used CMV-
DNA quantitative PCR (qPCR) analysis. Before
gPCR analysis, the total DNA including genomic
DNA and CMV DNA was extracted from preserved
dried umbilical cords. Preserved dried umbilical cord
samples were collected from hearing loss patients and
controls. As a positive control, we used preserved
umbilical cords from two patients with symptomatic
congenital CMV infection, identified by CMV from
urine in the first 2 weeks of life at the Department of
Pediatrics, Shinshu University Hospital. As a negative

Table I. Summary of children with bilateral and unilateral hearing loss.

Severe to profound hearing loss Mild to moderate hearing loss

Hearing Affected Hearing Age at diagnosis Hearing Age at diagnosis

Hearing loss Gender level (dB) side level (months) level (months)
Total (n = 134) M=170,F =64 101 (75.4%) 34.4 + 34.7 33 (24.6%) 48.8 + 38.7
Bilateral (n = 46) M=3],F=15 71.8[R) 28 (20.9%) 16.6 £ 19.9 18 (13.4%) 11.1 £ 39.1
Unilateral (z=88) M=39,F=49 89.5 (W) R =43, 73 (54.5%) 41.2 £ 36.6 15 (11.2%) 40.3 + 36.8
L=45
13.6 (B) B =13.0, B =14.0,
W =975 W =535

M, male; F, female; R, right; L, left; B, better hearing ear; W, worse hearing ear.
46
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control, preserved umbilical cords from five healthy
children without SNHL were used. Each 5 mm sec-
tion of the tissue was incubated in the lysis buffer
containing proteinase K and incubated at 56°C over-
night. Total DNA was extracted using a DNeasy®
Blood & Tissue Kit (Qiagen GmbH, Hilden, Ger-
many) according to the manufacturer’s instructions.
The total amount of DNA was measured by Qubit®
Fluorometer with Quant-iT™ dsDNA BR Assay Kit
(Life Technologies-Invitrogen, Carlsbad, CA, USA).
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 IT (Applied Biosystems). The qPCR primers and
TagMan® probe used for CMV DNA gPCR analysis
are listed below: US14-1F, 5° ACGTCCACGT-
TAGGATGAGG 3’; US14-1R, 5° GTATGTGGC-
GCTTCTCTCGT 3’ US14-1 TagMan probe,
5’-FAM-AACCTGTGCACCACAGCGCC-TAMR-
A-3’. To quantify the input DNA amount in each
sample, qPCR with genome region was also per-
formed, using the primers and TagMan® probe listed
below. GJB2-2F, 5> ACGTCCACGTTAGGATGA-
GG3’;,G]B2-2,5 GTATGTGGCGCTTCTCTCGT
3’; GJB2-2 TagMan probe, 5-FAM- AACCTGTG-
CACCACAGCGCC-TAMRA-3’. Initial preheating
steps were performed for 2 min at 50°C and 10 min at
95°C. Then qPCR was performed with 43 cycles of 15 s
at 95°C and 60 s at 60°C. After QPCR analysis, relative
CMV concentrations of each sample were evaluated as
ACt (delta threshold cycle), which was calculated by
threshold cycle of CMV gPCR minus that of GJB2
qPCR. The invader assay described by Abe et al. [4]
was used for deafness genetic testing.
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Ethics approval

This study was approved by the ethical committee of
Shinshu University School of Medicine. Written
informed consent was obtained from either the
patients or their parents.

Results

Figure 1 shows original amplification curves of real-
time PCR of the positive controls, negative controls,
blank controls (samples without added DNA), and
results of a typical sample (no. 12) for CMV DNA
and genomic DNA (G7B2 gene). CMV DNA was
amplified in two of two cases in positive controls,
none of five cases in negative controls, and none of
two cases in blank controls (data not shown), there-
fore we considered this method to be appropriate.
Comparing ACt for each sample and positive control,
CMV DNA content was 0.01-0.8 times for positive
control. The present study revealed that 9.0% (12/
134) of the cases of children with SNHL were attrib-
utable to congenital CMV infection. CMV DNA
from preserved umbilical cords was detected in
8.7% of bilateral SNHL cases (Table II) and 9.1%
of unilateral SNHL cases (Table III) in children with
SNHL of unknown causes. Bilateral severe to pro-
found SNHL, bilateral mild to moderate SNHL,
unilateral severe to profound SNHL, and unilateral
mild to moderate SNHL caused by congenital CMV
infection were detected in 14.3% (4/28), 0% (0/18),
9.6% (7/73), and 6.7% (1/15) of the hearing-
impaired children, respectively.
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Figure 1. An original amplification plot of real-time PCR in case no. 12 with positve CMV DNA. CMV DNA in positive control and case
11 (A) and genomic DNA (GJB2 gene) in positive control, case no. 12 and negative control (B) are amplified. These results show that our real-
time PCR method is precise. Blank, sample without any added DNA.
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Table II. Results of CMV DNA test combined with genetic deafness testing in bilateral sensorineural hearing loss (SNHL).

Test Severe to profound SNHL (n = 28) Mild to moderate SNHL (n = 18) Total (n = 46)
CMV DNA test Positive 4 (14.3%) 0 (0%) 4 (8.7%)
Deafness gene test GjB2 6 (21.4%) 1 (5.6%) 7 (15.2%)
SLC26A4 3 (10.7%) 0 (0%) 3 (6.5%)
Other 0 (0%) 0 (0%) 0 (0%)
Total 9 (32.1%) 1 (5.6%) 10 (21.7%)
Total diagnostic rate 46.4% 5.6% 30.4%

CMYV, cytomegalovirus; SNHL, sensorineural hearing loss.

Ten deafness gene mutations (7/10, G¥B2; 3/10,
SLC26A4) were identified in 10 (21.7%) of the
46 children with bilateral SNHL. If restricted to the
group of children with bilateral severe to profound
SNHL, the rates of deafness gene mutations and
positive CMV DNA increased to 32.1% (9/28) and
14.3% (4/28), respectively (Table II).

Table IV shows the clinical characteristics of
12 children in whom CMV DNA was identified. Of
them, four children had bilateral SNHL and eight
children had unilateral SNHL. All four children with
bilateral SNHL had late-onset profound SNHL. The
hearing fluctuadon and pass at newborn hearing
screening (NHS) test were confirmed in three of
four children (75%). Among the 2/8 children with
unilateral SNHL, pass or failure at NHS test were
confirmed in two children, respectively. Only one
child (12.5%) had hearing fluctuation. Inner ear
anomaly was not found in any of the eight children
with unilateral SNHL.

Discussion

A common method for diagnosis of congenital CMV
infection has been detection of CMV DNA from
urine within the first 2 weeks of life and serologic
testing for CMV-specific IgM antibody in serum from
mother and child [5]. In recent years, the detection of
CMYV DNA by retrospective methods has been more

valuable, not only for diagnosing congenital CMV
infection during later life, but also for identifying
those children who are at highest risk of late-
onset and progressive SNHL. There are some reports
that DBS stored on Guthrie cards have been used for
the retrospective diagnosis of congenital CMYV infec-
tions [6,7]. Similarly, preserved umbilical cords have
been used in Japan recently [8-10]. The sensitivity
varies widely depending on the DNA extraction
method in the case of DBS. Some investigators
reported sensitivities of 71-100% and specificities
of 99-100% [7,11,12]. In this study, the qPCR
method and preserved umbilical cords were used
because they were useful for more precise detection
of CMV DNA.

The present study clearly showed that in a certain
number of patients, hearing loss (either bilateral or
unilateral) is due to CMV infection. Concerning
frequencies, positive CMV DNA in children with
bilateral SNHL was 8.7% (4/46). Late-onset profound
SNHL (4/4: 100%) and hearing progression (3/4:75%)
were characteristic features of SNHL caused by CMV
infection.

Hearing loss in children with congenital CMV
infection often presents at birth, but in many
instances may develop after months or even years
[13]. In this study, three-quarters of subjects (75%)
passed the NHS. The present results are consistent
with the report that children with normal hearing
at 6 months of age developed hearing loss at the

Table III. Results of CMV DNA test combined with genetic deafness test in unilateral sensorineural hearing loss (SNHL).

Test Severe to profound SNHL (n = 73) Mild to moderate SNHL (n = 15) Total (n = 88)
CMV DNA test Positive 7 (9.6%) 1 (6.7%) 8 (9.1%)
Deafness gene test GjB2 0 (0%) 0 (0%) 0 (0%)
Other 0 (0%) 0 (0%) 0 (0%)
Total 0 (0%) 0 (0%) 0 (0%)
Total diagnostic rate 9.6% 6.7% 9.1%
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Table IV. Clinical data of children positive for CMV DNA.

Age at diagnosis  Bilateral/  Affected Average HL.

Case no. Sex (months) unilateral side Severity (R/L) (dB) FL/P/NA Onset NHS Delta Ct
1 F 60 Bilateral R/L Profound  87.5/108.8  FL/P Late Pass 7.52
2 F 52 Bilateral R/L Profound 87.5/110 FL/P Late Pass 8.58
3 M 50 Bilateral R/L Profound  100.0/100.0 P Late Pass 12.94
4 M 62 Bilateral R/L Profound 110/46.3 - Likely late  — 0.07
5 M 6 Unilateral L Profound 32.5/103.8 - Congenital Refer (L) 8.01
6 M 65 Unilateral R Profound 107.5/17.5 — Unknown - 11.64
7 M 50 Unilateral L Profound 6.3/100.0 -~ Unknown - 13.59
8 F 98 Unilateral R Profound 110/15 - Unknown - 11.67
9 F 55 Unilateral L Profound 15.0/92.5 - Late Pass ) 8.3
11 F 2 Unilateral R Profound 90.0/18.3 NA Congenital Refer (R) 0.46
10 M 80 Unilateral L Severe 13.3/70.0 - Unknown  — 14.32
12 F 44 Unilateral L Moderate 15.0/58.3 FL/P Late Pass 9.41

NHS, Newborn Hearing Screening; FL, fluctuation of hearing loss; P, progressive hearing loss; NA, not applicable.

244 rate of nearly 1% per year and the cumulative risk SNHL, the frequency of deafness gene mutations and
245 of late-onset hearing loss was a substantial 6.9% for CMYV DNA positive results were 32.1% (9/28) and
46 the population with asymptomatic congenital CMV 14.3% (4/28), respectively. The diagnostic rate was
47 infection [13]. Children with bilateral hearing loss concluded to be 46.4% (13/28). If the detection test
'48 have speech developmental problems. Therefore ret- for CMV DNA could be combined with genetic
149 rospective diagnosis of congenital CMV infection is deafness testing, it would enable us to find approxi-
50 important to understand more about the etiology of mately 50% of causes of bilateral severe to profound
)51 SNHL in children. Previous reports are summarized hearing loss in children.

352 in Table V. The frequency of congenital CMV infec- In children with unilateral SNHL, CMV DNA
)53 tion in children with bilateral SNHL varied from from preserved umbilical cords was detected in
’54 3% to 36%. This large variation may be due to the 9.1% (8/88). The frequency of congenital CMV infec-
55 various backgrounds of the subjects (number of pop- tion has been similar in children with unilateral and
56 ulation, severity of SNHL, etc.) or the various meth- bilateral SNHL. We have speculated that approxi-
57 ods utilized (e.g. CMV-IgM, DNA from urine, DNA mately 10% of SNHL in children is caused by con-
58 from DBS on Guthrie cards) [6,12,14-18]. Mean- genital CMV infection. The majority of unilateral
’59 while, based on the retrospective diagnostic method SNHL was etiologically unknown, and there were
260 of using preserved dried umbilical cords, congenital few reports showing the frequency of congenital
61 CMV infection was detected in 10-12% of children CMV infection in children with unilateral SNHL.
262 with bilateral SNHL in Japan [8,9], but these reports Although 25% (1/4) [3] and 19% (8/42) [12] of
263 were based on small numbers of subjects (10-26 children with unilateral SNHL were reported to be
164 cases). diagnosed as having congenital CMV infection by the
65 Genetic deafness testing has become valuable for a CMV DNA detection method, the frequency based
66 precise diagnosis of hearing loss. The most frequent on a large number of subjects is not available. This is
67 gene implicated in non-syndromic hearing loss is the first report confirming CMYV as a very important
68 G7¥B2, which is the most prevalent gene responsible cause of unilateral SNHL. The present results also
69 for congenital hearing loss worldwide. G7B2, showed that CMV is a crucial cause of late-
70 SLC26A4, CDH23, and mitochondrial 12s rRNA onset unilateral SNHL, and in fact, five of eight
171 are the major genetic causes of hearing loss in Japan subjects passed NHS.

172 [19]. Genetic deafness mutations could be detected in In conclusion, congenital CMV infection plays a
173 30% of children with congenital hearing loss [4]. In major role as a cause of bilateral and unilateral SNHL
74 the present study, deafness gene mutations were in children: 9.0% of SNHL of unknown causes (bilat-
75 identified in 21.7% (10/46) of children with bilateral eral SNHL, 8.7%; unilateral SNHL, 9.1%) is attrib-
176 SNHL. In children with bilateral severe to profound utable to congenital CMV infection.
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Table V. Review of previous reports.

S. Furutate et al.

CMV positive rate

Diagnostic

Late-onset
(%) Study design methods

Progression
(%)

Country

Unilateral

Bilateral

Total

Year Subjects

Reference

EX®H Barbi et al. [12]

Traly

DBS, qPCR
UC, PCR

Retrospective

NR

NR

8/42 (19%)

1/37 (2.7%)
9/63 (14.3%)

9/79 (11.4%)
10/67 (10.5%)
33/95 (34.7%)

16/256 (6%)

>40 dB HL

2003
2007

Japan

Iran

Retrospective

NR NR

NR

1/4 (25%)

>20 dB, nonsyndromic SNHL

2008 >40 dB HL

2008 NHS refer

Ogawa et al. [3]

Prospective Serologic test

NR
NR

NR/20

NR/75

16/256 (6%)

Samileh et al. [15]

USA

UK

DNA from urine
DBS, gPCR
UC, gPCR

Prospective

NR

NR

Stehel et al. [16]

Walter [??]

Retrospective

NR

NR

NR

NR

3/45 (6.7%)
4/55 (7.3%)

8/35 (22.9%)
3/45 (6.7%)
4/71 (5.6%)
4/55 (7.3%)

13/479 (2.7%)

2008 Unexplained SNHL

2008 Only bilateral

Prospective Japan

NR

NR

Mizuno [??]

SOTO_A_583268.3d

Slovak Republic

Serologic test
DBS, qPCR
DBS, qPCR
UC, gPCR

Prospective

NR
NR

NR

0/16 (0%)

>60 dB HL, NHS refer
NHS refer, >20 dB
2009 NHS refer

2009
2009

Jakubikova et al. [14]

Belgium
USA

Retrospective

NR

NR

NR

13/479 (2.7%)

Boudewyns [??]

Choi [??]
Tagawa [??]

Retrospective

NR

NR

NR
0 (0%)
3/17 (17.6%)

0

Japan

USA

Retrospective

1 (3.9%)

NR

2 (7.7%)

NR

3/26 (11.5%)
8/92 (8.8%)
13/77 (17%)

>70 dB, deaf schoolchildren 3/26 (11.5%)
11/109 (10.1%)

2010 NHS refer

2009

DBS, gPCR
UC, gPCR

Retrospective

Kimani [??]

Adachi [??]

Japan

Retrospective

NR

NR

13/77 (17%)

2010 NHS refer, >35 dB, bilateral

Thursday, 12th May 2011 16:19:25

NR, not reported; DBS, dried blood spot; UC, umbilical cord; qPCR, quantitative PCR.
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A study of genetic testing in patients with
hereditary hearing loss—Ten years’ experi-
ence at Iwate Medical University—

Yumiko Kobayashi”, Hiroaki Sato”, Noriko

Iwai?, Seiko Murai®, Shin—ichi Usami"

"Iwate Medical University

®Iwai ENT Clinic

“Morioka Municipal Hospital

“Department of Otorhinolaryngology, Shinshu
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Hereditary hearing loss is the most frequent
cause of congenital sensorineural hearing loss
(SNHL), and advances in genetic testing‘have re-
vealed various phenotypes of SNHL according to
each gene mutation. On the other hand, clinical ex-
aminations, such as a history of development, family
history, and various kinds of auditory examinations
are also required for the diagnosis of hereditary
hearing loss. In this paper, we reviewed 64 patients
with bilateral congenital SNHL who visited Iwate
Medical University between 1997 and 2007. Genetic
testing (GJ/B2, SLC26A and mt. A1555G muta-
tions) revealed 11 (17.2%) patients with positive re-
sults for genetic mutation : 9 with Gf/B2 mutation
and 2 with SLC26A44 mutation. Among these 11 pa-
tients, 5 had a negative family history. Patients with
hereditary hearing loss increased from 24 patients



