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Objective: Thus far, no objective measure has been developed to evaluate tinnitus severity. There is a close
relationship between tinnitus and depression, in which brain-derived neurotrophic factor (BDNF) has a
pathophysiological role. To determine whether BDNF levels could be used to evaluate tinnitus severity,
we evaluated plasma BDNF levels in patients with tinnitus.

Methods: Plasma BDNF levels were measured in 43 tinnitus patients and 30 healthy control patients. The
severities of tinnitus, depression, and anxiety were measured using the tinnitus handicap inventory (THI)
and the hospital anxiety and depression scale (HADS), respectively. Patients with tinnitus were divided
into 2 groups depending on their THI scores: mildly handicapped (<36) and severely handicapped (>38).
We also divided our subjects into 2 groups depending on the HADS score, which represents patient mood,
including depression and anxiety.

Results: Plasma BDNF levels were significantly higher in the mildly handicapped group thanin the severely
handicapped and control groups (P <0.01). Patients with HADS scores of <14 had significantly lower THI

scores (P<0.05) and higher BDNF levels (P<0.01).

Condlusions: Our findings show for the first time that plasma BDNF levels vary with the severity of tinnitus,

suggesting that plasma BDNF level is a useful tool for objective evaluation of tinnitus.

© 2012 Elsevier Ireland Ltd. All rights reserved,

1. Introduction

Tinnitus is the perception of sounds in the absence of external
noise. Subjective tinnitus is defined as the perception of phan-
tom sounds. Tinnitus can affect the entire life of an individual,
preventing intellectual work and generally impairing quality of
life. In some cases, tinnitus can cause suicidal behavior [2). Severe
tinnitus is often accompanied by affective disorders such as depres-
sion. Psychiatric comorbidity occurs especially in individuals with
severe tinnitus and adds considerably to patient suffering [2]. Major
depressive disorder and anxiety disorder occur most frequently

Abbreviations: BBB, blood-brain barrier; BDNF, brain-derived neurotrophic
factor; CNS, central nervous system; CSF, cerebrospinal fluid; ELISA, enzyme-
linked immunosorbent assay; HADS, hospital anxiety and depression scale; HRP,
horseradish peroxidase; NGF, nerve growth factor; NT-3, neurotrophin-3; NT-4,
neurotrophin-4; THI, tinnitus handicap inventory; TMB, tetramethylbenzidine; BDI,
Beck Depression Inventory.

* Corresponding author at: Department of Otolaryngology, Hino Municipal
Hospital, 4-3-1 Tamadaira Hino-shi, Tokyo 191-0062, Japan. Tel.: +81 42 581 2677;
fax: +81 42 581 2923.

E-mail address: amifumi@bc5.so-net.ne.jp (F. Goto).

0304-3940/$ - see front matter © 2012 Elsevier Ireland Ltd. Al rights reserved.
doi:10.1016/j.neulet2012.01.001

in individuals with chronic disabling tinnitus, with a prevalence
of 60% or more [11,34]. Several studies have shown that tinnitus
severity and tinnitus-related distress are correlated with depres-
sion [32].

In general, subjective tinnitus has no physical signs, and there
are no objective clinical diagnostic tests to evaluate its severity.
Currently, only patient descriptions can serve as a basis for clinical
evaluation. It is therefore very important to develop objective tools
for evaluation of tinnitus. The tinnitus handicap inventory (THI) is a
very useful test to evaluate the handicap caused by tinnitus [21]. In
a consensus meeting (additional) use of the THI was recommended
for clinical studies in order to facilitate comparison of results from
different studies [17].

Brain-derived neurotrophic factor (BDNF) is a member of the
“neurotrophin” protein family of growth factors, which are related
to the prototypical “nerve growth factor” NGF [3]. Neurotrophic
factors are found in the brain and the periphery. BDNF acts on
certain neurons of the central nervous system (CNS) and periph-
eral nervous system, supporting the growth, differentiation, and
survival of neurons and synapses [3]. BDNF plays a central role in
synaptic plasticity and neurogenesis in general. It was reported that
brain BDNF levels correlate with serum BDNF concentrations [8];
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therefore, blood levels of BDNF may serve as an indirect measure
of brain BDNF levels. According to Lommatzsch et al. [19], changes
in plasma BDNF levels reflect BDNF concentration changes in the
brain. It wasrecently reported that increased plasma BDNF concen-
trations observed during physical exercise in humans were due to
the enhanced release of BDNF from the brain. These results indicate
that serum BDNF is a non-specific trait marker of depression [25},
whereas plasma BDNF is a state marker [&§].

Strong evidence suggests that serum BDNF levels are abnor-
mally low inpatients suffering from major depressive disorder{29}].
Inaddition, close relationships between BDNF gene expression lev-
elsand tinnitus havebeen reported [ 12,28,31]. Because tinnitus and
depression tend to coexist, we reasoned that plasma BDNF levels
may serve as tools for the evaluation of tinnitus.

BDNF levels may serve as markers for activity changes in
the auditory system. Increased expression of BDNF and gamma-
aminobutyricacid {GABA) in the inferior colliculus [24]as wellasa
reduction in local field potentials in the auditory cortex [30] were
reported to be associated with tinnitus. BDNF-induced changes
in glutamatergic signaling suggest that BDNF exerts modulatory
effects on spontaneous neurcnal firing rates in the auditory cortex
[13].

In the present study, we examined plasma levels of BEDNF
in patients with tinnitus and in healthy controls. We tested for
any correlations between plasma BDNF levels and clinical char-
acteristics, including tinnitus severity. The objective of the study
was to investigate the plasma levels of BDNF in patients with
tinnitus.

2. Materials and methods

To investigate whether alterations in neurotrophin levels can
be detected in subjects with tinnitus, we determined the periph-
eral levels (plasma) of BDNF in patients with tinnitus (N=43; 14
male and 29 female) and healthy controls (N=30; 15 male and
15 female). Our subjects included tinnitus patients without other
inner ear disorders like sudden deafness or otitis interna. We
carefully excluded subjects with tinnitus due to acute inner ear
disorder by asking patients about recent history of hearing deteri-
oration. The average age was 57.14+15.2 years (average +5SD) and
50.710.1 years, respectively. The severity of tinnitus was eval-
uated by the THI score. The proposed severity according to THI
score was as follows: no handicap (0-16), mild handicap (18-36),
moderate handicap (38-56), severe handicap (58-76) and catas-
trophic handicap {(78-100) [22]. Patients with THI scores of less
than 36 were classified as having mild tinnitus. Patients were clas-
sified as having severe tinnitus if the THI score was more than
38. Subjects were first-visit patients complaining of tinnitus at
the Hino Municipal hospital. None of the patients had psychiatric
disorders at the time of the first visit, and none reported taking
drugs for the treatment of psychiatric disorders, including antide-
pressants and anxiolytics. Conventional audiological evaluation
was conducted by pure tone audiometry. Severity of tinnitus was
evaluated by the THI score. Mood, including anxiety and depres-
sion, was evaluated using the hospital anxiety and depression
scale (HADS) [33]. We divided our subjects into 2 groups depend-
ing on the HADS score. In our previous study, we determined
that a total score of 15 or more is indicative of mood disorder
[10]. We classified patients with total scores of 14 or below as
HADS <14 and those with scores of 15 or above as HADS > 15. In
addition we collected data on hearing threshold, site of tinnitus
(left ear, right ear, bilateral, or intracranial), and duration of tinni-
tus from the initial onset. The hearing threshold was calailated as
the average of 4 consecutive frequencies of 500, 1000, 2000, and
4000 Hz.

2.1. Plasma BDNF measurements

Blood samples from all subjects were drawn between 0900
and 1000h. Approximately 4mL of blood was collected in a
vacuum tube with lithium heparin and immediately centrifuged
at 3800rpm for 10min. Plasma was stored at —70°C prior to
use. Human BDNF was detected by sandwich ELISA according
to the manufacturer’s instructions (CYT306; Millipore Co., Biller-
ica, MA, USA). All assays were performed in F-bottom 96-well
plates (Nunc, Wiesbaden, Germany). Tertiary antibodies were con-
jugatedto horseradish peroxidase (HRP). Color was developed with
tetramethylbenzidine (TMB) and measured at 450/570 nm. BDNF
content was quantified against a standard curve calibrated with
known amounts of BDNF. The detection limit was <4pg/mL. All
samples weretested twice, and mean values were calculated. Cross-
reactivity to related neurotrophins (NGF, NT-3, and NT-4) was less
than 3%. Intra-assay and inter-assay coefficients of variation were
3.7%and 8.5%, respectively. Concentration was expressed aspgfmL
The relationship between the THI score and plasma BDNF concen-
tration was investigated.

We tested for correlations between plasma BDNF levels, tinnitus
handicap, depression, and anxiety. All experiments were carried
out in accordance with the guidelines of the ethics committee of
the Hino Munidpal Hospital and the Declaration of Helsinki.

2.2, Statistical analysis

All data were analyzed using Microcal Origin R version 6.0
software (Microcal Software Inc., Northampton, MA, USA) and
Graphrad Prism software (GraphPad Software Inc, la jolia, CA,
USA). Statistical analyses were performed using t-tests, repeated
measures ANOVA, and chi-square tests. If the Pvalue was less than
0.05, the results were considered statistically significant.

3. Results

Thirteen patients reported tinnitus in the right ear and 12,
in the left ear. Eleven patients reported bilateral tinnitus, and 7
reported intracranial tinnitus. The average hearing threshold was
22.9+20.3dB for the right ear and 20.9+14.8 dR for the left. THI
ranged from 2 to 90 (average: 382 23 .4). The duration of tinnitus
ranged from 2 days to 312 months (average duration: 25.5 +-59.6
months). Initially, patients with tinnitus were divided into 2 groups
depending on the duration oftinnitus. Tinnitus with duration ofless
than 2 months was defined as acute tinnitus. Tinnitus with dura-
tion of more than 3 months was defined as chronic tinnitus [20].
Twenty patients had acute tinnitus, and 22 patients had chronic
tinnitus. When we compared BDNF levels, HADS scores, and THI
scores betweenthese groups, there were no significant differences.
Therefore, we combined these 2 groups and treated them as 1
group for comparison purposes. The total HADS scores of tinnitus
patients (14.5 £ 7.5) were significantly higher than those of con-
trols (7.8 £ 5.4; P<0.0001). Plasma BDNF levels ranged from 48.6
to 40454 pg/mL (average, 768.7 :961.4pg/mL) in tinnitus patients
and from 44.8 to 1289.9pg/mL (average, 338.5+287.7 pg/mL) in
the controls(Table 1and Fig. 1). The site oftinnitus, hearing thresh-
old, and the duration of tinnitus did not correlate with the THI
scores, HADS scores, or BDNF levels.

There were 25 patients with mild tinnitus and 18 with severe
tinnitus. Fig. 1 shows that mild tinnitus patients showed signifi-
cantly higher plasma levels of BDNF than severe tinnitus patients
(1.321.9£1266.1 vs. 385.1 £524.9pg/mL; P<0.01) and controls
(P<0.01; Fig. 1). Plasma BDNF levels were negatively correlated
with HADS scores (R=-0.35, P<0.05), while THI and HADS scores
were positively correlated (R = 0.55 P<0.0001). After adjusting for
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THIscores and plasma BDNF levels in patients with different mood statuses.

75

THI scores and plasma BDNF levels in patients with different mood statuses.

Patients with tinnitus

L controls
HADSL14 HADS215
THI N.A. 25.9 16.3 49.5+23.5
L1
*%
BDNF 338.5+ 287.7 1092.1 £ 1157.6 474.6 £+ 634 .1
| I
*
HADS 78:54 14575
i ]
*kk

*P<0.05, **P<0.01, **P<0.001

“P<0.05, **P<0.01, ***P<0.001.

possible effects of HADS scores, partial correlation coefficients for
BDNF levels and THI scores indicated that there was no relation-
ship between BDNF levels and THI scores. As shown in Table 1,
patients with HADS scores of <14 had significantly lower THI scores
(P<0.05) and higher BDNF values (P<0.01) than patients with
HADS scores of »15.

4. Discussion

Tinnitus is a phantom auditory perception that is associated
with hearing loss and altered neuronal excitability in peripheral
and central auditory neurons [24)]. BDNF is affected by changes in
excitability and plasticity and is invalved in neuronal survival and
differentiation. BDNF is a key player in the mechanism of onset
and persistence of salicylate-induced tinnitus. Increased BDNF

- 5000 o "
E . ' .
S, 4000+
Z 4 .
L 3000+ “pn -
A -
Q A B
fo1] A A e
g 2000+ .
.
w o A .
£ 1000 ° R .
= 008 Y reilese
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control mid finnltus  severe tinnitus all tinnitus
N=30 N=25 N=18 N=43

Fig. 1. Plasma BDNF levels in controls, patients with mild tinnitus, and patients
with severe tinnitus. Plasma BDNF levels are significantly higher in patients with
mild tinnitus. Both normal controls and patients with severe tinnitus showed low
plasma BDNF levels. **P<0.01.

expression in spiral ganglion neurons and increased spontaneous
activity in the cochlear nerve and dorsal cochlear nucleus have
been reported in asalicylate-induced tinnitus model [5]. Salicylate-
induced upregulation of BDNF in the spiral ganglion neurons may
result in an imbalance of central auditory neuronal activity, which
is associated with tinnitus.

To verify whether BDNF-related mechanisms are involved in
tinnitus, we investigated whether peripheral circulating BDNF lev-
els differ between patients with tinnitus and healthy patients.
THI was developed to quantify the symptoms of tinnitus [21], so
THI scores were used to evaluate tinnitus. Our results indicate
that both normal controls and severely affected tinnitus patients
had low plasma BDNF levels (Fig. 1). Interestingly, about 50% of
the patients had low plasma BDNF levels, even mildly distressed
patients (Fig. 1). Whether plasma BDNF levels are sensitive enough
to serve as clinical biomarkers in tinnitus patients remains to be
investigated. Future research will therefore focus on conditions
that may affect BDNF levels. Since hearing levels were not corre-
lated with the plasma BDNF levels in this study, elevated BDNF
levels are unlikely to be linked to cochlear function. Tinnitus is
likely associated with many parts of the central nervous system, in
contrast to hearing function, which is associated with discrete CNS
components.

BDNF is found in both serum and plasma in humans [9).
Human platelets contain a large amount of BDNF [9]. As a con-
sequence, serum levels of BDNF are about 200-fold higher than
plasma levels [27]. Since BDNF crosses the blood-brain bar-
rier (BBB) in both directions, circulating BDNF might originate
from neurons and glial cells in the brain [23]. Therefore, plasma
BDNF may reflect circulating levels rather than BDNF stored in
platelets.

Meta-analyses showed a reduction in both serum and plasma
BDNF levels in major depression [4,6,29]. Previous studies have
reported thatserum BDNF levels are significantly lowerin drug-free
patients with major depression [14]. Karege et al. reported that both
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serum and plasma BDNF levels were significantly lower in patients
with major depression than in normal controls [14]. In addition,
previous studies found lower serum BDNF levels in patients with
higher Beck Depression Inventory (BDI) [1] sum scores[7].

It is unclear whether altered plasma BDNF levels are primary
or secondary signs in patients with mild tinnitus. Changes in
BDNF expression subsequent to the onset of tinnitus have been
reported. BDNF is affected by changes in excitability, and plastic-
ity and is one of the key players in the onset and persistence of
salicylate-induced tinnitus [24]. Therefore, increased plasma BDNF
levels in mild tinpitus patients may reflect increased EDNF lev-
els in the central auditory system. In severe tinnitus patients, the
relative reduction in plasma BDNF can be explained by stress-
induced reduction of BDNF in the central nervous system. There
was no correlation between THI scores and plasma BDNF levels
after adjustment for HADS scores. BDNF levels may be more likely
to be related to HADS scores than to THI scores, although our data
cannot prove this. The fact that elevated BDNF levels occur only
in patients with mild tinnitus is interesting. The limitation of the
present study is that we evaluated tinnitus on the basis of THI
scores alone. We did not measure tinnitus loudness in patients.
If we had measured tinnitus loudness and tested for a correlation
between tinnitus loudness and BDNF, we may have determined
whether the plasma BDNF levels reflect auditory function. THI
scores alone do not provide sufficient information to adequately
determine the relationship between tinnitus and plasma BDNF lev-
els. Psychiatric comorbidities, especially depression and anxiety
disorders, are common phenomena in tinnitus patients. Our sub-
jects did not have psychiatric diagnoses at the time of evaluation.
However, the HADS scores indicated that the mood status in our
patients differed from that of healthy subjects. Patients with HADS
scores of =15 had lower plasma BDNF levels than those with HADS
scores of <14 (Table 1). This result can be exphined by the effect
of mood of the patients. There is no simple explanation for the
observed changes in plasma BDNF; however, these changes can be
partly attributed to the effect of mood, including depression and
anxiety.

It is unlikely that tinnitus and depression coexist by chance.
Instead, these conditions represent a complex interplay between
tinnitus and depression [18]. Whether altered BDNF levels are a
result of depression caused by tinnitus or are due to the tinnitus
alone is still not known.

We should therefore carefully consider the implications of the
changes in BDNF levels in patients with mild tinnitus.

From a clinical point of view, it is important to note that in tin-
nitus patients, their suffering is frequently linked to concomitant
depressive symptoms. Improvement of depression is paralleled by
improvements in functional ability [16]. It is therefore important
that clinicians who treat tinnitus patients ate observant of comor-
bid psychiatric symptoms, especially depression and anxiety. It is
especially important that these dinicians consider affective symp-
toms when providing treatment for tinnitus.

Whether plasma BDNF levels reflect dynamic changes in BDNF
levels in the CNS is debatable. Intact BDNF in the peripheral cir-
culation crosses the BBB using a high-capacity, saturable transport
system [23]. Brainand serum BDNF levels undergo similar changes
during maturation and aging processes in rats [15]. In addition,
there isa significant positive correlation between plasmaand cere-
brospinal fluid (CSF) BDNF levels in psychiatric patients [ 26]. These
results indicate that plasma BDNF concentrations reflect dynamic
changes in the brain. Plasma BDNF levels may be used to objec-
tively evaluate tinnitus severity and may assist in the identification
of comorbid psychiatric disorders, including depression. Treatment
of comorbid psychiatric disorders can substantially reduce the bur-
den ofthe disease and improve the quality of life of individuals with
tinnitus.

5. Conclusion

The results of our study suggest that plasma BDNF levels are
higher in patients with mild tinnitus than in healthy controls. Qur
findings show for the first time that changes in peripheral levels of
BDNF occur in patients suffering from different levels of tinnitus,
suggesting a potential involvement of BDNF in the severity oftinni-
tus. These results suggest that differences in peripheral BDNF levels
may help distinguish patients with mild tinnitus from healthy sub-
jects. Further study is required to identify the possible physiological
mechanisms responsible for altered BDNF levels in patients with
tinnitus.
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Objective: Vestibular rehabilitation strategies mostly require a
long-lasting training in stance conditions, which is finally not
always successful The individualized training in everyday-
life conditions with an intuitive tactile newofeedback stimulus
seems to be a more promising approach. Hence, the present
study was aimed at investigating the efficacy of a new vibro-
tactile neurofeedback system for vestibular rehabilitation.
Study Design: Double-blinded trial

Patients: One hundred five patients who experience one of
the following balance disorders for more than 12 months were
included in the study: canal paresis, ctolith disorder, removal
of an acoustic neuroma, microvascular compression syndrome,
Parkinson’s disease, and presbyvertigo.

Interventions: Vibrotactile newrofeedback training was per-
formed daily (15 min} over 2 weeks with the Vertiguard system
in those 6 tasks of the Standard Balance Deficit Test with the
most prominent deviations from the nomative values.

Main Outcome Measures: Trunk and ankle sway, dizziness
handicap inventory, and vestibular symptom score were mea-
sured in the verum and placebo group before the training, on
the last training day and 3 months later.

Results: A significant reduction in trunk and ankle sway as well
as m the subjective symptom scores were observed m the verum
group. Such an effect could not be found in any of the outcome
parameters of the placebo group.

Conclusion: The vibrotactile neurofeedback training applied in
the present study is a highly efficient method for the reduction
of body sway in different balance disorders. Because the reha-
bilitation program is easy to perform, not exhausting, and time
saving, elderly patients and those with serious, long-lasting bal-
ance problems also can participate successfully. Key Words:
Neurofeedback—Postural control—Vestibular rehabilitation—
Vibrotactile.

Otol Neurotol 32:1492-1499, 2011.

Numerous diseases are accompanied by balance defi-
cits, which are frequently characterized by an increase in
body sway and a higher risk to fall. Different strategies
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in the conservative management of those balance defi-
cits have been applied successfully over the last few
decades to improve central compensation of the tonus
imbalance within the vestibular system and to facilitate
substitution (1) in different types of peripheral or cen-
tral vestibular disorders (2,3). Various exercise programs
(home or supervised) have been described, inchiding
physical training (4), Cawthome-Cooksey interventions
(5), and altemative strategies—such as Tai Chi (6).

Copyrighi @ 2011 Otology & Neurolology, Inc. Unautharized reproduction of this article is prohibited.
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EFFICACY OF VIBROTACTILE NEUROFEEDBACK TRAINING

However, these vestibular rehabilitation strategies mostly
require a long-lasting, intensive training approach (ie.,
over several weeks or even months) which is finally not
always successful. Curent studies have shown that re-
habilitation strategies including a sensory feedback signal
could be much more effective. The first feedback appli-
cations consisted of stance tasks with visual feedback
(3,7.8), galvanic feedback (9,10), or vibrotactile feed-
back (11,12). Because patients tend to fall mostly in
dynamic (i.c., movement) conditions, those stance tasks
in balance rehabilitation should be accompanied by gait
{or dynamic) tasks including daily-life situations. Earlier
studies showed a high effectiveness of a free-field audi-
tory newofeedback training to reduce the body sway in
patients with different peripheral vestibular disorders
(13-15). This auditory neurofeedback application, how-
ever, is limited to the laboratory sitnation and those pa-
tients with good hearing (which is frequently not the case
in the elderly or patients with a vestibular disorder).
Therefore, an intuitive tactile nenrofeedback stimulus could
be superior for encoding of the individual sway information
during the training of everyday-life conditions.

Henge, the present study was aimed at investigating
the efficacy of a newly developed method for vestibular
rehabilitation with a vibrotactile neurofeedback system.

MATERIALS AND METHODS

Patients’ Characteristics

Patients which chronically experienced dizziness (longer than
12 mo) were recruited within 17 months from neuro-otologic
or neurologic clinics.

The inclusion criteria to participate in the neurofeedback
training program was a pathologic body sway (measured at the
hip in pitch and roll direction} compared with nomal age- and
sex-related controls as recorded by the diagnostic, mobile pos-
turography device Vertiguard-D (Vesticure GmbH, Germany).
The pathologic sway should be found in at least one of the test
conditions of the Standard Balance Deficit Test (SBDT) (15) or
the Geriatric Standard Balance Deficit Test (gSBDT) (manual
Vertiguard, Vesticure GmbH).

The SBDT contained the following 14 tasks: standing on
2 legs with eyes open/closed, standing on 1 leg with eyes open/
closed, 8 tandem steps (1 foot in front of the other) with eyes
open, standing with 2 legs on a foam support surface (height,
10 cm; density, 25 kg/m®) with eyes open/closed, standing on 1
leg on a foam support surface, 8 tandem steps on a foam support
surface, walking 3 m while rotating the head, walking 3 m while
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vertically pitching the head in rhythm, walking 3 m forward
with eyes open/closed, and walking over 4 barriers (height of
26 cm with an interbarrier distance of 1 m).

The following tasks were skipped in the gSBDT (for patients
older than 59 yr): standing on 1 leg with eyes closed and standing
on 1 leg on a foam support surface.

The tasks “‘stand up’* and ‘‘sit down’' were added as last
conditions to the gSBDT.

The recording time was 20 seconds for all stance tasks and
as long as required for gait tasks (mostly <20 s).

Exclusion criteria for the study were as follows: the use
of drugs, which actively influence the vestibular system (e.g.,
cinnarizine, dimenhydrinate, betahistidine); sensory deficits ex-
ceeding age-related values (e.g, auditory symptoms, blurred
vision, anosmia); a combination of different types of vestibular
disorders in 1 patient (e.g., canal paresis and otolith discrder)
because 1 important aim of the present study was to investigate
a possible comelation between the efficacy of the training and a
specific vestibular disorder; an acute vestibular diserder (due to
Woarld Health Organization definition); and all included patients
received no other treatment (whether medical, surgical, or reha-
bilitative) for their balance disorder during the study period,

Of the 132 patients who experienced dizziness or instability,
27 were excluded from the study. Seven of them showed a
combination of different types of vestibular disorders; 4 had
sensory deficits, which exceeded the normal age-related values
(auditory symptoms); and 16 patients showed no pathologic
body sway within the SBDT. In total, 105 patients were inclu-
ded in this study. The sample contained patients with 6 different
peripheral or central balance disorders, including the following
(for details, sce Table 1): unilateral canal paresis (semicircular
canal paresis [SCC]); otolith disorder (Q), that is, unilateral or
bilateral loss of sacculo-utricular function; patients after re-
moval of an acoustic neuwroma (AN) with resection of the ves-
tibular nerve; micre(neuro) vascular compression syndrome
(MVCS) of the VIITth cranial nerve; Parkinson's disease (PD);
and presbyvertigo (F), that is, patients older than 59 years with
no specific vestibular deficit but an increase in body sway as
result of this complex disorder.

Patients with an otolith disorder showed a combined sacculo-
utricular dysfunction. All the vestibular tests were applied to all
patients to exclude an overlapping of group-specific pathologies.
Fathologic findings in the vestibular testing of the same side as
affected by an AN or a micro{newrc) vascular compression were
related to the disorder of the VIIIth nerve function. The vestibu-
lar test battery contained the following procedures: caloric test-
ing (pathologic results: side differences of more than 15% [slow
phase velocity]); cervical vestibular evoked myogenic poten-
tials (pathologic results: absence of N1/P1 even if the required
tonic muscle activity was achieved), and subjective haptic verti-
cal (pathologic results: side asymmetry or difference to the verti-
cal of more than 10 degrees).

TABLE 1. Characterization of treatment subgroups and classification criteria

Subgroup Age n Female Male Classification criteria
Semicircular canal fanction loss 60.2 +13.6 25 10 15 Pathologic results during caloric imigation
Otolith disorder 54.6 +13.8 21 10 11 Pathologic vestibular evoked myogenic potentials
or subjective haptic vertical
Acoustic neuroma removal 60.2 +10.1 10 4 6 Surgical removal of an acoustic neuroma
Microvascular compression syndrome 52.0+10.8 12 6 6 Radiographic defined 8. Nerve-anterior inferior
cebellar artery contact
Parkinson’s disease 63.1+9.1 10 2 8 Idiopathic type
Presbyvertigo 73.4 + 6.0 13 6 7 Dizzy elderly patients (>59 yr) without a vestibular disease

Otology & Newrotology, Yol 32, No. 9, 2011
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After calculating the minimal sample size for the control
(placebo) group by using the software G*Power 3.1.2 (Uni-
versity Kiel, Germany) (16) with an effect size 0f 0.9, p = 0.05,
and a statistical power of 0.8, 14 patients were randomly
selected from the initial study sample of 105 patients under
consideration of the initial distribution of balance disorders and
sex. Six female subjects (64.0 £ 9.6 yr) and 8 male subjects
(58.8 + 8.5 yr) were included in the control group with the
following distribution of balance disorders: SCC, 28.6%; O,
21.4%; AN, 14.3%; MVCS, 14.3%; PD, 7.1%; and P, 14.3%.

All other patients were included in the treatment group.
This group contained 91 patients (39 female subjects—59.1 =
14.1 yr; 52 male subjects—61.7 £ 12.7 yr). The distribution
of balance disorders and sex was similar to that of the control
group. Table 1 shows the details of the treatment subgroups and
the classification criteria.

Vestibular Rehabilitation Training

The training was performed using the Vertiguard training de-
vice (Vesticure GmbH). It contains a battery-driven main unit
(120 x 76 x 32 mm, 190 g) which is fixed on a belt at the center
of body mass (hip) and 1 vibration stimulator on the front, back,
left, and right side, respectively (Fig. 1). The vibration stimula-
tors are mounted on the same belt as the main unit. They are
adjustable by sliding them over the belt into the correct position
of the individual patient. The main unit continuously records
the Coriolis force during body movements in pitch and roll by
inbuilt gyroscopes and compares those values with individually
preset thresholds for the stimulator activation in the specific
direction. Preset thresholds were task specific. They were deter-
mined for the individual patient based on the maximum age-
and sex-related normative sway in the specific SBDT condition
and sway direction. The thresholds were stored for each training
task in the main unit. Training tasks were selected automatically

FIG. 1. Application of the vibrotactile neurofeedback system
Vertiguard for the treatment of balance disorders. The system with
the main unit (1) and the vibration stimulators (2) is fixed on a
belt at the center of body mass. Only 2 of the 4 vibration stimu-
lators are visible in the picture.

Otology & Neurotology, Vol. 32, No. 9, 2011

by analyzing the results of the SBDT or gSBDT. Only those
6 tasks with the most prominent deviations from the normative
values were included in the training program. The number of
training tasks was limited by the device capacity. This is re-
lated to the assumption that almost all patients show a patho-
logic sway in not more than 6 conditions of the SBDT. The
patient was able to switch between the tasks by pressing a button
on the main unit. To prevent the selection of wrong thresholds
for the performed task, the chosen task was shown together with
the patient’s name in the display of the main unit, No vibrotac-
tile feedback stimulus was delivered via the stimulators if the
patients’ sway were below the preset thresholds. In contrast to
this, if the body sway exceeded the thresholds, the perceived
vibration was increased with the amplitude of body sway. The
patients were instructed daily by a nurse to adjust the vibratory
stimulation step by step (within a scale of 10 steps) at the begin-
ning of each selected training task by pressing the sensitivity
buttons (up/down) on the main unit. During this procedure, the
individual preset thresholds were similarly decreased for all sway
directions of the specific training condition until the patient per-
ceived a vibration during performing the training task.

Vestibular rehabilitation exercises were performed daily
over a 2-week period with 10 days of exercising (weekends
excluded). Each session contained 5 repetitions of the selected
tasks. The time limit for 1 repetition was 20 seconds for all
stance tasks and as long as needed for gait tasks (similar to the
recording time of the SBDT/gSBDT). The total daily training
time was approxXimately 15 to 20 minutes.

Patients of the control group performed the similar protocol
with a sham device (emitting randomly assigned signals to the
vibrators). The patients as well as the supervisor did not know
the group classification (double-blinded study design).

Evaluation of the Effects of the
Vestibular Rehabilitation

Trunk sway of the patients was measured in pitch and roll
for each exercise task (without feedback) before and after
the training by means of the Vertiguard D system (Vesticure
GmbH). The results were averaged across all tasks.

The composite score of the sensory organization test (SOT)
of the BalanceMaster (Nicolet Biomedical, Clackamas, OR,
USA) ankle-sway referenced system (platform), the dizziness
handicap inventory (DHI) (17), and the vestibular symptom
score (VSS) (18) were obtained before the training, on the last
training day, and 3 months later.

Objective measures of trunk sway (pitch and roll) and ankle
sway (SOT composite score) were used as primary end points.
The SOT composite score is scored between zero (fall) and 100
(maximum stability). The results of questionnaires (DHI and
VSS) were classified as secondary end points. Lowering of DHI
or VS8 scores indicate a decline of handicaps or symptoms.
Primary and secondary end points were statistically compared
in the treatment group (also for all subgroups) and placebo
group before and after the rehabilitation period by the ¢ test for
dependent samples or the Wilcoxon’s test (depending on data
distribution). The similar tests were used for the comparison
between the results of all investigated parameters before the
training and after the follow-up (SPSS 11.0). A Bonfetroni
alpha correction was applied for multiple comparisons. In the
case of missing values, the patient was excluded from the ana-
lysis of the related parameters. Data were tested for a normal
distribution by the Kolmogoroff-Smirnoff test.

The statistical power and effect size was determined by post
hoc calculations for each comparison with the software G*Power
3.1.2 (University Kiel, Germany) (16). Statistical power estimates
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FIG. 2. Mean values (+ standard error of the mean [SEM]) and
percentage changes of the SOT (BalanceMaster/Neurocom), the
DHI, the VSS, and the body sway (pitch/foll) before and after a
vibrotactile neurcfesdback training in the treatment group. Num-
bers given below represent the number of patients included in
the measurement. Asterisks indicate significant differences.

the probability of detecting a change, given that a change has
occurred and effect size emphasizes the size of the change rather
than confounding this with sample size. Both are very useful for
the practical evaluation of the p value. The highest (best) value
for the statistical power is 1. A sufficient effect size is higher than
0.5. The level of significance in all tests applied was p < 0.05.

A review board approved the study protocol The patients
gave their written, informed consent to participate in the study.

This study was camried out in accordance with the require-
ments of DIN EN ISO 14155-1/2,

RESULTS

Total Treatment and Placebo Group

The study was conducted from Angust 2009 wntil
December 2010. No statistically significant differences
could be determined with respect to age and sex between
the treatment and placebo group (treatment/placebo: sex
42.8%/42.9% female, 57.2%/57.1% male; age 60.6 +
13.3/61.3 + 9.2).

The results of the primary end points before and im-
mediately after the training were statistically significantly
different in the treatment group (Fig. 2). The trunk sway
decreased in the pitch direction by 30% (power, 1.00;
effect size, 0.81) and 31% in roll direction (power, 0.99;
effect size, 0.65).

The composite score of the SOT increased signifi-
cantly (increase of stability) by 10.6% on average (power,
0.99; effect size, 0.64). This increase was mainly related
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FIG. 3. Mean values (+SEM) and percentage changes of the
SOT (BalanceMasterNeurocom), the DHI, the VSS, and the body
sway (pitch/roll) before a vibrotactile neurofesdback training and
3 months after the training in the treatment group. Numbers given
below represent the number of patients included in the measure-
ment. Asterisks indicate significant differences.

to an improved performance in Tasks 5 and 6 of the SOT
{Table 2).

The data of the secondary end points, the scores of
the questionnaires DHI and VSS, were significantly re-
duced (reduced symptoms) after the training {power,
0.99; effect size, 0.48; and power, 0.99; effect size, 0.63,
respectively). Significant differences also were found for
all investigated parameters at the follow-up over time
(Fig. 3), although only 60% of the initial patients attended
the follow-up measures.

No statistically significant differences could be ob-
served for tnnk sway measures or in the SOT immedi-
ately after the training of the placebo group (Fig. 4) even
if'the SOT tasks were separately analyzed (Table 2). The
same holds true for the secondary end points, the IDHI,
and the VS8 (Fig. 4).

Treatment Subgroups

Analysis of Pathologic Conditions

The percentage of patients with a pathologic sway is
shown for each condition of the SBDT in Figure 5. In
all subgroups, the most frequent training tasks were on
a foam support surface. There seems to be a trend for a
lower ocemrence of pathologic sway in walking condi-
tions for patients with otolith disorders. Patients of the
PD, MVCS, and P subgroup showed a pathologic sway
also frequently in walking tasks.

TABLE 2. Results of the Sensory Organization Test on the BalanceMaster Neurocom) for tasks 1 to 4 and 5 to 6

Treatment group Placebo group
Task Before training After training p value Before training After training b value
SOT 1 4 809 +1.6 825+ 1.5 74.5+7.0 787+ 54 0.103
SOTS 6 40.9 +3.2 540+3.1 0.001% 472 +11.4 54.0 + 8.4 0.475

Data shown are for the treatment and placebo groups. Asterisks indicate significant differences between values before and after the training,

Otology & Neurotology, Vol. 32, No. 9, 2011

Copyright ® 2011 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.

135



1496 D. BASTA ET AL.

80 . 45
Lab @ belore training
70 10% Dafter training + 4
i 73%
35
60 -
@
3
50 £
@ 2573
S 40 | =
B | 2 %_
30 ! b
15 §
H

SOT DHI vss pitch voll
3t =10 =10 nste et

FIG. 4. Mean values (+SEM) and percentage changes of the
SOT (BalanceMaster/Neurocom), the DHI, the VSS, and the body
sway (pitch/roll) before and after a vibrotactile neurofeedback
training in the placebo group. Numbers given below represent the
number of patients included in the measurement. Asterisks indi-
cate significant differences.

Effect of Training on Trunk Sway

The trunk sway in pitch direction was decreased sig-
nificantly (Fig. 6) in all subgroups (SCC: power, 0.98;
effect size, 0.77; O: power, 0.83; effect size, 0.59; AN:
power, 0.76; effect size, 0.81; MVCS: power, 0.58; ef-
fect size, 0.63; P: power, 0.98; effect size, 1.13; PD:
power, 0.98; effect size, 1.28). Figure 7 shows the mean
group values of the trunk sway in roll direction before
and after the training. The trunk sway in roll direction
was significantly decreased after the training in all sub-
groups with the exception of the MVCS patients (SCC:
power, 0.91; effect size, 0.61; O: power, 0.63; cffect size,
0.45; AN: power, 0.81; effect size, 0.86; P: power, 0.75;
effect size, 0.68; and PD: power, 0.99; effect size, 1.38).

Effect of Training on SOT Composite Score

A significant increase of the SOT composite score
(Conditions 1-6) could be observed in the SCC (power,
0.95; effect size, 0.73), O (power, 0.7; cffect size, 0.55),
P (power, 0.84; effect size, 0.77), and PD (power, 0.84;
effect size, 0.91) subgroups (Fig. 8). Patients of the AN
and MVCS subgroups increased their stability on the plat-
form not statistically significantly on average (Fig. 8).

Effect of Training on DHI Score
The DHI score, as one of the secondary end points,
showed significant differences only in the SCC and PD
groups (Fig. 9) with a statistical power of 0.7 (effect size,
0.55) and 0.95 (effect size, 1.15), respectively.
Only a trend for a reduced DHI score was visible for
the AN, MVCS, and P group.

Effect of Training on VSS Score
The other secondary end point, the VSS scores, was
significantly reduced in the SCC and O groups (Fig. 10).
The statistical power was 0.94 (effect size, 0.9) for the
SCC and 0.93 (effect size, 0.84) for the O group. A trend
for a reduction of the mean VSS score was observed for

Otology & Newrotology, Vol 32, No. 9, 2011

all other investigated subgroups. Patients of the PD group
were not asked to fill in the VSS questionnaire.

DISCUSSION

The present results indicate that a specific vibrotactile
neurofeedback rehabilitation program, which is “tailored”
to meet the needs of the individual balance deficit, can

. significantly improve the postural control in stance and gait

situations. This could be demonstrated by the significant
reduction of body sway in pitch and roll directions during
everyday-life test conditions and the significant increase
of stability (SOT composite score) in different sensori-
motor stance conditions (force plate measurements). The
performance on the SOT improved especially in the more
vestibular related Tasks 5 and 6. This finding indicates the
specific effect of the training on vestibular rehabilitation.

g

% of Patients % of Palients % of Patients % of Patients

% of Patients

% of Patients

FIG. 5. Percentage of patients with a pathologic body sway
during the conditions of the Standard Balance Deficit Test.
Patients were analyzed within the following subgroups: P, pres-
byvertigo; PD, Parkinson’s disease; SCC, semicircular canal
paresis; O, otolith disorder; AN, removal of an acoustic neuroma;
MVCS, micro{neuro) vascular compression syndrome. P and PD
patients performed the geriatric Standard Balance Deficit Test
where the “standing on 1 leg EC” and the “standing on 1 leg EO
on foam” tasks were replaced by “sit down” and “stand up.” All
other subgroups performed the Standard Balance Deficit Test,
which not includes the “sit down” and “stand up” tasks.
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FIG. 8. Mean values (+SEM) of the body sway in pitch cirection
before and after a vibrolactile neurofeedback training in treatment
subgroups. Asterisks indicate significant differences. ES indicates
effect size.

The reliability and clinical relevance of the results could
be proven by a power value of approximately 1 and an
effect size of more than 0.6. Moreover, the improvement
was present only in patients of the feedback-training
group compared with the controls. The finding that train-
ing with a sham device had no influence on body sway
Is in confrast to earlier studies, which investigated the
effect of physical exercises in healthy subjects (19). It conld
be possible that the training sessions of the present study
were too short to induce such learning effects by repeti-
tion. Each of the exercise was repeated only 5 times for
20 seconds in the daily sessions. This is in line with pre-
vious studies of short training sessions in everyday-life
conditions, which bad no significant effect on the pos-
tural stability without applying an additional feedback
signal during the training (15).

The underlying neural mechanisms for the training
effect might involve operant leaming (20) and the mul-
tisensory convergence of enhanced processing of differ-
ent sensory modalities (21). When the patients’ reactions
to the vibrotactile feedback signal result in a reduction
of tunk sway, they have to memorize the activation
template of the proprioceptive system for this situation.
Without vibrotactile feedback, the activation template
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FIG. 7. Mean values (+SEM) of the body sway in roll direction
before and after a vibrotactile neurofeedback training in treatrment
subgroups. Asterisks indicate significant differences.
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FIG. 8. Mean values (+SEM) of the SOT (BalanceMaster/
Neurocom) before and after a vibrotactile neurofeedback training
in treatment subgroups. Asterisks indicate significant differences.

of the proprioceptive system has to be maintained at
the same level to ensure postural control. Those neural
structures encoding more than one sensory modality are
best suited for spatial information processing (22). In
primates, the parietal cortex seems to play a key role in
this procedure (23).

However, each learning process should be followed
by unlearning. The improvements induced by the vibro-
tactile training in the present study also were observed
after a 3-months” follow-up. Although, all patients were
mvited to the follow-up measures, only 60% attended.
One reason or implication is that 40% of the patients
had no fiwther interest in the study because his/her ves-
tibular problems disappeared after the training. It is a very
frequent effect in clinical practice. If this holds true, only
patients with consisting vestibular problems were in-
cluded in the follow-up measures. The effect of the train-
ing is possibly much higher than reported after 3 months.

The observed long-term effect is in line with earlier
studies in chronic unilateral vestibular hypofunction or
in PD where only a small number of supervised sessions
were sufficiently enough to obtain a long-lasting im-
provement of postural stability (3,6).

The vibrotactile neurofeedback signal seems to be

a very effective stimulus for vestibular rehabilitation
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FIG. 8. Mean values (+SEM) of the DHI before and after a vibro-

tactile neurofeedback training in treatment subgroups. Asterisks

indicate significant differences.
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FIG. 10. Mean values (+SEM) of the VSS before and after a
vibrotactile neurofeedback training in treatment subgroups.
Asterisks indicate significant differences.

because its perception by the patients during the train-
ing is very intuitive. Furthermore, no important, other
sensory input channels (e.g., anditory, visual) are im-
paired by the vibrotactile signal so that no sensory con-
flict ocenr, and the signal processing is not influenced by
simultaneous vestibular stimulation (as known for audi-
tory signals [24]). However, a vibration-induced illusion
of movement was described in previous studies (25),
but the strength and duration of vibration, which is
necessary to induce such effects, cannot be provided by the
vibrotactile feedback system used in the present study
(Vertignard). The vibrotactile stimulation applied with the
Vertiguard was very short (approximately 1 s) and only
slightly above the perception threshold. If there is never-
theless an influence of the vibration itself on some trunk
muscle reflexes, these reflexes would act in the same
direction as intended by the training (move to the oppo-
site site) and would therefore support the intended
application of the device.

The subjective parameters—such as DHI and V88
scores—were significantly reduced with a high sta-
tistical power and effect size in the treatment group
only. The controls showed a small, but not significant,
reduction of these symptom-related scores. This is some-
what swprising because the dissociation between self-
perception and actual vestibular handicap was reported
previously (26,27).

Treatment Subgroups

The broad distribution of training tasks within each
subgroup indicates the need of an individualized training
program, which is based on a standardized body sway
analysis. This holds true even if some tasks were more
frequent pathologic in 1 subgroup than in another sub-
group. The most frequent pathologic tasks were quite
similar in all subgroups. Therefore, it seems not to be
possible to develop a specific training procedure for spe-
cific pathologies with this method.

The analysis of disease-related subgroups within the
total treatment sample showed different training effects
in some of the investigated parameters. Even if body
sway during everyday life conditions could be signifi-

Otology & Newrotology, Vol. 32, No. 9, 2011

cantly reduced in all subgroups, patients with PD or pre-
sbyvertigo showed the highest absolute reduction. The
high efficacy of the neurofeedback training in these sub-
groups is possibly related to the fact that central com-
pensation could occur without pathologic mputs of the
peripheral vestibular organs. This hypothesis is supported
by the present results of the SOT on the BalanceMaster
{stance conditions). Patients with an irregular input of per-
ipheral vestibular afferents (e.g., MVCS subgroup) showed
a nonsignificant improvement. In these patients, the per-
ipheral vestibular afferents depend largely on varable
parameters such as blood pressure and pulse rate, which
in turn trigger the finctional status of the corresponding
artery—that is, the anterior inferior cerebellar artery.

The results of the investigated subjective parameters
differed between the subgroups. Only patients of the 3CC
group showed a significantly decreased DHI and V8§
score after the training. The VS8 scores, but not the DHI
scores, were decreased in patients with an otolith disor-
der. This is in accordance with previous results of aundi-
tory neurofeedback training in those patients (15).

The highest reduction of symptom scores, combined
with the largest statistical power and effect size, was ob-
served in the PD group. However, the mean values of
these patients before and after the training was the highest
of all investigated subgroups. The subjective parameters
(VSS/DHI) of the P group were not significantly reduced
even if the objective decrease of body sway was statisti-
cally significant. On the one hand, this could rely on a
correlation between the absolute changes of the scores
and the low pretraining values. The overall extent of re-
ductions in DHI scores was, for example, 11.9% for the
SCC group (statistically significant) and 14.8% for the P
group (not statistically significant). On the other hand, the
dissociation between self-perception and postiural handi-
cap holds possibly particularly true for the elderly (26,27).

In essence, the vibrotactile neurofeedback training ap-
plied in the present study is a highly efficient method for
the reduction of body sway in different balance disorders.
Because the rehabilitation program is easy to perform, not
exhausting and time saving, elderly patients and those
with serious, long-lasting balance problems also can par-
ticipate successtinlly.
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Abstract

Objectives: Intratympanic injection (ITI) of drugs into the inner ear is an attractive way to deliver therapy. However, if the round window
membrane (RWM) cannot be visualized, adhesions need to be removed first before ITI can be performed. We developed and tested a novel
otoendoscopy device that allows visualization of the RWM for the purpose of ITL

Methods: Our otoendoscope consists of a catheter channel for delivering drugs and a suction channel.

Results: The novel otoendoscope for inner ear drug delivery has a fine needle with catheter, which can be used to remove or perforate round
window niche (RWN) mucosal adhesions. The elliptical shape of the otoendoscope effectively captures the field in the light-guided area,

resulting in bright images.

Conclusions: Our otoendoscope can be used to apply drugs directly onto the surface of the RWM and to verify the correct placement of an

inner ear drug delivery system, ensuring that it is safely in place.
© 2011 Elsevier Ireland 1Ltd. Al rights reserved.

Keywords: Inner ear; Round window membrane; Otoendoscope; Catheter; Drug delivery system

1. Introduction

The intratympanic injection (ITT) of drugs into the inner
ear is a very attractive way for delivering therapy in
Meniere’s disease and idiopathic sensorineural hearing loss
[1]. Delivering steroids by ITI is more efficient than by
systemic injections. Trials have demonstrated that ITI is
effective and decreases chances of side effects related to
systemic steroid injections [1,2]. ITI, however, is a blind
procedure. When the round window niche (RWN)is covered
with fibrous or connective tissue, which occurs in about 10—
30% of cases [1,3,4], it is impossible for drugs injected by
ITI to reach the perilymph of the scala tympani via the round
window membrane (RWM).

Therefore, if the RWM cannot be visualized, adhesions
covering the RWM should be removed first through

* Corresponding author. Tel.: +81 3 5363 3827; fax: +81 3 3353 1261,
E-mail address: skan@a7 keio.jp (S. Kanzaki}).

oteendoscopy before drugs are delivered [1]. Anatomic
barriers to the RWM may be a significant cause of ITI
failure [5]. Although drugs have been delivered success-
fully into the inner ear with the aid of microcatheters [6]
or otoendoscopes [7] employing a working channel for
drug injection, a separate instrument is needed to remove
adhesions overlying the RWM. To address this issue, we
developed a new otcendoscopy device that allows
visualization of the RWM, removal of adhesions, and
drug delivery.

2. Materials and methods

We developed an otoendoscope that consists of a fiber
optic lens (0.6 mm) for viewing and two working channels
(1.0 mm and 0.3 mm, respectively); a catheter channel for
delivering drugs; and a suction channel for removing
adhesions (Machida Corporation, Tokyo, Japan). The
working length is 50 mm. The diameter of this device is

0385-8146/F — see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
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only 2.4 mm X 1.4 mm, which is small enough for use in the
inner ear and for approaching the small space around the
RWN. The small diameter of such devices, however, exposes
them to four potential problems—(1) low-quality images,
(2) increased chance of clogging the channel with drg
solution, (3) increased effort required to clean the channel,
and (4) increased fragility—all of which we took into
account during the development of our improved otoendo-
scope.

The otoendoscope system for inner ear drug delivery has
the following features:

1. A 30-gauge needle attached to a catheter to remove or
perforate RWN mucosal adhesions and to inject drugs
(Fig. 1).

2. A catheter threaded inside the channel to deliver drug
solutions so liquids never directly contact the working
channel, preventing channel clogging.

3. Anelliptical shape that enables our otoendoscopy device
to more effectively capture the field in the light-guided
area than prototype otoendoscopes, resulting in brighter
and higher-quality images.

This modified otoendoscope has a similar bore as
previous ones, but it is less fragile and less troublesome
to use. We tested a conventional otoendoscope, a prototype
otoendoscope, and the newly developed otoendoscope on
cadaver temporal bones. Prior to using the drug delivery
device, under otoendoscopy conventional myringotomy was
performed with a small blade (2mm) at the junction
between the posteroinferior quadrants, and then the
otoendoscope combined with a catheter was inserted into
the inner ear.

All research was conducted with the approval of the Keio
University Hospital Institutional Review Board and in
accordance with the Helsinki Declaration. The novel
otoendoscope inner ear drug delivery device is currently
being developed for clinical use.

3. Results

We observed complete obstruction of the RWN in 2 of
5 cadaver temporal bones (Table 1). We also compared
our otoendoscope with prototype (Machida Corporation,
Tokyo Japan) or conventional otoendoscopes (Olympus
Corporation Tokyo, Japan). After performing myringot-
omy, we used the three different types of otoendoscopes to
view the RWM and found that our novel otoendoscope
produced good-quality images of the RWM (Fig. 2A).
However, because the lens contained within our otoendo-
scope is only 0.6 mm in diameter, image resolution was
not as high-quality as that of the conventional otoendo-
scope we tested. Thus, the lens requires additional
refinement. Although 30°-angled otoendoscopy is typi-
cally used to view the RWN, straight (0°) otoendoscopy
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Fig. 1. Novel otoendoscope developed in our clinic. (A) Frontal view of the
otoendoscope showing the lens (L) and two channels (W, working channel;
*, suction channel). (B) Side view of the otoendoscope with catheter and
needle. Scale bar: 5 cm. (C) High magnification view of the tip of the
otoendoscope (E) showing the catheter (Ca) and needle (N). A catheter for
angiography is also available for this scope. For inner ear procedures, a 30-
gauge needle (*) is inserted into the tip of the catheter.
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Fig. 2. Round window membrane (RWM indicated by “M” and arrow-
heads) images as visualized through different otoendoscopes. RWM images
captured with the novel otoendoscope (A}, a prototype otoendoscope (B),
and a 30-angled (1.9 mm; Olympus) conventional otoendoscope (C). The
image shown in panel C was especially of high quality. (A and B) Using a
needle, we opened up the connective tissue overlying the RWN and injected
a solution onto the RWM (M). The needles are indicated by arows.

can also capture images of the RWM (Fig. 2). Because 0°-
angled otoendoscopes are easier to handle, it may be
casier to view RWM images through 0°-angled otoendo-
scopy than through 30°-angled otoendoscopy.
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Table 1

RW obstruction of cadaver.

Case (age, sex) Cadaver condition RW obstruction
Unknown, F Fixed +

Unknown, F Fixed -

90 yfo, F Unfixed +

94 yfo, B Unfixed +H—

92 y/o, F Unfixed -

RWM obstruction +: present, +/—: partial present, —: not present.

Table 2
Comparison of different otoendoscopes.

Results of comparison
C>N=P

N=C>P

N(1.5) > C(1.9) > P(24)

Observation of RWM
Treatment of adhesions
Otoendoscope diameter (mmy)

C, conventional otoendoscope; N, novel otoendoscope with catheter; P,
prototype otoendoscope with catheter.

4. Discussion

Our otoendoscope represents a new concept in treating
and diagnosing inner ear-associated hearing loss. If ITI is
unsuccessful, the RWM should be examined. This can be
carried out conveniently with our otoendoscope. Addition-
ally, our otoendoscope can be used also for diagnosing
perilymphatic fistulas and for providing related therapy.

‘We compared the advantages and disadvantages of the
novel otoendoscope, a prototype otoendoscope, and a
conventional otoendoscope (Table 2). Although our
otoendoscope is smaller than other types of otoendo-
scopes, it still captures an adequate image of the RWN.
Moreover, our otoendoscope combined with a catheter can
be used to evaluate the RWN before a local drug delivery
system is put into place; to apply drugs directly onto the
surface of the RWM; and to verify the correct placement
of an inner ear drug delivery system, ensuring that it is
safely in place.
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