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Figure 3. Relationships between resolution periods of acute symptoms and duration of bedside spontaneous nystagmus (SN). (A) Vertigo
sensation. (B) Nausea and vomiting. (C) Difficulty in walking. Patients with significant canal paresis (CP) (®) and those without CP (Q) are
plotted separately. Longer duration of bedside SN correlated with longer resolution of vertigo sensation.

sensation varied widely among the patients (Table I
and Figure 3). Correlations were observed between
nausea/vomiting and the other two symptoms (corre-
lation coefficient: vertigo sensation 0.403, p < 0.001;
difficulty in walking 0.673, p < 0.001). Longer SN
duration correlated with a longer resolution period of
vertigo sensation (correlation coefficient 0.357,
p = 0.002). No correlations were found between
SN and the other two symptoms (correlation coeffi-
cient: nausea/vomiting —0.005, p = 0.969; difficulty in
walking 0.110, p = 0.390).

Discussion

In clinical practice, a patient with a first episode of
acute vertigo is often referred to a non-specialist, such
as a general or an emergency physician, depending on

the medical context among different countries and
districts [5-7]. A large office-based survey by the
National Ambulatory Medical Care reported that
almost 70% of all outpatients with dizziness, who
were aged 25 years and older, were initially examined
by primary care physicians, such as general practi-
tioners, family physicians, and general internists, and
only 10% were examined by specialists such as oto-
laryngologists and neurologists [5]. Of all the patients
who were referred to primary care physicians with the
chief complaint of dizziness, 1.5% were hospitalized
and 4.4% were referred to a specialist [5]. Vertigo/
dizziness accounts for 2.5-3.5% of all the visits to the
emergency departments [6,7]. Several reports have
reported a clinically valid management of neuro-
logical emergencies; the focus would usually be on
determining whether vertigo is related to a life-
threatening condition [8-10]. Once a diagnosis of
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vertigo of peripheral origin is made, it is best to
estimate the evidence of vestibular hypofunction as
the next step.

SN, characterized as horizontal, directon-fixed,
and suppressed with fixation, in the absence of other
neurological symptoms or signs reflects an imbalance
in tonic neural activity in the vestibular nuclei due to
sudden loss of input unilaterally from the labyrinth or
the vestibular nerve. This study indicates that the
resolution period of bedside SN could provide an
indication of CP on a particular day. For instance,
if SN presents on the fifth day after onset, the suspi-
cion of it being CP is estimated to be approximately
70% (Figure 2B). A prospective study with 6 months
follow-up showed that the degree of asymmetry of the
caloric CP and age would influence balance perfor-
mance and perceived symptoms after acute unilateral
vestibular disorders [11]. A primary care physician
may consult a specialist regarding the confirmation
and degree of CP by means of a laboratory caloric test
and additional treatment on the third day or later.
A specific exercise improves residual imbalance and
persistent dizziness [12-14]. Corticosteroids may be a
treatment option because their administration in the
early stage may improve the recovery of peripheral
vestibular function in the long term [15] and facilitate
central vestibular compensation [16,17].

Recently, Yagi et al. [18] analyzed the rotation axis
of SN during the early stage of vestibular neuritis by
means of an infrared charge-coupled device (CCD)
camera. They determined that the rotation axis cor-
responds to the pathology of the superior vestibular
nerve branch in all patients examined. In general, the
axis initially tends to be mixed horizontal-torsional,
and subsequently its orientation gradually changes
during the recovery course of the early stage, as the
anterior canal branch recovers faster than the hori-
zontal canal branch, and ultimately draws closer to the
horizontal [18]. This phenomenon is noticeable when
the peripheral vestibular nystagmus is carefully obser-
ved using an infrared CCD camera. As mentioned in
the Methods section, it is important to keep in mind
that central vestibular disorder occasionally presents
with a direction-fixed pure horizontal nystagmus
[19,20] and, although rare, presents with a direction-
fixed mixed horizontal-torsional nystagmus [21].

This study also examined symptomatic outcomes of
patients who had experienced the first episode of
acute isolated vertigo and direction-fixed horizontal
nystagmus with symptoms severe enough to warrant
hospitalization. Of the acute symptoms, nausea and/
or vomiting (vestibulo-autonomic response) and gait
impairment (vestibulo-spinal response) resolved rel-
atively quickly in most patients, but the resolution
period of vertigo (vestibular perception) varied widely

among the patients. The duration of bedside SN
(vestibulo-ocular response) was associated with the
resolution of vertigo sensation, whereas it was not
associated with the other two symptoms.

The presence of SN in vestibular disorders is a
fundamental examinaton, which can be observed at
the bedside in a matter of minutes without difficulty.
In conclusion, observation of SN during the early
stage of acute peripheral vestibular disorders provides
useful information to non-specialists in predicting
vestibular dysfunction, the tming of consultaton,
and planning of additional treatment.
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Long-term effects of the Meniett device in Japanese patients with
Meniere’s disease and delayed endolymphatic hydrops reported by
the Middle Ear Pressure Treatment Research Group of Japan
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Abstract

Conclusion: The Meniett device is a minimally invasive and safe treatment that may be used to provide longer-term reduction of
vestibular symptoms in patients with delayed endolymphatic hydrops (DEH) as well as those with Meniere’s disease (MD).
Objective: The effects of the Meniett device were evaluated in patients with a diagnosis of definite MD or DEH according to the
1995 AAO-HNS criteria. Methods: Twenty-nine ears of 28 patients with MD and 5 ears of 5 patients with DEH (ipsilateral
type 4, contralateral type 1) were treated with the Meniett device by the Middle Ear Pressure Treatment Research Group of
Japan. All of the patients had failed to respond to medical treatment including diuretics before the pressure treatment. Resulis:
Sixteen (57%) patients with MD and all five (100%) patients with DEH remained entirely free from vertigo spells; nine (32%)
patients with MD responded with a significant decrease in the frequency of vertigo spells. In regard to hearing, 25 ears (74%:
MD, n = 21; ipsilateral DEH, n = 4) had stable hearing levels; only 4 ears (12%: MD, n = 3; contralateral DEH, n = 1) showed a
significant hearing improvement. No complications were attributable to the Meniett device.

Keywords: Pressure treatment, vertigo, vestibular symptoms

Introduction long-term follow-up study to evaluate the effect of

Meniett devices on both vertigo and hearing in

The Meniett device is a low-pressure, portable deliv-
ery system used to treat patients with Meniere’s
disease (MD) who suffer from recurrent episodic
vertigo that is not controlled by conservative therapy.
To date, in non-Japanese populations, longer-
term follow-up studies [1-9] have demonstrated the
long-term efficacy of the Meniett device on intractable
vertigo in patients with MD. However, the results of
hearing outcomes after Meniett therapy are contra-
dictory and not conclusive. There has been no

Japanese patients with intractable MD.

Delayed endolymphatic hydrops (DEH) is one
form of secondary endolymphatic hydrops. The clin-
ical entity of DEH was first defined by Schuknecht in
1978 [10]. It is characterized by the development of
symptoms consistent with endolymphatic hydrops
either ipsilateral or contralateral to an ear with a
profound hearing loss. In the ipsilateral type of
DEH, when recurrent episodic vertigo is not con-
trolled by conservative therapy, labyrinthectomy and
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vestibular neurectomy on the deaf ear can be consid-
ered as a cure [11]. However, such surgical treatments
are not available for recurrent episodic vertigo in
contralateral DEH. In 2003, short-term effects on
DEH following use of the Meniett device were first
reported in Japanese patients [12]. So far, there have
not been any long-term follow-up studies to evaluate
the effect of this device in patients with either ipsilat-
eral or contralateral types of intractable DEH [13].

The Meniett device has not been cleared by the
Ministry of Health, Labour and Welfare of Japan;
therefore, ear, nose, and throat (ENT) specialists
have been required to import the devices themselves
at the time of use in Japan. Under these circumstances
we commenced an independent investigation in
October 2001 of the short- and long-term effects of
Meniett devices after approval from the institutional
review board of the University of Toyama. To inves-
tigate the efficacy and safety of the Meniett device in
Japanese patients with MD and DEH, the Middle Ear
Pressure Treatment Research Group of Japan was
convened in July 2005, and investigation of the
Meniett device was started subsequently in several
other institutions. The aim of our multicenter study
was to investigate the long-term effects of Meniett
devices in Japanese patients with medically intra-
ctable MD and DEH by use of outcome criteria
devised by the Committee on Hearing and Equilib-
rium of the American Academy of Otolaryngology,
Head and Neck Surgery in 1995 (1995 AAO-HNS
criteria) [14].

Material and methods
Patients

This study comprised 28 patients with a diagnosis of
definite MD, and 5 patients with DEH from 3 uni-
versity hospitals, 3 general hospitals, and 1 private
clinic, and whose ENT surgeons were members of the
Middle Ear Pressure Treatment Research Group of
Japan (Table I). MD patients were aged between
32 and 81 years (mean 57 years), and DEH patients
were aged between 24 and 45 years (mean 35 years).
In the MD group, 23 patients were unilateral, and
5 patients were bilateral sufferers. In the DEH group,
four patients had the ipsilateral type and one patient
had the contralateral type. The diagnosis was based
on the history of the disease, neuro-otologic exam-
inations, and audiometric measurements including
pure-tone thresholds. The diagnostic criteria for
MD defined in 1976 by the Meniere’s Disease
Research Committee of Japan and supported by the
Ministry of Health, Labour and Welfare of Japan [15]
were used. The diagnosis of definite MD was based

Table I. Characteristics of MD and DEH cases.

Characteristics MD DEH
No. of cases 28 5
Age (years), 57.2 £16.0 35.88 + 10.4
mean = SD (range) (32—81) (24—-45)
Female (%) 62.5 40
Affected side, one/both 23/5% 5/0
Affected ear, right/left 10/13 4/1
MD stage

Stage 1 (£25 dB) 1

Stage 2 (26—40 dB) 6%

Stage 3 (41-70 dB) 13*

Stage 4 (>70 dB) 9

DEH

Ipsilateral 4
Contralateral 1

MD, Meniere’s disease; DEH, delayed endolymphatic hydrops.
*In one of five patients with bilateral MD who used the Meniett
device bilaterally, right and left ears were classified into stage 2 and 3,
respectively.

on the coexistence of recurrent episodic vertigo
(definitive spells) and fluctuating cochlear symptoms
including hearing loss, tinnitus, and aural pressure.
The diagnostic criteria for DEH proposed by the
committee of the Japan Society for Equilibrium
Research in 1987 [16] were used. The diagnosis of
DEH was based on the presence of a precedent
profound hearing loss (defined as a pure-tone average
(PTA) of > 90 dB over the 500, 1000, and 2000 Hz
frequencies) followed subsequently by the onset of
recurrent episodic vertigo (ipsilateral type) and
of fluctuating hearing loss in the hearing ear with
or without recurrent episodic vertigo (contralateral
type). As in MD, recurrent episodic vertigo in DEH
occurs in definitive spells. This study was approved by
the ethics committee of the University of Toyama.
Informed consent was obtained from each patient in
accordance with the Declaration of Helsinki.

Treatment and follow-up

All patients included in this study had previously
received conservative treatment including diuretics.
A ventilation tube was inserted in all patients, and a
new evaluation was made about 4 weeks later, with
pressure treatment commenced if the patients still
presented with active vestibular symptoms.

The pressure pulses were delivered to the ear canal
from an air pressure generator via a close-fitting cuff.
Patients received training in how to apply pressure
pulses and how to use the pressure device at home.
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Three exposures were applied during the day. The
patients were usually given the pressure treatment for
at least 3 months (mean duration 12.8 months, SD
10.7 months). In bilateral MD patients, one of five
patients used the Meniett device bilaterally, while the
four remaining patients used it unilaterally. The fre-
quency of attacks was reported during a period of
6 months before and 18-24 months after the start of
treatment. We calculated numerical values and cate-
gorized each patient into one of six classes (A-F)
according to the AAO-HNS guidelines published in
1995 [14].

Hearing was assessed utilizing PTA threshold at the
frequencies of 500, 1000, and 2000 Hz before and
after initiation of the Meniett device; 3000 Hz thresh-
olds are rarely performed in Japan. PTA was evalu-
ated according to the following equation: PTA =
(hearing threshold of 500 Hz + 2 x (hearing threshold
of 1000 Hz) + hearing threshold of 2000 Hz)/4.
According to the 1995 AAO-HNS guidelines, the
worst preoperative PTA for 6 months before treat-
ment was compared with the worst postoperative PTA
between 18 and 24 months after treatment. As per the
guidelines, we considered a change of 10 dB or more
as clinically significant. We also categorized each
patient into one of four stages (stages 1-4) based
on the 1995 AAO-HNS staging system [14].

The frequency of attacks, numerical values, vertigo
improvement class, averaged PTA, and hearing
change before and after treatment were analyzed. In
regard to hearing assessment, 34 ears of 33 patients
with MD or DEH treated by the Meniett device
were evaluated. Only one of five patients with bila-
teral MD used the Meniett device bilaterally. For
statistical analysis, the Wilcoxon matched-pair test
and Mann-Whitney U test were performed with Stat-
View for Windows (version 4.5, Abacus Concepts,
Berkeley, CA, USA).

Long-term effect of the Meniert device in Fapan 279

Results

Sixteen of 28 patients with MD and all 5 patients with
DEH experienced freedom from definitive spells
(class A response); 9 patients with MD responded
with a significant decrease in the frequency of defin-
itive spells (class B response); 2 patients with MD
experienced limited control of definitive spells (class
C response); and 1 patient with MD did not respond
to pressure treatment (class D response) (Table II).
Statistically, the average frequency of vertigo after
treatment had significantly reduced in both MD
and DEH (Table III). Regarding hearing ability, in
34 ears of 33 patients with MD or DEH treated by the
Meniett device, 4 ears (unilateral MD, n = 2; bilateral
MD, #n = 1; contralateral DEH, » = 1) showed a
significant hearing improvement of more than
10 dB; 25 ears (unilateral MD, » = 17; bilateral
MD, n = 4; ipsilateral DEH, n = 4) had stable hearing
levels; and 5 ears (unilateral MD, n = 4; bilateral MD,
n = 1) showed significant hearing deterioration of
more than 10 dB (Table IV). The hearing of one
ear in the patient with unilateral MD in stage 1 was
unchanged. In stage 2, the hearing of four ears (uni-
lateral MD, »n = 2; bilateral MD, n = 2) was
unchanged, and in one ear of the patient with unilat-
eral MD, hearing had deteriorated. In stage 3, the
hearing of three ears (unilateral MD, n = 2; bilateral
MD, n = 1) was improved; in six ears (unilateral MD,
n = 4; bilateral MD, = = 2), it was unchanged; and in
four ears (unilateral MD, » = 3; bilateral MD, n= 1),
hearing was deteriorated. In stage 4, the hearing of
10 ears in patients with unilateral MD was
unchanged. Of those with a class A response,
2 ears (unilateral MD, »n = 1; bilateral MD, n = 1)
were recorded with improved hearing; 13 ears (uni-
lateral MD, n = 10; bilateral MD, n = 3) had
unchanged hearing; and in 2 ears (unilateral MD,

Table II. Numerical values and vertigo improvement class of MD and DEH.

MD DEH
Numerical value Class Unilateral Bilateral Ipsilateral Contralateral
0 A 11 (48%) 5 (100%) 4 (100%) 1 (100%)
1-40 B 9 (39%) 0 0 0
41-80 C 2 (9%) 0 0 0
80-120 D 1 (4%) 0 0 0
>120 E 0 0 0 0
Secondary treatment initiated due to F 0 0 0 0
disability from vertigo
Total 23 (100%) 5 (100%) 4 (100%) 4 (100%)

MD, Meniere’s disease; DEH, delayed endolymphatic hydrops.
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Table III. Incidences of vertigo per month before and after
treatment.

Parameter MD (n = 28) DEH (n =5)

Before treatment* 2.6 (2.0) 0.2-8.3 1.7 (0.9) 0.2-2.2
0.4 (0.8) 0-3.3 0

<0.0001 0.043

After treatment*

p value'

MD, Meniere’s disease; DEH, delayed endolymphatic hydrops.
*Averaged incidences of vertigo per month (SD) range of inci-
dences of vertigo per month

"Wilcoxon signed rank test.

Table IV. Hearing changes with MD and DEH.

MD DEH
Hearing
status Unilateral ~ Bilateral  Ipsilateral Contralateral
Improved 2 (9%) 1 (17%) 0 1 (100%)
Unchanged 17 (74%) 4 (66%)* 4 (100%) 0
Deteriorated 4 (17%) 1 (17%)* 0 0
Total 23 (100%) 6 (100%)* 4 (100%) 1 (100%)

“In one of five patients with bilateral MD who used the Meniett
device bilaterally, hearing outcome of right and left ears was
classified into unchanged and deteriorated hearing, respectively.

n = 1; bilateral MD, n = 1), hearing ability had
worsened. Among the nonclass A responses, the
numbers of ears with unchanged or deteriorated
hearing were seven (unilateral MD, n = 7) and two
(unilateral MD, n = 2), respectively. There was no
change in the average PTA before and after treatment
in spite of the differences in the three stages (Table V)
and two classes (Table VI). No complications were
attributable to the Meniett device. In four ears of four
patients, persistent perforation after tube insertion
remained at the end of the pressure treatment. How-
ever, the patients refused tympanoplasty.

Table V. Hearing changes and levels before and after treatment of MD.

Discussion

To date, there have been four 2-year follow-up studies
evaluating the effect of Meniett devices on definitive
spells of MD following the class difference as defined
in the 1995 AAO-HNS criteria (Table VII). Densert
and Sass [1] showed that 19 of 37 Swedish patients
who used the Meniett device experienced freedom
from episodes of vertigo (class A response), and
15 patients reported a significant decrease in the
frequency of vertigo (class B response). Gates et al.
[4] reported that 26 of 58 US patients showed a class
A response, and 13 patients showed a class B
response. Barbara et al. [5] described that 25 of
36 Italian patients reported a class A response, and
11 showed a negative outcome. In the study by
Huang et al. [8], 10 of 18 Chinese patients showed
a class A response, and 8 showed a class B response.
In the present study, 16 of 28 Japanese patients with
MD showed a class A response, and 9 showed a class
B response (Table II). The proportions of classes A
and classes A and B in these studies ranged from 45%
to 69% and from 69% to 100%, respectively. These
findings suggest that, notwithstanding racial differ-
ences, Meniett devices may provide longer-term free-
dom or a reduction in definitive spells in the majority
of patients with intractable MD according to the
AAO-HNS criteria.

There are two longer-term studies evaluating the
statistical effect of Meniett devices on the frequency of
vertigo in patients with MD. In a 2-year follow-up,
Densert and Sass [1] reported that the frequency of
vertigo per month after treatment was significantly
lower than before treatment, in spite of the difference
in the stage. Dornhoffer and King in the USA [7]
showed that the number of vertigo spells during the
6 months preceding the fourth anniversary post treat-
ment was significantly lower than before treatment. In
the present study, the incidence of vertigo per month

MD

Hearing status

Stages 1 and 2 (n = 6)*

Stage 3 (n = 13)* Stage 4 (n = 10)

Improved 0
Unchanged 5 (83%)
Deteriorated 1 (17%)

34 (5) 25-40
34 (18) 18-67

Before treatment’
After treatment’

Wilcoxon’s signed rank test NS

3 (23%) 0
6 (46%) 10 (100%)
4 (31%) 0
56 (10) 41-69 83 (13) 73-115
60 (23) 15-109 82 (14) 68-113
NS NS

*In one of five patients with bilateral MD who used the Meniett device bilaterally, right and left ears were classified into stage 2 and 3,

respectively.
"Averaged hearing level (SD) range of hearing level (dB).
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Table VI. Hearing change and levels before and after treatment of
MD.

Class A Nonclass A
Hearing status (n=17)* (n=12)
Improved 2 (12%) 1 (8%)
Unchanged 13 (76%) 8 (67%)
Deteriorated 2 (12%) 3 (25%)

Before treatment’ 56 (16) 32-81
57 (21) 15-80

NS

66 (26) 25-115
70 (31) 18-113
NS

After weatment’

Wilcoxon’s signed
rank test

"In one of five patients with bilateral MD who used the Meniett
device bilaterally, the numerical value was 0 (class A).
Averaged hearing level (SD) range of hearing level (dB).

after treatment was significantly lower than before
treatment in the Japanese patients with MD. Our
results support those of previous studies and suggest
on the basis of the statistical analysis that the Meniett
device may reduce the frequency of vertigo over the
longer term in patients with intractable MD.

It is clear that the Meniett device can reduce
vertiginous symptoms and maintain an improvement
in patients with medically intractable MD. Recently,
the proportion of elderly Japanese patients with MD
was quoted as 27% [17], and this could increase in the
future due to the rapid aging of the population.
Because vestibular compensation becomes more dif-
ficult with advancing age [18], destructive interven-
tion is more likely to cause disequilibrium after elderly
patients are treated [19]. Therefore, from a practical
point of view, a Meniett device should be considered
first of all as an intermediate step before surgical or
chemical intervention, especially in the management
of elderly MD patients [1].

There are three longer-term studies evaluating the
Meniett device on hearing outcomes in patients with
MD according to the 1995 AAO-HNS criteria
(Table VIII). In an average 18-month follow-up,
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Rajan et al. [2] in Australia reported that the hearing
had improved in 3 of 17 ears and remained
unchanged in 14 ears. Huang et al. [8] noted that
the hearing in 9 of 17 ears had improved, and it had
not changed in 8 ears during a 2-year follow-up.
Dornhoffer and King [7] showed that the hearing
in two of six ears was unchanged, whereas after an
average of 3 years of treatment, hearing had deterio-
rated in four ears. In the present study, 3 of 29 ears
were recorded with improved hearing, 21 ears had
unchanged hearing, and 5 ears showed worse hearing.
The number of ears with improved, unchanged, and
deteriorated hearing in these studies is thus summa-
rized as 15 (22%), 45 (65%), and 9 (13%), respec-
tively. These findings suggest that Meniett devices
may induce insignificant changes to hearing in the
majority of ears treated in patients with MD according
to the AAO-HNS criteria.

In 1989, Stahle et al. [20] reported the long-
term results of the natural course of Meniere’s disease
in a series of 161 patdents followed for at least
0-12 years. After 5-10 years of the disease, the hear-
ing loss stopped at a hearing threshold of 50-60 dB.
After 20 years, 82% of their subjects still exhibited a
mean hearing loss of 50 dB. With such poor levels of
hearing, further deterioration is less likely, and there-
fore, this possibly contributes to the lack of significant
changes in hearing after treatment. Similarly, where
there are good levels of hearing, further improvement
is hard to observe, and therefore, possibly also con-
tributes to the lack of significant changes in hearing
after treatment. Indeed, all patients with improved
hearing were classified into stage 3 as in the study by
Densert and Sass [1]. The Meniett device may have
an advantage in the early stages of MD, before irre-
versible damage occurs to the inner ear sensory sys-
tems [1]. Before deciding whether this device can be
offered as a reasonable treatment modality for hearing
preservation, hearing results must be shown con-
sistently to be equal to or better than results in
patients undergoing other treatment, and both longer

Table VIL. Vertigo improvement class according to AAO-HNS criteria in 2-year follow-up studies of MD.

Vertigo improvement class

Study A B C D E F NonA Total
Densert & Sass [1] 19 (51%) 15 (41%) 0 0 0 3 (8%) 37 (100%)
Gates et al. [4] 26 (45%) 13 (32%) 4 (7%) 0 1 (2%) 14 (24%) 58 (100%)
Barbara et al. [5] 25 (69%) 11 (31%)* 36 (100%)
Huang et al. [8] 10 (56%) 8 (44%) 0 0 0 0 18 (100%)
Present study 16 (57%) 9 (32%) 2 (7%) 1 (4%) 0 28 (100%)
Total 96 45 6 1 1 17 11 177

*Negative response.
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Table VIII. Hearing outcomes according to AAO-HNS criteria in longer-term follow-up studies of MD.

Hearing status

Study Improved Unchanged Deteriorated Total
Rajan et al. [2] 3 (18%) 14 (82%) 17 (100%)
Dornhoffer & King [7] 2 (34%) 4 (66%) 6 (100%)
Huang et al. (8] 9 (53%) 8 (47%) 17 (100%)
Present study 3 (11%) 21 (71%) 5 (18%) 29 (100%)
Total 15 (22%) 45 (65%) 9 (13%) 69 (100%)
follow-up periods and larger numbers of patients References

must be examined.

In ipsilateral DEH, when recurrent episodic vertigo
is not controlled by conservative therapy, labyr-
inthectomy and vestibular neurectomy on the deaf
ear can be considered as a curative treatment [11].
However, such surgical treatments are not available
for recurrent episodic vertigo in contralateral DEH
due to endolymphatic hydrops occurring in only
hearing ears. In the present study, four patients
with ipsilateral DEH and one patient with contralat-
eral DEH showed class A responses. In addition, the
incidence of vertigo per month after treatment was
significantly lower than before treatment in Japanese
patients with DEH, suggesting that this device may be
associated with longer-term freedom from, or reduc-
tion in, definitive spells in patients with both types of
DEH. As in cases of MD, the Meniett device should
be considered for elderly patients before surgery or
chemical intervention because of the inefficient ves-
tibular compensation under DEH. In contralateral
DEH, this device may be worthwhile for use as an
intermediate treatment between medical and surgical
management in patients with endolymphatic hydrops
in their only hearing ear [21]. The number of subjects
in the present study was too low; therefore, further
studies are necessary to elucidate the benefit of this
safe, minimally invasive therapeutic device for the
management of DEH.
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Abstract

An elevation of the plasma arginine vasopressin (AVP) level has
been frequently observed in Meniere’s disease patients. How-
ever, little is known regarding the mechanism behind this eleva-
tion. The plasma AVP levels in acute phase were determined in
21 Meniere’s disease patients and 16 patients with other types
of vertigo. The plasma AVP levels of Meniere’s disease patients
in the acute phase were significantly higher than in those of
other vertigo patients (p<<0.01). In Meniere’s disease patients
with abnormally high levels of AVP (more than 3.5 pg/ml) in
the acute phase, 36% of patients were resistant to conserva-
tive treatments for frequent vertigo attacks for the follow-up
period of at least 2years. A significant correlation was observed
between the plasma AVP in the acute phase and the highest
hearing threshold level at a frequency of 1kHz for the follow-up
period of at least 1 year (r=0.45, p<<0.05). These results sug-
gest that the elevation in plasma AVP level in the acute phase is
associated with the prognosis of Meniere’s disease.

Sumario

La elevacion del nivel plasmatico de vasopresina arginina
(AVP) ha sido frecuentemente observado en los pacientes
con enfermedad de Meniere. Sin embargo, se sabe poco de
los mecanismos detrds de esta elevacion. Se determinaron
los niveles plasmaticos de AVP durante la fase aguda en
21 paciente con enfermedad de Meniere y en 16 pacientes
con otro tipo de vértigo. Los niveles plasmaticos de AVP en
los pacientes en la fase aguda de la enfermedad de Meniere
fueron significativamente mas elevados que aquellos con otrc
tipo de vértigo (p<<0.01). De los pacientes con enfermedad
de Meniere y niveles anormalmente elevados de AVP (mas
de 5.5 pg/ml) durante la fase aguda, 36% de ellos fueror
resistentes al tratamiento conservador para los ataques fre-
cuentes de vértigo en un periodo de seguimiento de hasta 2
afos. Se observé una correlacion significativa entre el nivel
plasmatico de AVP en la fase aguda y el umbral mas elevadc
en la frecuencia de 1kHz durante el periodo de seguimientc

PLP: perilymphatic pressure

de un afio (r=0.45, p<0.05). Estos resultados sugieren que le
elevacion plasmatica de AVP en la fase aguda estd asociade
con el pronostico de la enfermedad de Meniere.

The episodic symptoms of Meniere’s disease are related to the
fluctuating volume/pressure changes within a closed fluid system.
Normally, endolymph moves from the cochlea to the endolymphatic
sac where it is absorbed. The volume/pressure in the labyrinth is
maintained by a variety of subtle regulatory mechanisms under nor-
mal conditions (Juhn et al, 1981). Any disturbance in this process
can result in the accumulation of fluid within the membranous laby-
rinth and cochlea. The resulting endolymphatic hydrops distorts the
cochlear duct and produces various hearing symptoms. Vertigo also
results from endolymphatic pressure (ELP) changes in the labyrinth
and/or from changes in the chemical composition of the endolymph
fluid that affects neural transmission (Andrew & Strelioff, 1995).
Although there is an interindividual variation in the values of the
ELP and perilymphatic pressure (PLP) in the inner ear of normal ani-
mals, the ratio of ELP to PLP is approximately 1, and this ratio nor-
mally remains constant for individuals in a prone position. The ratio
of ELP to PLP in animals with endolymphatic hydrops is significantly
higher than that in normal animals in a prone position (Andrew et al,
1991). A non-adapted imbalance between the ELP and PLP subsequently
may cause an alteration in the micromechanism of the inner ear or a change
in the microvascular blood flow, however it remains unclear how such
altered intralabyrinthine pressure may affect the inner-ear function.
It has been reported that the plasma arginine vasopressin (AVP)
level decreases after compression of the ELP, followed by decompres-
sion induced by an increase in the plasma AVP in animal study. These

changes occur without any changes in the plasma osmolality and plasme
sodium level (Bartoli et al, 1989, Podda et al, 1999). In addition, AVP may
decrease fluid reabsorption in the endolymphatic sac, thereby inducing
endolymphatic hydrops in guinea pigs (Kumagami et al, 1998). These
results indicate that plasma AVP release may be partially controlled by
inner-ear osmoregulatory mechanisms.

AVP receptors are present in the inner ear, and AVP in the innei
ear reduces endolymphatic water reabsorption in the endolymphatic
sac. In addition, AVP in the endolymphatic sac of the inner ear has
the opposite effect to its normal action by reducing aquaporin trans-
location (Kumagami et al, 1998). The chronic administration of
excess levels of AVP in guinea pigs is associated with the develop-
ment of endolymphatic hydrops (Takeda et al, 2000). In a clinica
study, elevated plasma A VP concentrations were observed in patients
with Meniere’s disease, and the level is significantly higher in the
acute phase in comparison to the remission phase (Takeda et al
1995, Aoki et al, 2005). These findings lead us to the possibility tha
repeated attacks with the elevation of AVP in acute phase of Meniere’s
disease as observed in our previous study may thus result in the
development of endolymphatic hydrops. However, Meniere’s disease
patients showed no elevation in the plasma AVP levels during the
remission period, and no elevation in the serum AVP, even in the
acute phase of Meniere’s disease, was observed in another study
(Lim et al, 2003). Therefore, the clinical significance of AVP ir
patients with Meniere’s disease remains unclear.
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Table 1. Summary of reporting guideline.

Numerical value Class

0 A (complete control)
1-40 B (Substantial control)
41-80 C (limited control)
81-120 D (insignificant control}
>120 E (poorer control)
secondary treatment initiated F

Numerical value=(X/Y)X 100, rounded to the nearest whole number, where
X is the average number of defiuite spells per month for the 6-24 months
after therapy, and Y is the average number of definite spells per month for
the six months before therapy.

Methods

Subjects and study design

In order to study the plasma AVP level during the acute period in
Meniere’s disease patients and other cases of vertigo, the clinical data
of patients who required admission for severe vertigo attacks were
retrospectively analyzed using the AAO-HNS guideline (Table I).
We showed this study to all participants and obtained their informed
consent, according to the guidelines of the Ethics Committee. This
study population consisted of 21 unilateral Meniere’s disease patients,
as defined by the 1995 guidelines from American Academy of Oto-
laryngology—Head and Neck Surgery; AAO-HNS (AAO, 1995),
and 16 patients with other causes of vertigo due to peripheral origins
(Vestibular neuritis, n=35; sudden deafness with vertigo, n=3; idio-
pathic labyrinth dysfunction, n=8).

Their plasma AVP levels, plasma osmolality, and plasma sodium
levels were obtained during the morning between §:00-10:00 AM in
acute phase of vertigo. The blood samples were also collected during
the morning between 8:00-10:00 AM from 16 of the 21 Meniere’s

Table 2. Staging of Meniere’s disease. Staging is based on the four-tor
average of the pure tone thresholds at 0.5, 1, 2, and 4 kHz of the wor
audiogram during the six months before treatment.

Stage Four-tone average (dt
1 =25

2 2640

3 41-70

4 >70

disease patients and the 16 patients with other causes of vertigo :
mentioned above in the remission phase, which was defined by
absence of vertigo attacks within one month before and after collectir
the blood samples. Meniere’s disease patients were classified by stagit
based on the four-tone average of the pure tone thresholds at 0.5, 1,
and 4 kHz, according to the AAO-HNS guidelines (results with audi
metric outcome data may be modified by the use of 4 kHz instead -
3 kHz) as shown in Table 2. Four patients were classified as stage
4 patients as stage 2, 11 patients as stage 3, and 2 patient as stage
The 16 Meniere’s disease patients were followed up for at least 2 ye
after collection of their blood for measurement of AVP during the
vertigo attacks and of the frequency of vertigo attacks. Among the
Meniere’s disease patients described in our previous study (Aoki et :
2007), 13 patients could be followed up for at least two years, howeve
the other five patients could not be followed up for two years f
various reasons. Therefore, we added three new patients (S0M, 54
and 72M in Table 3) to this study population,

In the 16 Meniere’s disease patients, we observed the results of t]
treatment for Meniere’s disease according to the AAO-HNS guid
lines, based on a numerical value calculated by the frequency
definitive vertigo attacks after treatment for two years in comparisc
to that for a period of 6 months before conservative treatment we
assessed (Table 1). In addition, we investigated the correlatic

Table 3. Duration of Meniere’s disease, four-tone average of audiogram, and plasma AVP levels at admission in our hospital. The reportin
result of treatment in 16 Meniere’s disease patients who could be followed up for at least two years.

age sex Duration of disease (vear) Fourtone average (dB) PAVP (pg/ml) Class after treatme
28 F 3 20 2.4 A

3 F 2 11 4.1 B

33 M 3 45 7.2 D, F (M,G)
35 F 1 16 3.7 A

45 F i 34 3.1 A

46 F 2 14 2.9 A

46 M 4 61 7.9 C

50 M 1 61 3.8 D, F(G)
52 F 2 29 4.8 B

53 F 1 61 57 B

54 M 3 45 27 B

54 M 2 55 8.4 D, F (M)
59 F 3 45 4.6 B

65 F 3 55 23 A

72 M 2 75 9.7 D.F (M)
84 F 5 59 3.8 A

F: female, M: male, duration of disease; duration of Meniere’s disease before collecting their blood in the acute phase, Four-tone average: average of 0.5, 1,
and 4kHz in pure tone audiogram, F (M); Meniett device was used as secondary treatment initiated due to disability from vertigo, F (M, G}; intratympar
injection of gentamicin was performed because the vertiginous symptoms did not improve after treatment with the Menieit device.
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between the plasma AVP in acute phase and the highest hearing
threshold levels in pure tone audiograms for the follow-up period of
at least one year in the 21 Meniere’s disease patients. They included
five Meniere’s disease patients reported in previous study, who could
not be followed up for two years in this study.

Measurement of plasma vasopressin

The blood for a plasma AVP assay was transferred into an EDTA tube
and then i centrifuged at 4°C and the separated plasma stored at —80°C.
The plasma AVP was determined by an RIA (Arginine vasopressin RIA
kit; Mitsubishi Yuka, Japan). The normal range of the plasma AVP
level was 0.3-3.5 pg/ml (average 1.2 pg/ml) based on the data
acquired from blood samples collected at 8:00-10:00 AM from 105
healthy subjects (male: 61, female 44; with informed consent) with
no history of vestibular or cochlear disease. In addition, the plasma
sodium concentration and the plasma osmolality were also measured.

Statistical analysis

The statistical significance of the differences between the groups
of patients was determined by the use of a two-tailed unpaired
t-test, and correlations among the plasma sodium and the plasma
osmolality were analyzed using Spearman’s correlation test. The
correlations of the plasma AVP levels in acute phase and age with
hearing threshold levels at each frequency in pure tone audiogram
were also analyzed using Spearman’s correlation test. Values of
p<0.05 were considered to be significant. The illustrated values
are presented as the mean and 95% confidence interval (95% CI).

Results

Vasopressin and osmolality analysis

There was no significant difference in the mean age between the
Meniere’s disease group (n= 16, mean: 46 years old, 95%CI; 49-52)
and the other vertigo groups (n=16, mean: 52 years old, 95%CI;
46-57, p=0.12). The blood samples from the Meniere’s disease
patients were obtained at 1.2 days (95% CI; 0.7-1.6 days) and that
of other vertigo patients at 1.9 days (95% CI; 1.1-2.7 days) after the
onset of a vertigo attack. No significant difference in the sampling
days after the onset of vertigo attacks was observed between either
group (p=0.15). According to the clinical data, 56% of Meniere’s
disease patients and 75% of other vertigo patients experienced nausea
or emesis in collecting their blood.

The plasma AVP levels of Meniere’s disease patients in the acute
phase (n=16, 4.8 pg/ml, 95% CI; 3.7-5.9 pg/ml, Figure 1) was sig-
nificantly higher than that of the other vertigo patients (n=16, 1.9 pg/
ml, 95% CI; 1.5-2.4 pg/ml; p<<0.01, Figure 1). The average plasma
AVP level of the 16 Meniere’s disease patients in the remission phase
(2.0 pg/mi, 95% CI; 1.5-2.5 pg/ml) was significantly lower than that
of the Meniere’s disease patients in the acute phase (p<<0.01, Figure
1). No significant difference was observed in the plasma AVP levels
between the Meniere’s disease patients in the remission phase and
other vertigo patients in the acute phase (p=0.79). The average
plasma osmolality of the Meniere’s disease group in the acute phase
was 293 mOsm/kg H,0, (n=16, 95% CI; 289-296 mOsm/kg H,0),
which was not significantly different from that of the other vertigo
patient group in the acute phase (n=16, 291 mOsm/kg H,0, 95% CI,
288-294 mOsm/kg H,0; p=0.61, Figure 1). The average concentra-

Association of AVP with prognosis of
Meniere’s disease

tion of the plasma sodium of the 16 Meniere’s disease patients in the
acute phase was 140 mEq/1 (95% CI; 139-142 mEq/l), while that o
the 16 patients with other vertigo in the acute phase was 141 mEg/
(95% CI, 140141 mEq/], Figure ). There was no significant differ
ence in the concentration of plasma sodium between the two group:
(p=0.67, Figure 1). In addition, a significant positive correlation wa
observed between the plasma sodium level and the plasma osmolality
in both groups in the acute phase (p<<0.01, Figure 1).
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Figure 1. Plasma AVP vs. Plasma osmolality for individual Meniere’
disease patients (n=16) and other vertigo patients (n=16) during th
remission phase and the acute phase. The plots indicate the actua
individual values of plasma AVP of Meniere’s disease patients (a)
other vertigo patients (b) in the remission phase, Meniere’s diseass
patients (c), and other vertigo patients (d) in the acute phase. Thy
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tone frequencies (0.5, 1, 2, and 4kHz), C: the highest hearing threshold level at 1kHz for the follow-up period of at least one year.

Association of the plasma AVP with a prognosis

of Meniere'’s disease

There was a significant correlation between the plasma AVP in acute
phase and the highest hearing threshold levels at a frequency of 1kHz
for the follow-up period of at least one year in 21 Meniere’s disease
patients (r=0.45, p=0.04, Figure 2C, Table 4). The plasma AVP
levels in acute phase also showed weak correlations with the four-tone
average of the highest hearing threshold levels at 0.5, 1, 2, and 4
kHz for follow-up period (r=0.41, p=0.07, Figure 2B, Table 4) and
the highest hearing threshold levels at 2kHz for the follow-up period
(r=0.43, p=0.06, Table 4). However, there was no significant cor-
relation between the plasma AVP levels in acute phase and the aver-
age of the highest hearing thresholds levels at low frequencies of
0.125, 0.25, and 0.5 kHz for the follow-up period (r=0.24, p=0.29,
Figure 2A). The plasma AVP level was not correlated with age,
however, the hearing threshold level increased with age except for
threshold in 8 kHz (Table 4).

Among 16 Meniere’s disease patients who could be followed up
for at least two years, four patients had been distressed by frequent
vertigo attacks resistant to conservative treatments, such as a low-
salt diet and diuretic drugs (Table 3). The frequent vertigo attacks
in three of those patients (33M, 54M, and 72M in Table 3) were
managed by the Meniett Low-Pressure Pulse Generator, which

restored the balance in the hydrodynamic system of the inner ear by
applying low-pressure pulses to the middle ear (Gates et al, 2004)
In addition, two patients (33M and S0M in Table 3) underwent a1
intratympanic injection of gentamicin for the chemical ablation o
the vestibular system (Minor et al, 2004) because the vertiginou
symptoms did not improve after treatment with the Meniett devic:
alone. The plasma AVP levels of the four Meniere’s disease patient
in acute phase were more than the normal upper level (3.5 pg/ml)
whereas all of the Meniere’s patients with normal AVP levels i1
acute phase (less than 3.5 pg/ml) could be managed with conserva
tive treatments (Table 3).

Discussion

The elevation of AVP during Meniere’s attacks never seemed t
accompany a change of plasma sodium and osmolality, whereas .
proportional relationship between the plasma sodium and plasm.
osmolality was preserved in patients with Meniere’s disease in th
acute phase as well as in patients with other types of periphera
vertigo in this study. This result may indicate that such patients hav-
functions to maintain the fluid balance normally. Although severa
factors that induce elevated AVP release have been identifiec
including nausea and ermnesis (Rowe et al, 1979), there was m

Table 4. The correlations among the plasma AVP in acute phase, age, and the highest hearing threshold levels in pure-tone audiograms for th

follow-up period of at least one year.

Frequency in pure tone audiogram (kHz)

AVP age 0.125 0.25 0.5 { 2 4 8
AVP r 1 0.11321 0.18846 0.17989 0.32511 0.45042 0.43117 028182  0.0814
p-value - 0.63463 0.42621 0.4479 0.16191 0.04627 0.0576%9 022868  0.73297
age r 0.11321 1 0.45172 0.52147 0.56368 0.5644 0.63021 0.65376  0.39514
p-value 0.63463 - 0.04556 0.01837 0.00964 0.00953 0.0029 0.00177  0.0846%

#: correlation coefficient.
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significant difference in occurrence of nausea and emesis during
vertigo attack between Meniere’s disease and other vertigo patients
in this study. The release of AVP has been reported to be associated
with overactivation of the major stress regulation system by psycho-
social stress (Scott et al, 1988). We previously reported that the
life-change unit (LCU) score to identify the life events that they
recognized as stressful in the Meniere’s disease group was not sig-
nificantly higher than that in the other vertigo group. Our results did
not support the hypothesis that the elevation in the plasma vasopres-
sin level in Meniere’s attacks is caused by the stress status (Aoki
et al, 2007). It therefore remains unclear how the elevation of the
plasma AVP in Meniere’s disease patients may be associated with
the vertigo attacks.

The AVP secretion is mainly controlled by cardiovascular volume
receptors, whereas the extra-vascular volume receptors in the inner
ear may play a role in controlling the water balance not only in the
ear but also partially in the whole body (Bartoli et al, 1989). The
system in the inner ear may be associated with the release of AVP,
which may represent a finer bias of homeostatic control, especially
when plasma osmolality is stable. In an animal study, electrical ves-
tibular stimulation and caloric stimulation also increased plasma
AVP levels, suggesting that imbalance of intervestibular activity
induced by vestibular activation or inhibition may increase plasma
AVP levels in animals (Horii et al, 2004). However we could not
find the elevation of plasma AVP levels in other peripheral vertigo
patients in acute phase. Kitahara et al showed an overexpression and
hyperactivity of vasopressin-2 receptors (V2R) in the endolymphatic
sac in intractable Meniere’s disease patients, thus speculating that
susceptibility of the V2R-overexpressed endolymphatic sac to eleva-
tion of plasma AVP may be essential for the pathogenesis of
Meniere’s disease attack (K.itahara et al, 2008). In order to evaluate
the precise mechanism for the elevation of the plasma AVP in
Meniere’s disease patients, further clinical basic studies may be
needed. However, our study and other reports may support the pos-
sibility that testing of plasma AVP levels may provide helpful infor-
mation for distinguishing between Meniere’s disease and various
other inner-ear diseases.

The abnormal elevation of AVP in some patients with Meniere’s
disease in acute phase may cause inner-ear disorders. This possibil-
ity may be supported by the findings of an animal study that dem-
onstrated that AVP produces endolymphatic hydrops, resulting in
hearing loss due to a decrease in the endolymphatic potential in an
endolymphatic hydrops ear (Lohuis et al, 1999). Takeda et al dem-
onstrated that high levels of plasma AVP (> 5.0 pg/ml) were often
observed in patients between 6 and 19 years of age with the early
onset of profound hearing loss. Moreover, persistent elevations of
plasma AVP were frequently observed in patients with clinical signs
of the development of the delayed endolymphatic hydrops (Takeda
et al, 2008). In this study, 36% of Meniere’s disease patients with
abnormally high levels of the AVP (> 3.5 pg/ml) in the acute phase
were resistant to symptomatic control of vertigo by conservative
treatment. In contrast, all Meniere’s disease patients with normal
levels of the AVP in acute phase could be managed by conservative
treatments. Although, because of the small number of cases, we need
further study before making any definitive conclusions, we speculate
that the elevation of the AVP may be associated with the Meniere’s
attack, resulting in irreversible formation of the endolymphatic
hydrops.

Association of AVP with prognosis of
Meniere’s disease

On the other hand, there was a significant correlation between
plasma AVP in acute phase and the highest hearing threshold lev
at a frequency of 1 kHz for the follow-up period of at least one y«
Itis highly possible that an elevation ofthe AVP levels during Menie
attacks may influence a prognosis of hearing threshold tevel. Howe-
there are still numerous controversial statements regarding pathopt
iology and management of Meniere’s disease, and additionally tt
is no means of predicting how the hearing loss may progress. Evaluat
the association between plasma AVP and prognosis of Meniere’s dise
may therefore provide helpful information for understand
Meniere’s disease patients.

Acknowledgements

This study was supported by grants-in-aid for scientific research of
Japan society for the promotion of sctence (No. 20591978), a grant
aid from Gifu University School of Medicine for the promotior
science, and a grant from the intractable diseases fund (vestibi
disorders) of the Ministry of Health and Welfare, Japan.

Declaration of interest: The authors report no conflicts of inter
The authors alone are responsible for the content and writing of

paper.

References

American Academy of Otolaryngology Committee on Hearing and Equiibri
1995. Guidelines for the diagnosis and evaluation of therapy in Menie
disease. Otolaryngol Head Neck Surg, 13,181-185.

Andrew, J.C. & Strelioff, D. 1995. Modulation of inner ear pressure in ex)
mental endolymphatic hydrops. Otolaryngol Head Neck Surg, 112,78

Andrews, J.C., Bohmer, A. & Hoffman, L. 1991, The measurement and
nipulation of endolymphatic pressure in experimental endolympt
hydrops. Laryngoscope, 101, 661-668,

Aoki, M., Ando, K., Kuze, B., Mizuta, K., Hayashi, T. ¢t al. 2005. The
sociation of antidiuretic hormone levels with an attack of Meniere’s
ease. Clin Otolaryngol, 30, 521-525.

Aoki, M., Asai, M., Nishihori, T., Mizuta, K., Ito, Y, ¢t al, 2007. The
evance of an elevation in the plasma vasopressin levels to the pathoy
esis of Meniere's attack. J Newroendocrinol, 19, 901-906.

Bartolt, E., Satta, A. Melis, F., Caria, M.A_, Masala, W, et al. 1989, Vol
receptors in guinea pig labyrinth: relevance with respect to ADH anc
control. Am J Physiol, 257, 341-346.

Gates, G.A., Green, J.D., Tucci, D.L.. & Telian, S.A. 2004. The effect
transtympanic micropressure treatment in people with unilat
Meniere’s disease. Arch Otolaryngol Head Neck Surg, 130, 718-72:

Horii, A., Kitahara, T., Uno, A., Kondoh, K., Morihana, T. et al. 2004, Vest
lar function and vasopressin. Acta Otolaryngol Suppl, 553, 50-53.

Juhn, S.K. & Rybak, L.P. 1981. Labyrinthine barrier and cochlear homeo:
sis. Acta Otolaryngol (Stockh), 91, 529-534.

Kitahara, T., Doi, K., Mackawa, C., Kizawa, K., Horii, A. et al. 2008.
niere’s attacks occur in the inner ear with excessive vasopressin tyj
receptors. J Neuroendocrinol 20, 1295-1300.

Kumagami, H., Loewenheim, H., Beitx, E., Wild, K., Schwartz, H. ¢
1998. The effect of anti-diuretic hormone on the endolymphatic sa
the inner ear. Pflugers Arch, 436, 970-975.

Lim, J.8., Lange, M.E., & Magerian, C.A. 2003. Serum antidivretic horm
levels in patients with unilateral Meniere’s disease. Laryngoscope,
1321-1326.

Lohuis, P.J., Klis, S.F,, Klop, W.M., van Emst, M.G. & Smoorenb
G.F. 1999. Signs of cndolymphatic hydrops after perilymph

Aocki/Hayashi/Kuze/Mizuta/Tto

— 211 —



perfusion of the guinea pig cochlea with cholera toxin; a pharma-
cological model of acute endolymphatic hydrops. Hear Res, 137,
103-113.

Minor, L.B., Schessel, D.A. & Carey, J.P. 2004. Meniere’s disease. Curr
Opin Neurol, 17, 9-16.

Podda, M.V, Ivali, R., Faedda, R., Cossellu, S., Deriu, F. et al, 1999. Inner
ear pressure changes modify ADH secretion in freely moving guinea pig.
J Nephrol, 12, 47-50.

Rowe, J.W., Shelton, R.L., Helderman, J.H., Vestal. R.E. & Robertson, G.L.
1979. Influence of the emetic reflex on vasopressin release in man.
Kidney Int, 16, 729-773.

Scott, L. & Dinan, T. 1988. Vasopressin and the regulation of hypothalami
pituitary-adrenal axis function: implications for the pathophysiclogy
depression. Life Sci, 62, 1985-1998.

Takeda, T., Kakigi, A. & Saito, H. 1995. Antidiuretic hormone (ADH) &
endolymphatic hydrops. Acta Otolaryngol Suppl, 519, 219-222.

Takeda, T., Takeda, S., Kitano, H., Okada, T. & Kakigi, A. 2000. Endoty:
phatic hydrops induced by chronic administration of vasopressin. He
Res, 140, 1-6.

Takeda, T., Kakigi, A., Nishioka, R., Taguchi, D & Nishimura, M. 20C
Plasma antidiuretic hormone in cases with the early onset of profow
unilateral deafuess. duris Nasus Larynx, 35, 493-499.

International Journals of Audiology, Volume 49 Number |

—212 —



informa

healthcare

Acta Oro-Laryngologica, 2010; 130: 10-16

ORIGINAL ARTICLE

Semi-quantitative evaluation of endolymphatic hydrops by bilateral
intratympanic gadolinium-based contrast agent (GBCA)
administration with MRI for Meniere’s disease
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TOMOHIRO OGUCHI!, YUTAKA TAKUMI!, MAKOTO SUGIURA?,
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Otorhinolaryngology, Kariya Toyota General Hospital and >Department of Radiology, Shinshu University School of
Medicine, Matsumoto, Fapan

Abstract

Conclusion: Bilateral intratympanic administration of a gadolinium-based contrast agent (GBCA) in MRI was successfully
performed and proved to be beneficial in the semi-quantitative evaluation of endolymphatic hydrops. Such image-based
diagnosis will lead to re-revaluation and reclassification of the diagnostic criteria for Meniere’s disease (MD). Objective: To
visualize endolymphatic hydrops semi-quantitatively in patients with MD, by using bilateral intratympanic GBCA
administration with MRI. Patients and methods: A total of 13 patients were evaluated, including 12 with MD and one with
acute low-tone sensorineural hearing loss. Diluted gadodiamide (a kind of GBCA) was administered to the bilateral
tympanic cavity by injection through the tympanic membrane. After 24 h, the endolymphatic hydrops was evaluated with a
3.0 T MR scanner. The areas enhanced by gadodiamide were measured semi-quantitatively. Results: Three-dimensional,
fluid-attenuated inversion recovery (3D-FLAIR) MRI showed that the gadodiamide successfully penetrated the round
window membrane, entering the perilymphatic space and delineating the gadodiamide-enhanced perilymphatic and
gadodiamide-negative endolymphatic spaces of the inner ear. All the patients with MD showed a reduced gadodiamide-
enhanced area representing the perilymphatic space, and the quantitative ratio was 0.15 to 0.85. Furthermore,
endolymphatic hydrops was also demonstrated in the patient with atypical MD who had fluctuating low frequency
sensorineural hearing loss without vertigo.

Keywords: Endolymphatic hydrops, Meniere’s disease, semi-quantitative analysis, gadolinium, gadolinium-based contrast
agent (GBCA), MRI

Introduction with either cochlear symptoms (e.g. hearing loss,
tinnitus, aural pressure) or vestibular symptoms (e.g.
vertigo alone with aural pressure) [2]. Typical MD
can further be classified into certain, definite, prob-
able, and possible MD according to the nature of the
hearing loss, tinnitus, aural fullness, and vertigo [2].

In addition, clinical diagnosis has sometimes been

Meniere’s disease (MD) is an idiopathic disorder of
the inner ear characterized by fluctuating sensori-
neural hearing loss (SNHL), tinnitus and aural
fullness, and recurrent spontaneous episodic rota-
tional vertigo (see Sajjadi and Paparella for review
[1]). MD has been thought to be attributable to

endolymphatic hydrops, but this has only been
confirmed histopathologically after death. There-
fore, MD has been diagnosed on the basis of clinical
symptoms and is classified into typical MD with all
cochlear and vestibular symptoms, and atypical MD

hampered by other conditions that closely resemble
MD, such as acute low tone sensorineural hearing
loss (ALSNHL) [3]. Therefore, along with clinical
symptoms, clinical tests suggestive for endolympha-
tic hydrops are usually used for diagnosis. Functional
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Semi-quantitative MRI evaluation of endolymphatic hydrops 11

testing including electrocochleography (EcochG) or
glycerol test has been used to estimate endolympha-
tic hydrops [1]. However, even if functional testing is
performed, the results are still indirect proof.

Recent advances in imaging by three-dimensional,
fluid-attenuated inversion recovery (3D-FLAIR) of
magnetic resonance imaging (MRI), in association
with enhancement by gadolinium-based contrast
agents (GBCAs), enables visualization of endolym-
phatic hydrops in patients with MD [4-6]. In the
present study, involving patients with typical MD,
atypical MD, and ALSNHL, we evaluated endoly-
mphatic hydrops in a semi-quantitative manner,
through comparison of bilateral perilymphatic spaces
enhanced by a GBCA.

Patients and methods
Subjects

Ten patients with ‘definite’ MD and one with
‘possible’ MD who met the American Academy of
Otolaryngology-Head and Neck Surgery (AAO-
HNS) criteria, one patient with atypical MD (who
had fluctuated low frequency sensorineural hearing
loss without vertigo), and one patient with acute
low-tone sensorineural hearing loss (ALSNHL)
participated in this study.

MRI

Gadodiamide (Omniscan, Daiichi Pharmaceutical
Co. Ltd, Tokyo) was diluted eightfold with saline,
and 0.4-0.6 ml of the diluted gadodiamide was
administered to the bilateral tympanic cavity by
injection through the tympanic membrane using a
23 G needle. The injection was carried out under a
microscope. The patient then lay down in the supine
position for 60 min. After 24 h, the endolymphatic
hydrops was evaluated by MRI. We used a 3.0 T

MR scanner (Trio, Siemens, Erlangen, Germany)
with a receive-only eight-channel phased-array coil.
It can perform T'1-weighted three-dimensional (3D)
magnetization prepared rapid gradient echo (MP-
RAGE). The parameters for MP-RAGE were: TR
1500 ms, TE 3 ms, matrix size of 320 x 290 x 320;
72 axial 0.8 mm thick slice, 0.8 mm x 0.8 mm x 0.8
mm isotropic voxels, heavily T2-weighted 3D-TSE
sequence, and 3D fluid-attenuated inversion recov-
ery (FLAIR) with variable flip angle echo train
(SPACE). The parameters for heavily T2-weighted
SPACE were: TR 1350 ms, TE 199 ms, echo train
length (ETL) 93, matrix size of 320 x 288 x 278, 56
axial 0.8 mm thick slice, and voxel size of 0.6 x 0.4 x
0.8 mm. In addition to the methods described
previously, we used 3D-FLAIR with higher in-plane
spatial resolution. The scan parameters for the
3D-FLAIR sequence were as follows: repetition
time of 10 000 ms, echo time of 666 ms, inversion
time of 2500 ms, single slab 3D turbo spin echo with
variable flip angle distribution, echo train length of
173, matrix size of 320 x 320, 52 axial 0.8 mm thick
slices to cover the labyrinth with a 20 cm square field
of view, acceleration factor of two using the parallel
imaging technique, and generalized autocalibrating
partially parallel acquisitions. Voxel size was 0.7 x
0.8 x0.8 mm. The number of excitations was one
and the scan time was 9 min.

The multi-planar reconstruction (MPR) image
was created from 3D-FLAIR images by imaging
analysis software (Aquarius Net Viewer). The areas
enhanced by gadodiamide in the cochlea and vesti-
bule were traced and measured on the image in the
plane perpendicular to the modiolus. Then, the
affected side/contralateral side ratios were calculated
(Figure 1). Semi-quantitative comparison of endo-
lymphatic space in the vestibule was also calculated
using Dicom Viewer software (EV Insite).

Figure 1. The areas enhanced by gadodiamide in cochlea and vestibule were measured using multi-planar reconstruction (MPR) image by
imaging analysis software (dotted lines), and the affected side/unaffected side ratios were calculated.
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Chnical testing

Pure tone audiometry (PTA) was performed before
and after the experiment. The average of 0.5, 1, 2,
and 4 Hz is shown in Table 1. For vestibular testing,
caloric testing and vestibular-evoked myogenic
potential (VEMP) testing were performed. In caloric
testing, maximum slow eye velocity was measured by
cold water irrigation (20°C, 5 ml, 20 s). In VEMP
testing, the electrographic signal from the stimulated
side was amplified and averaged using a Neuropack
evoked potential recorder (Nihon Kohden Co. Ltd,
Tokyo, Japan). Clicks lasting for 0.1 ms at 105
dBnHL were presented through a headphone. The
stimulation rate was 5 Hz, the band-pass filter
intensity was 20-2000 Hz, and analysis time was 50
ms. The responses to 200 stimuli were averaged
twice.

The Ethics Review Committee of Shinshu Univer-
sity School of Medicine approved the protocol of the
study and all patients gave their informed consent to
participation.

Results

In this study, 3D-FLAIR MRI clearly showed that
the gadodiamide successfully penetrated the round
window membrane, entered the perilymphatic space,
and delineated the gadodiamide-enhanced perilym-
phatic and gadodiamide-negative endolymphatic
spaces of the inner ear. The endolymphatic space is
comparatively small and difficult to identify as a
vacant area in the normal side. In contrast, the
endolymphatic space in an ear with endolymphatic
hydrops is partially or entirely expanded, making

identification of the endolymphatic space easier
(Figures 2 and 3).

Gadodiamide distribution patterns within the inner
ear were variable and differed individually. In patient
no. 3, who had definite MD, after 24 h the intratym-
panic gadodiamide moved toward the perilymphatic
space, and the endolymphatic hydrops could be
detected as a black area surrounded by the perilym-
phatic space filled with the gadodiamide in the basal
turn of the left cochlea (Figure 2). In the unaffected
side, the endolymphatic space (which was signifi-
cantly small) may have been masked by the strong
enhancement of perilymphatic space. In patient no. 6,
who also had definite MD, the endolymphatic space
in the vestibule on the affected side was significantly
larger than that on the normal side (Figure 3). In this
patient, in association with the imaging, VEMP was
absent, but the caloric test showed normal response.

Table I summarizes imaging results and clinical
data obtained for each patient. In the cases such as no.
3 or 6 mentioned above, endolymphatic hydrops
could be easily identified qualitatively. However, in
some cases, it was difficult to obtain supportive
imaging for endolymphatic hydrops. Therefore, the
present study tried to perform semi-quantitative
analysis by using the MPR image, created from 3D-
FLAIR images. Based on the semi-quantitative ana-
lysis, the gadodiamide-enhanced area representing
the perilymphatic space ratio was 0.14 to 3.86 (Table
II). In 9 of 10 patients with definite MD the ratio was
reduced, and the quantitative ratio was 0.15 to 0.85
(Table II). In the exception, patient no. 4, gadodia-
mide was not introduced in the perilymphatic space
even on the normal side, probably due to technical
failure.

Table I. Summary of bilateral intratympanic gadolinium administration.

PTA-pre (dB) PTA-post (dB)

Patient Caloric test Unaffected Unaffected
no. Age/sex Diagnosis Side CP% VEMP Affected side side Affected side side
1 51/M MD R 7.2 Depressed 38.8 15.0 38.8 15.0
2 41/F MD R 51.2 - 37.5 11.3 32.5 11.3
3 42/M MD L 41.3 Depressed 50.0 12.5 53.8 12.5
4 42/F MD L 19.9 ND 33.8 12.5 32.5 10.0
5 76/F MD L 39 ND 46.5 30.0 40.0 27.5
6 51/F MD R 11.9 Absent 22.5 13.8 28.8 12.5
7 53/M ATMD R : - 58.8 13.8 47.5 13.8
8 38/M MD R 22.6 Depressed 20.0 6.3 28.8 5.0
9 76/M ALSNHL R - - 17.5 46.3 13.8 43.8
10 67/F MD L 6.9 ND 55.0 28.8 52.5 26.3
11 52/F MD L 6.8 ND 65.0 12.5 62.5 13.8
12 53/F MD L 42.3 Depressed 53.8 22.5 47.5 20.0
13 33/M pMD R 50.6 Normal 12.5 6.3 6.3 6.3

ALSNHL, acute low tone sensorineural hearing loss; ATMD, atypical Meniere’s disease; F, female; L, left; M, male; MD, ‘definite’
Meniere’s disease; ND, not detectable; pMD, ‘possible’ Meniere’s disease; PTA, pure-tone audiometry; R, right.
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