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Characteristics and genotype of GJB2 mutation with
progressive hearing loss
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GJB2 gene mutations are the most common cause of congenital hearing loss. These mutations
generally cause non-progressive hearing loss. In the present study, we examined the relationship
between genotypes and progressive hearing loss in 97 patients diagnosed with G/B2 mutations.
The genotype 235 delC, common among Asians, was the most frequent, while no 35 delG, common
among Westerners, was observed. Of 41 patients, excluding those presenting with severe hearing
loss from the beginning, hearing was measured twice or more at 1-year or longer intervals in 32.
One apparent case and three suspected cases of advanced hearing loss were identified. No specific
trend in genotypes was observed. Progressive hearing loss is rarely seen in patients with G/B2 mu-
tations. No specific genotype causing progressive hearing loss was identified. However, severe
hearing loss significantly affects language development in infants. Hearing loss should be carefully
followed up, given that it progresses in some cases with G/B2 gene mutations.

Key words: G/B2 mutation, connexin 26, progressive hearing loss, genotype, congenital hearing
loss
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Genetic diagnosis of deafness
——From SNPs based invader analysis to the target resequencing and exome analysis
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ARTICLE INFO ABSTRACT

Objective: Otitis media is one of the most common infectious diseases, especially in young children.
Multiple factors affect the onset or development of otitis media. Human toll-like receptors recognize
associated patterns and play a critical role in innate immune mechanisms. Toll-like receptors are
considered to be important factors for clearance of infection and resolution of inflammation in otitis
media. The purpose of this study was to evaluate the histological expression of toll-like receptor 2, which
recognizes many kinds of pathogen-associated molecular patterns, and toll-like receptor 4, which
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lc(gt\;zords: recognizes lipopolysaccharide on Gram-negative bacteria, in tissue samples from patients with chronic
Ear otitis media and middle ear cholesteatoma.
Infection Methods: Human middle ear tissue samples from 12 patients with chronic otitis media (n=7) and

acquired middle ear cholesteatoma (n = 5) were examined. Normal control middle ear samples without
any inflammation were also included (n = 7). The expressions of toll-like receptors 2 and 4 in middle ear
tissues were examined immunohistochemically.

Results: Only one normal control middle ear sample showed weak expression of toll-like receptor 2, and
toll-like receptor 4 was not observed in all control samples. On the other hand, both toll-like receptors 2
and 4 were markedly expressed in chronic otitis media and cholesteatoma. There was a significant
difference between chronic otitis media and normal controls in the expressions of both toll-like
receptors. Significant up-regulation of toll-like receptors 2 and 4 was observed in cholesteatoma as
compared with control samples.

Conclusions: Toll-like receptors 2 and 4 were strongly expressed in chronic otitis media and middle ear
cholesteatoma. These findings suggest that toll-like receptors may play a principal role in human chronic
otitis media and cholesteatoma.

Innate immunity

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction Recent studies have shown that expression of toll-like receptors

was observed in middle ear samples in acquired cholesteatoma

Toll-like receptors are membrane proteins that play a crucial
role in the induction and activation of innate immunity in the
course of infection. At least ten subtypes of toll-like receptors have
already been identified in humans, and they are considered to be
involved in the recognition of pathogen-associated molecule
patterns in the innate immune system [1]. Toll-like receptor 4
(TLR-4) is one of the toll-like receptors recognizing toxic
pneumolysin ligand produced by Gram-positive bacteria, as well
as binding to lipopolysaccharide. Lipopolysaccharide is the major
component of Gram-negative bacteria and is frequently detected
in otitis media [2,3]. Toll-like receptor 2 (TLR-2) recognizes many
kinds of pathogen-associated molecular patterns.

* Corresponding author at: 2-5-1, Shikata-cho, Kita-ku, Okayama 700-8558,
Japan. Tel.: +81 862357307; fax: +81 862357308.
E-mail address: skariya@cc.okayama-u.ac.jp (S. Kariya).

0165-5876/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijporl.2013.01.010

and otitis media with effusions [1,4]. To the best of our knowledge,
the comparison of toll-like receptor expressions between chronic
otitis media and normal controls in human middle ear tissue has
not been reported. The purpose of this study was to show the
presence and localization of TLR-2 and TLR-4 in middle ear samples
in patients with chronic otitis media, patients with cholesteatoma,
and normal controls.

2. Materials and methods
2.1. Samples

Middle ear tissue samples were obtained from 7 patients with
chronic otitis media (mean age &+ standard deviation (SD),
67.1 + 2.4 years: range, 64-70 years) and from 5 patients with
middle ear cholesteatoma (mean age + SD, 36.0 & 27.0 years: range,
6-63 years).
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The control middle ear tissue samples were collected from 7
patients without any middle ear inflammation undergoing
cochlear implant surgery (mean age + SD, 38.0 & 22.7 years: range,
5-61 years).

The expressions of TLR-2 and TLR-4 in middle ear tissue were
examined immunohistochemically. This study was approved by
the Institutional Review Board of Okayama University (IRB
approval number, RINRI-1435) and was in compliance with the
Declaration of Helsinki.

2.2. Immunohistochemistry

Paraffin-embedded samples were sectioned at a thickness of
4 wm. Sections were deparaffinized, rehydrated, and pretreated
using Liberate Antibody Binding Solution (COSMO BIO Co., Ltd.,
Tokyo, Japan) for antigen retrieval. Endogenous peroxidase activity
was quenched with 1% hydrogen peroxide (H,0,), and nonspecific
protein binding was blocked with skim milk. The tissue sections
were then incubated with rabbit anti-toll-like receptor 2 or 4
polyclonal antibody (TLR-2, ab24192; TLR-4, ab13556; Abcam Inc.,
Cambridge, UK) overnight at 4 °C. For visualization, the LSAB™2
kit, the StreptABComplex/HRP kit, and diaminobenzidine substrate
(DAKO, Glostrup, Denmark) were used according to the manu-
facturer’s instructions.

The reaction was assessed by blinded investigators under light
microscopy according to the method of Szczepafiski et al. [4].
Briefly, the rating score was classified as: (—), no positive reaction;
(+), 1-10 positive cells; (++), 11-100 positive cells; and (+++), over
100 positive cells per high power field (400x).

2.3. Statistical analysis

For statistical analysis, a Chi-square test was performed at a
significance level of p < 0.05 using SPSS (IBM, New York, NY, USA).

3. Results

TLR-2 and TLR-4 showed similar expressions. The middle ear
samples from control subjects showed no expression of TLR-4.
Both TLR-2 and TLR-4 were expressed in the middle ear mucosa
and granulation tissue in patients with chronic otitis media and
cholesteatoma [Fig. 1]. Positive immunostaining for TLR-4 was
observed in mucosal epithelial cells, infiltrating inflammatory

Cholesteatoma
Sy

Chronic otitis media

cells, and macrophages. Positive immunostaining for TLR-2 was
also observed in mucosal epithelial cells and infiltrating inflam-
matory cells [Fig. 2].

The expression of TLR-2 in chronic otitis media was (—) in 1
case, (+) in 2 cases, (++) in 2 cases, and (+++) in 2 cases. The
cholesteatoma samples showed (—) in O case, (+) in 2 cases, (++) in
2 cases, and (+++) in 1 case. The control samples showed (-) in 6
cases, (+) in 1 case, (++) in O case, and (+++) in O case. The
immunohistochemical staining score of TLR-2 was significantly
higher in chronic otitis media and cholesteatoma than in control
samples (chronic otitis media, p = 0.048; cholesteatoma, p = 0.026).

The expression of TLR-4 in chronic otitis media was (—) in 0
case, (+) in 4 cases, (++) in 2 cases, and (+++) in 1 case. The
cholesteatoma samples showed (—) in O case, (+) in 0 case, (++) in 3
cases, and (+++) in 2 cases. The control samples showed (—) in all 7
cases. Significant expression of TLR-4 was observed both in chronic
otitis media and cholesteatoma as compared with normal control
samples (chronic otitis media, p = 0.003; cholesteatoma, p = 0.002).

4. Discussion

Toll-like receptors are members of the pattern-recognition
receptor family that detects specific molecules associated with
microbial pathogens. Toll-like receptors are key regulators of both
innate and adaptive immune responses and comprise a family of
germ line-encoded transmembrane receptors. The activations of toll-
like receptors lead to the mobilization of other innate immune
molecules, such as cytokines, chemokines, and interferons, as well as
proteases, defensins, collectins, lusozyme, lactoferrin, and other
antimicrobial intermediates [5]. These receptors recognize con-
served microbial structures called pathogen-associated molecular
patterns, which are invariant within a given class of microorganism.
Many pathogen-associated molecular patterns have now been
recognized and their respective toll-like receptors identified; these
include peptidoglycan (which binds to TLR2), synthetic double-
stranded RNA (TLR3), lipopolysaccharide (TLR4), flagellin (TLR5), and
CpG DNA motifs associated with bacterial DNA (TLR9) [6]. Although
the participations of toll-like receptors are necessary to defend
humans against microbial invasion, the abnormal responses of toll-
like receptors also cause the development of many diseases [7,8].

Lipopolysaccharide, a major component of the cell wall of
Gram-negative bacteria, is a potent immune stimulator.
An experimental animal study showed that injection of

Control

e
%

Fig. 1. The expressions of toll-like receptors 2 and 4 in patients with chronic otitis media and with cholesteatoma. Positive immunostaining of toll-like receptors (arrow) is
observed both in chronic otitis media and in cholesteatoma. The normal control middle ear subjects show no positive cells (TLR-2, toll-like receptor 2; TLR-4, toll-like receptor

4; bar, 50 wm).

293



676 H. Hirai et al./ International Journal of Pediatric Otorhinolaryngology 77 (2013) 674-676

Fig. 2. Positive immunohistochemical staining for toll-like receptors is observed in middle ear mucosa of chronic otitis media and cholesteatoma epithelium. (A) Toll-like
receptor 2 in cholesteatoma. (B) Toll-like receptor 2 in chronic otitis media. (C) Toll-like receptor 4 in cholesteatoma. (D) Toll-like receptor 4 in chronic otitis media (bar,

50 pwm).

lipopolysaccharide into the middle ear can mimic the pathological
changes of otitis media: mucosal inflammation, leukocytosis,
edema, middle ear pressure abnormalities, and an infiltrate of
macrophages into the subepithelial space [9-11].

Non-typeable Haemophilus influenzae is one of the most
prominent bacterial pathogens of human otitis media and activates
the TLR-4 signaling pathways [5]. Toll-like receptors are considered
important factors in the pathogenesis of otitis media, but the role of
toll-like receptors in chronic otitis media is controversial. The
activation of toll-like receptors induces various transcription factors,
including NF-kB, and subsequently results in high expression of
proinflammatory cytokines such as IL-1 and TNF-a [4,5,12]. Toll-like
receptor-deficient mice show reduced bacterial clearance after
middle ear infection with bacterial pathogens [5]. In contrast,
overexpression of toll-like receptors is observed in severe infection,
and a TLR-4 antagonist (E-5564; Eisai Co., Ltd., Tokyo, Japan) is
expected to be a novel remedy for sepsis [12-16].

In the present study, TLR-2 and TLR-4 were strongly expressed
in the mucosal epithelium and infiltrating inflammatory cells both
in chronic otitis media and middle ear cholesteatoma. These
findings suggest that TLR-2 and TLR-4 may play principal roles in
human chronic otitis media and middle ear cholesteatoma.

A recent study reported that TLR-2 and TLR-4 might play a
different role in the pathophysiology of chronic otitis media and
cholesteatoma [17]. The limitations of our preliminary study are
small sample size and lack of age-matched normal controls.
Further studies are needed to dissect the role of toll-like receptors
in pathogenesis of middle ear diseases, especially in children.
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Perilymphatic fistula (PLF) is defined as an abnormal leakage between perilymph from the labyrinth to
the middle ear. Symptoms include hearing loss, tinnitus, and vertigo. The standard mode of PLF detection
is intraoperative visualization of perilymph leakage and fistula, which ostensibly confirms the existence
of PLF. Other possible methods of diagnosis include confirmation of pneumolabyrinth via diagnostic
imaging. Recently, a cochlin-tomoprotein (CTP) detection test has been developed that allows definitive
diagnosis of PLF-related hearing loss.

We report the case of a 45-year-old man who presented with right-sided tinnitus, hearing loss, and
dizziness 30 years after stapes surgery. Middle ear lavage was performed after myringotomy. A
preoperative diagnosis of PLF was reached using the CTP detection test. Intraoperative observations
included a necrotic long process of the incus, displaced wire piston, and fibrous tissue in the oval
window. Perilymph leakage was not evident. The oval window was closed with fascia, and vertigo
disappeared within 2 weeks postoperatively. When PLF is suspected after stapes surgery, the CTP
detection test can be a useful, highly sensitive, and less invasive method for preoperative diagnosis.
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Perilymphatic fistula
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Cochlin
Cochlin-tomoprotein
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1. Introduction

Perilymphatic fistula (PLF) is defined as abnormal leakage
between perilymph from the labyrinth to the middle ear. PLF
diagnosis has been made with pneumolabyrinth in the inner ear on
computed tomography (CT) and T2-weighted magnetic resonance
imaging (MRI) [1]. Leakage has been confirmed during open and
endoscopic surgery [2,3]. However, PLF diagnosis is clinically
difficult because CT, MRI, and perioperative methods are not
always able to detect the leakage.

In 2001, cochlin-tomoprotein (CTP), a novel perilymph-specific
protein, was identified [4]. CTP is a protein product of COCH, which
was originally identified from the cochlea-specific cDNA library.
Later, its mutation was found to be associated with DFNA9, an
autosomal dominant hereditary deafness condition. Three cochlin
isoforms were identified; CTP was one of these short 16-kDa
isoforms. CTP is found in the functional domain of LCCL in cochlin
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Surgery, Okayama University Postgraduate School of Medicine, Dentistry and
Pharmaceutical Science, 2-5-1 Shikata-cho, Kita-ku, Okayama City, Okayama 700-
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E-mail address: yu-kat@cc.okayama-u.ac.jp (Y. Kataoka).

0385-8146/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
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and is secreted to the perilymph. CTP is highly specific for
perilymph. Therefore, a diagnosis of PLF can be made by detection
of CTP using Western blotting in lavage of the middle ear [5].

We report a case of right-sided tinnitus, hearing loss, and
dizziness manifesting 30 years after stapes surgery. PLF was
diagnosed preoperatively using the CTP test in middle ear
washings. PLF was not suspected based on clinical manifestations,
eardrum examination, and CT. Preoperative diagnosis was possible
only because of the CTP test. CTP detection test is a new, highly
sensitive, less invasive, and useful method to aid in the diagnosis
of PLF.

2. Case report

The patient was a 45-year-old man. In 1980, right stapes
surgery had been performed on him and a Teflon wire piston was
placed (details of the surgery were uncertain). The patient
presented at our hospital with right-sided tinnitus of idiopathic
origin. In December 2009, he experienced mild dizziness, but no
rotatory vertigo or awareness of hearing loss was evident. In an
audiometric test, deterioration of hearing by bone conduction was
detected as compared with hearing level recorded during a
consultation conducted 20years previously. Therefore acute
mixed hearing loss was suspected.
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Fig. 1. Audiogram. Hearing levels in December 2009 where lower than those in 1989. In July 2010, vertigo developed, and hearing deteriorated further.

Administration of oral prednisolone (30 mg per day), ATP, and
vitamin B12 was initiated. At the end of June 2010, rotatory vertigo
and tinnitus appeared and hearing in the right ear deteriorated
further (Fig. 1). Pure horizontal nystagmus directed to the left was
observed under Frenzel glasses. On physical examination, no fluid
was found in the tympanic cavity through the right tympanic
membrane.

Hydrocortisone sodium succinate was administered via intra-
venous drip (500 mg per day) for 10 days tapering starting on July
2, 2010. Rotatory vertigo was gradually relieved, but dizziness
continued. On the basis of clinical history, PLF was suspected. We
obtained informed consent from him and collected middle ear
washings after myringotomy under topical anesthesia and
examined by the CTP detection test. The procedure of this test
has been reported previously [4]. A CTP-positive signal was
observed from the middle ear washings (Fig. 2), confirming the
diagnosis of right PLF. After and during the test, no exacerbation of
dizziness, tinnitus, or hearing loss was observed.

On November 1, 2010, surgery was performed under general
anesthesia. Intraoperative observations included a necrotic long
process of the incus, displaced wire piston, and fibrous tissue in the
oval window. The body and short process of the incus were in the
normal position. The incus and wire were transected and the wire of
the piston was visible outside the oval window, but the piston was
found lying deep within the vestibule. The footplate of the stapes
was not found. Leakage of lymph fluid into the tympanic cavity and
around the oval and round windows was not observed. Fibrous
adhesions, mucosal hyperplasia, and the wire piston were removed.

middle ear washing

from this patient

positive contol CTP

perilymph

Fig. 2. Detection of cochlin-tomoprotein (CTP) in the middle ear washings. Signals
represent CTP in recombinant positive control CTP (left), perilymph (middle), and
middle ear washings from the patient (right) by Western blotting.

The oval and round windows were covered with the temporal fascia
using fibrin glue to seal the fistula, but no prosthesis was used for the
purpose of hearing improvement.

Postoperatively, mild dizziness was observed, but rotatory
vertigo and nystagmus disappeared. The dizziness gradually
improved and the patient was discharged 12 days after surgery.

3. Discussion

PLF causes inner ear disorders due to perilymph leakage into the
tympanic cavity. PLF can be associated with a congenital anomaly,
postoperative ear complications, head trauma, or barotrauma, but
is most often idiopathic. PLF presents with symptoms of hearing
loss, tinnitus, vestibular vertigo or dizziness, popping sounds,
streaming tinnitus, and fistula signs. However, it is often
indistinguishable from other inner ear diseases.

In some cases of PLF, pneumolabyrinth (air in the inner ear) and
liquid leakage into the tympanic cavity can be detected by high-
resolution temporal bone CT or T2-weighted MRI [1]. Although the
gold standard for PLF diagnosis is intraoperative microscopic or
endoscopic visualization, PLF is difficult to identify even during
surgery [2,3]. Bakhos et al. [6] and Vincent et al. [7] reported that
perilymphatic leakages were identified in 8% and 5.5%, respective-
ly, of cases of revision stapes surgery. Furthermore, in their studies,
PLF was suspected preoperatively in 36 cases based on clinical
symptoms, but fistula was observed only in 23 cases and in 13 of
them, fistula was not diagnosed due to perioperative findings [7].

Proteomic analysis of inner ear proteins identified the unique
properties of CTP [4]. CTP is a protein present in perilymph, but not
in other body fluids such as cerebrospinal fluid (CSF), serum, saliva,
or middle ear mucosa. Therefore, CTP may be considered a specific
biochemical marker for perilymph [5].

The sensitivity of the CTP test is 92.3% from middle ear lavage
fluid sampled after cochlear fenestration in cochlear implant
surgery [8]. While its specificity is 98.2% from middle ear lavage of
non-PLF cases without middle ear infections [9]. Analysis of middle
ear lavage fluid sampled from patients with middle ear infections
may provide false-positive results (e.g., specificity of 93.5%)
because of the high protein concentration in the thick pus [9].
In this study, CTP was detected in approximately 1 ul of perilymph
present in the middle ear cavity. This method may enable diagnosis
of PLF from minimal amounts of leaked perilymph, which is
difficult to detect by CT and MRI or perioperatively. This method
is also less invasive, as lavage can be performed by myringotomy or
puncture of the tympanic membrane.

Several authors have suggested identification of an endogenous
perilymph marker such as beta-2 transferrin, beta trace protein, or
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intrathecal fluorescein [10-12]. Although these markers are also
detectable in inner ear fluid, PLF and CSF leakage can be difficult to
distinguish because they are not organ specific.

In our case, the wire piston had transferred deep into the
vestibule behind the long limb of the incus necrosis. Perilymph
leakage occurred, leading to rotatory vertigo and deterioration of
hearing. PLF was not initially suspected because 30 years had
passed since stapes surgery, and typical symptoms of PLF were not
present. In addition, effusion in the tympanic cavity was not
detected on examination of the tympanic membrane. Thus,
diagnosis of PLF was impossible by visual inspection alone or
imaging techniques such as CT and MRI. The CTP detection test was
the only method for detecting perilymph leakage in this case.

Our experience suggests that the CTP detection test can be a
useful, highly sensitive, specific, and less invasive method to
diagnose local manifestations of PLF.
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Epstein syndrome is a rare disease which is accompanied by nephritis, sensorineural hearing impairment
and macrothrombocytopenia. It has been suggested that this syndrome is a hereditary disease associated
with mutations in MYH9, which encodes non-muscle myosin heavy chain IIA. We report a case of a
patient with Epstein syndrome in whom bilateral profound hearing impairment developed and who had
undergone cochlear implantation 9 years previously. Prior to this, the patient showed progressive
sensorineural hearing impairment and had become completely deaf by the age of 25. A cochlear implant
was successfully used with a speech discrimination score of 98% (sentence test). However, in the present
case, peri- and postoperative complications occurred: tympanic perforation remained after a promontory
stimulation test, followed by transitory otitis with purulent discharge. Therefore, tympanoplasty was
performed simultaneously with cochlear implantation. These complications were considered to be
caused by platelet dysfunction and delayed wound healing. Furthermore, cochlear destruction was
observed 8 years postoperatively. In Epstein syndrome, the mechanism of osseous change remains
uncertain. To the best of our knowledge, this is the first case report of Epstein syndrome in a patient with

long-term use of a CI.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Epstein syndrome is a rare disease which is accompanied by
nephritis, sensorineural hearing impairment and macrothrombo-
cytopenia. It has been suggested that this syndrome is an autosomal
hereditary disease associated with MYH9 mutation, which is
commonly seen in several types of macrothrombocytopenia such
as May-Hegglin anomaly, Sebastian syndrome and Fechtner
syndrome. Among these MYH9-related disorders, the presence of
clinical symptoms varies according to the location of the mutation.
Sensorineural hearing loss is one of the symptoms characteristic of
Epstein syndrome. Hearing impairment can progress to complete
deafness. We report a case of a patient with Epstein syndrome in
whom bilateral profound hearing impairment developed and who
had received cochlear implants (Cls) 9 years previously.

2. Case

The patient was first referred to our hospital at the age of 5 with
epistaxis during investigation of idiopathic thrombocytopenic
purpura. Her platelet count was 45,000/ 1 at that time, and 2 years
later sensorineural hearing impairment was observed, although

* Corresponding author at: Department of Otorhinolaryngology, 6-7-1 Nishishin-
juku, Shinjuku-ku, Tokyo 160-0023, Japan. Tel.: +81 3 3342 6111x5788.
E-mail address: nobuoto@tokyo-med.ac.jp (N. Nishiyama).

0385-8146/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.anl.2012.07.005

her hearing loss was mild and her recruitment phenomenon was
positive. However, her hearing impairment worsened, and she was
given conventional hearing aids. She had become completely deaf
in her right ear by the age of 23 and in her left ear by the age of 25
(Fig. 1). During that time, she received a diagnosis of Epstein
syndrome on the basis of pathological findings of a renal biopsy
specimen, and of clinical symptoms such as hematuria, protein-
uria, macrothrombocytopenia and sensorineural hearing loss
diagnosed by pediatricians at another hospital at age 15.
Cochlear implantation was then considered owing to the
limitations of hearing aids. Her computed tomography (CT) and
magnetic resonance imaging findings were normal, and she
showed sensitivity to a promontory stimulation test. However, a
pinhole-sized perforation remained on the left tympanic mem-
brane after the promontory stimulation test. Her platelet count
decreased to 8000/ and immunoglobulin was administered in an
attempt to improve her blood dyscrasia, but it was ineffective. She
had become antiplatelet antibody-positive owing to a previous
platelet transfusion upon previously undergoing resection for an
open cyst with endometriosis. Therefore, a human leukocyte
antigen (HLA)-matched platelet transfusion was performed to
prevent bleeding, and tranexamic acid was given. Her platelet
count then increased to 67,000/wl. A Nucleus 24 (Cochlear Ltd.,
Lane Cove, Australia) CI was implanted in her left ear and
myringoplasty was performed. Although her platelet count
decreased to 37,000/l after 3 days and to 14,000/l after 11
days, perioperative bleeding was not observed. Furthermore,
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Fig. 1. Hearing levels at (i) 7 years old; (ii) 23 years old.

although the wound had healed by 4 months postoperatively, a
perforation remained on the operated tympanic membrane. In
addition, methicillin-resistant Staphylococcus aureus and a fungal
infection developed and continued for 1 year (Fig. 2). However,
despite the infection, the CI remained functional and her speech

discrimination score showed improvement of up to 98% on a
Japanese sentence recognition test. Her hearing threshold was
stable between 30 and 35 dB with Cls.

However, 7 years postoperatively, her word recognition score
decreased to 76% and her MAP-threshold level (T-level) and
maximum comfort level (C-level) were observed to fluctuate.
Subsequently, electrode extrusion was confirmed by X-ray and CT
imaging (Fig. 3), and the 2 electrodes at the apical end of the
cochlea were switched off. Her speech perception was 80% (words)
and 98% (sentences) at 9.3 years postoperatively.

In addition to these changes in her left ear, a perforation in the
right tympanic membrane was observed 2 months postoperatively,
but there was no evidence of infection in the right ear. Furthermore,
cerumen accumulations were consistently observed, which were
considered to be the cause of her enlarged external ear canal.

3. Discussion

Epstein syndrome was first reported in 1972 [1] and it was
subsequently discovered that the disease is associated with
mutations in MYH9, which encodes non-muscle myosin heavy
chain [IA (NMMHCIIA) [2] [3]. NMMHC I1A is a type of non-muscle
myosin that is distributed in many types of tissue [4]. These non-
muscle myosin molecules contribute to maintaining the cytoskel-
eton and regulating cell adhesion, cell migration and cell division
[5]. There are nearly 40 reported mutations in NMMHC IIA, some of
which are considered to be associated with MYH9-related diseases.
Epstein syndrome is one such MYH9-related disease, which is
associated with mutations in exon 16. Hearing impairment is
considered to be sensorineural because NMMHC IIA is present in
the inner ear [4]. In the present case, sensorineural hearing
impairment was prominent only in the high frequencies in the
early stages, but progressed to bilateral severe hearing loss in all
frequencies. The clinical course of the current case was consistent
with Epstein syndrome [6]. However, the use of a CI was effective
for the deafness due to Epstein syndrome in the present case. To
the best of our knowledge, this is the first report on the long-term
follow up of a CI in a patient with Epstein syndrome.

It has been reported that Epstein syndrome can be misdiagnosed
as chronic autoimmune thrombocytopenia. It can be treated by
splenectomy, immunosuppressive therapy and corticosteroid hor-
mone therapy, but these treatments are presently considered to be
ineffective in MYH-9-related diseases [6]. In the present case, Epstein
syndrome was diagnosed on the basis of the clinical symptoms and
findings of a renal biopsy specimen, but only after a previous period
during which MYH-9-related diagnosis was suspected.

Fig. 2. Postoperative tympanic membrane. Yellowish otorrhoea can be observed in the left middle ear cavity. The electrode array, covered with fibrous tissue (arrowheads)
was placed into the cochleostomy site between the round window niche and the stapedial muscle.
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Fig. 3. (1) X-ray images of the electrode. At 4 years postoperatively, the electrode is confirmed to be in the cochlea. At 8 years postoperatively, the tip of the electrode had
shifted. (2) Computed tomographic images of the electrode show osseous change in the cochlea and electrode extrusion.

In the present case, to prevent intraoperative bleeding, an HLA-
matched platelet infusion was administered as this had been
effective during a previous operation for endometriosis. However,
as bleeding is often mild, platelet transfusion or intravenous
globulin therapy may not be necessary to prevent perioperative
bleeding in MHY-9-related diseases. In such cases, it is preferable to
use desmopressin and tranexamic acid [6], but care should be
taken regarding the potential risk of postoperative thrombosis [7].

In the current case, perforations remained on both sides of the
tympanic membrane after promontory stimulation tests. Usually,
such pinhole perforations spontaneously heal after promontory
stimulation tests. The cause of the perforations in the current case
appeared to be a hematological disorder. Impairment of hemosta-
sis can result in coagula formation on the promontory, and is often
followed by an infection such as that in the current case, which
eventually caused the tympanic perforation to expand. It remains
to be clarified if the wound healing process of the tympanic
membrane is delayed by the impairment of NMMHC IIA, which has
a role in cellular migration and adhesion.

Inner ear destruction after cochlear implantation is rare. In our
institution, we have encountered a few cases of electrode extrusion
with osteonecrosis in the cochlea following bacterial infection. It
has also been speculated that chronic pressure to the outer wall of
the cochlea by the electrode array of a Cl can cause osseous
changes. However, it remains unclear whether such osseous
changes in the implanted cochlea (left) and enlarged external ear
canal (right), as observed in the current case (Fig. 4), are disease-
specific phenomena. A previous case report described osteoporotic
changes and delayed bone age assessment in Epstein syndrome [8].
However, despite these difficulties, CIs have been shown to be an
effective option for the deafness which occurs in Epstein
syndrome. Considering the disruption of the inner ear and
tympanic membrane, surgical repair procedures such as bilateral
implantation, fistula obliteration with re-implantation of a curved
electrode and myringoplasty are treatment options. However, at
this stage it is crucial to prevent the occurrence of infection in the
ear, and re-operation should be considered if written informed
consent can be obtained.
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