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Chapter 1

General introduction
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Introduction

In 1861 Prosper Menière was the first one who described a series of patients with the
classical triadic symptomatology of hearing loss, vertigo and tinnitus. The essence of his
hypothesis was that the symptoms were caused by a disorder of the labyrinth instead of a
vascular cerebral dysfunction, as had previously been thought. In his paper published in
the ‘Gazette Médicinale de Paris’ [1] Prosper Menière concluded that the inner ear may
be suddenly affected causing tinnitus, diminution of hearing and attacks of vertigo. The
vertigo may be accompanied by nausea, vomiting and syncope. He described that the
attacks were intermittently followed by hearing loss of increasing severity. In the 20th
century the interest to establish an exclusive diagnosis and an adequate therapy was
growing.
During the last decades a lot of different definitions of Menière’s disease for diagnostic,
therapeutic and evaluation purposes have been used. In 1972, the Committee on Hearing
and Equilibrium of the American Academy of Ophthalmology and Otolaryngology
(AAOO-HNS) defined Menière’s disease as a disease of the membranous inner ear with a
characteristic set of symptoms and signs and with a pathological correlate of
endolymphatic hydrops [2]. This hydrops of the endolymphatic system in the temporal
bones of patients with Menière’s disease was discovered by Hallpike and Cairns, and also
Yamakawa, in 1938 [3,4]. Since then endolymphatic hydrops has been generally accepted
as the basic histopathological substrate of Menière’s disease. The definition of the disease
has been revised in 1985 and in 1995 by the Committee on Hearing and Equilibrium of
the AAOO-HNS [5,6]. Despite defining and grading the different symptoms of
Menière’s disease by the American Academy of Otorhinolaryngology in 1995 [6], there
are still unresolved issues on the definition of the disease, especially on defining duration,
uni- and bilateral Menière’s disease, and the necessity of the presence of aural fullness if
tinnitus is absent. The above mentioned considerations have to be taken into account
when defining Menière’s disease. Basically the definition of Menière’s disease must
include the clinical symptomatology as the direct consequence of the idiopathic
endolymphatic hydrops as the basic histopathological substrate. Furthermore a uniform
applicability of the definition of Menière’s disease is obligatory for clinical and scientific
purposes. The diffuse and complex symptomatology of Menière’s disease requests an
accurate diagnostic program to confirm the diagnosis and to exclude other pathology.
With such a program it might be possible to obtain more information about the cause of
the disease and to establish staging, allowing more specific treatment modalities for each
particular stage.
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Objectives of this study

The Department of Otorhinolaryngology of the University Hospital Groningen
reconsidered the definition of Menière’s disease taking the above mentioned
considerations into account. The Definition Menière Groningen was developed. With this
definition Menière’s disease was defined as a sensorineural (cochlear) hearing loss
combined with tinnitus (present now or in the past), vertigo attacks (at least two, present
now or in the past) and exclusion of other pathology through the Groningen Diagnostic
Protocol. As part of the Definition Menière Groningen the Groningen Diagnostic Protocol
was developed to confirm the diagnosis Menière’s disease and to exclude other
pathology. The protocol allowed a prospective and systemic evaluation of the diagnostic
value of each different test for the diagnosis of Menière’s disease. In addition, the
contribution of each test separately and their correlations with regard to a possible
classification was further subject of investigation, possibly allowing more specific
treatment modalities for each particular stage.
Chapter 2 describes the history and the evolution of defining Menière’s disease.
In Chapter 3 the shortcomings in defining Menière’s disease are discussed and the need
for a more sophisticated definition of the disease is emphazised. The Definition Menière
Groningen is introduced together with a description and definition of symptoms, affected
and unaffected ear, uni- and bilateral disease and the duration of the disease. A detailed
description of the Groningen Diagnostic Protocol is presented. Furthermore, data
management is discussed, including the design of a Menière database and data analysis.
The patient characteristics of the studied population are presented in Chapter 4, including
the analysis of the start and duration of the disease and the severity of the perceived
subjective symptoms. The effects of the four days hospital admission, required for the
protocol, are also described.
Chapter 5 describes the results of pure-tone and speech audiometry of this cohort of
patients. The shape of the pure-tone audiogram is analyzed. Results are also related to
average hearing loss and to duration and severity of disease and symptoms.
In Chapter 6 the prospective outcomes of electrocochleography of this cohort are given.
The value of electrocochleography for analysis of Menière’s disease is discussed. Results
are related to average hearing loss and to duration and severity of disease and symptoms.
Chapter 7 presents the results of the prospective study of evoked otoacoustic emissions in
this group of Menière patients. Click-evoked as well as distorsion product otoacoustic
emissions are measured. Results are related to average hearing loss and to duration and
severity of disease and symptoms.
Chapter 8 describes the results of the vestibular tests of the Groningen Diagnostic
Protocol. Vertigo and electronystagmography results in uni-and bilaterally affected
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patients are discussed. Results are related to average hearing loss and to duration and
severity of disease and symptoms.
The outcomes of the prospectively performed three-dimensional DFT-CISS Magnetic
Resonance Imaging study on the patient cohort are demonstrated in Chapter 9. The
distance between the vertical part of the posterior semicircular canal and the posterior
fossa is measured and compared with this distance of control ears with normal hearing.
Also differences between affected and unaffected ears as well as differences between uni-
and bilateral disease are studied. Results are related to average hearing loss and to
duration and severity of disease and symptoms.
The results of perilymphatic pressure measurement using the tympanic displacement
analyzer on the patient cohort are presented in Chapter 10. A group of normal hearing
adults are used as a control. Results are also related to average hearing loss and to
duration and severity of disease and symptoms.
Chapter 11 describes the results of the assessment of aldosterone in the patient cohort.
Results are also related to average hearing loss and to duration and severity of disease and
symptoms.
Chapter 12 finally is an evaluation of the Definition Menière Groningen and the
Groningen Diagnostic Protocol as has been used in this thesis. Based on the results of this
thesis and the literature a renewed version of the Definition Menière Groningen is
introduced, called the Definition Menière Groningen 2001. The Definition Menière
Groningen 2001 including a diagnostic protocol is introduced for clinical purposes. The
Definition Menière Groningen 2001 including an extended diagnostic protocol is
proposed for scientific analysis.
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Chapter 2

History and definition
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History

In 1861 Prosper Menière was the first one who described a series of patients with the
classical triadic symptomatology of hearing loss, vertigo and tinnitus. The essence of his
hypothesis was that the symptoms were caused by a disorder of the labyrinth instead of a
vascular cerebral dysfunction, as had previously been thought. This was published in the
‘Gazette Médicinale de Paris’ [1]. In this paper Prosper Menière concluded that the
sudden difunction of the inner ear is not only responsible for the symptoms of tinnitus and
diminution of hearing, but also lead to attacks of vertigo, dizziness, uncertain gait,
staggering and falling. The attacks may be accompanied by nausea, vomiting and
syncope. He described that the attacks were intermittantly followed by hearing loss of
increasing severity.
Centuries before Prosper Menière described his classical triadic symptomatology
Menière-like symptoms were already reported. Plutarch, a Roman historian, already
suggested that Julius Caesar suffered from a ‘falling sickness’ which was characterised by
‘giddiness’ which was referred to by Shakespeare, who in addition made Ceasar hard of
hearing in the left ear [2]. Centuries later Martin Luther once wrote to someone who
complained of the itch ‘I would give ten florins to change with you; you do not know how
distressing vertigo is. At this very moment I am unable to read a letter through at once,
and indeed I cannot read more than two or three lines of my Psalter; for when I make the
attempt such a buzzing comes on my ears that I am often on the point of falling off my
seat. On the other hand the itch is a useful thing’ [3]. Luther was convinced about the fact
that the devil was violently attacking his ear [4].
In the 18th century paroxysmal vertigo was well recognised. It was not very well defined
at that time. Doctors and scientists thought that the origin of it was central. In 1821 Itard
described two groups of patients both with ‘cerebral apoplexy’. One group recovered
from their attacks without subsequent neurological deficit and the other group did not. He
suggested that the attacks of dizziness in some cases could be caused by a disease of the
ear, instead of a central nervous disorder. In detail he described a patient having
characteristic symptoms of Menière’s disease [5].
In 1881 Jean Marie Charcot, a leading neurologist of his time, mentioned Menière’s
communication to the Academy of Medicine in June 8, 1861. He did so in his 17th and
18th lecture, titled ‘Menière’s vertigo (‘Vertigo Ab Aura Laesa’)’. Charcot listed the
symptoms of Menière’s disease, charging his colleges to memorize the caracteristics of
the disease so that they should not continue to misdiagnose Menière with epilepsy [6].
The confusion regarding the diagnosis can be illustrated by the so called epilepsy of the
famous Dutch impressionist Vincent van Gogh. Based on van Gogh’s written statements
in letters, he suffered from frightening attacks of disabling, recurrent vertigo, with nausea
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and auditory and visual disturbances that were described as hallucinations. He used the
French word ‘vertige’ to describe his attacks of vertigo. Between the severe attacks,
persistant imbalance, motion intolerance, and positional dizziness accompanied by
intolerance for loud sounds might cluster for several months. Van Gogh’ s handwritten
statements describing his attacks and his illness are a compelling evidence for the
diagnose Menière’s disease and not epilepsy [7,8].
In the 19th century a lot of important research on otologic and vestibular disorders was
performed in France around Paris. By experiments on pigeons Flourens proposed that the
semicircular canals were involved in the maintainance of posture and balance. He
hypothesized that a lesion in the semicircular canals was responsible for the earlier
described vestibular symptomatology [9,10].  In 1872, Simon Duplay coined the term
‘maladie de Menière’ for this dysfunction [11]. Mc Bride felt the need for a thorough
neurological and otological examination to exclude non-labyrinthine disease [12].
Politzer of Vienna first described and quantified results of treatment for patients with Me-
nière’s disease. In 1902 he measured an improvement of hearing and a reduction of the
number and the severity of the attacks. Menière‘s findings were critically discussed in his
book ‘Diseases of the ear’ [13]. Dandy first noticed that the attacks lasted from days to
weeks, with the patients feeling well between the attacks [14]. A fluctuating hearing loss
was first described by Crowe [15] and Mygind et. al. [16]. Crowe also stated that the
attacks occurred at irregular intervals at any time and patients were well between attacks.
He personally felt that the diagnosis should be based mainly on the history. Aural fullness
and a sensation of pressure in the ear were reported less than 10 years later by Lindsay
[17] and Cawthorne [3].
In 1934 Furstenberg pointed out that many otologists had made their own classification at
that time. In his opinion this made it impossible to have comparable groups for evaluating
treatments. He defined Menière’s disease as violent attacks of vertigo with nystagmus in a
patient with deafness, associated with nausea, vomiting and tinnitus [18].
In 1927 Portmann treated patients having vertigo with endolymphatic sac surgery. He
described his operating technique and poor results in 1927 [19]. For this he used the work
of Knapp who described the complaints of vertigo, deafness and tinnitus as the Triad of
Menière [20]. In 1927 Portmann was invited for the first ‘Congress of the ‘Collégium
Oto-rhino-laryngologium’‘ by Professor Benjamins and Dr de Kleyn in Groningen, The
Netherlands. In his oral presentation called ‘Recherches sur le sac endolymphatique.
Résultats et applications chirurgicales’ he again discussed his endolymphatic sac surgery
procedures and their poor outcomes [21].
In the past therapeutic options in Menière’s disease were legion [22]. Until now a real
causative treatment for Menière’s disease has not been found. By necessity, treatment
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was, and still is, mainly symptomatic. It is well known that the placebo-effect of any
treatment modality is large.

Definition

During the last decades many different definitions of Menière’s disease have been used.
In 1902, for example, the Dutch handbook of Otolaryngology defined Menière’s disease
as follows: ‘The typical spells of ‘ear dizziness’, known as Morbus Ménièrii can give
symptoms of an acute balance disorder, causing sudden dropping attacks with nausea and
vomiting. During the attack the patient is concious. Even when the dizzy spell is mild, it
will still appear in attacks; only occasionally the balance disorder is permantly present.
Typical is the subjective sensation of rotation and the appearance during sudden head
movements’ [23].
Although the definition of Menière’s disease as aspecific entity was worldwidely
recognised, confusion in the terminology remained. There was a great deal of variability
in the vast literature on Menière’s disease concerning its epidemiology, clinical features
and natural history. Some of this variability may be real but a significant part must be
regarded as the result of differing diagnostic criteria.
It was therefore essential that strict diagnostic criteria were developed. In 1972 the
Committee on Hearing and Equilibrium of the American Academy of Ophthalmology and
Otolaryngology (AAOO) defined Menière’s disease as a disease of the membranous inner
ear with a characteristic set of symptoms and signs (table 1) and with a pathological
correlate of endolymphatic hydrops [24]. Hydrops of the endolymphatic system in the
temporal bones of patients with Menière’s disease was discovered by Hallpike and
Cairns, and also Yamakawa, in 1938. Since then this endolymphatic hydrops has been
generally accepted as the basic histopathological substrate of Menière’s disease [25,26].
Since 1972 there have been two updated versions by the AAOO of these criteria. The first
one in 1985 is listed in table 2 [27]. The later version of 1995 is listed in table 3 [28]. The
1995 criteria aimed to symplify the definition. They allowed more flexibility, making it
more usable in a wide range of settings. The patients history became more important.
Menière’s disease was redefined as the idiopathic syndrome of endolymphatic hydrops
and the importance of exclusion of other possible causes were discussed.
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Table 1. 1972 Criteria for the diagnosis of Menière’s disease. Committee on Hearing and Equilibrium;
report of subcommittee on Equilibrium of the American Academy of Ophthalmology and Otolaryngology,
AAOO.

                -      Fluctuating, progressive, sensorineural hearing  loss.

- Episodic, characteristic definitive spells of vertigo lasting 20 minutes to 24 hours.

      The patient remains fully concious with no neurological accompaniments or
      sequelae; during the spells vestibular nystagmus is always present.

- Usually tinnitus.

The attacks are characterised by periods of remission and exacerbation.

Table 2. 1985 AAOO-Criteria for the diagnosis of Menière’s disease.

- A fluctuating, sensorineural hearing loss associated with tinnitus - the deficit is
      characteristically of low frequency or flat type.

- Vertigo - spontaneously occurring sensation of movement that is accompanied by
       unsteadiness and lasts from minutes to hours. More than one attack needed to
       establish diagnosis

Definitive spell - often prostrating, often accompanied by nausea and vomiting. Patient oriented
and concious, no neurological sequelae. Horizontal or horizontal rotatory nystagmus is always
present during the definitive spell.
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Table 3. 1995 AAOO-Criteria for the diagnosis of Menière’s disease.

                        - Recurrent, spontaneous episodic vertigo.
             definitive spell - spontaneous rotational vertigo lasting at least 20 minutes

                           (commonly several hours), often prostrating, accompanied by disequilibrium that
                           may last several days, usually nausea, commonly vomiting or retching, no loss of
                           consciousness. Horizontal or horizontal rotatory nystagmus is always present.

                        - Sensorineural hearing loss (not necessarily fluctuating).

                        - Either aural fullness or tinnitus (or both).

- Certain Menière’s disease: ‘Definite’ disease with histopathological confirmation.

- Definite Menière’s disease: Requires two or more definite episodes of vertigo of at
                                                                 least 20 minutes with hearing loss plus tinnitus and/or
                                                                 aural fullness. Audiometrically documented hearing loss.
                                                                 on at least one occasion

- Probable Menière’s disease: Needs only one definitive episode of vertigo and the other 
symptoms and signs. Audiometrically documented hearing

                                                                 loss on at least one occasion.

- Possible Menière’s disease: Definitive episodic vertigo without documented hearing
                                                                 loss or documented sensorineural hearing loss, fluctuating
                                                                 or fixed, with disequilibrium, but without definite episodes

(= non-definitive vertigo).
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Chapter 3

Definition Menière Groningen
and Groningen Diagnostic Protocol
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Shortcomings in defining Menière’s disease

Despite defining and grading the different symptoms of  Menière’s disease by the
American Academy of Otorhinolaryngology in 1995 [1], there are still unresolved issues
on the definition of the disease, especially on defining duration, uni- and bilateral
Menière’s disease, and the necessity of the presence of aural fullness if tinnitus is absent.
The natural history of Menière’s disease is highly variable and attacks of vertigo can be
capricious [2]. The unpredictable nature of the symptoms makes assess-ment of diagnosis
and efficacy of therapy quite difficult [3]. Vertigo and hearing loss usually overlap during
the course of Menière’s disease, conditioning both (and being conditioned by) the
possible stage of the disease and the therapeutic strategies, but they apparently do not
influence each other [4].
Duration of the disease is closely related to the patient’s history and has not been defined
uniformly until now. One could define the start of the disease retrospectively as the initial
manifestation of the complete triad of symptoms. One could also decide to define the start
of the disease as the date of the first episode of vertigo, the first signs of hearing loss or
the first time a sensorineural hearing loss is documented. A better definition of the
duration might be the moment of occurring of at least one of the first symptoms (hearing
loss, vertigo or tinnitus), assuming that the other two symptoms will be present later.
The definition of uni- and bilateral  Menière’s disease also needs meticulous
reconsideration [5,6]. Kodama and Kitahara have been studying the differences between
uni- and bilateral disease in the past [7]. They described differences between clinical
characteristics of Menière’s patients with bilateral fluctuating hearing loss. Assuming that
one ear has already been affected, one could define the opposite ear as being affected
from the moment that the patient is suffering of tinnitus and hearing loss in this opposite
ear. Another definition of affection of the opposite ear is also possible; vertigo being
present now or in the past, tinnitus being present now or in the past (in the opposite ear)
and a documented sensorineural hearing loss (in the opposite ear) being actually present.
The above mentioned considerations have to be taken into account when defining
Menière’s disease. Basically the definition of Menière’s disease must include the clinical
symptomatology as the direct consequence of the idiopathic endolymphatic hydrops as the
basic histopathological substrate. Furthermore a uniform applicability of the definition of
Menière’s disease is obligatory for clinical and scientific purposes. The diffuse and
complex symptomatology of Menière’s disease requests an accurate diagnostic program
to confirm the diagnosis and to exclude other pathology. With such a program it might be
possible to obtain more information about the cause of the disease and to establish
staging, allowing more specific treatment modalities for each particular stage.
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Definition Menière Groningen

The Department of Otorhinolaryngology of the University Hospital Groningen provides
the following definition on Menière’s disease:

Definition Menière Groningen:
- a sensorineural (cochlear) hearing loss combined with
- tinnitus (present now or in the past) and
- vertigo attacks (at least two, present now or in the past) and
- exclusion of other pathology through the Groningen Diagnostic Protocol.

Sensorineural hearing loss
In accordance with the Definition Menière Groningen the hearing loss must be
sensorineural. A conductive component must be absent, proven by pure-tone audiometry
and measurements of  the middle ear impedance. Sensorineural hearing loss is defined a
minimum threshold of 20 dB Hearing Level (HL) or worse at at least one of the six
measured thresholds (0.25 kHz, 0.5 kHz, 1 kHz, 2 kHz, 4 kHz or 8 kHz) on the pure-tone
audiogram.

Tinnitus
Tinnitus is characterized by a spontaneous sensation of noise, buzz or constant tone in the
ear. Mostly this sensation will not be synchronous with the pulse rate. Tinnitus can occur
continuously or in attacks and can be experienced uni- or bilaterally.

Vertigo
Vertigo is characterized by paroxysmal attacks of dizziness with a sensation of rotation,
spinning or whirling motion and instability. The attacks are frequently accompanied by
complaints of nausea and/or vomiting. At least two episodes of vertigo have to be present
in the patients history. The complaint of vertigo will be scored as ‘positive ‘ if at least one
of the attacks  lasted for five minutes or longer. Between vertigo attacks periods of
disequilibrium can be present.

Affected and unaffected ears
When sensorineural hearing loss and a history of tinnitus are present in a certain ear
together with a history of at least two episodes of vertigo, the ear is called an affected ear.
It is not required that all three symptoms are present at the time of investigation. The
hearing loss is required to be present and documented at the time of the investigation.
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When a sensorineural hearing loss and/or tinnitus (now or in the past) is absent, the ear is
called unaffected.

Unilateral and bilateral affection
When the disease affects only one ear the Menière disease is called unilateral. When both
of the patient’s ears are affected according to the above mentioned requirements, the
disease is called bilateral.

Duration of Menière’s disease
In unilateral Menière’s disease the duration is defined from the moment of occurrence of
at least one of the symptoms (hearing loss, vertigo or tinnitus), consequently followed by
the other two symptoms.  If the hearing loss is mentioned as the first symptom, this is
required to be documented as a sensorineural hearing loss. The start of the disease being
bilateral is determined by the start of the affection of the contralateral ear. This goes back
to the date of first occurrence of either hearing loss (documented) or tinnitus.

Groningen Diagnostic Protocol

The Groningen Diagnostic Protocol is developed to confirm the diagnosis Menière’s
disease with the tests of the protocol and to exclude other pathology as defined in the
Definition Menière Groningen. The protocol allows a systemic evaluation of the
diagnostic value of each different test for the diagnosis of Menière’s disease. In addition,
the contribution of each test separately and their correlations with regard to a possible
classification is further subject of investigation. The contents of the protocol are given in
table 1.

Inclusion
At the out-patient-clinic of the Department of Otorhinolaryngology Groningen
preselection of patients was performed according to the Definition Menière Groningen.
Patients having the symptoms as decribed in the Definition Menière Groningen were
subjected to the Groningen Diagnostic Protocol.

Informed consent and patient information
Before entering the Groningen Diagnostic Protocol, patients gave their consent for the
clinical Groningen Diagnostic Protocol. Information was provided about the protocol
itself and about the waiting list for admission. Two weeks before entering the protocol
patients received a letter with the date of admission to the hospital and a detailed
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brochure. In this brochure information was given about the Groningen Diagnostic
Protocol in general and also provided specific information about each test separately.
Two weeks before entering the protocol all medication related to Menière’s disease was
required to be stopped.

Table 1. Groningen Diagnostic Protocol

  I. Routine ENT-examination
  II. Audiological tests

- pure-tone audiometry
- speech audiometry
- tympanometry
- stapedial reflex measurements
- brainstem evoked response audiometry (BERA)
- otoacoustic emissions (OAE)
- electrocochleography (ECoG)

 III. Vestibular tests
- electronystagmography
- caloric tests
- rotating chair

 IV. Perilymphatic pressure measurement (Tympanic Displacement Analyser)
  V. Magnetic Resonance Imaging
                                       - T1, T2, gadolinium, 3DFT-CISS

- petrosal bone, cerebellopontine angle, cerebrum
 VI. Laboratory tests

- full blood count
- urine tests
- Aldosterone in plasma
- Lues serology
- Na, K, Urea in 72 h urine
- blood pressure measurement

 VII. Psychological consultation
VIII. Intake and follow-up questionnaires

Clinical procedure
Weekly one patient was submitted for four days to the Department of Otorhinolaryn-
gology for the Groningen Diagnostic Protocol. During this period these patients were
clinically subjected to a combination of medical, audiovestibular, laboratory, radiological,
psychological and other tests as listed in table 1. At the ‘intake’anamnesis and four days
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later, at the ‘follow up’ anamnesis, the patients had to fill out a questionnaire (appendix).
At the ‘intake’ patients were asked about the state of their hearing (unchanged, worsened,
improved or fluctuating) and the severity of their percieved symptoms during the last
three months. They were also asked about the duration of the hearing loss, tinnitus, aural
fullness and vertigo. The ‘follow up’ anamnesis included the same questions about the
severity of symptoms.
A strict timetable was developed, which was exactly the same for each particular patient.
The order of investigations was always identical. Each particular investigation was
always performed under the same standardized conditions and by the same investigator.

Data management

Data management design
The design for a Menière database has been developed with the support of a professional
data management team (Data Management Office, university Hospital Groningen, head:
Dr J. Kingma). A scoreform was designed for a proper data input management. The
database design had to be suitable for the fact that weekly a patient (with two ears to be
tested) was submitted to 16 different tests, resulting in 40-45 patients per year. It also had
to be suitable for the fact that some tests were ear specific and some were patient specific.
Besides, each test gave its test specific data and each test was linked to a specific
investigator. Finally it was also required that all test results (including the name of the
investigator) could be checked afterwards. The accessibility of all data was medicolegally
secured.
After completion the Menière database was included in the National Dutch Register of
Medical Databases. Changes of database design (for example addition of extra variables)
were only possible by a written request signed by the head of the Department of
Otorhinolaryngology and one of the coordinators. The Menière database was connected to
the Hospital Computer Network. The overall service and control were done by the data
management team. Monthly back-ups were made by this team using the Hospital
Computer Network. A yearly back-up was produced and put on CD-ROM. This CD-
ROM was kept in possession by the data management team. A yearly made copy was kept
by the coordinators of the study.

Data collection
Before final implementation of scoreforms and database, both were tested for several
weeks to solve gaps and/or problems. Previous to this testing-period all participating
investigators were carefully informed and instructed.
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Per ear 159 variables were defined. Each variable was given a certain issue-number and a
name. All characteristics as numeric, ranges, length and unities were defined and labeled.
Even several calculations of combinations of variables were incorporated in new extra
variables. Finally, also missing values were defined.
A scoreform was used for each patient containing all test results of both of the patient’s
ears. Behind each issue number the related data per test were filled out and accordated by
the investigator who performed that particular test. If required, data of right and left ears
were separated. At the end of the testweek the scoreform was sent to one of the two
coordinators of the study (otolaryngologist and audiologist of the Department of
Otorhinolaryngology Groningen). They performed a second accordation of each test
separately as well as the overall accordation. These coordinators finally decided whether a
patient had Menière disease according to the Definition Menière Groningen or not.
Ultimately, the data were suitable for further analysis.

Data analysis
The database was developed with the FOX PRO 2.6 software. This is a Database
management system accessible to WINDOWS 95 and 98. The FOX PRO 2.6 program
could be applied for and translated to various other software programs, such as SPSS 10.0
and QUATRO PRO 6.0 spreadsheed-programs. These were required for further statistical
analysis of data. Descriptive and analytic statistical data analysis was performed with the
support of a professional statistician.
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Appendix

Questionnaire of subjective symptoms used for the Groningen Diagnostic Protocol used
for the ‘intake’ and ‘follow-up’.

Hearing: AD AS
Duration of symptoms
Complaints during the last 3 months.
Unchanged hearing:
Changed hearing: improved

worsened
fluctuating

Tinnitus:
Duration of symptoms:
Complaints during the last 3 months. none

mild
moderate
severe

Aural pressure:
Duration of symptoms:
Complaints during the last 3 months. none mild

mild
moderate
severe

Vertigo:
Duration of symptoms:
Complaints during the last 3 months. none,

or instability,
or attack lasting <5min
number:
attack      lasting >5min
number:

remarks:
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Chapter 4

Patients and characteristics
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Period of study and number of patients

During a three and a half year period (from January 1994 to June 1997) 128 patients,
suspected of having Menière’s disease, were admitted for four days at the Department of
Otorhinolaryngology of the University Hospital Groningen, a tertiair referral center.
According to the Definition Menière Groningen, these patients had a history of vertigo
attacks (at least two), suffered or had suffered from tinnitus and had a sensorineural
hearing loss of at least 20 dB at one of the audiogram frequencies. During the admission
they were subjected to a wide range of tests, called the Groningen Diagnostic Protocol.

Exclusion of patients

In this study 17 patients (13 female and 4 male) had to be excluded from the study.
According to the Definition Menière Groningen these patients were not diagnosed as
patients with Menière‘s disease after completing the Groningen Diagnostic Protocol.
These patients and their diagnoses are listed in table 1.

Table 1. Drop-outs through the Groningen Diagnostic Protocol

Diagnosis of excluded patients            number of patients

- Balance disorder of central origine 2 (2f)

- Labyrinthitis 1 (f)

- Idiopathic sudden sensorineural hearing loss (ISSHL) 1 (f)

- Acoustic neurinoma 1 (f)

- Labyrinthine otosclerosis 2 (f)

- Noise induced hearing loss 1 (m)

- Tympanosclerosis 1 (f )

- Absence of sensorineural hearing loss in pure-tone
audiogram

6 (3f,3m)

- Absence of vertigo in history 1 (f)

- Intake/follow-up form missing 1 (m)

m = male, f   = female total 17 (13f,
   4m)
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The two patients with aspecific dizziness of a central origine had psychological
complaints accompanied by hyperventilation. One patient suffered from a chronic
mastoiditis complicated by a labyrinthitis and was treated by a mastoidectomy and
intravenous antibiotics. One patient had a non-fluctuating hearing loss and a short single
period of vertigo and was diagnosed as  idiopathic sudden sensorineural hearing loss
(ISSHL). Transotic extirpation of a tumor with a diameter of 2 cm was performed on one
patient with an acoustic neurinoma. Two patients with a sensorineural hearing loss,
tinnitus and fluctuating vertigo received the diagnosis of labyrinthine and tympanic
otosclerosis and underwent a stapedotomy. In one patient suffering from sensorineural
hearing loss and tinnitus tympanosclerosis was finally diagnosed. Two patients with a
high frequency sensorineural hearing loss and tinnitus were diagnosed as noise induced
hearing loss. According to the Definition Menière Groningen, six patients were excluded
because they did not have a sensorineural hearing loss of at least 20 dB at one of the pure-
tone audiogram frequencies.

Patients characteristics

Table 2. Gender distribution, affected and unaffected ears

Gender n (ears) Percentage
(%)

All patients

affected ears 71 32

unaffected ears 151 68

all ears 222 100

Male

affected ears 75 65

unaffected ears 39 35

all ears 114 100

Female

affected ears 76 70

unaffected ears 32 30

all ears 108 100
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Based on the criteria of the Definition Menière Groningen finally 111 patients were
diagnosed with Menière’s disease. 57  Patients were male (51%) and 54 patients were
female (49%). There were 151 affected ears and 71 unaffected ears (table 2).

Age
The age distribution of the population is shown in figure 1. The mean age was 50.3
(±10.9) years. This was the mean age at the time of the hospital admission for the
Groningen Diagnostic Protocol. There was no significant difference in age between
male and female (p=0.77, two samples T-Test, significance level p=0.02). The
youngest patient studied was 19 years old, the oldest patient was 77 years old.

Figure 1. Histogram: age distribution of the population (n=111).

Unilaterally and bilaterally affected
In our population 71 patients had only one affected ear. This is 64% of the total
population. Thirty-nine of these patients were male and 32 were female. The remaining
40 patients suffered from bilateral Menière’s disease. This is 36% of the total
population. Eighteen of these patients were male and 22 were female. In unilaterally
and in bilaterally affected patients there was no significant difference in the number of
male and female patients (T-Test, significance level p=0.02). On admission the mean
age of the unilaterally affected patients was 50.1 (±11.4) years and of the bilaterally
affected patients 50.7 (±10.2) years as summarized in table 3. The difference in age at

age (years)
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65,0
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55,0
50,0
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30,0

25,0
20,0
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0

Std. Dev = 10,9  

Mean = 50,3
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the time of the hospital admission was not statistically significant (two samples T-Test,
p=0.77).

Table 3. Age distribution: male/female and uni-/bilaterally affected patients.

Patients Mean age at
first time of
affection

years

Standard
deviation

years

Mean age at
the time of
admission to
hospital

years

Standard
deviation

years

Duration of
disease

years

Standard
deviation

years
All 42.8 (17-68) 11.5 50.3 (19-77) 10.9 7.5 (0.2-30) 6.7

Unilaterally
affected

43.5 (17-68) 12.1 50.1 (19-77) 11.4 6.4 (0.2-28) 6.1

Bilaterally
affected

41.7 (17-60) 10.7 50.7 (28-68) 10.2 9.0 (0.5-30) 7.2

Male 41.7  (17-66) 12.0 49.3 (19-77) 11.0 7.6 (0.2-30) 6.7

Female 44.0 (21-68) 11.0 51.4 (22-68) 10.8 7.4 (0.5-30) 6.7

Duration of the disease and symptoms
In unilaterally affected patients the duration of the disease and the duration of affection
of the affected ear was defined as the period between first appearance of one of the
Menière symptoms and the admission into the hospital. The duration of the disease in a
bilaterally affected patient was equal to the duration of affection of the first affected
ear of the patient. The duration of affection of the contralateral ear was defined as the
period from the date of first occurrence of either hearing loss (documented) or tinnitus
to the date of the hospital admission.
After defining duration of affection we were able to determine the age of the patients
at  the first time of affection (table 3). At the start of the disease the mean age of the
total Menière population was 42.8 (±11.5) years. At the start of the disease the mean
age of the unilaterally affected patients was 43.5 (±12.1) years. The mean age of the
bilaterally affected patients was 41.7 (±10.7) years, which indicated that the bilaterally
affected patients were 1.8 years younger than the unilaterally affected patients at the
start of the disease. This difference was not statistically significant (p=0.41 two
samples T-Test, significance level p=0.02). For the male subgroup the age of first
affection was 41.7 (±12.0) years and for the female subgroup 44.0 (±11.0) years (no
significant difference, p=0.30, two samples T-Test, significance level p>0.02).
At the time of the hospital admission the total group of patients was 7.5 years older. At
the hospital admission the mean duration of unilateral Menière’s disease was 6.6 (±6.1)
years and the duration of bilateral Menière’s disease was 9.0 (±7.2) years. This
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difference was statistically significant  (p=0.036, Wilcoxon signed-rank test due to
non-normal distributions, significance level p=0.05).

duration of disease (years)
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Figure 2. Duration of disease in uni- and bilaterally affected patients. bi = bilaterally affected
patients (n=40), uni= unilaterally affected patients (n=71).

In figure 2 the duration of the disease was divided into four groups (0-2, 2-5, 5-10 and
>10 years). The gradual increase in the (relative) number of bilaterally affected patients
may suggest that the disease first starts unilaterally and will become bilateral in a later
stage. In order to check this hypothesis we studied the bilaterally affected group of
patients separately. For each patient we compared duration of the disease in the first
affected ear (9.0 (±7.2) years) with duration of the disease in the ear affected last (7.3
(±7.2) years). This difference in duration between the first and the last affected ear was
not statistically significant (p=0.289, independant samples T-Test with significance
level p=0.02). Furthermore, we observed that the difference in duration between the
two ears rarely exceeded one year (figure 3).
We already concluded that there was no difference in the mean age between uni- and
bilaterally affected patients at the time of the admission. Figure 4 shows that there is no
influence of age on having uni- or bilateral Menière’s disease.

We also examined the difference in duration between the first and the last symptom of
the trias as given in the Definition Menière Groningen of each affected ear (n=151).
This is illustrated in the histogram of figure 5. There was one ear missing because of
an incomplete questionnaire. In 99 ears (66%) all the symptoms were present within
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one year (figure 5). In only five ears it took more than ten years before all symptoms
were present.
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Figure 3. Histogram: difference in duration of affection between first and last affected ears
(bilaterally affected patients, n=40, mean=1.7 years, SD=4.5).
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Figure 4. Influence of age on uni-/bilateral affection, all ears (n= 222). Horizontally the age is
devided in 5-year-groups and vertically the percentage of uni/bilaterally affected patients per group
is listed. At the top of each bar the number of ears is given (white boxes).
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duration between first and last symptom of trias (years)
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Figure 5. Histogram: difference in duration between the first and the last symptom of the trias as
given in the Definition Menière Groningen (affected ears, n=150, mean= 2.3 years, SD=3.87).

In table 4 the mean durations of separate symptoms of all affected ears are listed. In
our group, the duration of vertigo was 6.6 (±6.6) years. Hearing loss as well as tinnitus
were present for 6.2 years (±6.3 years for hearing loss and ±6.4 years for tinnitus). A
sensation of aural pressure/fullness (if present) had an mean duration of 4.5 (±6.4)
years.

Table 4. Affected ears, duration of symptoms (years, n=151).

Hearing loss

Duration
(years)

Tinnitus

Duration
(years)

Vertigo

Duration
(years)

Aural
pressure
Duration
(years)

Mean 6.1 6.2 6.6 4.5

Standard
deviation

6.3 6.4 6.6 6.4

Range 0-30 0.1-30 0.2-30 0-30

Furthermore, we studied the initial presentation of the separate symptoms in all
affected ears. In 101 ears (70%) the hearing loss was the initial symptom of the
disease. In 9 ears (6%) it was the last symptom present. In 106 ears (73%) tinnitus was
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among the first symptoms and appeared as the last symptom in 5 ears (4%). In 70 ears
(48%) aural pressure/fullness was presented at the onset. In 48 ears (33%) this
symptom was the last presenting symptom. In 108 ears (75%) vertigo was among the
first complaints and in 10 ears (7%) it appeared the last. In figure 6 the number of
affected ears (n=145) is illustrated for each first presenting symptom (hearing loss,
tinnitus and vertigo) or a combination of the symptoms. In 69 (48%) ears all three
symptoms were present at the start of the disease. Two of the three symptoms were
observed in 42 ears (29%). In 101 ears (70%) at least two symptoms were present at
the beginning of the disease. The disease started with only one symptom in 44 ears
(30%). In 56 ears (39%) aural fullness was present together with the trias (hearing loss,
tinnitus and vertigo) at first appearance of the disease.

Figure 6. Affected ears, Venn diagram: distribution of affected ears related to first presenting
symptom or combination of symptoms (hearing loss, tinnitus and vertigo, n=145).

Duration in relation to severity of symptoms
Another aspect of the symptom score we investigated was the influence of the duration
of affection on the severity of the symptoms. We concluded that there was no statistical
difference in severity of the separate symptoms hearing loss (p=0.34), tinnitus
(p=0.18), vertigo (p=0.07) and/or aural pressure (p=0.99) in the affected ear between
groups of ears with short ( 2 years) and long ( 2 years) duration of the disease (Pearson
Chi-square test, significance level p=0.02).

Hearing loss 
1st symptom

Tinnitus 1st
symptom

Vertigo 
1st symptom

69 6

16

10

10

11

23
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Severity of symptoms
The severity of symptoms was scored with a questionnaire which was part of the score
form (appendix chapter 2). Figure 7 shows  the symptom scores at the ‘intake’. Of all
affected ears (n=151) 21% exhibited a hearing loss over the last three months
characterized by the patient as ‘fluctuating’, 24% as worsened and only 4% as
improved. In about half of the affected ears (50%) the hearing loss over the last 3
months was unchanged. Tinnitus was noticed in 91% of all affected ears. 22% suffered
from mild, 34% moderate and 34% from a severe tinnitus. 59% of the patients suffered
from vertigo attacks lasting for more than 5 minutes over the last three months. In the
three months prior to the ‘intake’ aural fullness/pressure in the ear was present in 68%
of all affected ears (mild 21%, moderate 34%, severe 13%). There were no significant
differences in severity of hearing loss (p=0.28), tinnitus (p=0.17) and aural
pressure/fullness (p=0.1) between uni- and bilaterally affected ears (Pearson Chi-
square test, significance level p=0.02). Vertigo was scored per patient. There was no
significant difference in vertigo between uni- and bilaterally affected patients (p=0.54,
Pearson Chi-square test, significance level p=0.02).

Figure 7. Symptom scores at the ‘intake’, severity over the last three months. (uni=unilaterally
affected patients, bi=bilaterally affected patients, abs/instab.=absent or instability/attacks lasting
less than 5 minutes, att.>5 min=attacks lasting more than 5 minutes).
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Correlation between symptoms
To investigate a possible correlation between the severity of the symptoms we made
cross tabulations of the symptom scores at the ‘intake’. Statistics were performed with
a two tailed Pearson Correlation (significance level, p=0.02, n=151). The severity of
vertigo did not correlate with the severity of the other symptoms (hearing loss, tinnitus,
aural pressure/fullness). The severity of hearing loss in the affected ears correlated
with the severity of tinnitus (p=0.002) and aural pressure/fullness (p<0.001), but not
with severity of vertigo (p=0.87). For a ‘fluctuating’ hearing loss a shift to ‘severe’
tinnitus was found (p=0.002). Furthermore in the affected ears there was a statistically
significant correlation between tinnitus and aural pressure/fullness (p<0.001).

Figure 8. Pie charts: Symptom scores of affected ears at the ‘follow up’, severity of hearing loss,
tinnitus and aural fullness/pressure (over the last 4 days/period of admission).
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Effect of hospital admission on severity of symptoms
To study whether the hospital admission had an effect on the severity of the Menière
symptoms the scores of the ‘intake’ and ‘follow-up’ had to be compared (figure 7 and
8). Statistics were performed with a Wilcoxon Signed Rank Test (significance level,
p=0.02).
At the time of the ‘follow-up’, 78.8% of all the affected ears had an ‘unchanged’
hearing loss, 8.6% an improved, 3.3% a worsened and 6.0% a fluctuating hearing loss
(n=151, figure 8). There was no statistically significant change in severity of hearing
loss score (p=0.35).
The perceived tinnitus score at the ‘follow-up’ was as follows: 12.6% none, 19.9%
mild , 35.1% moderate and severe 28.5% (n=151, figure 8).
For aural fullness/pressure this ‘follow-up’ score was: 36.4% none, 21.9% mild, 25.2%
moderate and 21.2% severe (n=151, figure 8). There was a statistically significant
improvement of both tinnitus and aural fullnes/pressure score at the end of the hospital
admission in both cases (p= 0.002).

Discussion

As part of the Definition Menière Groningen the Groningen Diagnostic Protocol was
used to diagnose patients suspected of having Menière’s disease and to exclude other
pathology. The fact that 17 out of 128 patients finally did not have Menière’s disease is
illustrative for the usefullness of the Groningen Diagnostic Protocol as part of the
Definition Menière Groningen.

Patient characteristics
In our population the number of male and female Menière patients was equal. Of all
included patients 36% suffered bilateral disease. This corresponds well with Paparella
and Griebie who reported an incidence of bilateral disease of 30-50% in their study
population [1]. In Japan Kodama reported a similar percentage of bilateral disease [2].
The first manifestations of Menière’s disease as described in the literature usually
begin between the age of 30 and 60 years. In our population the disease started at a
mean age of 42.8 years. The mean age at admission of the studied group was 50.3
years which was also similar to the literature. The youngest patient was 19 at first
appearance of the symptoms and the oldest  was 77 years old.
The age at the onset of the disease is also comparable to values mentioned in literature
[3]. Comparing the patient characteristics of the studied cohort with the literature the
studied patient group can be regarded as representative with a high external validity.
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Duration
In the literature there is still no consensus in defining the start of the disease. Some
authors define the beginning of the disease as the moment at which all symptoms of the
triad are present for the first time. In a retrospective study Pfaltz [4] found a complete
triad initially present in only 25% of all cases (n=100). He defined the onset of the
disease as the onset of the first symptom, comparable to our study. In a study of Ralli et
al [5] Menière’s disease appeared with the classic triad of symptoms in about 1/3 of
cases. Watanabe [6] and Gentine [7] reported a much higher incidence of initial
presence of the trias (50-55%). In our population we noticed that within one year 66%
of all patients had all symptoms.
Long-term studies have shown that up to 50% of all unilateral affected patients will
eventually develop symptoms from the opposite ear [8,9,10]. Paparella and Griebie
found that of those persons with bilateral disease 50% experienced symptoms from the
opposite ear within a period of 2 years, with an additional 27 % having symptoms after
5 years [1]. At present it is still not known whether disease in one ear directly leads to
involvement of the opposite ear at a later date, or whether bilaterality must be regarded
as a separate entity.
In our patient group, the gradual increase in the (relative) number of bilaterally
affected patients with duration (which is in agreement with the 2.4 years extra mean
duration in the bilaterally affected group) seems to support the hypothesis that the
disease first starts unilaterally and will become bilateral in a later stage [11,12] (figure
2). However, the difference in duration between the first and the last affected ears in
the bilaterally affected group was not statistically significant. Furthermore, we
observed that the difference in duration between the two ears rarely exceeded one year
(figure 3). In contrast to the previously mentioned literature these data make it rather
unlikely that the difference in duration found between uni- and bilaterally affected
patients in our population was caused by a gradual change-over of unilateral disease
into bilateral disease.
In this study there was no uniform initial presentation of the separate symptoms.
Vertigo usually was the first presenting symptom (75%), but hearing loss (70%) and
tinnitus (73%) scored an almost comparable percentage. Our results partly disagree
with the statement of Matsuoka et al that hearing loss is the first occurring symptom
[12]. At the start of the disease almost half of the patients suffered from the complete
triad of symptoms. None of the three symptoms was among the first occuring in all
patients. This implies that no single symptom can be used to define the  onset of the
disease.
In 39% of all patients this triad of symptoms was accompanied with a sensation of
aural fullness/pressure. The fact that aural fullness/pressure occurred in 82% of all
affected ears indicates that it is a relevant symptom in Menière’s disease.
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Duration of Menière disease in relation to severity of symptoms
The severity of symptoms did not significantly depend on duration of Menière’s
disease in our group of patients. This implicates that the idea that symptoms might
worsen or improve over the time can not be substantiated in our patients group
[11,13,14].

Correlation between symptoms
A strong correlation was found between aural fullness/pressure sensation and tinnitus,
implicating that a more severe sensation of aural fulness/pressure corresponded to a
more severe sensation of tinnitus in the ear. The presence of aural fullness/pressure has
no additional value for the definition of Menière’s disease, because patients with aural
pressure sensation were almost automatically included because of having tinnitus. This
is partly in concordance with the 1995 definition of Menière’s disease of the AAOO-
HNS where either aural fullness or tinnitus (or both) need to be present [15].
Patients with a fluctuating hearing loss generally had a more severe tinnitus and aural
fullness/pressure sensation. In contrast an ‘unchanged’ hearing was related to a ‘mild’
score in aural pressure/fullness. These findings may support the hypothesis that an
actual endolymphatic hydrops is responsible for an increase of symptoms as hearing
loss fluctuation, tinnitus and aural pressure, possibly indicating to an instable
Menière’s disease [16], although no similar relation could be found with the symptom
vertigo.

Effect of hospital admission on severity of symptoms
Of all patients 79% scored their hearing as ‘unchanged’ during the hospital admission
of four days. This could be expected on the basis of the short period of only four days
over which the ‘follow-up’ extended. After four days of admission a relief in the mean
symptom score was noticed in the group of the affected ears. A significant decrease in
the symptom scores of tinnitus and aural pressure/fullness sensation was observed after
hospital admission for the Groningen Diagnostic Protocol. These findings could imply
that the hospital admission had a therapeutical effect, although the consistency of this
effect on the long term is only speculatively. The hospital admission caused a release
in tinnitus and aural pressure/fullness, possibly by reducing stress, leading to a
decrease in endolymphatic hydrops. The effect of stress reduction on patients with
Menière’s disease is frequently reported in the literature [17,18].

Conclusion

Our patient group was found to be comparable to patient cohorts as reported in the
literature with respect to gender distribution, age, duration and severity of the disease.
The group can be regarded as representative with a high external validity. In this study



44

specific attention is paid to differences between affected and unaffected ears, as well
as uni- and bilaterally affected patients. To our knowledge such specific analysis on
these issues has not been reported in the literature.
In our population the duration of Menière’s disease in bilaterally affected patients was
longer than in unilaterally affected patients. This was probably not caused by a change-
over from an unilateral start of the disease to a bilateral involvement of the disease.
The ears of the bilaterally affected patient were both affected almost from the
beginning of the disease, suggesting a bilaterality as a separate entity.
The severity of symptoms did not correlate with the duration of the disease. The fact
that aural pressure/fullness had a high correlation with tinnitus indicates that this
symptom is not obligatory for the definition of Menière’s disease.
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Chapter 5

Pure-tone and speech audiometry in patients with
Menière’s disease

Mateijsen DJM, van Hengel PWJ, van Huffelen WM, Wit HP, Albers FWJ. Pure-tone
and speech audiometry in patients with Menière’s disease. Clinical Otolaryngology. In
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Introduction

Menière’s disease was first described by Prosper Menière in 1861 as a combination of
hearing loss, tinnitus and vertigo [1]. Although the hearing loss may not be the most
disabling symptom, most patients describe it as problematic [2]. It is therefore not
surprising that many publications on Menière’s disease make statements about the
nature and severity of the hearing loss in Menière patients. Some even describe a time
course for the hearing loss or all of the symptoms of the disease. According to Beasley
and Jones [3], Prosper Menière himself allready concluded that the hearing loss was
‘of increasing severity’. This conclusion is also drawn by others and the hearing loss is
even used to develop staging methods for the disease [4,5,6]. In many of the
aforementioned papers the authors claim that in the early stages of the disease there is a
low frequency sensorineural hearing loss that fluctuates in time. In later stages, the
hearing loss would increase and the audiogram would become more and more flat.
Sometimes a decreased speech discrimination is also mentioned as a common symptom
of Menière’s disease [5,6,7]. Although the hearing loss plays an important role in all
staging or classification methods described, it remains difficult to compare hearing loss
of patients amongts eachother. Most authors indicate that symptoms experienced by
individual patients at a given moment may fall in different categories. Furthermore,
patients may change categories in an irregular pattern. This implies that a connection
between the stage of the disease and the duration is not generally present. Studies on
Menière patients in Japan have shown that there is a correlation between average
hearing loss and the duration of the disease [8]. In contrast to this a substantial amount
of patients has an average hearing loss of less than 21 dB after 10 years [9], and
fluctuating hearing losses are found even after 15 years of affection [10]. In 1996 Pou
et al. found that the degree of hearing loss and the duration of the disease had their
influence on the EcoG results (SP/AP ratio) [11].
The aim of this study was to reinvestigate many of the claims in the literature about
hearing loss in Menière patients. We did this on a well defined group of patients under
well controlled circumstances. Thus we were able to find support for some claims, and
none for many others. This research forms the base for comparison with data from
other tests on the same group of patients under the same circumstances.
In this study we obtained audiometric data (pure-tone and speech audiograms), as well
as subjective descriptions of hearing loss from 111 patients diagnosed with Menière’s
disease. The subjective descriptions were scored according to a questionnaire based on
the one developed by Schmidt [12] A computational method was developed to classify
the pure tone audiograms as ‘high’ frequency losses, ‘low’ frequency losses,
‘high+low’ frequency losses, ‘flat’ audiograms and ‘other’ audiograms. The average
hearing loss, the audiogram shape and the maximum discrimination score on a speech
recognition test were related to each other and to the duration of the disease.
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Patients and methods

During a three and a half year period (from Januari 1994 to June 1997) 128 patients
suffering from Meniere's disease were extensively investigated according to a
diagnostic protocol during a four day stay in the Department of Otorhinolaryngology of
the University Hospital Groningen.
The diagnostic protocol consisted of routine ENT examination, audiovestibular tests,
routine laboratory investigations, measurement of blood pressure,
electrocochleography (EcoG), oto-acoustic emission examination and magnetic
resonance imaging (MRI) of the temporal bones and the cerebellopontine angle. For
111 patients the diagnosis of Meniere’s disease, according to the Definition Menière
Groningen was established. The diagnosis of Menière's disease was defined by
simultaneous fulfilment of three criteria: cochlear hearing loss of at least 20 dB at one
of the pure tone audiogram frequencies, tinnitus and periodic attacks of vertigo (at
least two in the past). Patients were excluded when other pathology was found through
the diagnostic protocol. A detailed discussion of this definition including the in- and
exclusion of patients in the study is also given elsewhere [17]. Of these 111 patients 57
were male (51%) and 54 female (49%), 71 patients (64%) had hearing loss and/or
tinnitus in only one ear (unilaterally affected) and 40 patients (36%) had all symptoms
in both ears (bilaterally affected). The mean age of the patients was 50 (±11) years,
with no significant differences in age between male and female patients or uni- and
bilaterally affected patients. The audiometric data contained in the database, consisting
of pure tone and speech audiograms (measured with a PB spondaic word list), were
used for this study, along with the age of the patients, the duration of the affection and
the results of a questionaire on the (subjective) severity of the symptoms. The duration
of the affection was defined as the period between the first appearance of one of the
Menière symptoms and the admission into hospital. For bilaterally affected patients
this may lead to different durations in the two ears, if vertigo was not the first
symptom. Therefore, the duration of the disease was defined as follows: In unilaterally
affected patients this was the duration of the affection in their affected ear, in
bilaterally affected patients it was the duration of the affection in the ear affected first.
The questionnaire on the (subjective) severity of the symptoms tried to classify the
hearing loss, the tinnitus, the vertigo and the (possible) fullness in the ear, as perceived
by the patient during the last three months before admission. Hearing loss could be
characterized as ‘unchanged’, ‘improved’, ‘worsened’ or ‘fluctuating’. Using the
duration of the affection, the ears of bilaterally affected patients could be characterized
as ‘affected first’ or ‘affected last’, in those cases where a difference in duration was
found for the two ears. Also a distinction in ‘most affected’ and ‘least affected’ ears
was made for bilaterally affected patients, based on the average hearing loss in the two
ears. (The average hearing loss is defined as the average of the hearing thresholds over
all six audiogram frequencies.) To characterize the shape of the audiogram in each ear
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a classification was introduced taking into account both the curvature and the slope of
the audiogram. This leads to five categories for the audiogram shape, capturing all
important features of the audiograms seen in our patient group: ‘low’ frequency loss,
‘flat’ audiogram, ‘high’ frequency loss, ‘low+high’ frequency loss, and ‘other’
audiograms, not fitting into one of the previous categories. (These ‘other’ audiograms
show a loss that is highest in the mid-frequencies.) Examples of audiograms  in these
five categories are shown in figure 1.

Figure 1. Pure tone audiogram: five categories; ‘low’, ‘high’, ‘flat’, ‘low+high’, and ‘other’
frequency-losses.
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The audiograms shown are the audiogram of individual patients. The procedure used to
compute the curvature and slope of an audiogram and the criteria on which the division
into the aforementioned categories was based is described in the Appendix.
Statistical analysis was performed with mainly parametric but also non parametric
tests, regarding the distrubutions of each parameter analyzed (T-test, Pearson
correlation, Pearson Chi-square test, ANOVA). All statistics were done with the SPSS
9.0 program and carefully checked by a professional statistician.

Results

Average audiograms for affected and unaffected ears of unilaterally affected patients
are shown in figure 2. It is clear that the hearing thresholds for the affected ears are
significantly higher than for unaffected ears (p<0.001 for all frequencies, using a two-
tailed T-test).

Figure 2. Average audiograms for affected and unaffected ears for unilaterally affected patients.
Standarddeviations are represented by small horizontal bars.

Figure 3. Average audiograms for ‘most’ and ‘least’ affected ears of bilaterally affected patients.
Standarddeviations are represented by small horizontal bars.
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Figure 3 shows average audiograms for the ‘most’ and ‘least affected’ ears of
bilaterally affected patients. It is clear from this figure that the differences between the
two ears are almost as large as for the affected and unaffected ears of unilaterally
affected patients (p<0.003 for all frequencies, using a two-tailed T-test). To test
whether there was a dependance of the average hearing loss on the duration of the
disease, a correlation between these two variables was computed. Although the
resulting correlation of r=0.36  was significant (Pearson Correlation, p<0.001), it is
clear from figure 4 that no clear relation between duration and average hearing loss is
present in individual cases. The weak correlation found between duration and average
hearing loss could be caused, in part or completely, by a relation between the average
hearing loss and the age of the patient and a relation between age and duration.
However, no significant correlation was found between age and average hearing loss in
affected ears. In unaffected ears, on the other hand, there is a relation between age and
average hearing loss  (Pearson correlation, r=0.33, p=0.005), probably in part
associated with presbyacusis.
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Figure 4.Scatterplot: Pearson ‘s correlation between duration of affection and average hearing loss
(affected ears, n=151).

The audiogram shapes for affected and unaffected ears are shown in figure 5. In the
unaffected ears the ‘flat’ and ‘high’ categories dominate, but in the affected ears we
also see a number of ‘low’ and ‘low+high’ audiograms. (The differences between the
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two distributions affected versus unaffected ears are significant, Pearson Chi-square
test, p=0.006). The distributions for uni- and bilaterally affected ears do not differ
significantly (Pearson Chi-square test, p=0.66).
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Figure 5. Bar chart: Distributions of audiogram shapes for affected (n=151) and unaffected ears
(n=71). The five categories; ‘low’, ‘high’, ‘flat’, ‘low+high’, and ‘other’ frequency-losses are
represented as shown in the legends of the chart

To see whether there is a relation between the audiogram shape and the duration of the
disease, the duration was divided into four classes, based on quartiles of the
distribution. Figure 6 shows the distributions of audiogram shapes in the four classes.
It is clear from this picture that no relation between audiogram shape and duration of
the affection was present (p=0.46, Pearson Chi-square test).
Figure 7 shows the relation between the audiogram shape and the average hearing loss
(also divided into classes based on quartiles). It should be noted here that the group of
ears with an average hearing loss  27.5 dB contains a relatively large number of flat
audiograms. This is due to the fact that all other audiogram shapes neccesitate hearing
losses in low -, mid - or high frequencies, leading to and average hearing loss
exceeding 27.5 dB. The other three classes clearly show a gradual transition from the
‘low+high’ and ‘low’ audiogram shapes to the ‘flat’ audiograms. Using a Pearson Chi-
square test, the differences turn out to be statistically significant (p=0.002). If the ears
with a hearing loss below 27.5 dB are left out of the analysis, the significance of this
transition increases (Pearson Chi-square test, p=0.001).
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Figure 6. Bar chart: Distributions of audiogram shapes for affected ears (n=151) versus duration of
disease. Duration is devided into four classes. The five audiogram-categories; ‘low’, ‘high’, ‘flat’,
‘low+high’, and ‘other’ frequency-losses are represented as shown in the legends of the chart. The
number of  ears per subgroup are listed in the blank boxes.
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Figure 7. Bar chart: Distributions of audiogram shapes for affected ears (n=151) versus average
hearing loss. Average hearing loss is devided into four classes. The five audiogram-categories; ‘low’,
‘high’, ‘flat’, ‘low+high’, and ‘other’ frequency-losses are represented as shown in the legends of the
chart. The number of  ears per subgroup are listed in the blank boxes.
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The question could now be raised whether there is a relation between the audiogram
shape and the classification of the hearing loss during the three months before intake,
as given by the patients in the questionnaire. This question can not be answered
straightforward. The fact that some of the categories contain a very small amount of
ears, or even no ears at all (such as the category ‘low+high’ with ‘improved’ hearing),
prohibits the direct use of a Pearson Chi-square test. Reclassification of the discription
of the hearing loss given on the questionnaire into ‘changed’ and ‘unchanged’,
substantially reduces this problem. A Pearson Chi-square test can now be performed
reliably, but reveales no significant relationship (p=0.47). Because it is argued by many
authors that a fluctuating hearing loss is a sign of active Menière, the ‘fluctuating’
category was compared to the ‘unchanged’. Figure 8 shows that among the
‘fluctuating’ hearing losses there a more ‘low’ audiograms and less ‘high’, whereas the
percentages of other audiograms are relatively similar in both groups. The differences
are only weakly significant (Pearson Chi-square test, p=0.046).
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Figure 8. Bar chart: Distributions of audiogram shapes for affected ears versus severity of hearing
loss (questionnaire). Only two of the four hearing loss are given (‘unchanged’ and ‘fluctuating’,
n=107). The five audiogram-categories; ‘low’, ‘high’, ‘flat’, ‘low+high’, and ‘other’ frequency-
losses are represented as shown in the legends of the chart. The number of  ears per subgroup are
listed in the blank boxes.

Speech audiometry
The speech reception threshold (SRT) shift was larger in affected ears (33.8 dB) than
in unaffected ears (9.8 dB), as could be expected on the basis of the difference in
average hearing loss. This also explains the difference in maximum speech
discrimination (82.5% in affected ears and 98.0% in unaffected ears).
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Table 1. Correlation of average hearing loss, duration of the affection, SRT-shift and maximum
speech discrimination for affected ears of unilaterally affected patients (uni aff), unaffected ears of
unilaterally affected patients (‘uni unaff’), most affected ears of bilaterally affected patients (bi most)
and least affected ears of bilaterally affected patients (bi least).

duration of
affection

(years)

average
hearing loss

(dB)

maximum
speech
discrimination
(%)

speech
reception
threshold
shift (dB)

Uni aff duration of affection
(years)

1.000  0.158  0.048  0.135

average hearing loss
(dB)

 1.000  -0.704**  0.879**

maximum speech
discirmination (%)

 1.000 -0.812**

speech reception
threshold shift (dB)

 1.000

Uni unaff duration of affection
(years)

1.000  0.000  0.000  0.000

average hearing loss
(dB)

 1.000 -0.633**  0.891**

maximum speech
discrimination (%)

 1.000 -0.758**

speech reception
threshold shift (dB)

 1.000

Bi least aff duration of affection
(years)

1.000  0.507** -0.480**  0.451**

average hearing loss
(dB)

 1.000 -0.736**  0.877**

maximum speech
discrimination (%)

 1.000 -0.670**

speech reception
threshold shift (dB)

 1.000

Bi most aff duration of affection
(years)

1.000  0.390* -0.258  0.323*

average hearing loss
(dB)

 1.000 -0.889**  0.905**

maximum speech
discrimination (%)

 1.000 -0.793**

speech reception
threshold shift (dB)

1.000

                                                           ** Pearson correlation is significant at the 0.01 level (2-tailed)
                                                             * Pearson correlation is significant at the 0.05 level (2-tailed)

These differences were statistically significant (p<0.001 for both, using a T-test). A
Pearson Correlation test was performed, including average hearing loss, duration of the
affection, SRT-shift and maximum speech discrimination. To check for possible
differences between groups of patients, the population was divided into: affected ears
of unilaterally affected patients (‘uni aff’), unaffected ears of unilaterally affected
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patients (‘uni unaff’), most affected ears of bilaterally affected patients (‘bi most’) and
least affected ears of bilaterally affected patients (‘bi least’). The results are shown in
table 1. As could be expected, strong correlations were found between SRT-shift,
maximum speech discrimination and the average hearing loss in all groups (table 1).
Furthermore, significant correlations were found between the duration of the affection
and the audiometric data in the least affected ears of bilaterally affected patients (in
unaffected ears the duration of the affection is not defined).

Figure 9. Scatterplot: Maximum speech discrimination (%) versus average hearing loss for four
subgroups; unilaterally affected (uni aff), unilaterally unaffected (uni unaff), bilaterally ‘most’
affected (bi most) and bilaterally ‘least’ affected ears (bi least). The line indicates the values below
which the discrimination should be considered disproportionately poor9.

A more detailed relation for the four different groups of ears between maximum
speech discrimination and average hearing loss is shown in figure 9. In each groups the
speech discrimination is (almost) 100% for hearing losses up to 40 dB. For larger
losses (mainly found in the groups ‘uni affected’ and ‘bi most affected’), the
discrimination decreases with increasing hearing loss. Especially in the group of
affected ears of unilaterally affected patients a very wide distribution of discrimination
scores can be seen for hearing losses between 50 dB and 80 dB. Patients with a 65 dB
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average hearing loss can have a speech discrimination score of 95% (almost normal),
down to 15% (almost none).
The question could be raised whether (part of) this wide distribution could be
explained by differences in audiogram shape. The correlation r=0.79 between speech
discrimination and average hearing loss for all affected ears implies that 62.4% of the
variance in speech discrimination can be accounted for by the variance in average
hearing loss (Pearson Chi Square). Addition of the audiogram shape as a factor of
possible influence gave an improvement of only 0.4% of explained variance.
(ANOVA: dependant variable= max. speech disc., predictors: (constant), av. hearing
loss, aud. shape, F=124.8, p<0.001, r2=0.628).  Therefore it was be concluded that the
audiogram shape did not have any significant additional effect on speech
discrimination.

Discussion

The classification of audiogram shapes used in this paper is  not unique. Different
classifications are possible. The number of categories could be expanded to include
also ski-slope audiograms, peak audiograms, etc. Also a reduction of the number of
categories to only ‘flat’, ‘high’ frequency and ‘low’ frequency losses would be
possible. The choice was made to take the smallest number of categories that would
still allow us to describe the caracteristics of audiogram shapes seen most in our group
of Menière patients and those described in literature. This resulted in the five
categories described in the methods section. The computational algorithm described in
the Appendix allows us to classify the audiogram shapes in an objective manner.
Nevertheless, the choice of parameter values was based on a comparison with a
subjective classification of a number of audiograms.
The outcome that the hearing loss in affected ears was larger than in unaffected ears (at
all audiograms frequencies) is hardly surprising. It is, however, peculiar that a similar
difference is seen between ‘most’ and ‘least’ affected ears in bilaterally affected
patients. A comparison of this outcome with data in literature is difficult, because a
comparison between uni- and bilaterally affected patients is rarely made. Previous
analysis of our patient group suggested that uni- and bilateral affection might be two
different entities [17]. In this study the only indication of a difference between these
two groups is the fact that significant correlations are found between audiometric data
(average hearing loss, SRT-shift and maximum speech discrimination) and the duration
of the affection in the ears of bilaterally affected patients (most markedly in the ‘least’
affected ears of this group).
There is no difference in audiogram shape between affected ears of uni-and bilaterally
affected patients. The difference with the unaffected ears is mainly that there are more
‘low+high’ and ‘low’ frequency losses among the affected ears (27%, against 5.6% in
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unaffected ears). The percentage of ‘flat’ audiograms is larger among the unaffected
ears (51%, against 35% in affected ears). This is partly due to the fact that a substantial
amount of unaffected ears have no hearing loss at all (66% has an average hearing loss
< 20dB).
The lack of correlation between the audiometric data and the duration of the disease in
the affected ears of the unilaterally affected patients is not unexpected. Previous
studies on this group of patients (unpublished) have shown little or no correlation
between subjective or objective measures of the severity of the disease and the
duration. A study performed by Watanabe et al. in Japan showed a (weakly) significant
correlation between hearing loss and duration [9]. Unfortunately these results can not
be directly compared to the correlations we found for the bilaterally affected patients,
because bilaterally affected patients were excluded by Watanabe et al.
A significant correlation was found between audiogram shape and the average hearing
loss in the affected ears. In accordance with the descriptions generally given about the
course of Menière’s disease, the audiogram becomes more and more flat as the hearing
loss increases. This ‘flattening’ could be partly due to the upper limit of 120 dB used in
standard audiometry. Therefore, a hearing loss of 120 dB on average can only have a
‘flat’ shape. However, 95% of all affected ears have an average hearing loss below 75
dB, where ‘flattening’ due to the upper limit of 120 dB can not be expected to play a
significant role.
Unfortunately a direct relation between the audiometric data and the subjective
complaints about the hearing loss could not be found. Although a weakly significant
difference was found between the groups of ‘fluctuating’ and ‘unchanged’ hearing
losses, this can hardly be regarded as support for the hypothesis that low-frequency
hearing losses are ‘fluctuating’ and flat losses remain stable, as suggested in literature.
The number of patients in this study may have been somewhat small to find significant
differences. Also, it is possible that audiogram shape and average hearing loss are not
directly related to the subjective complaints. One might expect the audiometric data to
depend on the stage or severity of the disease and the subjective complaints (during the
three months before intake) may not give a clear indication of this stage or severity.
In 1982 Paparella et al. described so called ‘peak audiograms’, found in a substantial
number of their Menière patients [7]. They reported that 42% of Menière patients have
a threshold at one of the audiogram frequencies which is at least 10 dB better than at
the adjacent octave frequencies. In most cases where such a peak audiogram is found,
the peak will be found at 2 kHz (71%). In normal hearing adults and non-Menière
patients the percentage of peak audiograms is 7% and 6.25% respectively. In our
patient group we found 15 out 151 affected ears to have a peak audiogram (10%), of
which 11 had the peak at 2 kHz (73%). In the 71 unaffected ears only 1 peak
audiogram could be found (1.4%), which was not at 2 kHz. This difference between
affected and unaffected ears was weakly significant (p=0.02), but in comparison with
the numbers given by Paparella et al., we would have to conclude that the affected ears
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in our patient group do not differ from a group of normal hearing subjects or non-
Menière patients.
The correlation found between pure-tone and speech audiometry is hardly surprising. A
direct relation was allready described by Fletcher for calculating the speech reception
threshold from the pure-tone audiogram [13].

Figure 10. Scatterplot: Speech Reception Threshold Shift (dB) versus hearing loss for speech
according to Fletcher (dB), defined in 1950 (all ears).

Figure 10 shows the SRT shifts calculated with his method and those measured. A high
correlation (r=0.899, p<0.001) is evident. There are no indications in this figure of
relatively poor speech reception by Menière patients, as mentioned in some studies
[5,6,7]. However it is shown that in individual cases the Fletcher index deviates
substantially from the real SRT shift. This indicates that, in contrast to non-Menière
patients, these patients have no, or weak correspondance between their pure-tone and
speech audiogram. The maximum discrimination found in this study also does not give
an indication of reduced speech reception. The line in figure 9 indicates the values
below which the discrimination should be considered disproportionately poor [10].
Only five ears fall below this line and they are in the range of very low discrimination
scores, where the results are no longer very reliable. We must therefore conclude that
we have not found any indication of reduced speech discrimination in Menière
patients. (That is, reduced in respect to what could be expected on the basis of the
pure-tone loss.) Figure 9 could be divided into two parts. The ears with an average
hearing loss below 40 dB show almost undisturbed maximum discriminination. The
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spread in this region is small. Above 40 dB, however, the spread increases dramatically
and discrimination ranges from undisturbed to severely impaired. The fact that the
boundary between these regions is found around a hearing loss of 40 dB could be
considered as an indication that there is some connection with inner and outer hair cell
loss. Many studies report that outer hair cells are most easily damaged and total
destruction of these cells results in an amplification loss of around 40 dB [14,15].
Perhaps correlation studies with e.g. EcoG or OAE data from this same group of
patients may provide us with more information in this area [16].

Conclusions

Affected ears of patients suffering from Menière’s disease (according to the Definition
Menière Groningen) show reduced hearing, both in pure-tone and in speech
audiometry [17]. A classification method was devised to determine audiogram shape in
an objective manner. The results of this method indicate that affected ears more
frequently show ‘low’ or ‘low+high’ hearing losses. The shape of the hearing loss does
not depend on the duration of the affection. In combination with the fact that the
average hearing loss does not correlate with the duration of the disease this leads to the
conclusion that, if a classification of the hearing loss in Menière’s disease is possible,
such a classification can not be connected to the duration. This conclusion is further
supported by the fact that no relation is found between the duration of the disease and
the classification of the hearing loss over the three months before intake, as given by
the patients in the questionnaire. A relation between the (objective) audiometric data
and the (subjective) classification of the hearing loss by the patient seems to be
present, but is not very strong.
Correlations between pure-tone and speech audiometry are present as in non-Menière
ears, and no indications are found of reduced speech discrimination relative to the
expectation based on pure-tone loss. The audiogram shape does not appear to play any
additional role in speech discrimination (in addition to the influence of the average
pure-tone loss).
This research forms the base for comparison with data from other tests on the same
group of patients under the same circumstances.
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Appendix

Pure tone audiograms consist of threshold values for each of the six standard
audiogram frequencies (250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz). In
order to reduce the amount of data we chose to characterize each audiogram using only
two numbers: the average hearing loss and the audiogram shape. The average hearing
loss is defined as the average of all thresholds, and computation of this value is
straightforward. The shape of an audiogram may be intuitively clear, but in order to
obtain an objective classification a precise definition was required.  First the low
frequency -, mid frequency - and high frequency hearing losses L1, L2 and L3 were
computed as: L1=[(threshold at 250 Hz)+(threshold at 500 Hz)]/2, L2=[(threshold at 1
kHz)+(threshold at 2 kHz)]/2 and L3=[(threshold at 4 kHz)+(threshold at 8 kHz)]/2.
The curvature k of the audiogram was then defined as:

Based on the value of k, the audiograms are divided into two groups: ‘curved’
audiograms, with k > 0.8; and ‘straight’ audiograms, with k   0.8. The ‘straight’
audiograms are subdivided into: ‘low’ frequency losses, with L3-L1   -10; ‘high’
frequency losses, with L3-L1   10; and ‘flat’ losses with -10 < L3-L1 < 10. The curved
audiograms are subdivided into: ‘low+high’ frequency losses, with L2 < (L1+ L3)/2; and
‘other’ losses. In order to check the categorisation, all audiograms were visualized and
the classification compared with intuitively given descriptions. Audiograms that would
not be classified as ‘low’, ‘flat’, ‘high’ or ‘high+low’ (but not neccesarily ‘mid’
frequency losses), could be placed in the ‘other’ category manually. However, this
turned out not to be neccesary. (Therefore the ‘other’ category only contains ‘mid’
frequency hearing losses.)  This finally leads to the five categories of hearing loss:
‘low’, ‘flat’, ‘high’, ‘high+low’ and ‘other’, examples of which are shown in figure 1.

k'
|L1&2L2%L3|

(20%|L3&L1|)
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Chapter 6

Limited value of electrocochleography
for analysis of Menière’s disease

Mateijsen DJM, van Huffelen WM, van Hengel PWJ, Wit HP, Albers FWJ. Limited
value of electrocochleography for analysis of Menière’s disease. Submitted.
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Introduction

A wide variety of findings has been reported in the extensive body of literature on
electrocochleography and Menière’s disease. Various studies often show many
different results that are not easily reconciled. Comparisons between studies are
generally complicated by the lack of standardization. A serious  problem is posed by
the large differences in inclusion criteria for the populations of Menière patients
investigated. Additionally, large differences are found in the actual EcoG measurement
procedures. Finally, EcoG results of different studies are analyzed  using very different
methods. The literature on electrocochleography and Menière’s disease is summarized
in [1] and [2]. Generally speaking, there is only consensus on two EcoG findings in
Menière’s disease. When click stimuli are applied, the average ratio SP/AP of the
summation potential SP and action potential AP is larger for a population of Menière
patients than for a group of normal hearing persons or non-Menière patients [3].
Additionally, for toneburst stimuli, the average amplitude of the summation potential
SP is larger for Menière patients, when using 1 kHz and/or 2 kHz bursts [4].
The main objective of the present study was to investigate a possible subdivision of
Menière’s disease into stages, based on a carefully selected population of Menière
patients and well-defined electrocochleographic parameters. The EcoG results were
related to the duration of the disease, the magnitude of the hearing loss and the severity
of complaints such as vertigo, tinnitus or the feeling of pressure in the ear. In addition,
the results for affected and unaffected ears were systematically compared.

Patients and methods

A total of 128 patients suspected of suffering from Menière’s disease were admitted
for four days to the  Department of Otorhinolaryngology of the University Hospital in
Groningen. These patients had a history of (at least two) vertigo attacks, suffered or
had suffered from tinnitus and had a sensorineural hearing loss upon admission of at
least 20 dB at one of the pure tone audiogram frequencies. During their stay, patients
were subjected to a wide range of tests. This eventually resulted in a database
containing data from routine ENT examinations, questionnaire results, audiovestibular
tests, routine laboratory investigations, electrocochleography, oto-acoustic emission
examinations and MRI of the temporal bones and cerebellopontine angle, for 111
patients diagnosed with Menière’s disease, according to the ‘Definition Menière
Groningen’. A detailed discussion of this definition, and the inclusion and exclusion
criteria for patients in the study is given elsewhere [5]. Of these 111 patients, 57 were
male (51%) and 54 were female (49 %). The mean age was 50 (±11) years, with no
significant difference between male and female patients. Ages ranged from 19 to 77
years. Hearing loss and/or tinnitus was present in only one ear (unilateral affection) in
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67 patients (60%), whereas 44 patients (40%) had all symptoms in both ears (bilateral
affection).
All patients underwent transtympanic electrocochleography in both ears while lying
comfortably on a hospital bed in a soundproof chamber. A standardized measurement
protocol was used on a Nicolet Spirit AEP machine. The protocol consisted of
averaging 1500 responses to each of the following stimuli: clicks - alternating,
condensation and rarefaction (duration 80 µs); alternating tonebursts - 1 kHz, 2 kHz, 4
kHz, 8 kHz (duration 10 ms, rise and fall time two cycles of the sinewave). The
amplitude of the clicks and tonebursts was 90 dB nHL, except for 8 kHz bursts that
were presented at 75 dB nHL.
The stimuli were delivered to the ear at a rate of 11.3/s, using an insert earphone. The
flexible tube of  this transducer was inserted into the earcanal with its tip about 1 cm
away from the tympanic membrane, using a speculum that was left in place during the
measurements. Prior tests using a KEMAR artificial ear plus body dummy in the room
of the actual EcoG measurements showed this setup to be preferable to a loudspeaker:
A better  waveform shape was found for both clicks and tonebursts, with much less
ringing and reverberation, and thus less unwanted frequency sidebands. Responses
were measured with a transtympanic needle electrode, placed through the tympanic
membrane, on the promontory.
The compound action potential AP and its latency were obtained from the click
responses,  The definition of the AP is illustrated in figure 1.

Figure 1. Definition of the potentials in EcoG: SP1-conventionally used summation potential, based
on the characteristic deflection preceding the compound action potential AP. After toneburst
stimulation a plateau is present, the summation potential SP2 is defined midway the plateau at a fixed
time.
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For alternating clicks, the summation potential SP was also obtained, from the
downward deflection preceeding the AP. Although this definition is generally used, it
is often difficult to identify the SP unambiguously. For tonebursts the summation
potential, action potential and its latency were obtained in an analogous way, but the
summation potential was labeled SP1 to distinguish it from a second  definition that
was employed. SP2 was obtained from the response at a fixed latency, as indicated in
figure 1, and could be obtained unambiguously. The latency was chosen to fall about
halfway the response to the toneburst (9, 8, 8 and 7 msec for 1 kHz, 2 kHz, 4 kHz and
8 kHz respectively).
In the present study, the EcoG data contained in the database mentioned above were
used together with audiometric data and the results of a questionnaire.  Average
hearing loss was defined as the averages of the measured thresholds of the pure tone
audiogram (0.5, 1, 2, 4 and 8 kHz). The questionnaire attempted to classify the
subjective severity of the symptoms experienced by the patient during the three months
immediately prior to hospital admission. The categories used are listed in table 1.
Although feeling of aural fullness or pressure in the ear was not  employed as an
inclusion criterion, it is often present and was scored as well.
Statistical analysis was performed using SPSS 9.0 for Windows. Parametric (Pearson’s
Correlation, ANOVA) as well as non-parametric (Spearman’s Correlation) analyses
were done.

Table 1. Categories of the three symptoms of Menière’s disease (plus the feeling of pressure that is
often present) as experienced during the last three months prior to hospital admission

Symptom     Category

Hearing loss Unchanged Improved Worse Fluctuating
Tinnitus None Mild Moderate Severe

Pressure None Mild Moderate Severe

Vertigo Absent or
attacks < 5 min.

Attacks > 5 min.

Results

Affected ears vs. unaffected ears
An overview of  the average values of the EcoG potentials obtained for the population
is shown in table 2. Comparing affected and unaffected ears, the most prominent
feature was the significant difference in both the summation potential SP2 and the ratio
SP2/AP, at the lower frequences (1 kHz and 2 kHz). For 2 kHz tonebursts, this
difference is illustrated in figure 2. For the summation potential SP1, a significant
difference was only found at 1 kHz, with a poorer significance level. A significant
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difference in SP1/AP ratio was not found for any stimulus. For click stimuli, only a
small latency difference was present for rarefaction clicks.

Table 2. Comparison of the average values of EcoG parameters of affected and unaffected ears
(Mann Whitney U test). Statistically significant differences are indicated by bold print (n= number of
ears, p= statistical parameter)

EcoG parameter Average
(affected)

n
(aff.)

Average
(unaffected)

n
(unaff.)

p

Alt click SP ( V) -1.77±1.94 112 -1.74±2.34 43 0.63

Alt click SP/AP 0.33±0.32 112 0.26±0.23 43 0.10

Alt click latency (ms) 2.39±0.23 131 2.33±0.23 58 0.08

Rare click lat. (ms) 2.38±0.26 125 2.28±0.22 55 0.02

Con click lat. (ms) 2.39±0.25 125 2.33±0.25 54 0.44

Rare-Con click
lat.difference (ms)

-0.02±0.14 125 -0.06±0.12 54 0.02

SP1 1000 Hz  ( V) -2.00±2.52 16 -0.68±0.53 10 0.04

SP2 1000 Hz  ( V) -1.36±2.57 34 0.67±0.92 12 <0.001

SP1/AP 1000 Hz 0.54±0.21 15 0.39±0.28 10 0.08

SP2/AP 1000 Hz 0.25±0.64 33 -0.69±0.96 12 <0.001

SP1 2000 Hz  ( V) -1.49±2.12 74 -0.71±0.41 27 0.14

SP2 2000 Hz  ( V) -1.06±2.15 88 0.04±0.73 39 <0.001

SP1/AP 2000 Hz 0.35±0.25 73 0.35±0.17 27 0.80

SP2/AP 2000 Hz 0.26±0.33 88 -0.02±0.33 39 <0.001

SP1 4000 Hz  ( V) -1.61±1.61 71 -1.52±1.82 32 0.55

SP2 4000 Hz ( V) -0.07±1.13 84 -0.20±1.26 39 0.76

SP1/AP 4000 Hz 0.39±0.21 71 0.28±0.27 32 0.14

SP2/AP 4000 Hz 0.02±0.60 84 0.06±0.32 39 0.43

SP1 8000 Hz  ( V) -1.43±0.77 26 -1.24±1.24 24 0.21

SP2 8000 Hz  ( V) 0.54±1.62 42 0.79±1.33 25 0.40

SP1/AP 8000 Hz 0.44±0.21 26 0.05±1.11 23 0.25

SP2/AP 8000 Hz -0.14±0.41 41 -0.13±0.90 25 0.80
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No significant difference between affected and unaffected ears was found for any of
the other EcoG parameters.

Figure 2. Distributions of the SP2 and SP2/AP after 2kHz toneburst stimulation (affected and
unaffected ears).

Relation between EcoG and duration of the disease or hearing loss
We studied the dependence of each of the EcoG parameters on the average hearing loss
for both affected and unaffected ears (Pearson correlation analysis). The results of this
analysis are shown in table 3. The most prominent feature was the significant
correlation between latency and hearing loss for the three click stimuli: very similar
correlation coefficients of about 0.3-0.5 were found in affected and unaffected ears. As
shown in figure 3, the latency increased with hearing loss, but there was a large spread
in latencies for a given hearing loss.
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Additionally, there was a significant correlation with hearing loss for SP2/AP at 2 kHz
in both affected and unaffected ears.

Table 3. Pearson’s correlation analysis for EcoG parameters versus average hearing loss. Significant
correlation coefficients are indicated by bold print (n= number of ears, r= correlation coefficient, p=
statistical parameter).

EcoG parameter r (p)
(affected)

n
(aff.)

 r (p)
(unaffected)

n
(unaff.)

Alt click SP ( V) -0.15 (0.11) 112 0.09 (0.56) 43

Alt click SP/AP 0.16 (0.08) 112 0.25 (0.10) 43

Alt click latency (ms) 0.44 (< 0.001) 131 0.51 (<0.001) 58

Rare click lat. (ms) 0.34 (< 0.001) 125 0.37 (0.01) 55

Con click lat. (ms) 0.38 (0<0.001) 125 0.41 (0.002) 54

Rare-Con click lat.difference
(ms)

-0.05 (0.60) 125 -0.09 (0.53) 54

SP1 1000 Hz  ( V) -0.27 (0.32) 16 0.18 (0.61) 10

SP2 1000 Hz  ( V) -0.18 (0.31) 34 -0.44 (0.15) 12

SP1/AP 1000 Hz -0.13 (0.65) 15 0.11 (0.75) 10

SP2/AP 1000 Hz -0.01 (0.97) 33 0.38 (0.22) 12

SP1 2000 Hz  ( V) -0.22 (0.06) 74 -0.20 (0.31) 27

SP2 2000 Hz  ( V) -0.24 (0.03) 88 -0.30 (0.06) 39

SP1/AP 2000 Hz 0.13 (0.28) 73 0.50 (0.01) 27

SP2/AP 2000 Hz 0.49 (<0.001) 88 0.32 (0.04) 39

SP1 4000 Hz  ( V) -0.22 (0.07) 71 0.10 (0.60) 32

SP2 4000 Hz ( V) -0.14 (0.22) 84 -0.20 (0.23) 39

SP1/AP 4000 Hz 0.38 (0.001) 71 0.27 (0.13) 32

SP2/AP 4000 Hz 0.06 (0.58) 84 0.09 (0.57) 39

SP1 8000 Hz  ( V) -0.10 (0.64) 26 0.04 (0.87) 24

SP2 8000 Hz  ( V) 0.06 (0.73) 42 -0.32 (0.11) 25

SP1/AP 8000 Hz 0.07 (0.75) 26 0.11 (0.60) 23

SP2/AP 8000 Hz 0.07 (0.68) 41 0.03 (0.89) 25
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Figure 3. Correlations between AP latency (alternating clicks) and average hearing loss (affected
and unaffected ears)

A significant correlation was present in affected ears but absent in unaffected ears for
only two parameters: SP2 at 2 kHz and SP1/AP at 4 kHz. As shown in figure 4, there
was a considerable spread in SP2 values for a given hearing loss. A significant
correlation was present in unaffected ears and absent in affected ears for SP1/AP at 2
kHz.

Figure 4. Correlations between SP2 and average hearing loss and correlations between SP2/AP and
average hearing loss after 2kHz toneburst stimulation (affected and unaffected ears).
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Using the criterion of p<0.05, no other significant correlations with hearing loss were
found. Figure 5 shows the click SP amplitude as a function of hearing loss for affected
ears. For this example, a non significant r=-0.15 was found, with p=0.11.
The dependence of the EcoG parameters on the duration of the disease was also
studied for affected ears. Significant but poor correlations were only found for the
three click latencies (with correlation coefficients of about 0.20, p=0.01-0.04) and for
SP1/AP at 4 kHz (r=0.31, p=0.01). No significant dependence on the duration of the
disease was found for any of the other EcoG parameters.

Figure 5. Correlations between SP (click) and average hearing loss (affected and unaffected ears).

EcoG and subjective evaluation of the disease
Based on the questionnaire described in table 1; the group of patients studied was
divided in different categories, according to the severity of the complaints. For
example, four categories were distinguished based on the assessment made by patients
of their tinnitus: ‘none’, ‘mild’, ’moderate‘ and ’severe’. The average values of, for
example SP1 of these four categories were compared by using an analysis of variances
(ANOVA). In this way, a comparison of the averages of the different categories
referring to tinnitus, pressure, hearing loss and vertigo was made for each of  the EcoG
potentials listed in tables 2 and 3. Significant differences between the categories of a
given symptom were found in only a few of  the ANOVAs.
For aural pressure, there were differences between the SP1/AP at 1 kHz and the SP1 at
8 kHz of the four (very small) subgroups of patients. For vertigo, differences between
the two subgroups were present for SP1/AP at 4 kHz and 8 kHz.
For the symptom hearing loss, the averages of  the potentials for 2 kHz tonebursts plus
the click potentials were significantly different for the four subgroups. Disregarding
the ‘improved‘ group with its very small number, the most remarkable feature was that
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value of these parameters was comparable for both groups. These differences are listed
in table 4.
For all the other EcoG parameters, no significant difference between average values of
the categories was  found for any of the symptoms.

Table 4. Significant differences between subgroups of subjective complaints (one way ANOVA).
Average values of the EcoG parameters are listed, plus standard deviations. The number of ears
involved is listed in parenthesis.

Hearing
loss

Unchanged Improved Worse Fluctuating p

SP
click

-1.31 ± 1.28 (56) -2.03 ± 2.75 (4) -2.64 ± 2.98 (25) -1.91 ± 1.52 (26) 0.04

SP/AP
click

0.25 ± 0.19  (56) 0.27 ± 0.21  (4) 0.47 ± 0.56  (25) 0.37 ± 0.18  (26) 0.03

SP1
(2 kHz)

-1.10 ± 1.20 (35) -2.53 ± 3.03 (2) -2.58 ± 3.35 (21) -0.76 ± 0.59 (15) 0.03

SP1/AP
(2 kHz)

0.30 ± 0.26  (35) 0.40 ± 0.26  (3) 0.48 ± 0.17  (21) 0.28 ± 0.24  (14) 0.03

SP2
(2 kHz)

-0.40 ± 1.37 (42) -1.23 ± 3.01 (2) -1.93 ± 2.89 (25) -1.38 ± 1.95 (18) 0.03

SP2/AP
(2 kHz)

0.14 ± 0.33  (42) 0.06 ± 0.47  (3) 0.39 ± 0.27  (25) 0.38 ± 0.29  (18) <0.01

Pressure None   Mild Moderate Severe p

SP1/AP
(1 kHz)

0.66 ± 0.02  (3) 0.19 ± 0.09  (3) 0.68 ± 0.05  (6) 0.50 ± 0.25  (2) <0.001

SP1
(8 kHz)

-0.90 ± 0.55 (10) -2.14 ± 0.52 (3) -1.54 ± 0.83 (9) -1.90 ± 0.41 (3) 0.04

Vertigo Absent or attacks < 5 min. Attacks > 5 min. p

SP1/AP (4 kHz) 0.45 ± 0.20 (31) 0.34  ± 0.21 (40) 0.03

SP1/AP (8 kHz) 0.30 ± 0.18   (7) 0.50 ± 0.21  (17) 0.04

Discussion

Affected versus unaffected ears
Comparing the average EcoG potentials obtained by click stimulation of  affected and
unaffected ears, we did not find an enlarged summation potential in affected ears. Both
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SP and AP are known  to be highly dependent on the exact position of the needle
electrode on the cochlea [6]. As has often been reported [7], normalizing the SP
against the AP can result in a more pronounced difference. We did find a slightly
larger average value for the SP/AP in affected ears, but the difference was not
statistically significant, possibly due to the large spread in SP/AP values for a given
hearing loss. The difference in latency for rarefaction clicks was significant, but the
value of 0.1 ms was too small to be of clinical relevance. Levine et al.[8]. did not find
any AP latency differences between affected and unaffected ears. Margolis et al. [9]
described an increased AP latency difference for condensation and rarefaction clicks,
probably due to biasing of the basilar membrane. This biasing may increase the time
required for the basilar membrane displacement to reach an excitory level at which
clicks are presented of one polarity. Clicks of the other polarity result in the exitory
level being reached much earlier because the initial displacement of the basilar
membrane is in the excitory direction. This difference has been reported to be the cause
of widening of the AP, which is thought to be diagnostic for Menière’s disease [9]. In
the aforementioned study and in our study, the difference between the latency
differences (rarefaction-condensation) in affected and unaffected ears was statistically
significant. As stated by Margolis, it is concluded that amplified latency difference in
response to rarefaction and condensation clicks is due to endolymphatic hydrops [9].
Using tone bursts, significant differences in the summation potential were found.
These differences were clearer in SP2 than in SP1. Differences were found in the
amplitude of the potential SP2 itself, as well as the SP2/AP ratio, at 1 kHz and 2 kHz.
For SP1, a difference was found only for the amplitude itself (at lower significance
level than for SP2), at 1 kHz, and not for the SP1/AP ratio. In the literature, there are
several different opinions on how to determine the SP in the electrocochleogram
concerning tonebursts. In 1982, Kansaki defined his SP for tonebursts similarly to our
SP1 in figure 1, whereas Gibson and Dauman, for example, defined the SP as
occurring after AP, which is similar to SP2 in figure 1 [4,10,11]. A consistent
definition of the SP is important for uniform measurements and for comparing data in
electrocochleography in patients with Menière’s disease [12].
The large (negative) SP amplitude and SP/AP ratio we found is in agreement with most
other studies. The most prominent feature reported in the literature is the increased
summation potential, thought to be caused  by the distention of the basal membrane
due to endolymphatic hydrops [13]. Nevertheless, it should be noted that the difference
between affected and unaffected ears in the present study is clearer when the
summation potential is defined as SP2 [12]. This definition is preferable for another
reason as well, namely, that it is easily standardized and SP2 is obtained from the
EcoG reponse waveform in a consistent and unambiguous way. In contrast, finding
SP1 involves determining of a small structure in a waveform that is often not too easily
identified.
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Even when the SP2 definition is used, the value of the analysis is restricted. Despite
the highly significant difference in group averages, the scatter in individual values is
very large, leading to a considerable overlap between the distributions. This is
illustrated by figure 2, in which the most significant differences we found are
represented. Thus, even a precise measurement of the summation potential for several
frequencies does not allow distinction between an affected and an unaffected ear in
individual cases. This might imply that high estimations are not justified regarding the
next logical step in the analysis: distinction of certain stages by EcoG when the ear is
already known to be affected by Menière’s disease. A better distinction might possibly
be found by analyzing a combination of Ecog parameters as a predictor for the affected
or unaffected side.

Hearing loss and duration
The extensive correlation analysis (table 3) shows an interesting increase of click
latency with hearing loss (figure 3). As this correlation is very similar in both affected
and unaffected ears, it appears to be related to hearing loss in general, rather than to
Menière’s disease. Strictly speaking, the value of comparing affected and unaffected
ears is somewhat limited by the smaller range of hearing losses in the latter group. In
1993, Orchik described an abnormal EcoG, which was strongly influenced by the
degree of hearing loss. This study mainly focused on the summation and action
potential and not on latency [14].
Ferraro previously stated that the probability of eleciting an abnormal
electrocochleogram to tonebursts may increase if the type, degree and configuration of
the hearing loss are taken into consideration [15]. Until now, the relationship between
EcoG and these aspects has been poorly defined and further study is necessary. In our
study, several correlations with hearing loss were found, but it is impossible to identify
a clear overall trend. At 4 kHz, SP1/AP correlated with hearing loss for affected ears,
but not for unaffected ears. At 2 kHz however, SP1/AP correlated with hearing loss for
unaffected ears, but not for affected ones. Additionally, a correlation was present for
SP2/AP at 2 kHz, for both affected and unaffected ears (figure 3). Finally, a correlation
was found for SP2 at 2 kHz, for affected ears only (figure 3). For all these correlations,
there was a very large spread  in the data, and rather small correlation coefficients of
0.2-0.5 were found, implying that only 4-25 % of the variance in the EcoG parameters
was due to the variance in the hearing loss. Although the magnitude of the hearing loss
might intuitively seem a measure for the severity of the disease, it is not very helpful in
explaining the variance in the EcoG data.
The relevance of the duration of the disease for the analysis appears to be limited as
well [4]: of all the EcoG parameters, only the three click latencies and SP1/AP at 4
kHz correlated with duration. The small correlation coefficients of 0.2-0.3 imply a
spread in the results too large to be clinically useful. As not all of the distributions
involved were fully normal, strictly speaking a non-parametric Spearman’s Correlation
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Test should be used in some cases; we have performed this analysis for all the cases
and found no quantitative differences with the Pearson analysis.

Subjective severity
Another line of analysis was  to compare the EcoG outcome with the subjective
severity of the symptoms [4]. Only a few of the EcoG parameters were able to
distinguish between the different categories of the four symptoms: hearing loss,
vertigo, pressure and tinnitus. The distinctions between the ‘pressure’ and ‘vertigo’
subgroups reported in table 4 were statistically significant, but did  not seem to be very
relevant in a clinical sense. For ‘pressure‘ the number of ears involved in the analysis
was small; for ’vertigo‘ for 8 kHz burst, a smaller SP1/AP was found for the ’mild‘
category whereas for 4 kHz, a larger SP1/AP is found for the ‘mild’ category.
In the past poor correlations were found between hearing loss (measured by pure tone
audiometry) and Ecog parameters [14]. In the present study, we also looked at the
subjective symptom score. Only for the subjective symptom ‘hearing loss‘ could a
relatively clear distinction between the subgroups be made from the EcoG parameters.
The general feature (disregarding for the moment the ‘Improved’ category, as the
numbers of ears involved were very small) was an enlarged SP or SP/AP for those
patients whose hearing has recently declined. The difference between the 2 kHz
SP2/AP values was most pronounced. When taking a close look at the averages
however, the SP2/AP parameter seemed at best able to distinguish clearly between
‘relatively good‘ (= unchanged + improved) and ’not good’ (= worse + fluctuating).
The clinical relevance of this broad categorization is restricted. Moreover, for each
symptom, significant differences were also found for other EcoG parameters. In other
words, not one of the EcoG parameters was able to distinguish between categories for
more than one symptom. Even for the ‘ear’ symptoms tinnitus and pressure, which
were divided into the same categories of increasing severity, there was no single EcoG
parameter  that indicated a significant difference between the categories for both
symptoms.
The lack of correlation between the EcoG results and the severity of symptoms could
be related to the nature of the questionnaire. Specifically, the duration of  the period as
subject to the questionnaire covered  (three months) could be too long or too short for
an optimum correlation with EcoG. In this context, Ferraro [15,16] has made an
interesting observation: the combined (subjective) severity of pressure and hearing loss
on the day of the EcoG measurement is a very good predictor of an enlarged SP/AP
ratio (though not of SP itself), with a negative  predictive value of 100% (n=74) and a
positive  predictive value of 75% (n=36). Thus, one could speculate that EcoG results
are mainly correlated to the state of the patient during a relatively short period, for
example one or a few days. The clinical usefulness of such EcoG results with short-
duration validity for the staging of Menière’s disease seems limited. When a stage of
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the disease ultimately pertains to a group of patients that can be treated in a specific
uniform  way, results that can vary from day to day can hardly be expected to be of
great use.

Conclusion

The present results do not provide obvious clues for the staging of Menière’s disease.
On an individual basis, EcoG parameters can not identify a diseased ear. If an ear is
diseased, there are no clinically relevant correlations between EcoG parameters and the
severity of the hearing loss or duration of the disease that lead to a natural staging.
There is no single EcoG parameter that distinguishes between the categories of the
three symptoms that are fundamental to the disease. At best, a broad categorization of
the symptom of ‘hearing loss’ can be made into two classes, using some EcoG
parameters.
A possible approach to staging is the combined use of several tests instead of a single
one. Instead of performing a detailed analysis on one test, only an overall analysis is
performed on each of the individual tests. The individual tests on Menière’s disease
usually display large variances and can be expected to lead to only a very broad
categorization, for example two classes that are significantly different in a statistical
sense, but clinically not immediately useful. Combining two tests with two broad
classes could, in principle, lead to four distinct classes. By employing two or more
selected tests this way could ultimately lead to a division in stages that is clinically
relevant.
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Introduction

Patients with Menière's disease suffer from symptoms like hearing loss, tinnitus, and
attacks of dizziness. Despite extensive research, the etiology of the disease has not yet
been clarified. It is, however, hypothesized that an increased amount of endolymph
(i.e., endolymphatic hydrops) may be the underlying mechanism causing the
symptoms. Several models have been proposed by which an endolymphatic hydrops
could be generated, and by which then the symptoms could be accounted for [1,2].
Otoacoustic emissions (OAEs) are sounds generated in the inner ear which are
measurable in the ear canal. They can either appear spontaneously or be evoked by a
stimulus [3]. Since the prevalence of OAEs is connected to hearing loss, OAE
measurements are nowadays widely used to probe cochlear functioning. In view of the
fact that Menière's disease is probably related to inner-ear pathology, OAE
measurements in patients might well provide more insight into the disease [4,5,6].
In our clinic, an ongoing comprehensive project is being carried out to study Menière's
disease and its pathology in order to gain insight in the staging of the disease and to
eventually develop a suitable therapy. Our patients are subjected to a set of otological,
audiological, vestibular, radiological and laboratory examinations [7,8]. In this paper,
we present the results of measurements of click-evoked and distortion product OAEs
(CEOAEs and DPOAEs, respectively) in patients with Menière's disease. A
comparison is made between the affected and unaffected ears of the patients, as well as
with a group of ears from normal-hearing persons.

Patients and methods

Patients were diagnosed as suffering from Menière's disease according to the
Definition Menière Groningen. They (1) had a history of at least two vertigo attacks,
(2) suffered or had suffered from tinnitus, and (3) had a cochlear hearing loss of at
least 20 dB at one of the six standard pure-tone audiogram frequencies of the (aural
fullness was omitted [8]). Furthermore, other pathology was excluded by a
comprehensive set of diagnostic examinations (Groningen Diagnostic Protocol).
Between January 1994 and June 1997, a total number of 111 patients with Menière’s
disease (54 males and  57 females) was examined. The complete set of otoacoustic
emission measurements was -technically- successfully performed on 100 of these,
yielding the results of 200 ears. This group of 100 patients consisted of 51 males and
49 females. The mean age of the patients equaled 50 (± 11) years. Of these patients, 58
were unilaterally and 42 were bilaterally affected. Hence, 142 affected and 58
unaffected (i.e., contralateral) ears were included in our analyses.
Emission measurements were performed with the ILO equipment from Otodynamics
Ltd. [5]. Click-evoked otoacoustic emissions were measured using the nonlinear mode
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with 80-µs rectangular pulses. The emissions discussed below were obtained with a
stimulus of 90-95 dB. The criteria for a valid CEOAE were a successful probe fit, a
reproducibility greater than 55%, and an amplitude of at least 0 dB SPL. Frequency-
specific data on CEOAEs were not stored. Distortion product otoacoustic emissions at
2f1-f2 were measured with stimulus frequencies f2 =1, 2 and 4 kHz, and frequency ratio
f2 /f1=1.2 (they will be referred to as DPOAEs at these f2 frequencies). The level of
both stimulus tones was 70 dB. Emissions were regarded to be present when the signal
exceeded the local noise level, and had a minimum amplitude of -10 dB SPL. Pure-
tone audiograms were obtained for 6 frequencies: 0.25, 0.5, 1, 2, 4, and 8 kHz (with an
accuracy of 5 dB; down to 10 dB HL, the lowest value being carried out in our
audiometric practice). The average hearing loss was calculated as the average of these
6 threshold values; the smallest hearing loss was calculated as the minimum value of
the 6 threshold values. For three ears, no reliable audiogram could be obtained. Data
on the severity and duration of the distinct symptoms were gained by means of a
questionnaire [8].
Statistical analyses were performed using SPSS software. The main methods we used
were the Chi-squared test and the T-Test; further, Pearson's rank-correlation
coefficient was used (several variables were not normally distributed). Throughout this
paper, a significant result for the different tests implies p<0.001 and a nonsignificant
result implies p>0.05, unless stated otherwise.

Results

Hearing loss
Figure 1 shows the averaged pure-tone audiograms of our patient group. Left and right
panel represent the affected and unaffected ears, respectively. From this picture, it is
clear that affected ears show greater hearing losses than unaffected ears (44 versus 20
dB HL); moreover it demonstrates that the unaffected ears do not have normal hearing.
Since the hearing losses were not normally distributed, we plotted the quartile values
instead of the standard deviation to quantify the variability.
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Figure 1. Averaged pure-tone audiograms of the affected (n=142) and unaffected (n=58) ears of
patients with Menière's disease. The circles indicate the averaged value; the grey area represents the
inter-quartile range (i.e.,it covers the central 50% of the observed threshold values). The mean
average hearing loss (for all frequencies) for affected and unaffected ears was 44 and 20 dB HL,
respectively.

OAE incidence
Figure 2 shows the incidence numbers of each type of otoacoustic emission (OAE).
For all ears, each particular emission type was measurable (i.e., exceeded the noise) in
approximately 65% of the ears. Overall, in 82 ears (41%) all four OAEs were
measured, and 36 ears (18%) showed no OAEs at all.
Comparing the affected and unaffected (i.e., contralateral) ears, an average of 56%
(range: 50-58) of the affected ears showed OAEs and 44% did not, whereas for the
unaffected ears an average of 85% (range: 71-93) showed OAEs and 15% did not. The
differences between these percentages were evaluated by performing a Chi-squared
test. This gave strong evidence in support of an association between affectedness and
the presence of each OAE type (p<0.01 for DPOAEs at 4kHz). The strength of these
relations, as expressed by Cramer’s V (ranging from 0 to 1, for no relation and a
perfect relation, respectively) ranged from 0.19 for DPOAEs at 4 kHz, to 0.34 for
CEOAEs. Thus, a  relation between affectedness and presence of OAEs existed but
was not very strong. The Chi-squared test further indicated that the differences in OAE
incidence between the affected ears of uni- and bilaterally affected patients were not
significant.
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Figure 2. Incidence of otoacoustic emissions in patients with Menière's disease. The circles indicate
the incidence of click-evoked and the three distortion product OAEs in all 200 ears: 142 affected and
58 unaffected. Light and dark grey parts, respectively, indicate ears with and without emission.
Absolute numbers are indicated in each part. Incidence in affected ears ranged from 50-58%, in
unaffected ears from 71-93%. On the whole, in 82 of all ears (41%) all four OAE types could be
measured, and in 36 ears (18%) no OAEs could be measured at all. According to a Chi-squared test,
a relation between OAE presence and affectedness was present. The affected ears of uni- and
bilaterally affected patients showed no significant differences

OAE amplitude and hearing loss (affected ears)
The association between otoacoustic emissions and hearing loss was examined with
the scatter plots in figures 3-7. Figure 3(a) shows the average hearing loss versus the
amplitude of the CEOAEs, for the affected ears. Ears with (‘CEOAE+’ears; open
circles) and without measurable emissions (‘CEOAE+’ears; filled triangles) were
included in the graph, the amplitudes of the ‘CEOAE-’ears consequently being
meaningless.
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Figure 3. Amplitudes of click-evoked otoacoustic emissions as a function of hearing loss, for all
affected ears. The open circles indicate ears from which an emission was measured (nCEOAE+=82); the
filled triangles indicate ears from which no emission could be measured (nCEOAE-=58), the latter
points' amplitude is consequently meaningless. (a) Emission amplitude versus average hearing loss.
The mean average hearing loss for the ‘CEOAE+’ears was 33 (±13) dB, for the ‘CEOAE-’ears 61
(±17) dB. The mean OAE amplitude equaled 8.2 (±4.0) dB SPL. For the 82 measurements,
Spearman's correlation coefficient r=-0.39. (b) Emission amplitude versus the smallest hearing loss
of the audiogram. Same as (a); note the fact that many points coincide.

As can be observed from this figure, the association between CEOAE amplitude and
average hearing loss was weak; Spearman's rank correlation coefficient r=-0.39 (for
the ‘CEOAE+’ears). According to a T-Test, the mean values of the average hearing
loss for the ‘CEOAE+’ and the ‘CEOAE-’ears differed significantly, by 28 dB. Panel
(b) shows the smallest hearing loss versus the amplitude of the CEOAEs, for the same
ears. Thus, all points from panel (a) were, in fact, shifted to the left (by minimally 0
dB, in the case of a flat audiogram), especially in audiograms with one or more better
points. Plotted this way, the spread of the points was clearly smaller, showing a
maximum value for the emission amplitude for a certain hearing loss.
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Figure 4. Amplitudes of distortion product otoacoustic emissions at 1 kHz as a function of (a) the
average hearing loss, and (b) the smallest hearing loss (as figure 3). The mean average hearing loss
for the ‘DP1+’ears was 36 (±16) dB, for the ‘DP1-’ears 55 (±20) dB. The mean OAE amplitude
equaled -0.2 (±5.6) dB SPL. For the open circles of panel (a), Spearman's correlation coefficient r=-
0.36. nDP1+ =79, nDP1- =61.

The same procedures were followed for DPOAEs and the outcomes yielded similar
results (figures 4-6). For DPOAEs at 1 kHz, Spearman's rank correlation coefficient
r=-0.36; the mean values of the average hearing loss for the ‘DP1+’ and the ‘DP1-’ears
differed significantly by 19 dB. For DPOAEs at 2 kHz, r=-0.29, the mean hearing loss
differed significantly by 26 dB. For DPOAEs at 4 kHz, there was no correlation; the
mean hearing loss differed significantly by 24 dB.
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Distinct points of the audiometric threshold also showed some correlations with OAEs
(for affected ears). Considering the value of the hearing threshold at 1, 2, or 4 kHz, this
variable correlated most strongly with the DPOAE of the same frequency (with r=-
0.45, -0.29, and -0.34 respectively); the opposite, that is, starting from the DPOAE
value, was not the case. CEOAEs correlated most strongly with the threshold at 1 kHz
(r=-0.43). Therefore, the improvement of correlation with respect to the average
hearing loss was small. Furthermore, the outcomes of speech audiometry showed
certain correlations with OAE amplitudes: for the maximum speech discrimination and
the CEOAE amplitude r=0.42, this being the greatest value.

Figure 5. Amplitudes of distortion product otoacoustic emissions at 2 kHz as a function of (a) the
average hearing loss, and (b) the smallest hearing loss (as figure 3). The mean average hearing loss
for the ‘DP2+’ears was 33 (±15) dB, for the ‘DP2-’ears 59 (± 16) dB. The mean OAE amplitude
equaled 0.8 (SD ±5.9) dB SPL. For the open circles of panel (a), Spearman's correlation coefficient
r=-0.29. nDP2+=80, nDP2-=60.
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Figure 6. Amplitudes of distortion product otoacoustic emissions at 4 kHz as a function of (a) the
average hearing loss, and (b) the smallest hearing loss (as figure 3). The mean average hearing loss
for the ‘DP4+’ears was 32 (±13) dB, for the ‘DP4-’ears 56 (±19) dB. The mean OAE amplitude
equaled -0.1 (±5.6) dB SPL. The open circles of panel (a) were not correlated. nDP4+=70, nDP4-=70

OAE amplitude and hearing loss (unaffected ears)
For the unaffected ears, the correlation of the CEOAE amplitude with average hearing
loss was higher in comparison with the affected ears (r=-0.50). For all DPOAEs,
correlations were smaller when present at all. The latter fact was probably due in part
to the smaller spread in the hearing losses. Figure 7 shows data of the unaffected ears.
The mean average hearing losses for ears with and without OAEs were not compared,
due to the small number of ears without OAEs. Since most unaffected ears (83%) had a
smallest hearing loss of 10 dB, OAE data were not plotted against smallest hearing
loss. The mean amplitudes of the OAEs for unaffected ears were larger than for the
affected ones (see also figure 8).
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Figure 7. Emission amplitude versus the average hearing loss, for the unaffected ears (cf. figures 3-
6), note the scale differences). (a) Click-evoked OAEs: mean amplitude=10.1 (±4.4) dB SPL;
Spearman's correlation coefficient r=-0.50; nCEOAE+=53, nCEOAE+=4. (b) Distortion product OAEs at 1
kHz: mean amplitude =3.6 (±6.6) dB SPL; r=-0.35 (P=0.013); nDP1+=49,  nDP1-=8. (c) Distortion
product OAEs at 2 kHz: mean amplitude=3.0 (±5.6) dB SPL; no correlation; nDP2+ =51,  nDP2- =6. (d)
Distortion product OAEs at 4 kHz: mean amplitude=2.3 (±5.6) dB SPL; no correlation; nDP4+ =40,
nDP4- =17. Smallest hearing losses were not plotted since 83% of the unaffected ears had a smallest
hearing loss of 10 dB

Mean OAE amplitude and affectedness
Considering the ears in which an OAE was actually measured, the mean amplitudes of
the OAEs were calculated and compared (figure 8). In addition to the data of the
affected and unaffected ears of our patient group, data of normal-hearing ears was
included [5]. These data were also obtained in our clinic, with the same equipment and
experimental setup; therefore, a good comparison could be made. The mean amplitudes
of the unaffected ears were larger than those of the unaffected ears for all OAE types
(p<0.01, and p<0.05 for DPOAEs at 4 kHz). In turn, the mean amplitudes of the
normal-hearing ears were larger than those of the unaffected ears, also for all four
OAE types (p<0.05). No significant difference between affected ears of uni- and
bilaterally affected patients was present.
The mean average hearing loss and the mean smallest hearing loss (figure 1) for
affected ears were 44 resp. 20 dB HL; for unaffected ears, 20 resp. 11 dB HL; and for
normal-hearing ears both values equaled 10 dB HL (strongly influenced by our
audiometric limit of 10 dB HL).
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Figure 8. Mean amplitudes of different otoacoustic emission types. The mean amplitudes (and
Standard Deviations) of click-evoked and distortion product OAEs as measured in (1) the affected
and (2) unaffected ears of patients with Menière's disease (cf. Figures 3-6), and (3) normal-hearing
ears. The left and right ordinate denote the amplitudes of the click-evoked and distortion product
OAEs, respectively. Significant differences in mean existed between affected, unaffected, and normal-
hearing ears for all emission types (p<0.05). The mean differences between the affected ears of uni-
and bilaterally affected patients were not significant for all emission types. Normal-hearing data
were taken from van Huffelen et al. [5], with n=26.

Comparing different OAEs
Relating the different OAEs, figure 9 shows the amplitude of the click-evoked
otoacoustic emissions versus the maximum value of the 3 distortion product
amplitudes (at 1, 2, and 4 kHz), for (a) the affected, and (b) the unaffected ears.
In this way, Spearman's rank correlation coefficient r was larger than for any of the
separate distortion products. For the affected ears, r=0.63 and for the unaffected ears,
r=0.74. As was noted above, the mean OAE amplitudes for unaffected ears were larger
than for affected ears.

Further results
For affected ears, the duration of the affection differed significantly between the ears
with and without DPOAEs at 2 kHz: 5.9 versus 8.8 years (p<0.05). Furthermore, the
duration of the hearing loss showed an association with the presence of three OAEs
(click-evoked, and distortion products at 2 and 4 kHz); the mean duration for ears with
these OAEs was 4.7-5.0 years, and for ears without OAEs 7.9-8.5 years (p<0.01).
Other variables, such as age, gender, and severity of the perceived symtoms of the
disease, did not show any correlation or association with OAE incidence or amplitude.
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Figure 9. The maximum value of the 3 distortion product amplitudes versus the amplitude of the
click-evoked otoacoustic emissions, for (a) the affected, and (b) the unaffected ears. The open circles
indicate ears from which an emission was measured (OAE+); the filled triangles indicate ears from
which no emission could be measured (OAE-). The latter points’ amplitude is consequently
meaningless [(a): nOAE+=82,nOAE-=60; (b):nOAE+=54, nOAE-=4]. For the affected and unaffected ears,
Spearman's correlation coefficients equaled  r=0.63 and r=0.74, respectively.

Discussion

The characteristics of click-evoked and distortion product otoacoustic emissions
(CEOAEs and DPOAEs, respectively) in ears of patients with Menière's disease were
investigated. We compared the properties of the affected and unaffected (i.e.,
contralateral) ears of 100 patients. The incidence of OAEs in affected ears (56%) was
lower than in unaffected ears (85%, figure 2). The mean emission amplitude in
affected ears was also significantly lower (2.6 dB). The affected ears of uni- and
bilaterally affected patients showed no differences. Further, ears with OAEs clearly
showed smaller hearing losses than ears without OAEs (24 dB difference).
Correlations between average hearing loss and the various emission amplitudes were
present, although these were not very strong; when plotted against the smallest hearing
loss, a certain upper boundary for the emission amplitude was present (figures 3-6).
Menière's disease is usually defined by the diagnostic triad of episodic vertigo,
fluctuant sensorineural hearing loss, and tinnitus, although sometimes a feeling of aural
fullness is also included [1,2]. The hearing loss involved in Menière's disease is
described as increasing; its nature is thought to be related to hair-cell pathology.
Although still uncertain, the pathophysiology of these symptoms is thought to be an
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endolymphatic hydrops. Various causes have been hypothesized for this increased
amount of endolymph, mostly tracing back to an imbalance between the secretion and
reabsorbtion of the cochlear fluids [2,9,10]. Mechanisms yielding a possible
endolymphatic hydrops via a pressure-buildup in the inner ear have also been studied
by many authors through manipulation of the endo- and perilymphatic pressures
[11,12]. In addition, histological studies in the guinea pig point out that induced
endolymphatic hydrops is accompanied by hair-cell damage [10].

OAE and hearing loss
Since the publication of Kemp (1978), many authors have performed measurements of
otoacoustic emissions [13]. At present, OAEs are commonly regarded as originating
from the inner ear, presumably through the electromotile responses of outer hair cells
[3].
From the very first measurements [13], it was noted that OAEs were not present in ears
with cochlear deafness; nowadays, OAEs are widely used as an objective screening
tool for cochlear hearing loss. Numerous reports have shown that OAEs are highly
affected by cochlear pathology, although some disagreement exists on the amount of
hearing loss at which OAEs are absent. Generally, otoacoustic emissions are detectable
when average hearing (from 0.25 to 8 kHz) is better than 20 dB HL, and are
undetectable if the average hearing loss exceeds approximately 45 dB HL
[14,15,16,17]. The observations are frequency dependent; that is, OAEs are not found
in frequency regions where hearing is below approximately 30 dB HL, while OAE
components may be present in adjacent frequency regions, in the same ear, where
hearing is relatively normal [18,19,20,21].
Nevertheless, a strict relation with which the audiogram could be predicted from OAE
measurements could not be established [22,23]. Tognola conclude that the presence of
a CEOAE component is always associated with thresholds  25 dB HL, while, on the
other hand, an absence is equally associated with normal or abnormal hearing [21]. We
studied ears with various types and degrees of hearing loss and observed all four OAEs
correlating weakly with the -averaged-thresholds.
Considering the fact that partly-normal hearing possibly yields OAEs, we plotted the
OAE amplitudes against the smallest hearing loss (for the affected ears). This indeed
showed a more determinate upper boundary for the OAE amplitudes at a certain value
of the smallest hearing loss (figures 3-6). It could be argued that not all threshold
frequencies equally contribute to the OAEs [14]. However, since this may be due to
external factors and it is not clear to what extent the dependence holds, we included all
threshold values.
Furthermore, we note that, regarding CEOAEs, measures like signal-to-noise ratio and
reproducibility could have yielded beneficial information. However, [16] report these
measures to identify hearing loss equally well. Altogether, our observations confirm
the view that OAEs are associated with normal or near-normal hearing, whereas, on
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the other hand, absent or weak OAEs are either associated with normal or abnormal
hearing.
OAEs and Menière’s disease
Otoacoustic emissions in patients with Menière's disease have previously been
investigated. Firstly, otoacoustic emissions of affected and unaffected ears were found
to differ in level [4,5,24] and spectral composition [4]; however, these were strongly
influenced by the audiometric configuration. Moreover, OAEs from unaffected and
normal-hearing ears differed, although hearing was not always completely normal in
these ears. These findings were confirmed by our observations. The OAE incidence, as
well as the mean amplitude, were lower in affected than in unaffected ears; and, in
turn, the mean amplitude in unaffected ears was lower than in normal-hearing ears.
Our audiometric limit of 10 dB HL caused the comparison between the smallest
hearing losses of the various groups to be restricted.
Secondly, the duration of the disease was of no influence in the study of harris and
Probst [4], whereas Cianfrone [25] found a difference in duration between the emitting
and non-emitting ears (2.7 versus 5.9 years). Furthermore, Perez [24] report a
correlation with a certain staging, however, not being the duration. We found a
difference in duration of the disease only between the ears emitting and non-emitting a
DPOAE at 2 kHz (5.9 versus 8.8 years, p<0.05). The duration of the hearing loss was
found to differ between the emitting and non-emitting ears for three OAE types
(p<0.01). These findings could offer possibilities for a certain staging.
In the third place, most authors mention the -surprising- presence of OAEs in ears with
large hearing loss [4,5,25]. Our observations also include ears with considerable loss
and still OAEs, but they fit into the complete picture (figure 3b).
In summary, OAEs in affected and unaffected ears of patients with Menière's disease
clearly show properties differing from each other and from OAEs in normal-hearing
ears. There is no strong reason not to ascribe these differences to the hearing loss
involved. A more precise comparison can hardly be realized because OAEs show a
large spread in ears with various degrees of hearing loss.

Comparing different OAEs
Considering the fact that the various OAE types correlate with hearing loss, it is likely
that OAEs correlate with each other. Spectral relationships between OAEs have been
demonstrated before [26]. Since we measured one broadband OAE (click-evoked) and
three narrowband OAEs (the distortion products), we plotted the CEOAE amplitude
against the maximum value of the three DPOAEs (figure 9). In this way, a cochlea
partially generating emissions yields high values for both variables (previous
paragraph). The fact that the unaffected ears yielded a stronger correlation (r=-0.74)
than the affected ears (r=-0.63), cannot yet be explained. Thus, the correlations we
observed between the OAEs confirm the view that OAEs are interrelated, although a
precise spectral examination could not be made.
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Conclusion

The incidence as well as the mean amplitude of click-evoked and three distortion
product OAEs was lower in affected than in unaffected ears; and, in turn, the mean
amplitude in unaffected ears was lower than in normal-hearing ears. These differences
are likely to be caused by the hearing loss involved, although a more accurate
information of the audiogram could yield additional insight. Information concerning
the hearing threshold at more frequencies (e.g., by Békésy-tracking [7]) and a precise
determination of the level (above and below 0 dB HL) could eventually yield a more
definite relation with otoacoustic emissions.
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Chapter 8

Vertigo and electronystagmography in patients with
uni- and bilateral Menière’s disease

Mateijsen DJM, van Hengel PWJ, Oreel MA, Kingma H, Wit HP, Albers FWJ.
Vertigo and electronystagmography in patients with uni- and bilateral Menière’s
disease. ORL. In press.
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Introduction

In 1861 Prosper Menière was the first to describe a syndrome with hearing loss,
tinnitus and vertigo, which he attributed to a labyrinthine disorder [1]. Since the
discovery of the endolymphatic hydrops in the temporal bone of Menière’s patients,
disturbance of the endolymphatic homeostasis is regarded as a pathophysiological
substrate of Menière’s disease [2,3]
Endolymphatic hydrops may arise as a result of the destabilisation of endolymph
regulation through overproduction and reduced absorption [4]. The dynamic
dysbalance of the endolymphatic regulation mechanism may represent the fluctuant
characteristics of Menière’s disease.
The vertigo and dizziness in Menière’s disease originate from the imbalance between
both vestibular organs of the inner ear. They are associated with vegetative reactions
such as ataxia, nausea and vomiting. In the classical acute manifestation of the disease
the patient is confronted with repeated attacks of vertigo lasting for minutes to several
hours with associated spontaneous nystagmus and fluctuating hearing loss. Between
the attacks a disabling instability without signs of manifest vertigo may persist for an
indefinite period of time.
In the Guidelines for the Diagnosis and Evaluation of Therapy in Menière’s Disease
the Committee on Hearing and Equilibrium of the AAOO-HNS vestibular tests are not
included in the criteria for diagnosing Menière’s disease [5]. Unilateral weakness as
found in 50-90% of patients is regarded as the most important electronystagmografic
finding concerning Menière’s disease [6]. In Menière’s disease unilateral vestibular
hypoactivity, but also hyperactivity, is reported. This hyperactivity might be explained
as a disinhibition caused by central cerebellar dysfunction on the basis of temporary
vestibular decompensation. A caloric hyperreflexia, without neurological signs or
symptoms including normal oculomotor tests is yet unexplained and has been ascribed
to a peripheral disorder [7].
Standard vestibular tests results have been reported in relation to the duration and
fluctuating character of the disease. Hulshof posed that the incidence of abnormal
vestibular findings increases with duration. His study showed a correlation between
duration of complaints and the extent of caloric response reduction of the affected ear
[8]. In 22% of his patients Hulshof also found a fluctuating caloric response reduction,
but in the majority of cases there was no significant change in caloric test results. The
patients with a fluctuating caloric response reduction had a relatively short duration of
complaints [8]. Angelborg et al. confirmed a fluctuation in caloric response reduction
analogous to a fluctuation in hearing loss [9]. Bles stated that in certain cases the
caloric response may even improve permanently over time [10].
Vestibular manifestations are not only obligatory for the diagnosis of Menière’s
disease, but may also contribute to the classification of the disease according to the
dynamic course with evident consequences for treatment strategies.
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In this study we performed  standardized measurements of spontaneous nystagmus,
caloric tests and velocity step tests on a well-defined group of Menière patients as part
of a diagnostic protocol. The aim of the study was to look for results that could
contribute to the diagnosis and to a possible classification of Menière’s disease.
Relations with duration and severity of perceived symptoms of disease, average
hearing loss, shape of the audiogram and differences between uni- and bilateral
Menière’s disease were studied.

Patients and methods

During a three and a half year period (from January 1994 to June 1997) 128 patients
were admitted to the Department of Otorhinolaryngology of the University Hospital
Groningen, suspected of having Menière’s disease. These patients had a history of
vertigo attacks (at least two), suffered or had suffered from tinnitus and had a cochlear
hearing loss of at least 20 dB at one of the pure-tone audiogram frequencies. During
the hospital admission these patients underwent a wide range of tests. This eventually
resulted in a database containing data of audiograms, electrocochleography,
otoacoustic emissions, Magnetic Resonance Imaging, aldosterone plasma levels and
vestibular test results for 111 patients diagnosed with Menière’s disease. Of the initial
group of 128 patients, 17 did not have Menière’s disease and were excluded from the
study. A detailed description of the definition of Menière’s disease, and the inclusion
and exclusion criteria for patients in the study is given elsewhere [11].
In this study we specifically looked at the standard vestibular test results, i.e. the
spontaneous nystagmus, the caloric test and the velocity step test. The horizontal eye
movements of the slow phase of the nystagmus were registered by electro-oculography
with skin electrodes using a standardized program (nystagliner, Jaeger-Toenies). When
part of the test data were missing, patients were excluded from the study. This could be
due to nausea, vomiting or technical problems, which forced us to end the test
procedures. This resulted in the exclusion of another 19 patients, leading to a
population of 92 patients. This patient group consisted of 58 (32 male and 26 female)
unilaterally and 34 (15 male and 19 female) bilaterally affected Menière patients. The
mean age of our population was 50.6 (±10.8) years. There was no statistically
significant difference in age distribution between the uni- and bilaterally affected
groups, or between male and female patients.

Spontaneous nystagmus
Spontaneous nystagmus (SN) was defined as being present if the velocity of the slow
phase of the nystagmus exceeded 5°/s (normative value). SN measurements were done
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in the upright head position, with the patient asked to look forward in the dark (mental
task), without stimulation.

Caloric test
After 10 seconds (s) registration of eye movements prior to the irrigation, with  the
patient lying in a horizontal position in a dark room and with the head in 30° flexion,
the left ear was irrigated with 300ml cold water (30°C) for 30s. After irrigation, eye
movements were recorded for 60s, followed by 15s  suppression of the vestibulo-
ocular-reflex (VOR) by visual fixation, followed by another 55s recording in complete
darkness. This procedure was repeated  with cold water in the right ear, followed by
warm water in the right ear and ending with a warm water irrigation in the left ear.
Before each irrigation, a calibration of the electro-oculograph was performed by
saccades over 20°. The directional preponderance (DP) and the labyrinth asymmetry or
labyrinthine preponderance (LP; the complement of the unilateral weakness) were
calculated according to Jongkees [12] and were defined as abnormal if they exceeded
25% and 20%, respectively. An LP towards the unaffected side was called a positive
LP; an LP towards the affected side was called a negative LP.

Velocity step test
Patients were investigated in a rotatory chair, with the head in 30° flexion. After
subthreshold acceleration the patient was rotated counterclockwise at a velocity of
90°/s in total darkness for 50s. Then the chair was quickly stopped with a deceleration
of 90°/s2, followed by 55s recording of the post-rotatory response. The procedure was
then repeated with rotation in the opposite direction. The asymmetry of gain (G) and
time constant (T) were calculated by the contrast functions: 100xdG and 100xdT;
dG=(Gaff-Gunaff)/(Gaff+Gunaff) and dT=(Taff-Tunaff)/(Taff+Tunaff). The decay of the slow
velocity was fitted with a single negative exponential function, f(t)=Vo x e-t/T. The Vo

preponderance was possible towards the unaffected or affected side in unilaterally
affected patients and towards the least or most affected side in bilaterally affected
patients. The gain of the reflex was defined as Vo /(90°/s). G values were divided into
three groups: below normal range (<33), normal range (33-72), above normal range
(>72). T-values were also divided into three groups: below normal range (<11s),
normal range (11-26s), above normal range (>26s). The ‘Gesamtamplitude’ (GxT) was
used to compute a DP for the velocity step test [13]:

( Gaff x Taff )-( Gunaff x Tunaff)
(GxT)asymmetry =_______________________   x100%

   ( Gaff x Taff )+( Gunaff x Tunaff)

Duration and subjective symptoms
Standard electronystagmographic outcomes were compared to duration and subjective
symptoms of the disease. The duration of the affection was defined as the period
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between the first appearance of one of the Menière symptoms and the admission into
hospital. For bilaterally affected patients this may lead to different durations in the two
ears, if vertigo was not the first symptom. Therefore, the duration of the disease was
defined as follows: In unilaterally affected patients this was the duration of the
affection in their affected ear, and in bilaterally affected patients it was the duration for
the first affected ear. A questionnaire on the (subjective) severity of the symptoms
aimed to classify hearing loss, tinnitus, vertigo and the (possible) fullness/pressure in
the ear, as perceived by the patient during the last three months before admission.
Hearing loss could be characterized as ‘unchanged’, ‘improved’, ‘worsened’ or
‘fluctuating’. Using the duration of the affection, the ears of bilaterally affected
patients could be characterized as ‘affected first’ or ‘affected last’, in those cases
where a difference in duration was present for the two ears. Also, a distinction in ‘most
affected’ and ‘least affected’ ears was made for bilaterally affected patients, based on
the average hearing loss in the two ears.
The severity of vertigo was scored using the standard questionnaire. Patients were
asked to describe their vertigo complaints over the three-month period prior to the
hospital admission. The severity of vertigo was scored as  ‘mild’ vertigo (‘vertigo
attacks that did not last longer than 5 minutes’, ‘instability’ or ‘absent’), and as
‘severe’ vertigo (‘attacks lasting longer than 5 minutes’).

Audiometry
Standard electronystagmographic outcomes were compared to average hearing loss and
shape of a pure-tone audiogram. Average hearing loss was defined as the average of
the measured thresholds of the pure-tone audiogram (0.25, 0.5, 1, 2, 4, and 8 kHz). A
computational method was developed to classify the pure-tone audiograms as ‘high’
frequency losses, ‘low’ frequency losses, ‘high+low’ frequency losses, ‘flat’
audiograms and ‘other’ audiograms [14]. The shape of the pure-tone audiogram in
unilaterally affected patients was related to the LP of the caloric test.

Statistical analysis
Statistical analysis was performed using nonparametric tests (binomial, Spearmann’s
correlation, Mann-Whitney U). Statistically significant differences were considered for
p values below 0.02.

Results

Spontaneous nystagmus
No difference was found between the number of uni- or bilaterally affected patients
with a preponderance for spontaneous nystagmus (20.7% and 20.6%; see table 1). In
these patients a  statistically significant preponderance for the direction of the SN
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(towards the unaffected or affected side in unilaterally affected patients, or towards the
most or least affected side in bilaterally affected patients) could not be found.

Table 1. Number and percentage of patients with spontaneous nystagmus, directional preponderance
(calorization) and labyrinthine preponderance (calorization) in uni- and bilaterally affected patients.

Spontaneous
Nystagmus (SN)
>5°/s

Directional
Preponderance (DP)
>25%

Labyrinthine
Preponderance (LP)
>20%

Unilaterally affected patients

Nystagmus

Towards affected side 5      (8.6) 2      (3.4) 3      (5.2)

Towards unaffected side 7    (12.1) 13  (22.4) 36  (62.1)

No preponderance 46  (79.3) 43  (74.1) 19  (32.8)

Total patients 58   (100) 58   (100) 58   (100)

Bilaterally affected patients

Nystagmus
Towards most affected side 5    (14.7) 2      (5.9) 5    (14.7)

Towards least affected side 2      (5.9) 7    (20.6) 22  (64.7)

No preponderance 27  (79.4) 25  (73.5) 7    (20.6)

Total patients 34   (100) 34   (100) 34   (100)

Caloric test
Directional preponderance (DP)
In 25.8% of the unilaterally affected patients, an abnormal DP was found (>25%). The
DP was more often directed to the unaffected side than to the affected side (binomial
test, p=0.007) (table 1). Similar results were found for the bilaterally affected group, of
which 26.5% showed a DP. A preference for DP directed towards the least affected
side was found to be not statistically significant (table 1).
Labyrinthine preponderance (LP)
Out of all 58 unilaterally affected patients, 39 (67%) had an abnormal LP exceeding
20% (table 1). This LP was  more often directed towards the unaffected side (binomial
test, p<0.001). Of the bilaterally affected patients (n=34) 27 (79%) showed an
abnormal LP. There was no significant difference between the uni- and the bilaterally
affected ears. The distribution of the ‘LP towards the unaffected side’, versus ‘LP
towards the affected side’ or ‘no LP’ of the unilaterally affected patients did not
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significantly differ from the distribution of the ‘LP towards the least affected side’,
versus ‘LP towards the most affected side’ or ‘no LP’ of the bilaterally affected
patients.

Velocity step test
Time constant (T), gain (G) and gesamtamplitude (GxT)asymmetry

Of the unilaterally affected patients, 32.8% had an abnormal T in at least one direction.
In 27.6% the T was too short (<11s) (table 2). The bilaterally affected patients had a
comparable distribution over these categories (table 2). There was no difference in T
between turning towards the affected or un-affected side. The gain (G) of the reflex
stratified in small, normal or large range was not significantly different for rotation to
the affected or unaffected side. On average about 5% of the unilaterally affected
patients had a hyporeflexia and about 30% had a hyperreflexia. Only 5% showed an
abnormally low G. Also, no correlation was found between G and T. For both uni- and
bilaterally affected patients, (GxT)asymmetry was not statistically significantly more often
directed to the unaffected side than to the affected side.

Table 2. Velocity step test: Number and percentage of patients with, time constant turning towards
affected (Taff), time constant turning towards unaffected (Tunaff).

Taff Tunaff

Unilaterally affected patients

T too short             <11s 16  (27.6) 16  (27.6)

T normal range      11-26s 40  (69.0) 39  (67.3)

T too long             >26s 2      (3.4) 3      (5.1)

Total patients 58   (100) 58   (100)

Bilaterally affected patients

T too short            <11s 7   (20.6) 10 (29.4)

T normal range     11-26s 25 (73.5) 24 (70.6)

T too long            >26s 2     (5.9) 0     (0.0)

Total patients 34  (100) 34  (100)
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Correlations of velocity step test and caloric test
There was a statistically significant positive correlation between the caloric test DP and
LP outcomes in both unilaterally and bilaterally affected patients (Table 3; uni:
r=0.615, p<0.001; bi: r=0.438, p=0.001). For both unilaterally and bilaterally affected
patients, the absolute DP (caloric test) did not correlate with the absolute Vo

preponderance (also named ‘DP of the velocity step’).
The (GxT)asym correlated moderately but significantly with the DP of the caloric test,
for uni- as well as for bilaterally affected patients (table 3, uni:r=0.358, p<0.001,
bi:r=0.512, p=0.002). No significant correlation was found between (GxT)asym and LP
for both uni- and bilaterally affected patients (table 3).

Table 3. Spearmann’s correlations between labyrinthine preponderance (LP), directional
preponderance (DP) and asymmetry in gesamtamplitude ([GxT]asym)  in uni- and bilaterally  affected
patients. R=correlation coefficient, p=statistical parameter, n= number of patients

Correlations r p n

Unilaterally affected patients

Labyrinthine
preponderance

vs Directional
preponderance

0.615 <0.001 58

Directional
preponderance

vs (GxT)asym 0.358 <0.001 58

Labyrinthine
preponderance

vs (GxT)asym 0.025 0.853 58

Bilaterally affected patients r p n

Labyrinthine
preponderance

vs Directional
preponderance

0.438 <0.001 34

Directional
preponderance

vs (GxT)asym 0.512 0.002 34

Labyrinthine
preponderance

vs (GxT)asym 0.201 0.254 34

Duration and subjective symptoms
A short duration of the disease (<2 years) was related to a large LP and a duration of
the disease >2 years resulted in a smaller LP. Despite this result, a negative correlation
between the subjective duration of the vertigo symptom and the value of the LP could
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not be found.  An LP to the affected side (3 out of 58 patients) was only seen during
the first two years of the disease (table 4). Similar to LP, a DP (caloric test) to the
affected side was also only found in patients with a duration of disease < 2 years (table
4). Severity of the symptoms was not related to the DP of the caloric test.

Table 4. Cross-tables for unilaterally affected patients (n=58). Relation between LP of the
calorization test and duration of disease (years). Relation between LP of the calorization test and
shape of the pure-tone audiogram. Relation between LP of the calorization test and severity of
vertigo.

Unilaterally
affected patients
(n=58)

LP
unaffected

LP
affected

LP
no
preponderance

Total patients

Duration of disease

0-2 years 23 3 10 36

2-5 years 4 - 4 8

5-10 years 6 - 4 10

>10 years 3 - - 3

Total patients 36 3 19 58

Shape of the
audiogram
Other - 1 - 1

Low 1 1 - 2

High 11 1 11 23

Low + high 3 - 2 5

Flat 21 - 6 27

Total patients 36 3 19 58

Severity of vertigo

Mild 12 3 10 25

Severe 24 - 9 33

Total patients 36 3 19 58

Duration and severity of disease and vertigo did not correlate with all parameters of the
velocity step test, except for asymmetry in T (table 5). In unilaterally affected patients,
a longer duration of vertigo resulted in a stronger asymmetry in T (>15%) (p=0.008)
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(table 5). This asymmetry in T did not correlate with the severity of vertigo (table 5).
Unilaterally affected patients with a duration of vertigo of <2 years showed
significantly more often the ‘severe’ form of vertigo (p=0.014). Patients with a
duration of >2 years  showed about equally often the ‘severe’ as the ‘mild’ form (table
5).
LP was not related to severity of perceived tinnitus and/or aural pressure/fullness.
Unilaterally affected patients with ‘mild’ vertigo showed an LP in 50% of the cases.
An LP more often (78%) occurred in patients  with ‘severe’ vertigo compared to those
with ‘mild’ vertigo (p=0.007) (table 4). No clear differences were found between
unilaterally and bilaterally affected patients.

Table 5. Cross-tables for unilaterally affected patients (n=58). Relation of Tasym and duration of
disease and severity of vertigo, relation between duration of disease and severity of vertigo.

Unilaterally
affected
patients (n=58)

 Tasym
 >15 %

 Tasym
  15 %

Total
patients

Severity of vertigo
Mild               Severe

Total
patients

Duration of
disease

< 2 years 3 25 28 7 20 27

> 2 years 13 17 30 16 15 31

Total patients 16 42 58 23 35 58

Severity of
vertigo

Mild 10 15 25

Severe 6 27 33

Total patients 16 42 58

Audiometry
No significant relation was found between the absolute value of the LP (and DP) and
the average hearing loss of the affected ear per patient, nor with the relative difference
in hearing loss between both ears per patient. This was analysed only for the
unilaterally affected patients. The shape of the pure-tone audiogram in unilaterally
affected patients was related to the LP of the caloric test (table 4). Patients with a flat
audiogram did not have an LP to the affected side. The other vestibular test parameters
had no relation with the audiometry data.
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Discussion

Spontaneous nystagmus
In this study about 20% of all patients showed a pathological SN. In the literature, this
varies in Menière’s patients between 4% [15] and 52% [16] with the positional
nystagmus included. In this study the direction of the nystagmus was not always
towards the most affected side. We tend to conclude that SN might point to an active
Menière’s disease, but does not give a conclusive indication about the side of the
lesion. We found the spontaneous nystagmus to be a non-lateralizing sign in Menière’s
disease, which was also found by Dobie et al. and Hulshof et al. [17,8].

Caloric test
The caloric test predominantly probes the function of a part (horizontal canal) of the
labyrinth. Thus the measured data do not represent the loss of function of the other four
parts of the labyrinth (sacculus, utriculus, vertical canals) [18]. It is hypothesized that
the sensitivity of the caloric test might be limited due to central compensation: a stable,
small, but relevant peripheral function loss can be expected to be compensated for by
enhancing the sensitivity centrally at the level of the vestibular nuclei. This could result
in a normal caloric response that represents the sum of peripheral and central
sensitivity. As a consequence, the caloric test would show the deficit only if a
labyrinthine function loss would be too large to be compensated for centrally. This
might be of special interest regarding (early) Menière’s disease, in which caloric
function is often normal, despite the clear-cut vestibular symptoms and the abnormal
gaze stabilization in cases of impulsive head motion [19].
Directional preponderance (DP)
Our results for the unilaterally affected patients showed a DP directed significantly
more often to the unaffected side. Hulshof and Dobie did not find lateralization [8,17],
but our results are in concordance with the results of Stahle, who however did not
distinguish between uni- and bilaterally affected patients [20]. An explanation for the
correlation between LP and DP might be that the DP can be seen as a latent SN, which
according to some authors should be directed towards the unaffected side and generally
disappears as a result of central compensation [16]. In our study it is concluded that the
DP is an additional instrument to help confirm the diagnosed unaffected side in
unilaterally affected and the least affected side in bilaterally affected patients, and
seems to be more sensitive than the SN.
Labyrinthine preponderance (LP)
The finding that LP is directed mostly towards the unaffected ear is in concordance
with the literature [6,8,15,16,17,21]. We showed that the preference of LP towards the
unaffected/least affected ear was not statistically different in uni- or bilaterally affected
patients. A preference towards the unaffected/least affected ear is expected, and was
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observed in both groups. It has been suggested that the LP is not a stable parameter for
Menière patients [10]. Our vestibular results showed that LP is a additional aid to help
confirm the defined unaffected ear in unilateral and the least affected ear in bilateral
Menière patients. However, the limited sensitivity of the caloric test might leave a
small vestibular deficit unnoticed.

Velocity step test
In contrast to the caloric test, which is a low frequency stimulation (<1 Hz), the
velocity step test is a much more physiological stimulation, containing high (1-10 Hz)
frequencies. A clear disadvantage of the velocity step test is that it normalizes through
central adaptation [22]; otherwise, it is a good test to evaluate central compensation.
Huygen found a low Gain (G) and short T of the post-rotatory response after continous
rotation to the unaffected side, and a high G and a long T after continuous rotation to
the affected side. After compensation the asymmetry in G and T decreases, but the G
and T in both directions remain lower than before the labyrinthine function loss
[10,22]. Stefanelli measured Menière patients and found a G and T both below the
normal range, without distinguishing between the turning directions [23]. Magnusson
found a significantly shorter T when turning towards the unaffected side before
compensation, compared to after compensation [24]. He found no correlation between
T and duration of disease. In cases with vestibular hyporeflexy, Theunissen measured
small T’s in both uni- and bilateral Menière’s disease [13]. In this study we did not
find a difference in T between turning towards the affected and unaffected sides. This
can be explained by the assumption  that our group of patients consisted of patients
with and without central compensation.
Not only in the early stage of the disease, but also after many years, patients can still
suffer attacks followed by vestibular decompensation. In this transversal study we only
measured at one point in time. Vestibular follow-up of patients after a labyrinthine
decompensation would provide more reliable information about the phenomenon of
labyrinthine compensation.
The G in our study was mostly within the normal range, which might be due to the fact
that none of the patients had an attack or exacerbation of the disease during their test
and hospital admission.

Caloric test and vestibular step test
The correlation found between LP and DP of the caloric test might be explained by the
fact that the DP can be seen as a latent SN, which generally is expected to be directed
to the unaffected side.
For uni- and bilateral Menière’s disease, significant but weak correlations were found
between the (GxT)asym and DP and between LP and DP, as mentioned. A significant
correlation between (GxT)asym and LP was not found. These results, in combination
with the fact that LP and DP are in most cases directed towards the unaffected ear,
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indicate that these three parameters (LP, DP and (GxT)asym) remain important for
further study to predict the unaffected or affected labyrinth. The affected ear has been
diagnosed based on subjective complaints and results of a subjective pure-tone
audiogram. The great difficulty in analysing vestibular data to predict an (un)affected
labyrinth, especially with the velocity step test, is the fact that the vestibular outcome
of one ear will always be biased by the outcome of the opposite ear.

Classification of Menière’s disease
Focussing on the calorization and especially on the LP we found important outcomes
that might contribute to finding subgroups in the unilaterally affected Menière’s
population studied. The findings of the three patients that did not have a flat audiogram
and had a short duration of the disease, together with the findings that a prolonged
duration of the disease (>2 years) frequently results in a flat audiogram [14], might
result in the discrimination of at least two subgroups in the unilaterally affected patient
group:
- In patients suffering their disease less than two years, the  hearing loss is mainly low
and high and in any case not flat [14]. In this subgroup of patients an LP to the affected
side might occur together with patients having an LP to the unaffected side. The LP to
the affected side might be a sign of hyperactivity of the labyrinth of the affected ear,
which could be caused by irritation of the vestibular organ and is possibly a sign of a
beginning of the disease. In this group of patients hyperactivity of the labyrinth of the
affected ear might be present, together with patients having a hypoactivity of their
affected side (LP to unaffected side). The LP might be large and the Tasym of the
velocity step test small. The symptoms can fluctuate and the hearing loss is possibly
reversible. This subgroup might also have more serious than mild vertigo, which
should reinforce Nelson’s theory: ‘Over decades the ferocity of vertiginous attacks
decreases as hearing loss increases’ [25].
- Another subgroup might consist of patients suffering their disease more than 2 years
with a flat pure-tone audiogram. In this subgroup the subjective vertigo is more
frequently scored as mild. Their LP is never directed towards the affected side, and is
often even not present. The LP is relatively small and the Tasym of the velocity step test
is large.

Conclusion

Spontaneous nystagmus (SN) and directional preponderance (DP) of the calorization
and/or the velocity step are only poorly related to the site of the lesion in patients with
Menière’s disease. In this study, the LP was found to be the best diagnostic parameter
to find unilateral weakness in patients with Menière’s disease. Together with the
duration of the disease, the severity of symptoms, the asymmetry in T and the shape of
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the audiogram, it was possible to discern two subgroups in the group of patients with
unilateral Menière’s disease. Vestibular data in association with other test results of the
diagnostic protocol may contribute to a more sophisticated classification of Menière’s
disease.
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Chapter 9

Three-Dimensional Magnetic Resonance Imaging in patients
with uni-and bilateral Menière’s disease

Mateijsen DJM, Hengel van PWJ, Krikke AP, Huffelen van WM, Wit HP, Albers
FWJ. Three-Dimensional Magnetic Resonance Imaging  (3DFT-CISS MRI) of the
inner ear in patients with uni- and bilateral Menière's disease. Otology and
Neurotology. In press.
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Introduction

Since Yamakawa [1] and also Hallpike and Cairns [2] in 1938 discovered hydrops of
the endolymphatic system in the temporal bones of patients suffering from Menière’s
disease, endolymphatic hydrops has been generally accepted as the basic
histopathological substrate of the disease. A functional limitation in the resorptive
capacity of the endolymphatic sac is regarded to be a major causative factor in the
pathogenesis of Menière’s disease [3], although disturbances in the production of
endolymph may also contribute to the development of endolymphatic hydrops [4].
Post-mortem histological investigations revealed a significantly smaller vestibular
aqueduct in patients suffering from Menière’s disease [5,6]. Radiological examination
of the vestibular aqueduct in Menière’s patients was performed using conventional
tomography or computed tomography [7,8]. However, the endolymphatic sac and duct
can not be visualized by these imaging techniques.
With Magnetic Resonance Imaging (MRI), it has become possible to detect soft tissue
lesions of the inner ear. Magnetic Resonance Imaging with gadolineum enhancement
has proven to be a very sensitive method to visualize lesions in the cerebellopontine
angle and internal auditory canal. Casselman [9] introduced a new imaging technique
called Three Dimensional Fourier Transformation Constructive Interference in Steady
State (3DFT-CISS) Magnetic Resonance Imaging. This technique provides an
excellent visualization and identification of the membraneous labyrinth, including the
endolymphatic duct and sac in the temporal bone. Using the 3DFT-CISS MRI
technique, Albers et al. [10] found a significantly smaller endolymphatic sac and duct
in association with a reduced distance between the vertical part of the posterior
semicircular canal and the posterior fossa in Menière’s patients, compared to a control
group. However, they did not find significant differences between affected and
unaffected ears within the Menière group.
In this study 3DFT-CISS MRI was used to quantify the distance between the vertical
part of the posterior semicircular canal and the posterior fossa as a measure of the
endolymphatic sac and duct in patients with Menière’s disease. Differences in this
distance between affected and unaffected ears as well as differences between
unilaterally and bilaterally affected patients were studied and compared to a control
group. Also possible correlations between the measured distance (between the
posterior semicircular canal and the posterior fossa) and the duration and severity of
symptoms, age and average hearing loss were investigated.

Patients and methods

Hundred-eleven patients suffering from Menière’s disease were included in the study.
The diagnosis of Menière’s disease was defined by the following criteria: cochlear
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hearing loss, tinnitus (in the past) and periodic attacks of vertigo (at least two in the
past). In order to confirm the diagnosis and to exclude other underlying pathology, the
patients were examined according to the Groningen Diagnostic Protocol, including
routine ORL-examination and audiological tests (pure-tone and speech audiometry,
tympanometry, stapedial reflex measurements, brainstem evoked response audiometry,
otoacoustic emission measurements and electrocochleography). Also vestibular tests,
perilymphatic pressure measurements, laboratory tests, psychological consultation and
Magnetic Resonance Imaging of the temporal bones and cerebellopontine angles were
performed. In addition, the duration and severity of the symptoms (hearing loss,
tinnitus, vertigo and aural fulness) were scored with a standard questionnaire. Sixty-
two ears with normal cochlear and vestibular function were used as control.

Figure 1. 0.7 mm axial 3 DFT-CISS MRI; right ear. The internal meatus (1) with the vestibulo-
cochlear and the facial nerve can be seen, as well as the cochlea (2), the vestibulum (3) and the
horizontal semicircular canal (4).  The vertical part of the semicircular canal (5) and the posterior
fossa (6) are clearly visible.

In this study, all patients were scanned by MRI in a 1.0 or a 1.5 Tesla superconductive
active shielded magnet (Expert Magnetom Siemens, Erlangen, Germany, 1.0 T and
Vision Magnetom Siemens, Erlangen, Germany, 1.5 T). T1-, T2-, and gadolinium
enhanced T1 weighted spin echo imaging were used to exclude retrocochlear
pathology and lesions in the cerebellopontine angle. 3DFT-CISS MRI was used to
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quantify the distance between the vertical part of the posterior semicircular canal and
the posterior fossa (see figures 1 and 2).
Contigious axial 3DFT-CISS MRI slices of 0.7 to 1.0 millimeter (mm) were made by a
radiologist according to a strict protocol. Measurements were taken by two
professionals, namely a radiologist and an otolaryngologist, using a ruler and the
original scan. This was done with a measurement accuracy of about 0.5 mm. This leads
to a measurement error in the mean MRI distance of 0.5/sqrt(n), where ‘n’ is the
number of ears in the group. In this study the smallest group to be used consisted of 30
ears, leading to an error of 0.22 mm. We therefore state that differences in MRI
distance between groups in this study are only reliable when they are over 0.25 mm
(regardless of statistical significance).

Figure 2. 0.7 mm axial 3 DFT-CISS MRI. detailed image of the right ear at the level of the measured
distance between the vertical part of the posterior semicircular canal (1) and the posterior fossa (2).

Results

Of the initially included Menière population (111 patients), 90 patients underwent a
3DFT-CISS MRI scan.
Twenty-one patients (13 unilaterally affected, 8 bilaterally affected) did not undergo an
MRI scan because of claustrophobia, or contra-indications for MRI such as a
pacemaker, osteosynthesis materials or back problems. To allow a better comparison of
data, only patients who underwent MRI scanning of both ears were analyzed. For this
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reason another 4 patients were excluded for further analysis. Finally, 86 patients were
analyzed in this MRI study. Fifty-six patients suffered from unilateral and 30 patients
from bilateral Menière’s disease (116 affected and 56 unaffected ears).

Menière’s disease versus non-Menière’s disease
A comparison was made between all ears of Menière patients and the control group.
The 62 control ears had a mean MRI distance of 3.8 (±1.7) mm. This distance was
significantly larger (p<0.001) than the mean distance of 2.8 (±1.6) mm, found in the
172 ears of the Menière patients. The difference of 1.0 mm was tested for significance
with a Wilcoxon Signed Rank-test because the distributions were not normal. If  the
group of Menière patients was splitted into bilaterally affected and unilaterally affected
patients, the differences between each of these separate groups and the control ears
remained significant (p=0.03 and p<0.001, respectively). (see table 1 for a complete
overview).

Table 1. Mean distances between the vertical part of the posterior semicircular canal and the
posterior fossa (mm) in affected and unaffected ears of patients with uni- and bilateral Menière’s
disease, and non-Menière patients

n mean MRI
distance (mm)

std. deviation
(mm)

S.E. mean
(mm)

Unilateral Menière patients 56

unaffected ears 56 2.7 1.7 0.2

affected ears 56 2.6 1.7 0.2

all ears 112 2.7 1.7 0.2

Bilateral Menière patients 30

least affected ears 30 3.4 1.5 0.3

most affected ears 30 3.0 1.2 0.2

all ears 60 3.2 1.4 0.2

Non-Menière patients 62

control ear 62 3.8 1.7 0.2

Unilateral versus bilateral disease
In order to investigate possible differences between unilaterally and bilaterally affected
ears, we compared all 60 bilaterally affected ears to all 112 ears of unilaterally affected
patients. The mean distance in the ears of unilaterally affected patients was 2.7 (±1.7)
mm and the mean distance in the bilaterally affected patients was 3.2 (±1.3) mm. The
difference in distance of 0.5 mm is about 17% of the measured distance and was
significant (p=0.004, Wilcoxon Signed Rank-test).
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Unilateral disease
Within the group of unilaterally affected Menière patients, affected ears can be
compared to unaffected ears. Although the distributions of MRI-distances in affected
and unaffected ears in this group of patients are not normal, the distributions of
differences between affected and unaffected ears are (approximately) normal, allowing
the use of a Paired-Samples T-test. The mean MRI distance found in the unilaterally
affected patients was 2.7 (±1.7) mm in unaffected ears, and 2.6 (±1.7) mm in affected
ears (table 1). The difference of 0.09 mm was statistically not significant (p=0.44).

Bilateral disease
Next, the MRI distances in ears of bilaterally affected patients were studied. Based on
the average hearing loss (averaged over all 6 frequencies of the pure-tone audiogram),
the least affected ear of each patient was compared to the most affected ear. The mean
distance in the group of least affected ears was 3.3 (±1.4) mm, and the distance in the
group of most affected ears was 3.1 (±1.2) mm (table 1). The difference between the
least and the most affected ears (0.22 mm) was not statistically significant (Paired-
Samples T-Test, p=0.19).

MRI distance, duration of Menière’s disease and age
A possible relationship between the distance of the vertical part of the posterior
semicircular canal to the posterior fossa and the duration of the disease was studied.

Figure 3.  Difference in duration between the first and the last affected ear of each bilateral
Menière patient (n=30).
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Figure 4. Scatterplot: MRI distance (mm) versus duration (years) in the affected ears of unilateral
Menière patients (n=56).

The same relation was studied for the ears of bilaterally affected patients (figure 5).
Only a very poor correlation (-0.044) was found, which was not statistically significant
(Two-Tailed Pearson Chi-Square Test, p=0.74). These data indicate that, like in
unilaterally affected ears, no relation was found between the MRI distance and the
duration of the disease in the bilaterally affected ears.

Figure 5. Scatterplot: MRI distance (mm) versus duration (years) in the ears of bilateral Menière
patients (n=60).
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We investigated whether the MRI distance is linked to either the age at the moment of
measurement or the age at the first appearance of the symptoms. A correlation study
showed no significant relation, in both unilaterally affected ears (r=-0.09, p=0.51 and
r=-0.07, p=0.61, respectively) and bilaterally affected ears (r=0.04, =0.76 and r=0.07,
p=0.61, respectively).

MRI distance in relation to severity of Menière’s disease
The MRI distance was divided into 4 different classes (0-1.5 mm, 1.5-2.6 mm, 2.6-3.8
mm and >3.8mm),  based on the interquartile distances of the data. The severity of
hearing loss was divided into 4 classes (unchanged, improved, worsened and
fluctuating), based on the last three months. The severity of tinnitus and aural pressure
were also divided into 4 classes (none, mild, moderate and severe), also over the last
three months. Vertigo symptoms were separated into 2 classes (absent or instability,
and attacks lasting more than 5 minutes) based on the last three months.
Crosstabulation and a Pearson Chi-Square Test showed no relationship between the
MRI distance and severity of hearing loss (p=0.35), tinnitus (p=0.45), vertigo (p=0.32)
or aural pressure (p=0.32).

Discussion

With 3DFT-CISS MRI it was possible to clearly visualize and identify the
membraneous labyrinth, including the endolymphatic sac and duct by using the same
technique as Casselman in 1993 [9]. It has been shown that the distance between the
vertical part of the posterior semicircular canal and the posterior fossa is representative
for the size of the endolymphatic sac [10]. Measurements using a ruler and the original
scan were more accurate than those using the cursor of the MRI computer. The
measurement inaccuracy using a ruler was at most 0.5 mm, leading to a measurement
error in the mean distance of at most 0.22 mm. So, regardless of statistical significance,
differences in MRI distance between groups in this study were only considered reliable
when they were over 0.25 mm.
In this study the MRI distance between the vertical part of the posterior semicircular
canal and the posterior fossa was significantly smaller in the ears of Menière patients
than in ears of a control group, not suffering from Menière’s disease. This finding
corroborates the results of Albers et al. [10] and supports the hypothesis that a smaller
MRI distance is a predisposing factor for endolymphatic hydrops.
Albers et al. did not find any significant differences in distance between affected (1.9
mm) and unaffected ears (2.3 mm) within their Menière group, but they did not
separate the uni- from the bilaterally affected patients. Grouping the ears in our study
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also does not lead to statistically significant differences (p=0.20). However, the
differences between uni- and bilaterally affected patients found in our study leads us to
the conclusion that separating these two groups is advisable. In bilaterally affected
patients the measured MRI distance was significantly larger than in unilaterally
affected patients. The difference of 0.5 mm was large enough to be clinically relevant
(17%) and reliable with respect to the measurement error. Within the uni- or bilaterally
affected groups, no differences were found between affected and unaffected ears, or
between most and least affected ears. Differences between uni- and bilateral Menière’s
disease have been studied in the past. Kodama et Kitahara [11,12] described the
clinical characteristics of Menière’s disease with bilateral fluctuating hearing loss.
However, this imaging study using 3DFT-CISS MRI techniques for the first time
revealed anatomical differences between uni- and bilateral disease.
The bilaterally affected group was further investigated to exclude a possible difference
in duration of disease between the first and the last affected ear of each patient (figure
3). The assumption that bilaterally affected patients used to be unilaterally affected,
and that the disease subsequently ‘crossed over’ to the unaffected ear is contradicted by
the observation that for most patients the difference in duration is less than one year.
This observation, in combination with the fact that there is a significant difference in
distance between unilaterally and bilaterally affected patients, strongly suggests that
uni- and bilateral affection are two different entities.
Recently, a two-phase model of the mechanism operational in Menière’s disease has
been suggested [4]. This model indicates two processes underlying the symptoms: a
reduced resorptive capacity of the endolymphatic sac in combination with a periodic
overproduction of endolymph by activation of Na/K ATP-ase in the stria vascularis
under influence of stress-hormones. The results of this study support the hypothesis
that the size of the endolymphatic sac is not the only factor in the pathogenesis of
Menière’s disease. In the unilaterally affected patients the limited resorption, linked to
reduced dimensions of the endolymphatic space, may play the major role in
development of endolymphatic hydrops, whereas in the bilaterally affected patients the
overproduction of endolymph is the dominant causative factor.
No relation was found between the MRI distance and the duration of the disease in the
unilateral affected ears. Similar to unilaterally affected ears, there was no relation
between the MRI distance and the duration of the disease in the bilaterally affected
ears. It could be expected that no relationship between MRI distance and duration
would be found, because MRI distance probably does not correlate with the actual
pathophysiological state of the endolymphatic system. It is, however, conceivable that
MRI distance varies (slightly) with age. This could mean that MRI distance is linked to
either the age at the moment of measurement or the age at the first appearance of the
symptoms. However, a correlation study showed no significant relation, in both
unilaterally affected ears and bilaterally affected ears. The fact that the MRI distance
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does not have any relation with duration of the disease or age, indicates that the MRI
distance is a congenital feature that remains constant through life.

Conclusions

The difference in distance between the vertical part of the posterior semicircular canal
and the posterior fossa, measured with 3DFT-CISS MRI, was significantly smaller in
the ears of patients with Menière’s disease compared to the control group. The
difference in MRI distance between uni- and bilaterally affected patients strongly
suggests that uni- and bilateral affection are two different entities. The size of the
endolymphatic sac seems to be not the only factor in the pathogenesis of Menière’s
disease. The fact that the MRI distance does not have any relationship to duration of
the disease and age indicates that this distance is a congenital feature.
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Introduction

In animal experiments, measurement of the hydrostatic pressure in the endolymphatic
and perilymphatic compartments of normal ears and ears with endolymphatic hydrops
is performed using small micropipettes and pressure transducers [1,2,3]. However,
these direct invasive measurement techniques are not suitable for human inner ears.
The MMS-10 Tympanic Displacement Analyser (Marchbanks Measurement Systems
Ltd, United Kingdom) provides a non-invasive measurement system for analysis of
inner ear pressure in humans. This instrument is based on the principle that displa-
cement of the tympanic membrane, induced by the stapedial reflex, depends on the res-
ting position of the stapes footplate. The resting position alters with different perilymp-
hatic pressure levels. Displacement of the tympanic membrane can be evaluated as
small volume variations in the external auditory canal [4,5].
The Tympanic Displacement Analyser has proved to be useful in studies of intracranial
pressure changes. The cerebro-spinal fluid compartment is connected to the
perilymphatic spaces through the cochlear aqueduct [6]. Pressure variations of the
cerebrospinal fluid are reflected in the perilymphatic pressure [7]. Using the Tympanic
Displacement Analyser, hydrocephalic patients with a ventricular shunt  and patients
with spina bifida were compared with normal subjects [8,9,10]. Other applications are
described in studies of otological disorders such as Menière's disease [11,12].
Menière's disease is defined as the well known triad of periodic hearing loss, vertigo
and tinnitus. Since Hallpike and Cairns [13] and also Yamakawa [14] described
hydrops of the endolymphatic system in the inner ear of patients with Menière's
disease, endolymphatic hydrops is generally accepted as the histopathological lesion in
this condition [13,14]. Endolymphatic hydrops represents swelling of the endo-
lymphatic space of the inner ear, leading to distension and bulging of Reissner's
membrane into the scala vestibuli. In 1965, Kimura and Schuknecht reported
endolymphatic hydrops in guinea pigs after surgical obliteration of the endolymphatic
duct and sac. From this it is suggested that in Menière's disease there is impaired
absorption of endolymph in the endolymphatic sac [15]. Other experiments have
demonstrated endolymphatic hydrops as a result of excessive production of endolymph
after pharmacological stimulation of Na/K-ATPase in the inner ear [16,17]. Recently, a
new dynamic two-phase concept in Meniere's disease has been proposed which is
based on decreased absorption in the endolymphatic sac in combination with a periodic
overproduction of endolymph by hormonal stimulation of Na/K-ATPase in the inner
ear [18]. Distension and bulging of Reissner's membrane towards the perilymphatic
space, as seen in endolymphatic hydrops, can occur only when a mechanical force from
the endolymphatic to the perilymphatic compartment is in action. In fluid
compartments the acting force on a surface is proportional to the hydrostatic pressure.
In a closed fluid compartment, such as the endolymphatic and perilymphatic spaces,
the hydrostatic pressure depends on the fluid volume and the compliance of the walls.
In normal ears, the highly compliable Reissner's membrane immediately equalizes
pressure differences between endolymph and perilymph by movement towards the
compartment with the lower pressure. In longstanding endolymphatic hydrops, the
compliance of Reissner's membrane decreases with increasing distension. Additional
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increase of endolymphatic volume is no longer fully compensated by further distension
of Reissner's membrane. In this condition, endolymphatic-perilymphatic pressure
gradients are found. In experimental endolymphatic hydrops after surgical obliteration
of the endolymphatic sac, periodic pressure gradients between the endolymphatic and
perilymphatic spaces occur, which contribute to the deterioration of the auditory thres-
holds [2].
By means of the MMS-10 Tympanic Displacement Analyser it becomes feasible for
the first time to measure the inner ear pressure in patients with Menière's disease. In
this study the perilymphatic pressure was measured in 70 patients with Menière's disea-
se and compared with the  perilymphatic pressure in 50 young normal hearing subjects.
Perilymphatic pressure measurement was performed at the beginning of a four day
hospital stay. In order to detect possible perilymphatic pressure variations in Menière's
disease, this measurement was repeated for a subgroup of 25 patients.

Patients and methods

Seventy patients suffering from Meniere's disease were extensively investigated
according to a diagnostic protocol during a four day stay in the Department of
Otorhinolaryngology of the University Hospital Groningen. The diagnosis of Menière's
disease was defined by simultaneous fulfilment of three criteria: cochlear hearing loss,
tinnitus and periodic attacks of vertigo (at least two in the past). Of these 70 patients
(38 men, 32 women, mean age: 50 years, range: 19-77 years) 44 suffered from unilate-
ral and 26 from bilateral Menière's disease. In total 96 ears were affected.
The diagnostic protocol consisted of routine ENT examination, audiovestibular tests,
routine laboratory investigations, measurement of blood pressure,
electrocochleography (ECoG), oto-acoustic emission examination and magnetic
resonance imaging (MRI) of the temporal bones and the cerebellopontine angle.
The perilymphatic pressure of all 70 patients was measured non-invasively by means
of the MMS-10 Tympanic Displacement Analyser at the beginning of the stay in
hospital with the patient in a sitting position. A second perilymphatic measurement was
done for a subgroup of 25 patients at the end of their stay in the hospital.  This
subgroup consisted of 25 patients (13 men, 12 women), 22 suffered from unilateral and
three from bilateral Menière's disease. In total 28 ears were affected. Prior to the tests,
the middle ear pressure and the stapedial reflex threshold at 1000 Hz were determined
by a conventional impedance measurement instrument: the GSI 33 middle ear analyser.
Test stimuli of 1000 Hz with an intensity of 10, 20 and 25 dB above stapedial reflex
threshold were used for the Tympanic displacement tests. No stimuli louder than 115
dB (HL) were used. Stimulus duration was 500 milliseconds, measurement duration
1,5 seconds and the inter-stimulus interval was 7 seconds. In all cases the measurement
parameters Vi and Vm were determined. Vi is defined as the maximum inward dis-
placement in nanolitres of the tympanic membrane. Vm is the mean displacement in
nanolitres from the time at which Vi is reached until the acoustic stimulus offset.
The results of the perilymphatic pressure measurement of patients with Menière's
disease were compared with values for a group of 50 young normal hearing subjects
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(30 men, 20 women, mean age: 25.4 years, range 20-34 years. These subjects had no
otological complaints. The measurement results were analysed using the SPSS 9.0
program and the Student's T-test.

Results

For Vi and for Vm no significant differences were found between the affected and
unaffected ears in the same patient. The measurement parameters of Vi and Vm of
affected ears of Menière patients did not differ significantly from the control group of
50 normal hearing subjects (100 ears) measured under the same conditions (p > 0.01).
The average values for this control group was -167 nl for Vi (standard deviation 149
nl) and 33 nl (standard deviation 212 nl) for Vm (table 1). The inter-individual
variation in our control group was large.

Table 1. Vi and Vm (in nanolitres) in 70 patients with menière’s disease and in 50 subjects with
normal hearing. Vi represents  the maximum inward displacement of the tympanic membrane, Vm
represents the mean displacementfrom the time at which Vi is reached until the acoustic stimulus
offset.

Menière patients, affected ears
(n=96)

Normal ears
(n=100)

Vi Vm Vi Vm

Mean -127    28 -167     33

Standard deviation  169   251  149   212

Minimum -900 -894 -567  -410

Maximum      0   755     -5   604

Range  900 1649  562 1014

Table 2. Vi and Vm (in nanolitres) in 28 affected ear on admission and at end of hospital stay.

Vi Vm Vi Vm

On
admission

At end of
admission

On
admission

At end of
admission

Mean -174 -164   -19    16

Standard deviation  182  162  214  617

Minimum -808 -718 -414 -323

Maximum   -15     -8   602  556

Range  793  710 1016  879
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The parameters Vi and Vm showed large inter-individual differences in the affected
ears as well as in the unaffected ears (table 2). For the affected ears as well as the non-
affected ears the Vi and Vm of patients with Menière's disease did not change signifi-
cantly during their stay in the hospital. Nevertheless, the correlation of the test-retest
results within one subject and one ear was high [19]. The individual Vi results of the
28 affected ears of the subgroup (n=25) are shown in figure 1. Although the
measurement results showed large variations over all patients, for each patient the
correlation between the measurement at the beginning and at the end of the hospital
stay was high (r = 0.8). No significant correlation could be found between
perilymphatic pressure measurement results and hearing thresholds, blood pressure,
gender and age. There was no difference between uni- and bilaterally affected patients.

Figure 1. Individual measurements results of 28 affected ears of the subgroup of Menière patients
(n=25). The X-axis represents 28 ears and the Y-axis the maximum inward displacement(=Vi) in nl at
the beginning of the hospital stay ( ) and at the end of the hospital stay ( ).

Discussion

In animal experiments inner ear pressure has been extensively measured by means of
(micro)pipettes and pressure transducers [1,2,3]. However, these invasive methods can
not be used in humans. The MMS-10 Tympanic Displacement Analyser is the only
commercially available device to measure the human inner ear pressure non-invasively.
In this study perilymphatic pressure in patients with Menière's  disease was compared
with controls.
On average the difference between the perilymphatic pressure in patients with
Menière's disease and in young normal hearing subjects was not significant. There was
no difference between uni- and bilaterally affected patients. However significant
differences between uni- and bilateral disease were noticed on 3DFT-CISS Magnetic
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Resonance Imaging of the temporal bone and the cerebellopontine angle in the same
patientgroup [19].
Our results showed large inter-individual variations of the parameters Vi and Vm. This
fact is in concordance with series of normal hearing subjects in our Menière population
found by Rosingh et al.[20]. It is also according to the literature concerning patients
with other otological, neurological and neurosurgical disorders [7,8,9,10,11,12,20,21].
No significant differences were found between the perilymphatic pressure
measurements at the beginning and the end of 4 day period. The differences found
between the beginning and the end of the stay can therefore be considered as a result of
differences between test and retest measurements, as also found in normal hearing
subjects measured in the morning and late in the afternoon [21].
Endolymphatic hydrops is considered to be the histopathological correlate of Menière's
disease. Increased endolymphatic hydrostatic pressure causes the distension and
bulging of Reissner's membrane [2]. In normal guinea pig ears the endolymphatic
pressure is always equal to the perilymphatic pressure [2,22]. Simultaneous invasive
measurement in guinea pigs demonstrates a rigid coupling between the hydrostatic
pressure of both inner ear compartments [2].
Also, in the early stages of experimental endolymphatic hydrops, no endolymphatic-
perilymphatic pressure gradients are observed and the perilymphatic pressure can be
considered representive for the endolymphatic pressure. However, when Reissner's
membrane loses its high compliance, as seen in longstanding endolymphatic hydrops,
further endolymph volume increase causes an endolymphatic-perilymphatic pressure
gradient.
In animal experiments, auditory thresholds are not affected by simultaneous increases
of both endolymphatic and perilymphatic pressure [2]. Endolymphatic-perilymphatic
pressure gradients may cause the so-called leaky membranes, subsequent ruptures of
Reissner's membrane and saccular membranes and contribute to the deterioration of the
auditory thresholds [2]. In our series of patients with longstanding Menière's disease,
patients presumably had periodic endolymphatic perilymphatic pressure gradients in
the past, which had contributed to their hearing impairment. Inner ear dysfunction such
as sensorineural hearing loss, has also been described as a result of cerebrospinal fluid
changes [23,24]. The cerebrospinal fluid compartment communicates with the
perilymphatic space through the cochlear aqueduct [6]. The pathophysiology of
hearing impairment has been attributed to changes in perilymphatic pressure caused by
transmission of cerebrospinal fluid pressure through the cochlear aqueduct. In these
patients short, periodic endolymphatic perilymphatic pressure gradients may occur,
resulting in reversible or irreversible hearing impairment.
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Introduction

Since 1938 endolymphatic hydrops has been generally accepted as the basic
histopathological substrate of Menière’s disease [1,2]. Hydrops is the consequence of a
disturbance of the homeostasis of inner ear fluid. Hydrops can be caused by a reduced
absorption and/or overproduction of endolymph [3,4].
In patients with Menière’s disease the size of the endolymphatic sac seems to be
reduced, suggesting a reduction in resorptive capacity. Post-mortem histological
investigations have revealed a significantly smaller vestibular aqueduct in patients
suffering from Menière's disease [5,6]. In a recent three-dimensional magnetic
resonance imaging (3DFT-CISS-MRI) study it was found that the size of the
endolymphatic sac seemed to be  significantly smaller in the ears of patients with
Menière's disease as compared to those in the control group [7,8]. Differences
observed between uni- and bilaterally affected patients (distance unilateral
affection<bilateral affection<non-Menière) indicate that uni- and bilateral affection are
two different entities [8,9]. This suggests that the size of the endolymphatic sac is not
the only factor in the pathogenesis of Menière's disease. In unilaterally affected
patients limited resorption, associated with the reduced dimensions of the
endolymphatic sac, may play a major role in developing endolymphatic hydrops,
whereas in bilaterally affected patients the overproduction of endolymph may be the
dominant causative factor.
Manifestations of Menière’s disease are frequently observed in times of emotional
stress in patients with psychological systems under challenge due to a neurasthenic and
neurotic psychological profile [10,11]. Mediated through the hypothalamus, stress
leads to an increased secretion of adrenocorticotropic hormone (ACTH) from the
anterior pituitary gland, followed by an increased adrenocortical production of
glucocorticoids (cortisol and corticosterone) and mineralocorticoids (aldosterone) [12].
In animal studies it has been found that elevated aldosterone levels will increase the
activity of Na/K-ATP-ase pumps in the stria vascularis of the cochlea and the dark
cells of the vestibular labyrinth, resulting in endolymphatic hydrops [13]. The ATP-ase
pump regulates the quantity and the composition of the endolymph in the scala media.
It seems to be regulated by paracrine and autocrine factors, but, more importantly, also
by adrenocorticoid hormones, such as the mineralocorticoid aldosterone.
Dunnebier et al. [13] developed a dynamic animal model called the 'Two-phase
endolymphatic hydrops'. In this model the absorption of endolymph is chronically
disturbed in guinea pigs by surgical dissection of only the distal part of the
endolymphatic sac, leaving the intermediate part undamaged. Stimulation of the
Na/K-ATP-ase pumps in the stria vascularis of the cochlea and the dark cells of the
vestibular labyrinth, resulting in (over)production of endolymph, was established by
intraperitoneal administration of aldosterone. The additional influence of endolymph
production resulted in an increase in endolymphatic hydrops. Due to the presence of a
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borderline destructed sac, the system was probably not capable of maintaining
endolymph volume, which resulted in decompensation of the endolymphatic system.
In the present study plasma aldosterone assessment was performed in patients with
well-defined Menière's disease. It was hypothesized that Menière patients have
elevated plasma aldosterone levels compared to non-Menière patients. Differences
between Menière and non-Menière patients, as well as differences between unilaterally
and bilaterally affected patients, were investigated. Also possible correlations between
plasma aldosterone and the duration of the disease, average hearing loss, and the
perceived subjective severity of symptoms  were studied.

Patients and methods

During a 3.5-year period (from January 1994 to June 1997) 128 patients suspected of
having Menière's disease were admitted to the department of Otorhinolaryngology of
the University Hospital of Groningen. During their stay in the hospital these patients
underwent a wide range of tests, which  resulted in a database containing data from
routine ENT-examination, questionnaires, audiovestibular tests, routine laboratory
investigation, electrocochleography, otoacoustic emission examination and MRI of the
temporal bones and cerebellopontine angle. For 106 patients the diagnosis of
Meniere’s disease, according to the Definition Menière Groningen was established
[8,14]. These patients had a history of vertigo attacks (at least two), suffered or had
suffered from tinnitus and had a sensorineural hearing loss of at least 20 dB at one of
the pure-tone audiogram frequencies; other pathology was excluded. 1A detailed
discussion of this definition, including the criteria for inclusion and exclusion of
patients in the study, is given in chapter 3. Finally, 106 patients diagnosed with
Menière's disease, 56 of whom were men (53%) and 50 women (47%), were included
in the present study. Sixty-eight patients (64%) had hearing loss and tinnitus in only
one ear (unilaterally affected) and 38 patients (36%) had all symptoms in both ears
(bilaterally affected). The average age of the patients was 50 years (range 19-77 years),
with no significant differences in age between male and female patients or uni- and
bilaterally affected patients. Twenty-seven normal individuals, aged 20-30 years, were
used as a reference.
Patients were not eligible for the study in the presence of secondary
hyperaldosteronism or if any of the following criteria were present: pregnancy, heart
failure, a low dietary sodium intake, cirrhosis. The patients with nephrotic syndrome
                                                          
1

1The Definition Menière Groningen differs from the 1995 guidelines of the AAOO-HNS in that it
requires the presence of tinnitus instead of leaving the choice between tinnitus and aural fullness. We
feel that tinnitus is a more specific symptom than aural fullness.
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and peripheral oedema, hypertension (diastolic blood presure >95 mmHg and systolic
diastolic blood pressure >160 mmHg) and/or chronic use of antihypertensive drugs
were studied as a separate group [12].
The duration and subjective severity of the symptoms (hearing loss, tinnitus, vertigo
and aural fullness) were scored with a standardized questionnaire. The duration of the
affection was defined as the period between the first appearance of one of the Menière
symptoms and the admission to the University Hospital. For bilaterally affected
patients this may lead to different durations in the two ears, if vertigo was not the first
symptom. Therefore, the definition of duration of the disease was specified as follows:
In unilaterally affected patients this referred to the duration of their affected ear and in
bilaterally affected patients to the duration of the disease in the ear which was affected
first. The questionnaire on the (subjective) severity of the symptoms attempted to
classify the hearing loss, tinnitus, vertigo and the (possible) fullness of the ear, as
perceived by the patient during the 3 months before admission. Hearing loss was
characterized as 'unchanged', improved', 'worse' or 'fluctuating'; tinnitus and aural
fullness as 'none', 'mild', 'moderate' or 'severe'; and vertigo as 'absent or instability' or
'severe (attacks lasting > 5 min.)'. Using the duration of the disease, the ears of
bilaterally affected patients were characterized as 'affected first' or 'affected last', in
those cases where a difference in duration was found in the two ears. Also a distinction
between 'most affected' and 'least affected' ears was made for bilaterally affected
patients, based on the average hearing loss in the two ears. The average hearing loss
was defined as the average hearing thresholds over six pure-tone audiogram
frequencies (0.25-8 kHz).
Blood samples for plasma aldosterone assessment were taken in the early morning
before breakfast, with the patient in the recumbent position. Plasma aldosterone levels
of patients were compared to the plasma aldosterone levels of 27 healthy subjects
(aged 20-30 years) and related to the 24-hour urinary sodium excretion [15]. As a rise
in plasma aldosterone may be the consequence of an increased renin activity, we
measured plasma renin activity (PRA) and computed aldosterone/PRA ratio in a
subgroup of 25 patients and in the 27 controls. The PRA and the aldosterone/PRA ratio
were also plotted against the 24-hour urinary sodium excretion. Since plasma
aldosterone and the plasma renin activity are dependent on sodium intake, patients
were put on a standardized sodium diet (130 mmol/24h). To estimate a reliable
reference for 24-hour urinary sodium excretion, plasma aldosterone of the controls was
measured both on a low (20 mmol/24h) and on a high sodium diet (200 mmol/24h).
Sodium and potassium in plasma and urine were measured over 3 days. Twenty-four-
hour urinary sodium excretion was computed. To estimate renal function, creatinine
levels and urea levels in plasma and urine, as well as the urine volume, were measured.
Systolic and diastolic blood pressure were also assessed.
Serum and urinary chemistry were determined with an automated multi-analyzer
(SMA-C-II®, Technicon Instruments Inc., Tarrytown, N.Y., USA). Plasma aldosterone
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and PRA were measured by radioimmunoassay [16,17]. PRA was assessed by the
quantification of generated angiotensin I as measured by radioimmunoassay (intra-
assay variation <7.8%; inter-assay variation <8.2%; lower detection range of 0.15
ng/ml/h).
Statistical analysis was performed with SPSS 10.0 software using mainly descriptive
statistics and non-parametric tests (Mann-Whitney U test, Spearman’s correlation,
Pearson Chi-square test).

Results

Of the 106 patients, 32 patients were excluded from this study. In 18 of those 32
patients plasma aldosterone levels were not available. Another 14 patients were
investigated separately. These patients had hypertension or were using diuretic drugs.
Of the 74 non-hypertensive patients, 46 had unilateral and 28 had bilateral Menière's
disease. Plasma aldosterone, sodium, potassium and creatinine levels of patients,
together with 24-hour urinary sodium excretion, are given in table 1.

Table 1. Plasma aldosterone levels (nmol/l), potassium levels (mmol/l) and creatinine levels (mmol/l).
Na in 24-hour urine (mmol/24h). Patients with Menière’s disease (n=74), control group of normal
individuals on 200 mmol/24h Na diet (n=27), and excluded hypertensive patients (n=14).
SD=standard deviation

Plasma aldosterone
(nmol/l)

Plasma
potassium
 (mmol/l)

mean ±SD

Plasma
creatinine
 mol/l

mean ±SD

Sodium in
24h urine
(mmol/l)

mean ±SD

median range

All normotensive
patients (n=74)

0.12 0.01-0.77 4.4 ±0.4 87±14.8 132±40

Unilaterally affected
patients (n=46)

0.12 0.01-0.77 4.3 ±0.4 86±14.0 129±39

Bilaterally affected
patients (n=28)

0.13 0.01-0.49 4.4 ±0.4 87±16.2 137±42

Hypertensive Menière
patients (n=14)

0.17 0.02-0.79 4.2 ±0.4 84±15.9 106±28
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Plasma potassium and creatinine of the patients were within the normal range of
reference levels that are used at the University Hospital (3.6-4.9 and 62-106 mmol/l,
respectively).
The median plasma aldosterone level in the Menière population was 0.12 nmol/l (range
0.01-0.77 nmol/l). When plotting plasma aldosterone against 24-hour sodium
excretion, the patients did not have elevated plasma aldosterone compared to controls.
If any difference was present, few patients had a plasma aldosterone that was below
the borders of the normal range (figure 1).

Figure 1. Plasma aldosterone levels versus 24-hour urinary sodium excretion in all patients (n=74),
in controls on high sodium (200 mmol/24h, n=27), and in the same controls on low sodium (20
mmol/24h) diet.  The two dotted lines represent the normal range of the controls.

As a difference in plasma aldosterone may be related to an abnormal PRA, we
measured PRA in 25 out of the 74 patients. Plasma aldosterone in this subgroup
(n=25), did not differ from the original group (n=74) and was not elevated in the
patients (table 2, figure 2a). Three of the 25 patients had a PRA that seemed higher
than the normal range; the other subjects had a PRA that was within the normal range
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(table 2, figure 2b). Plasma aldosterone/PRA ratios of these 25 patients were not
elevated (figure 2c): all ratios were  within the normal range of the controls.
No differences in plasma aldosterone level, PRA and plasma aldosterone/PRA ratio
were found between uni- and bilaterally affected patients.

Table 2. Plasma aldosterone, plasma renin levels, aldosterone/renin ratio’s, potassium and
creatinine and 24-hour urinary sodium excretion. Patients with Menière’s disease (n=25), control
group of normal individuals with 200 mmol sodium/24h diet (n=27), and exluded hypertensive
patients (n=5). SD=standard deviation.

plasma
aldosterone
(nmol/l)

PRA

(nmol/l/h)

Aldosterone/
PRA ratio

Potassium
in plasma
(mmol/l)

Creatinine
in plasma
(mmol/l)

Na in 24h
urine
(mmol/l)

median
(range)

median
(range)

median
(range)

mean
±SD

mean
±SD

mean
±SD

All
normotensive
patients
(n=25)

0.11
(0.01-0.44)

0.40
(0.10-5.00)

0.30
(0.01-1.30)

4.3±0.5 83±12 128±35

Unilaterally
affected
patients
(n=17)

0.12
(0.01-0.38)

0.40
(0.10-5.00)

0.30
(0.01-1.27)

4.2±0.6 87±11 140±34

Bilaterally
affected
patients
(n=8)

0.05
(0.01-0.44)

0.35
(0.10-1.10)

0.20
(0.01-1.30)

4.5±0.4 74±9 100±16

Hypertensive
Menière
patients
(n=5)*

0.18
(0.03-0.80)

0.80
(0.10-5.00)

0.10
(0.03-2.50)

4.0±0.6 83±6 114±39

* On 5 out of 14 hypertensive patients PRA was measured

No correlation was found between plasma aldosterone and the duration of the disease,
the duration of  vertigo, the presence of tinnitus, aural pressure, or hearing loss. In
addition, no significant correlation was found between the plasma aldosterone level
and perceived severity of vertigo, tinnitus, aural pressure or hearing loss. Finally, there
was no correlation between measured average hearing loss and plasma aldosterone of
the patients (n=74). The same results were found for the subgroup of 25 patients in
which PRA was measured.
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Figure 2a. Plasma aldosterone levels versus 24-hour urinary sodium excretion in all patients of the
subgroup in which PRA was measured (n=25), in controls on high sodium (200 mmol/24h, n=27)
diet, and in the same controls on low sodium (20 mmol/24h) diet. The two dotted lines represent the
normal range of the controls

b. PRA versus 24-hour urinary sodium excretion in all patients of the subgroup in which PRA was
measured (n=25), in controls on high sodium (200 mmol/24h, n=27) diet, and in the same controls on
low sodium (20 mmol/24h) diet.  The two dotted lines represent the normal range of the controls.
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c. Plasma aldosterone/PRA ratio versus 24-hour urinary sodium excretion in all patients of the
subgroup in which PRA was measured (n=25), in controls on high sodium (200 mmol/24h, n=27)
diet, and in the same controls with low sodium (20 mmol/24h) diet. The two dotted lines represent the
normal range of the controls.

The 14 patients with hypertension and/or use of diuretic drugs were studied separately.
They had a median plasma aldosterone level of 0.17 nmol/l (range 0.02-0.79), which
was not different for the overall group. In 5 of the 14 patients with hypertension PRA
was measured. No differences in PRA and the ratio were found between the
hypertensive patients and the controls. There was no difference in the duration of the
disease between the separately studied hypertensive patients and the included
normotensive patients with Menière's disease (Mann-Whitney). There was also no
difference in the severity of symptom scores between the excluded hypertensive
patients and the 74 normotensive patients with Menière's disease. The average hearing
loss in the two groups was equal. No correlation was found with duration or severity of
subjective complaints and with average hearing loss. Finally, no differences were
found between uni- and bilaterally affected patients.
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Discussion

The hypothesis that Menière's disease is associated with elevated plasma aldosterone
levels, such as proposed in animal models [13,18], could not be confirmed in this
clinical study. A large spread in the data in a relatively small patient cohort was found.
When aldosterone levels were plotted against 24-hour urinary sodium excretion (an
index for sodium intake) and also when corrected for PRA, no differences in plasma
aldosterone were seen between patients and controls. The inability to confirm an
elevated plasma aldosterone in patients with Menière’s disease in our study, does not
exclude the possibility that a rise in plasma aldosterone may still be found during or
shortly before/after an exacerbation of Menière symptoms. The fact that none of our
patients suffered an acute attack or exacerbation of their disease during the hospital
admission, does not rule out this possibility.

Figure 3. Renin Angiotensin Aldosterone System (RAAS). ECV=extracellular volume,
ACTH=adrenocorticotrope hormone, ACE=angiotensin converting enzyme.
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It is suggested that an attack of Menière’s disease may be elicited by psychological
stress [10,11]. This stress stimulates ACTH secretion, followed by aldosterone
secretion in the adrenal cortex, which is a relatively 'fast reacting' process. Generally,
plasma aldosterone levels will have returned to normal values after 12 hours [12]. Our
patients were admitted to the hospital for 4 days, while the plasma samples were
collected on the last day of the admission, early in the morning. Most of the patients
experienced a relief of their symptoms and did not suffer from stress at the end of the
admission, which could possibly be an explanation for the fact that plasma aldosterone
was not found to be elevated.
Under normal conditions an elevated plasma aldosterone level will create a feedback
effect in the renin angiotensin aldosterone system (RAAS) (figure 3). This will result
in a decrease in plasma renin activity (PRA). When aldosterone is elevated by a factor
other than angiotensin II, e.g. ACTH- increase through stress, a high plasma
aldosterone level, in combination with a low PRA level, might be expected. In animal
studies on Menière’s disease Ten Cate et al. [18] found an increased number of
receptors for aldosterone in the stria vascularis of guinea pigs receiving a low sodium
diet compared to control guinea pigs receiving a normal sodium diet. In contrast to
non-Menière patients, it  is possible that our patients, similar to the results of the
animal studies just mentioned, also had an increased number of receptors for
aldosterone. Following this assumption, even a normal or a slightly elevated plasma
aldosterone in a Menière patient could cause an exacerbation of the disease.
The subgroup of patients with hypertension was studied separately because either the
diseased condition itself or the drugs used may influence plasma aldosterone. Two
types of hypertension can be differentiated. In volume dependent hypertension the
extracellular volume is high, which suppresses the renin angiotensin aldosterone
system (RAAS), which in turn inhibits the secretion of aldosterone. In volume
independent hypertension the RAAS will be stimulated. However, plasma aldosterone
levels were normal and did not differ from the plasma levels of the 74 normotensive
patients. There was no difference in the duration of the disease between the excluded
hypertensive patients and the included normotensive patients. Also, no difference in
the perceived severity of subjective symptoms between hypertensive and normotensive
patients was found.
In Menière's disease it is hypothesized that a possible increase in plasma aldosterone
level might be caused by an increase in ACTH and not by a disorder of the RAAS
itself. An increase in ACTH also results in an increase in glucocorticoids like cortisol.
The ACTH release is sensitive to the circulating blood level of glucocorticoids. When
such blood levels are increased in the normal individual, less ACTH is released from
the anterior pituitary gland and less steroids are produced by the adrenal gland [12]. In
depressive patients, chronic stress results in persistently high cortisol blood levels as a
result of a disturbed feedback mechanism [19,20]. An identical defect in the central
regulation system could be operational in Menière’s disease.
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Conclusion

No anomalous plasma aldosterone levels were found in Menière patients during an
attack-free period. The question whether plasma aldosterone and cortisol levels show
variations before, during and after an attack, remains to be answered. If so, this might
contribute to a better understanding of the pathophysiological mechanism of Menière’s
disease.
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Chapter 12

The Definition Menière Groningen
in future perspective
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Introduction

The definition of Menière’s disease is subject of continuous evolution as increasing
information and knowledge is acquired regarding etiology, diagnosis and treatment. As
many diseases can almost duplicate the symptoms of Menière’s disease an accurate
assessment of the definition including the exclusion of other diseases is obligatory.
The 1995 revised criteria for the diagnosis of Menière’s disease of the American
Academy of Ophthalmology and Otolaryngology Committee on Hearing and
Equilibrium provide uniformity and allow a more adequate comparison of clinical
studies [1]. However, the subdivision in four different categories and the absence of a
diagnostic protocol to establish the diagnosis and to exclude other causes for the
symptomatology make the application in clinical and scientific practice still
unsatisfactory.
The Definition Menière Groningen as used in this scientific project provided a fairly
well-defined patient cohort allowing reliable and systematic analysis [1-6].
Nevertheless, a more detailed characterisation of the specific symptoms of Menière’s
disease and a revised diagnostic protocol based on the results of the thesis could
further contribute to a uniform diagnosis. The Definition Menière Groningen 2001
including a diagnostic protocol is introduced for clinical purposes. The Definition
Menière Groningen 2001 including an extended diagnostic protocol is proposed for
scientific analysis.

Definition Menière Groningen 2001 for clinical purposes

A renewed Definition Menière Groningen including a revised diagnostic protocol for
the clinical practice is proposed and summarized in table 1. The Definition Menière
Groningen 2001 for clinical purposes (diagnosis, treatment and reporting) includes a
well-defined description of the correlating symptoms and a diagnostic protocol, which
does not require a specialized test equipment.

Vertigo
In the Definition Menière Groningen 2001 vertigo is defined as a recurrent,
spontaneous episodic vertigo. A spell is defined as a spontaneous rotational vertigo
lasting at least 20 minutes (commonly several hours), often prostrating, accompanied
by disequilibrium that may last several days, usually nausea, commonly vomiting or
retching, and with no loss of consciousness. Horizontal or rotatory nystagmus is always
present (table 1).
One of the shortcomings in the Definition Menière Groningen  was the fact that the
duration of a vertigo episode itself had not been defined so far (chapter 3). Defining
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the duration seems to be neccessary to exclude other pathology with a duration of
vertigo lasting shorter than 20 minutes like benign paroxysmal positional vertigo
(BPPV) or alternobaric vertigo. The vertigo has got to be spontaneous and not
provoked by rapid eye movements or postural changes. At least two vertigo episodes in
the patient’s history are required to distinguish Menière’s disease from diseases like
vestibular neuronitis, labyrinthitis or vascular lesions.

Hearing loss
In this thesis hearing loss is defined as a sensorineural (cochlear) hearing loss with a
minimum threshold of 20 dB Hearing Level (HL) or worse at at least one of the six
measured thresholds (0.25 kHz, 0.5 kHz, 1 kHz, 2 kHz, 4 kHz or 8 kHz) on the pure-
tone audiogram (chapter 3). A conductive component must be absent, excluded by
pure-tone audiometry and tympanometry. This 20 dB HL threshold was chosen
because the error of measurement in pure-tone audiometry is 10 dB HL. Using these
criteria patients with a moderate high-frequency sensorineural hearing loss as the result
of a beginning presbyacusis are also included. To overcome this major drawback, in
the new Definition Menière Groningen 2001 the cochlear hearing los is defined as the
total hearing loss of at least 60 dB over the three worst octaves in the standard pure-
tone audiogram. Using this criterion it will still be possible to include patients with
different shapes in pure-tone audiogram (table 1).

Tinnitus
Tinnitus is characterized by a spontaneous sensation of noise, buzz or constant tone in
the ear. Mostly this sensation will not be synchronous with the pulse rate. Tinnitus can
occur continuously or in attacks and can be experienced uni- or bilaterally. In the 1995
definition of the AAOO-HNS tinnitus is not required if aural fullness is present [7]. In
our opinion the presence or history of tinnitus is compulsory in the definition (table 1).

Aural fullness/pressure
Aural fullness/pressure is not included in the new definition, although 2/3 of all
patients in this study suffered from aural fullness/pressure (chapter 4). In this thesis a
strong correlation was found between aural fullness/pressure sensation and tinnitus.
The presence of aural fullness/pressure has no additional value for the definition of
Menière’s disease, because patients with aural fullness/pressure sensation were almost
automatically included because of having tinnitus (chapter 4).



146

Table 1. Definition Menière Groningen 2001 for clinical purposes.

- Vertigo - spontaneous, not provoked
- at least two episodes (> 20 minutes) in the past

- Cochlear hearing loss - documented on at least one occasion
- total hearing loss of at least 60 dB over the
three worst octaves in the standard pure-tone
audiogram
- present now or in the past

- Tinnitus - ipsi- or bilateral
- present now or in the past

- Diagnostic Protocol:

I. General and ORL-history
- otological history
- emotional stress related factors
- personality features

II.                     General and ORL-examination
                                       - blood pressure measurement
III. Subjective audiometry

- pure-tone audiometry
- speech audiometry

IV. Objective audiometry
                          - tympanometry

- stapedial reflex measurements
- brainstem evoked response audiometry (BERA)

V. Vestibular tests
- electronystagmography
- caloric tests
- rotating chair

VI. Magnetic Resonance Imaging
- T1, T2, gadolinium
- petrosal bone, cerebellopontine angle, cerebrum

VII. Laboratory tests
- full blood count
- BSE
- glucose
- Lues serology
- Borrelia burgdorferi serology
- thyroid function test T3, T4, TSH

VIII. Consultation other disciplines on indication
                                       - internal medicine
                                       - neurology
                                       - ophthalmology
                                       - psychiatry
                                       - psychology
                                       - social worker
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Diagnostic protocol
The content of the Groningen Diagnostic Protocol as part of the Definition Menière
Groningen 2001 for clinical purposes is summarized in table 1. The diagnostic protocol
includes the general and otorhinolaryngological history with special attention for the
otological history, emotional stress related factors and personality features. The general
and ORL-examination is followed by blood pressure measurement in upright and
supine position to exclude stress related and essential hypertension, and also
alternobaric vertigo (chapter 11).
The basic subjective audiometric tests consist of pure-tone audiometry and speech
audiometry (50% speech level and speech discrimination score). Since the outcome of
this thesis indicate that the shape of the pure-tone audiogram may contribute to a
classification of Menière’s disease, this feature should remain subject of further study
(chapter 5).
Tympanometry, stapedial reflex measurements and brainstem evoked response
audiometry (BERA) are the required objective audiometric tests. Tympanometry,
stapedial reflex measurements are important to exclude conductive hearing disorders
and middle ear pathology like otosclerosis or tympanosclerosis. With BERA it is
possible to exclude retrocochlear pathology as tumors in the cerebellopontine angle,
multiple sclerosis, vascular and  immunological disorders. There is no further place for
electrocochleography (EcoG), because on an individual basis the EcoG-results as
described in this thesis did demonstrate additional specificity and sensitivity regarding
the diagnosis of the affected ear and did not provide obvious clues for the classification
of Menière’s disease (chapter 6). The measurement is unfortunately invasive and often
not reliable enough because of technical problems.
Electronystagmography, the caloric test and the rotating chair test are the standard
vestibular tests of the new protocol. In patients with Menière’s disease the labyrinthine
preponderance (LP) is the best indicator for the side of the lesion as has been shown in
our results (chapter 8). Based on LP, duration of disease, severity of vertigo, shape of
the audiogram and asymmetry in time constante T two subgroups of patients could be
identified.
Magnetic Resonance Imaging of the inner ear, cerebellopontine angle and centrous
nervous system using non-enhanced T1 and T2-weighed images, in combination with
gadolinium-enhanced T1-weighed images are neccessary to exclude pathological
processes in the labyrinth, cerebellopontine angle or in cerebro.
The basic laboratory tests are mentioned in table 1. They are performed to exclude
infections, like labyrinthitis (chapter 4). Glucose is determined to exclude diabetes
mellitus. Lues and Borrelia burgdorferi serology are established to respectively exclude
Lues and Lyme Disease. T3, T4 and TSH is measured to exclude thyreoid pathology.
Consultation of other disciplines (internal medicine, ophthalmology, neurology,
psychiatry, psychology) on indication can be required. A social worker is usefull to
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study the social environment of the patient and can provide support in this matter if
required.

Unilateral and bilateral disease
As described in the separate chapters in this thesis several important differences
between uni- and bilateral disease were found. The results support the theory that uni-
and bilateral Menière’s disease might be two different entities. Therefore it remains
important to distinguish between uni- and bilateral Menière’s disease. Taking the
Definition Menière Groningen into account, a patient will receive the diagnosis
unilateral Menière’s disease if the vertigo inclusion criterion is positive and the hearing
loss criterion is positive in one ear, together with a positive criterion for tinnitus in the
same (ipsilateral) ear (figure 1). If the vertigo inclusion criterion is positive, the
hearing loss criterion is positive in both ears, together with a positive criterion for a
bilaterally percieved tinnitus, this patient suffers from bilateral Menière’s disease. In
figure 1 the definition of uni- and bilateral Menière’s disease is given regarding the
symptoms.

Figure 1. Definition of uni- and bilateral affection of Menière’s disease in relation to the symptoms.

Definition Menière Groningen 2001 for scientific purposes

Since the discovery of hydrops in the endolymphatic system in the temporal bones of
patients with Menière’s disease endolymphatic hydrops has been generally accepted as
the basic histopathological substrate of Menière’s disease [8,9]. Although the etiology
of Menière’s disease is still unsolved, cumulating evidence suggests that
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endolymphatic hydrops may arise as a result of the destabilization of natural regulation
through overproduction and/or reduced absorption [10]. The production of endolymph
is thought to be regulated mainly by the enzyme Na/K-ATP-ase in the marginal cells of
the stria vascularis of the cochlea, as well as in the dark cells of the utricle and the
cristae ampullares of the semicircular canals. In earlier experiments a relationship
between circulating adrenal steroids and Na/K-ATPase activity in the inner ear was
observed. Emotional stress leads to the activation of neuroendocrine effector systems
resulting in the increase of endolymph production [11,12]. A borderline capacity of the
endolymphatic sac in combination with a periodic increase of endolymph production
caused by stressful situations is regarded to be responsible for the development of
Menière’s disease. Manifestations of Menière’s disease frequently occur during
stressful experiences in patients with physiological systems under challenge due to a
neurasthenic psychological profile [13,14,15].
Systematic evaluation of the psychological profile and neuro-imaging studies of CNS
structures involved in the neuroendocrine effector systems of Menière’s patients will
undoubtly contribute to a further understanding of the etiology of Menière’s disease
[16,17]. Menière’s disease is characterized by an unpredictable clinical course
sometimes leading to seriously disabling rest-symptomatology. Classification of the
various stages of Menière’s disease is essential for an effective application of specific
treatment modalities. The additional development of sophisticated diagnostic
techniques to classify Menière’s disease should have high priority.

A renewed Definition Menière Groningen including an extended diagnostic protocol
for scientific purposes is proposed and summarized in table 2. The Definition Menière
Groningen 2001 for scientific purposes includes the identical well-defined description
of the correlating symptoms and an extended diagnostic protocol with emphasis on
etiology and classification of the disease.

Table 2. Definition Menière Groningen 2001 for scientific purposes.

- Vertigo - spontaneous, not provoked
- at least two episodes (> 20 minutes) in the past

- Cochlear hearing loss - documented on at least one occasion
- total hearing loss of at least 60 dB over the
three worst octaves in the standard pure-tone
audiogram
- present now or in the past

- Tinnitus - ipsi- or bilateral
- present now or in the past

- Extended Diagnostic Protocol:
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I.              General and ORL-history
- otological history
- emotional stress related factors
- personality features

II.                      General and ORL-examination
                                       - blood pressure measurement
III. Subjective audiometry

- pure-tone audiometry
- speech audiometry
- fine structure audiometry
- low-frequency masking

IV. Objective audiometry
- tympanometry
- stapedial reflex measurements
- brainstem evoked response audiometry (BERA)
  including threshold and latency measurement
- otoacoustic emissions (OAEs)
  including postural changes

V. Vestibular tests
- electronystagmography
- caloric tests
- rotating chair

VI. Magnetic Resonance Imaging
- T1, T2, gadolinium, 3DFT-CISS,  0.7mm slices
- petrosal bone, cerebellopontine angle, cerebrum
- distance between vertical part of posterior semicircular canal and
  posterior fossa
- hippocampus

VII. Laboratory tests
- full blood count
- BSE
- glucose
- Lues serology
- Borrelia burgdorferi serology
- thyroid function test T3, T4, TSH
- cortisol assessment
- dexamethasone suppression test

VIII. Psychometric analysis
- personality characteristics
- coping
- quality of life

IX. Symptomatology profile questionnaire (intake+follow-up)
X. Consultation other disciplines on indication

- internal medicine
                                       - neurology
                                       - ophthalmology
                                       - psychiatry

- psychology
                                       - social worker

XI. Donor codicil for post-mortem studies
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Routine subjective audiometry is extended with fine structure audiometry. Based on
von Békésy audiometry a more subtile description of the pure-tone audiogram can be
measured to study the predictive value of the method with regard to the unaffected ear.
In addition, this method can investigate the physiological state of the cochlea and may
indicate the imminence of the attacks [18]. Low-frequency masking is a promising
method for the early diagnosis of endolymphatic hydrops in Menière’s disease. A short
acoustic stimulus and a low-frequency masker tone are applied to the same ear in an
adjustable phase relationship. Phase-dependent masked thresholds are recorded. In
Menière patients the phase-dependence may be totally absent and varies as the disease
progresses. This low-frequency masking test might be a new diagnostic tool to non-
invasively and quickly indicate endolymphatic hydrops. [19].
Brainstem evoked response audiometry is extended with threshold and latency
measurements to obtain more information regarding central auditory processes
involved in Menière’s disease.
Click-evoked as well as distorsion product otoacoustic emissions (OAEs) in patients
with Menière’s disease are strongly associated with OAEs in normal or near-normal
hearing (chapter 7). To provide more information with regard to the classification of
Menière’s disease click-evoked OAEs in upright and supine position will be measured
as part of the extended protocol and subsequently in periods of instability of the
disease [20,21].
Magnetic Resonance Imaging of the inner ear, cerebello pontine angle and centrous
nervous system using non-enhanced T1 and T2-weighed images, in combination with
gadolinium-enhanced T1-weighed images are neccessary to exclude pathological
processes in the labyrinth, cerebellopontine angle or in cerebro. The three-dimensional
Fourier transformation-constructive interference in steady state (3DFT-CISS) sequence
provides excellent visualization of small anatomic structures of the inner ear and
cerebello pontine angle. Significant differences in distance between the vertical part of
the posterior semicircular canal and the posterior fossa were observed between
Menière’s patients and the control group, indicating a higher incidence of hypoplasia
of the endolymphatic sac and duct in Menière’s disease (chapter 9). Differences in the
distance between the posterior semicircular canal and the posterior fossa were also
found between uni- and bilaterally affected patients, suggesting separate entities. More
detailed imaging using increasingly thin sections may provide more specific
information regarding these interesting observations.
As mentioned earlier, manifestations of Menière’s disease frequently occur during
stressful experiences in patients with psychological systems under challenge due to a
neurasthenic psychological profile [13,14]. Mediated through the hypothalamus, stress
leads to an increased secretion of the adrenocorticotropic hormone (ACTH) from the
anterior pituitary gland followed by an increased adrenocortical production of
glucocorticoids (cortisol and corticosterone) and mineralocorticoids (aldosterone). The
psychological neuro-endocrine response is investigated by cortisol assessment and
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dexamethasone suppression test [12]. Sustained elevated levels of glucocorticoids like
cortisol can lead to neurotoxic damage of the hippocampal neurons, which play an
important role in the feed-back mechanism of the stress regulation system resulting in a
decrease in hippocampal volume [17]. Additional magnetic resonance imaging is
performed to quantify the hippocampal volume compared to a control group.
An extensive psychometric analysis is included in the diagnostic protocol to provide
further information with regard to the personality characteristics, coping behaviour and
quality of life [22].
Assessment of the symptomatology profile including duration and severity of
symptoms using a questionnaire provides relevant additional information. In the
population studied the duration of Menière’s disease in bilaterally affected patients was
longer than in unilaterally affected patients which was not caused by a change-over
from an unilateral start of the disease to a bilateral affection (chapter 4). The ears of
each bilaterally affected patient were both affected almost from the beginning of the
disease. The severity of symptoms did not correlate with the duration of the disease.
The hospital admission caused a release in tinnitus and aural pressure/fullness, possibly
by reducing stress, leading to a decrease in endolymphatic hydrops. Concerning vertigo
the questionnaire had neccessarily to be changed. In the renewed version of the
questionnaire the number of attacks will be scored, related to the duration of each
attack separately. Concerning the severity of the vertigo a question was added. This
severity will be scored retrospectively over the previous three months as ‘none’, ‘mild’,
‘moderate’ or ‘severe’ (appendix).
Correlation between the clinical and histopathological features in Menière’s disease is
of extreme importance to further elucidate the etiology and pathogenesis of the disease
[23]. Therefore, all patients included in the Groningen Diagnostic Protocol for
scientific purposes will be asked to fill out and sign a donor codicil.  This codicil
provides the  possibility to relate post-mortem findings with the individual clinical
history of each patient.
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Appendix. Symptomatology profile questionnaire (intake+follow-up).

Hearing: AD AS
Duration of symptoms
Complaints during the last 3 months
Unchanged hearing
Changed hearing improved

worsened
fluctuating

Tinnitus:
Duration of symptoms
Complaints during the last 3 months none

mild
moderate
severe

Aural pressure/fullness:
Duration of symptoms
Complaints during the last 3 months none

mild
moderate
severe

Vertigo:
Duration of symptoms
Complaints during the last 3 months none

mild
moderate
severe

Number of attacks during the last 3
months

instability, or attack lasting <20
min
attacks lasting    >20 min

remarks:
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Chapter 13

Summary and conclusions
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Centuries before Prosper Menière described his classical triadic symptomatology
Menière-like symptoms were already reported. In 1861 Prosper Menière was actually
the first one who described a series of patients with the classical triadic
symptomatology of hearing loss, vertigo and tinnitus. The essence of his hypothesis
was that the symptoms were caused by a disorder of the labyrinth instead of a vascular
cerebral dysfunction, as had previously been thought. This was published in the
‘Gazette Médicinale de Paris’ (Menière 1861). In this paper Prosper Menière
concluded that the auditory apparatus may be suddenly affected causing tinnitus and
diminution of hearing. He also stated that the inner ear was the site which can suddenly
be affected causing attacks of vertigo, dizziness, uncertain gait, staggering and falling.
The attacks may be accompanied by nausea, vomiting and syncope. He described that
the attacks were intermittently followed by hearing loss of increasing severity. In the
20th century the interest to establish an exclusive diagnosis and an adequate therapy
was growing. Although different definitions of Menière’s disease for diagnostic,
therapeutic and evaluation purposes are proposed, unresolved issues on the definition
of the disease are still persistent. A uniform applicability of the definition of Menière’s
disease is obligatory for clinical and scientific purposes.

Chapter 2. History and  definition
This chapter describes the history and evolution of defining Menière’s disease. During
the last decades a lot of different definitions of Menière’s disease have been used. The
development of these definitions is decribed and discussed. In 1972 in response to a
large variability in defining Menière’s disease, the Committee on Hearing and
Equilibrium of the American Academy of Ophthalmology and Otolaryngology
(AAOO) defined Menière’s disease as a disease of the membranous inner ear with a
characteristic set of symptoms and signs and with a pathological correlate of
endolymphatic hydrops. This hydrops of the endolymphatic system in the temporal
bones of patients with Menière’s disease was discovered by Hallpike and Cairns, and
also Yamakawa, in 1938. Since then this endolymphatic hydrops has been generally
accepted as the basic histopathological substrate of Menière’s disease. The definition
of the disease has been revised in 1985 and in 1995 by the AAOO. Both definitions are
described and discussed. The 1995 definition of Menière’s disease is still used at this
moment.

Chapter 3. Definition Menière Groningen and Groningen Diagnostic Protocol
This chapter starts with a discussion on unresolved issues and shortcomings of the
definition of Menière’s disease, with special interest for the 1995 definition of the
American Academy of Ophthalmology and Otolaryngology Committee on Hearing and
Equilibrium. Difficulties in defining duration, uni- and bilateral Menière’s disease, and
the presency of aural fullness (if tinnitus is absent) are also addressed. The Definition
Menière Groningen and the Groningen Diagnostic Protocol are introduced.
The definition of Menière’s disease must basicly include the clinical symptomatology
as the direct consequence of the idiopathic endolymphatic hydrops as the basic
histopathological substrate. Furthermore, a uniform applicability of the definition of
Menière’s disease is obligatory for clinical and scientific purposes. The diffuse and
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complex symptomatology of Menière’s disease requests an accurate diagnostic
program to confirm the diagnosis and to exclude other pathology. With such a program
it might be possible to obtain more information about the cause of the disease and to
establish staging, allowing more specific treatment modalities for each particular stage.
Menière’s disease was redefined and the Definition Menière Groningen was
introduced. The criteria for a positive diagnosis are: a documented cochlear hearing
loss (at least one threshold of 20 dB HL or worse in one of the six measured pure-tone
audiogram frequencies) combined with tinnitus (being present now or in the past),
vertigo attacks (at least two in the history), confirmed by the Groningen Diagnostic
Protocol and other pathology excluded through this protocol. Definitions of the
separate symptoms, affected and unaffected, uni- and bilateral disease, duration and
severity of symptoms and disease are described.
The Groningen Diagnostic Protocol was part of the Definition Menière Groningen. The
diagnostic protocol was developed to confirm the diagnosis Menière’s disease with the
tests of the protocol and to exclude other pathology as defined in the Definition
Menière Groningen. The protocol allowed a systemic evaluation of the diagnostic
value of each different testmodality for the diagnosis of Menière’s disease. In addition,
the contribution of each test separately and their correlations with regard to a possible
classification was further subject of investigation. The Groningen Diagnostic Protocol
contained the following tests: routine ORL-history and -examination, subjective
audiometry (pure-tone and speech), objective audiometry (tympanometry, stapedial
reflex measurements, BERA, otoacoustic emissions, electrocochleography), vestibular
tests, perilymphatic pressure measurements, magnetic resonance imaging of the petrous
bone and cerebellopontine angle, routine laboratory tests (including aldosterone
assessment) and psychological consultation.
During a three and a half year period (from January 1994 to June 1997) patients
suspected of having Menière's disease were admitted for four days to the department of
Otorhinolaryngology of the University Hospital Groningen, a tertiary referral center.
During their stay in the hospital these patients underwent the tests that were required
for the Groningen Diagnostic Protocol resulting in prospective clinical cohort studies
as part of the Definition Menière Groningen.
A database was designed together with a special data management office. The database
itself and the collection of the data were controlled and secured by the office.
Statistical analysis of data was performed with the SPSS 10.0 program and the help of
a professional statistician.

Chapter 4. Patients and characteristics
During a three and a half year period (from January 1994 to June 1997) 128 patients,
suspected of having Menière’s disease, were admitted for four days at the Department
of Otorhinolaryngology of the University Hospital Groningen, a tertiair referral center.
Based on the criteria of the Definition Menière Groningen and the Groningen
Diagnostic Protocol finally 111 patients were diagnosed with Menière’s disease. The
fact that 17 out of 128 patients did not have Menière’s disease is illustrative for the
usefullness of the Groningen Diagnostic Protocol as part of the Definition Menière
Groningen.
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Of the 111 included patients 57 patients were male (51%) and 54 patients were female
(49%). There were 151 affected ears and 71 unaffected ears. Of all patients 36% was
bilaterally affected.
At the start of the disease the mean age of the studied group was 42.8 (±11.5) years. At
the time of the hospital admission this was 50.3 (±10.9) years. The mean duration of
the disease of all patients was 7.5 (±6.7) years. In this study specific attention is paid to
differences between affected and unaffected ears, as well as uni- and bilaterally
affected patients. To our knowledge such specific analysis on these issues has not been
reported in the literature. In our population the duration of Menière’s disease in
bilaterally affected patients was longer than in unilaterally affected patients. This was
probably not caused by a change-over from an unilateral start of the disease to a
bilateral involvement of the disease. The ears of the bilaterally affected patient were
both affected almost from the beginning of the disease, suggesting a bilaterality as a
separate entity. In this study there was no uniform initial presentation of the separate
symptoms. Vertigo usually was the first presenting symptom (75%), but hearing loss
(70%) and tinnitus (73%) scored an almost comparable percentage. At the start of the
disease almost half of the patients suffered from the complete triad of symptoms. None
of the three symptoms was among the first occuring in all patients.
The severity of symptoms did not correlate with the duration of the disease. Aural
fullness/pressure had a high correlation with tinnitus indicating that this symptom is
not obligatory for the definition of Menière’s disease. Patients with a fluctuating
hearing loss generally had a more severe tinnitus and aural fullness/pressure sensation.
In contrast an ‘unchanged’ hearing was related to a ‘mild’ score in aural
pressure/fullness. These findings may support the hypothesis that an actual
endolymphatic hydrops is responsible for an increase of symptoms as hearing loss
fluctuation, tinnitus and aural pressure, possibly indicating to an instable Menière’s
disease, although no similar relation could be found with the symptom vertigo. The
hospital admission caused a release in tinnitus and aural pressure/fullness, possibly by
reducing stress, leading to a decrease in endolymphatic hydrops. Our patient group was
found to be comparable to patient cohorts as reported in the literature with respect to
gender distribution, age, duration and severity of the disease. The group can be
regarded as representative with a high external validity.

Chapter 5. Pure-tone and speech audiometry
In this chapter the subjective audiometry study is discussed. The aim of this study was
to reinvestigate many of the claims in the literature about hearing loss in Menière
patients. A well defined group of patients under well controlled circumstances was
subject of this study.
As part of the Groningen Diagnostic Protocol pure-tone and speech audiometry was
performed on 111 patients with Menière’s disease according to the Definition Menière
Groningen. Affected ears of patients suffering from Menière’s disease showed reduced
hearing, both in pure-tone and in speech audiometry. Correlations between pure-tone
and speech audiometry were present as in non-Menière ears, and no indications have
been found of reduced speech discrimination in relation to the expectation based on
pure-tone loss. A classification method was devised to determine audiogram shape in
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an objective manner. The results of this method indicated that affected ears more
frequently showed ‘low’ or ‘low+high’ hearing losses. In patients with large average
hearing loss more often had a flat shape of their pure-tone audiogram. The shape of the
audiogram did not depend on the duration of the disease. Also the average hearing loss
did not correlate with the duration of the disease. No relation was found between the
duration of the disease and the subjective severity of the hearing loss over the three
months before hospital admission, as given by the patients in a questionnaire. A
relation between the audiometric data and the subjective severity of the hearing loss by
the patient seemed to be present, but was not very strong. In conclusion; classification
of hearing loss (shape, average hearing loss and subjective severity of hearing loss) can
not be connected to the duration.

Chapter 6. Electrocochleography
This chapter describes a study that was performed to investigate whether
electrocochleography (EcoG) could be helpful in classifying patients with Menière’s
disease. As part of the Groningen Diagnostic Protocol, EcoG was performed on 111
patients with Menière’s disease, according to the Definition Menière Groningen.
All patients underwent transtympanic EcoG in both ears. The protocol consisted of
averaging 1500 responses to each of the following stimuli: clicks - alternating,
condensation and rarefaction (duration 80 µs); alternating tonebursts - 1 kHz, 2 kHz, 4
kHz, 8 kHz (duration 10 ms, rise and fall time two cycles of the sinewave). The
amplitude of the clicks and tonebursts was 90 dB nHL, except for 8 kHz bursts that
were presented at 75 dB nHL. The stimuli were delivered to the ear at a rate of 11.3/s,
using an insert earphone. Summation and action potentials (SP and AP) of clicks and
tonebursts, and click latencies (alternating, condensation, rarefaction) were measured.
The SP (tonebursts) was calculated in two fundamentally different ways (SP1, SP2).
The results of affected and unaffected ears were systematically compared and related
to the magnitude of hearing loss, the duration of disease and the severity of complaints.
Comparing the affected ears with the unaffected ears, significant differences in SP and
AP were found as well as significant differences in latency-differences between
rarefaction and condensation-clicks. The most prominent  features were the significant
differences in both the SP2 and the ratio SP2/AP at 1 kHz and 2 kHz, a small latency
difference for rarefaction clicks, the significant correlation between latency and
average hearing loss for the three click stimuli, a significant correlation with hearing
loss for SP2/AP at 2 kHz in both affected and unaffected ears and poor correlations
with duration of disease only for the three click latencies. For the symptom ‘hearing
loss’, the averages of  the potentials for 2 kHz tonebursts plus the click potentials had
the largest (absolute value of the) SP and SP/AP ratio in the ’worse’ group. The
smallest SP and SP/AP was observed in the ’unchanged’ group.
On an individual basis, EcoG parameters can not identify a diseased ear. The present
results do not provide obvious clues for the staging of Menière’s disease. A possible
approach to staging is the combined use of several test parameters instead of a single
one.
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Chapter 7. Otoacoustic Emissions
Click-evoked, as well as distortion product otoacoustic emissions (OAEs), were
measured in 100 patients with Menière's disease according to the ‘Definition Menière
Groningen. The incidence of the emissions in affected ears (56%) was lower than in
unaffected -or contralateral- ears (85%). The mean emission amplitude in affected ears
was significantly lower also (2.6 dB), and, in turn, the mean amplitude in unaffected
ears was lower than in normal-hearing ears (5.3 dB). These differences are likely to be
caused by the hearing loss involved. Further,  ears with OAEs clearly showed smaller
hearing losses than ears without OAEs  (24 dB difference). The average hearing loss
did show correlations with the emission amplitudes, though not very strong; when
plotted against the smallest hearing loss, a certain upper bound for the emission
amplitude was present. Also, the amplitude of click evoked OAEs showed a
considerable correlation with the largest of the three distortion product OAEs. These
observations confirm the view that OAEs are associated with normal or near-normal
hearing.

Chapter 8. Electronystagmography
In this study we performed standardized measurements of spontaneous nystagmus
(SN), caloric tests and velocity step tests on a well-defined group of 92 Menière
patients as part of a diagnostic protocol. The aim of the study was to look for results
that could contribute to the diagnosis, but more specifically to a possible classification,
of Menière’s disease. Relations with average hearing loss, shape of the audiogram,
duration and severity of perceived symptoms of disease and differences between uni-
and bilateral Menière’s disease were studied. Directional preponderance (DP) in
unilaterally affected patients and labyrinthine preponderance (LP) in both uni- and
bilaterally affected patients were significantly more often directed towards the
unaffected (uni) or least affected (bi) side. DP was correlated with LP, which means
that the DP can be seen as a latent SN, directed to the unaffected side. With the caloric
test parameters LP and DP it was possible to find unilateral weakness. In unilateral
disease a duration of disease <2 years resulted in small asymmetry in time constant
(Tasym), large LP’s and LP’s not only directed to the unaffected, but also to the affected
side, whereas a longer duration of disease gave large Tasym and small LP’s that were
only directed to the unaffected side. Patients suffered more severe vertigo in the first
two years of the disease. Studying the shape of the audiogram, it was found that
patients having an LP to the affected side, suggesting that this was a hyperactive
labyrinth belonging to a beginning of the disease, never had a flat audiogram.
In this study the LP was the best diagnostic parameter to find unilateral weakness in
patients with Menière’s disease. Together with the duration of the disease, the severity
of symptoms, the asymmetry in T and the shape of the audiogram, it was possible to
find two subgroups in the group of patients with unilateral Menière’s disease.
Vestibular data in association with other test results of the diagnostic protocol may
contribute to a more sophisticated classification of Menière’s disease.
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Chapter 9. 3DFT-CISS Magnetic Resonance Imaging
In this chapter 3DFT-CISS MRI was used to quantify the distance between the vertical
part of the posterior semicircular canal and the posterior fossa as a measure of the
endolymphatic sac and duct size in patients with Menière’s disease. Differences in this
distance between affected and unaffected ears as well as differences between
unilaterally and bilaterally affected patients were studied and compared to a control
group. Also possible correlations between the measured distance and the duration and
severity of symptoms, age and average hearing loss were investigated within the
Menière group. Of the initially included Menière population (111 patients), 90 patients
underwent a 3DFT-CISS MRI scan. Finally, 86 patients were analyzed in this MRI
study. Fifty-six patients suffered from unilateral and 30 patients from bilateral
Menière’s disease (116 affected and 56 unaffected ears). Sixty-two ears of non-
Menière patients were included as control. The distance between the vertical part of the
posterior semicircular canal and the posterior fossa was determined by 3DFT-CISS
MRI. Contiguous axial 3DFT-CISS MRI slices of 0.7 to 1.0 millimeter (mm) were
made by a radiologist according to a strict protocol. Measurements were taken by two
professionals, namely a radiologist and an otolaryngologist, using a ruler and the
original scan. A significantly smaller MRI distance (2.9 mm) was found in Menière
ears, compared to the control group (3.8 mm). In both uni- and bilaterally affected
patients (n=56 and n=30, respectively) no significant differences in the distance were
found between both ears. However, in bilaterally affected patients this distance (3.2
mm) was significantly larger than the distance in unilaterally affected patients (2.7
mm). There was no relationship between the MRI distance and duration of disease,
age, average hearing loss or severity of symptoms, in both uni- and bilaterally affected
patients. The difference in duration between the two ears of bilaterally affected ears
rarely exceeded one year.
The difference in MRI distance between uni- and bilaterally affected patients strongly
suggests that uni- and bilateral affection are two different entities. The size of the
endolymphatic sac seems to be not the only factor in the pathogenesis of Menière’s
disease. The fact that the MRI distance does not have any relationship to duration of
the disease and age indicates that this distance is a congenital feature.

Chapter 10. Perilymphatic pressure measurement
In this chapter the MMS-10 Tympanic Displacement Analyser was used as a device to
measure the perilymphatic pressure in humans. This instrument was used in a
prospective cohort study of 70 patients with Menière’s disease (44 affected ears)
according to the ‘Definition Menière Groningen’ and a group of 50 young normal
hearing subjects. No significant differences were found in perilymphatic pressure
measurements between the groups. Although measurement parameters showed large
inter-individual variation in a subgroup of 25 patients, the intra-individual correlation
in the subgroup was highly satisfactory. In patients with Menière’s disease no
relationship was found between perilymphatic pressure and hearing thresholds, blood
pressure, gender age. Also no relation as found with duration of the disease or with the
severity symptoms. There was no difference between uni- and bilaterally affected
patients.
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Chapter 11. Aldosterone assessment
Manifestations of Menière’s disease are frequently observed in times of emotional
stress. Mediated through the hypothalamus, stress leads to an increased secretion of the
adrenocorticotropic hormone (ACTH) from the anterior pituitary gland followed by an
increased adrenocortical production of glucocorticoids (cortisol and corticosterone)
and mineralocorticoids (aldosterone). Although the etiology of Menière’s disease is
still unsolved, cumulating evidence suggests that endolymphatic hydrops may arise as a
result of the destabilization of natural regulation through overproduction and/or
reduced absorption. The production of endolymph is thought to be regulated mainly by
the enzyme Na/K-ATP-ase in the marginal cells of the stria vascularis of the cochlea,
as well as in the dark cells of the utricle and the cristae ampullares of the semicircular
canals. In earlier experiments a relationship between circulating adrenal steroids and
Na/K-ATPase activity in the inner ear was observed. Emotional stress leads to the
activation of neuroendocrine effector systems resulting in the increase of endolymph
production. A borderline capacity of the endolymphatic sac in combination with a
periodic increase of endolymph production caused by stressful situations is regarded to
be responsible for the development of Menière’s disease.
Therefore, as part of the Groningen Diagnostic Protocol a study was performed on 89
patients with Menière’s disease to assess plasma aldosterone levels. Plasma
aldosterone was not elevated in Menière patients compared to plasma aldosterone in a
control group of 27 normal subjects. No statistically significant differences were found
in plasma aldosterone between uni- and bilateral Menière’s disease. Plasma
aldosterone levels did not correlate with age, average hearing loss, or duration or
perceived severity of subjective complaints (vertigo, hearing loss, tinnitus and aural
pressure). No elevated plasma aldosterone levels were found in patients with Menière’s
patients during an attack-free period. The question whether plasma aldosterone and
cortisol levels show variations before, during and after an attack remains to be
answerred. If so, this might contribute to a better understanding of the
pathophysiological mechanism of Menière’s disease.

Chapter 12. The Definition Menière Groningen in future perspective
The definition of Menière’s disease is subject of continuous evolution as increasing
information and knowledge is acquired regarding etiology, diagnosis and treatment. As
many diseases can almost duplicate the symptoms of Menière’s disease an accurate
assessment of the definition including the exclusion of other diseases is obligatory.
The 1995 revised criteria for the diagnosis of Menière’s disease of the American
Academy of Ophthalmology and Otolaryngology Committee on Hearing and
Equilibrium provide uniformity and allow a more adequate comparison of clinical
studies. However, the subdivision in four different categories and the absence of a
diagnostic protocol to establish the diagnosis and to exclude other causes for the
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symptomatology make the application in clinical and scientific practice still
unsatisfactory.
The Definition Menière Groningen as used in this scientific project provided a fairly
well-defined patient cohort allowing reliable and systematic analysis. Nevertheless, a
more detailed characterisation of the specific symptoms of Menière’s disease and a
revised diagnostic protocol based on the results of the thesis could further contribute to
a uniform diagnosis. The Definition Menière Groningen 2001 including a diagnostic
protocol is introduced for clinical purposes. The Definition Menière Groningen 2001
including an extended diagnostic protocol is proposed for scientific analysis.
The Definition Menière Groningen 2001 for clinical purposes (diagnosis, treatment
and reporting) includes a well-defined description of the correlating symptoms and a
diagnostic protocol, which does not require a specialized test equipment (table 1).
A renewed Definition Menière Groningen including an extended diagnostic protocol
for scientific purposes is proposed (table 2). The Definition Menière Groningen 2001
for scientific purposes includes the identical well-defined description of the correlating
symptoms and an extended diagnostic protocol with emphasis on etiology and
classification of the disease.
The Definition Menière Groningen 2001 for clinical and scientific purposos may
provide not only the accurate clinical assessment of the diagnosis of Menière’s disease,
but also may contribute to further understanding of the etiology and pathogenisis of
Menière’s disease.



165

Table 1. Definition Menière Groningen 2001 for clinical purposes.

- Vertigo - spontaneous, not provoked
- at least two episodes (> 20 minutes) in the past

- Cochlear hearing loss - documented on at least one occasion
- total hearing loss of at least 60 dB over the
three worst octaves in the standard pure-tone
audiogram
- present now or in the past

- Tinnitus - ipsi- or bilateral
- present now or in the past

- Diagnostic Protocol:
I. General and ORL-history

- otological history
- emotional stress related factors
- personality features

II.                     General and ORL-examination
                                       - blood pressure measurement
III. Subjective audiometry

- pure-tone audiometry
- speech audiometry

IV. Objective audiometry
                          - tympanometry

- stapedial reflex measurements
- brainstem evoked response audiometry (BERA)

V. Vestibular tests
- electronystagmography
- caloric tests
- rotating chair

VI. Magnetic Resonance Imaging
- T1, T2, gadolinium
- petrosal bone, cerebellopontine angle, cerebrum

VII. Laboratory tests
- full blood count
- BSE
- glucose
- Lues serology
- Borrelia burgdorferi serology
- thyroid function test T3, T4, TSH

VIII. Consultation other disciplines on indication
                                       - internal medicine
                                       - neurology
                                       - ophthalmology
                                       - psychiatry
                                       - psychology

- social worker



166

Table 2. Definition Menière Groningen 2001 for scientific purposes.

- Vertigo - spontaneous, not provoked
- at least two episodes (> 20 minutes) in the past

- Cochlear hearing loss - documented on at least one occasion
- total hearing loss of at least 60 dB over the
three worst octaves in the standard pure-tone
audiogram
- present now or in the past

- Tinnitus - ipsi- or bilateral
- present now or in the past

- Extended Diagnostic Protocol:

I.              General and ORL-history
- otological history
- emotional stress related factors
- personality features

II.                      General and ORL-examination
                                       - blood pressure measurement
III. Subjective audiometry

- pure-tone audiometry
- speech audiometry
- fine structure audiometry
- low-frequency masking

IV. Objective audiometry
- tympanometry
- stapedial reflex measurements
- brainstem evoked response audiometry (BERA)
  including threshold and latency measurement
- otoacoustic emissions (OAEs)
  including postural changes

V. Vestibular tests
- electronystagmography
- caloric tests
- rotating chair

VI. Magnetic Resonance Imaging
- T1, T2, gadolinium, 3DFT-CISS,  0.7mm slices
- petrosal bone, cerebellopontine angle, cerebrum
- distance between vertical part of posterior semicircular canal and
  posterior fossa
- hippocampus

VII. Laboratory tests
- full blood count
- BSE
- glucose
- Lues serology
- Borrelia burgdorferi serology
- thyroid function test T3, T4, TSH
- cortisol assessment
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- dexamethasone suppression test
VIII. Psychometric analysis

- personality characteristics
- coping
- quality of life

IX. Symptomatology profile questionnaire (intake+follow-up)
X. Consultation other disciplines on indication

- internal medicine
                                       - neurology
                                       - ophthalmology
                                       - psychiatry

- psychology
                                       - social worker

XI. Donor codicil for post-mortem studies
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Samenvatting en conclusies

Definitie Menière Groningen

een rationele benadering van de ziekte van Menière
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Inleiding

Deze samenvatting is geschreven voor het brede publiek met de bedoeling u op een
heldere wijze kennis te laten nemen van de ziekte van Menière en de resultaten van dit
wetenschappelijk onderzoek. Voor specifieke informatie wordt terugverwezen naar de
inhoud van het proefschrift.

De ziekte van Menière

Mensen met de ziekte van Menière hebben last van aanvalsgewijze draaiduizeligheid
gepaard gaande met een verminderd gehoor en oorsuizen in één of beide oren. Soms
bestaat er ook een vol gevoel of een druk in het aangedane oor. De duizeligheid gaat
regelmatig gepaard met misselijkheid en braken. Na het optreden van een aanval treedt
meestal slechts een gedeeltelijk herstel op van het gehoor. De ziekte kan zich aan één
of aan beide oren voordoen, en komt meestal voor bij mensen van middelbare leeftijd.
Mensen met de ziekte van Menière zijn door hun klachten vaak zeer gehandicapt in
hun dagelijkse bezigheden. Veel Menière-patiènten hebben een persoonlijkheids-
structuur die zich kenmerkt door een grote mate van nauwgezetheid en een hoog
streefniveau. Onder stressvolle omstandigheden hebben de patiënten vaak meer
klachten. In Nederland lijden er naar schatting ongeveer 15.000 mensen aan deze
aandoening.

Historie en definitie

In 1861 publiceerde Prosper Menière, een Franse arts, vier wetenschappelijke artikelen
in de Gazette Médicinale de Paris, waarin hij een aantal patiënten beschreef met
aanvallen van draaiduizeligheid, gehoorverlies en oorsuizen (figuur 1). Hij suggereerde
dat deze symptomen werden veroorzaakt door een aandoening van het binnenoor. Deze
gedachte week af van de algemeen heersende opvatting, dat evenwichtsstoornissen
altijd het gevolg waren van een doorbloedingsstoornis in de hersenen. De ziekte wordt
sindsdien beschouwd als een binnenoorziekte.
In de twintigste eeuw werd er veel onderzoek gedaan naar de ziekte van Menière. De
behoefte aan een zorgvuldige definitie van de ziekte en adequate behandeling werd
steeds groter. Ondanks het feit dat er achtereenvolgens diverse definities van de ziekte
van Menière zijn ontwikkeld, is deze definitie nog steeds niet volmaakt. Een uniforme
toepasbaarheid van de definitie van de ziekte van Menière is nodig voor medische en
wetenschappelijke handzaamheid.
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Figuur 1. De Franse arts Prosper Menière (1799-1862)

Definitie Menière Groningen

Klachten van draaiduizeligheid, slechthorendheid en oorsuizen kunnen ook door
andere aandoeningen veroorzaakt worden. Het is belangrijk om bij een patient die
wordt verdacht van de ziekte van Menière, zorgvuldig en uitgebreid onderzoek te doen
om de ziekte van Menière met een hoge mate van zekerheid te kunnen vaststellen.
Hiervoor is de Definitie Menière Groningen ontwikkeld. Deze definitie formuleert de
ziekte van Menière en bevat tevens een uitgebreid onderzoeksprogramma dat de
patienten in het ziekenhuis moeten doorlopen. Dit onderzoeksprogramma is het
zogenaamde Groningen Diagnostisch protocol.

Volgens de Definitie Menière Groningen heeft iemand de ziekte van Menière, wanneer
er sprake is van
- binnenoorgehoorverlies gecombineerd met
- oorsuizen (nu of in het verleden) en
- aanvallen van draaiduizeligheid (ten minste twee) en
- uitgesloten andere aandoeningen met het Groningen Diagnostisch Protocol.
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Het professionele onderzoeksprotocol is nodig om de ziekte van Menière te bevestigen
en om andere ziekten, die dezelfde symptomen kunnen veroorzaken, uit te sluiten. Met
zo’n programma is het mogelijk om meer te weten te komen over de oorzaak en het
eventuele stadium van de ziekte, waardoor een op maat afgestemde behandeling kan
worden ingesteld.

Voor een beter begrip is echter eerst een korte uitleg nodig over werking van het
binnenoor.

Het binnenoor

Het oor bestaat uit een aantal onderdelen zoals aangegeven in figuur 2.

Figuur 2. Gehoor en evenwichtsorgaan.

Figuur 3. Doorsnede van het slakkenhuis (cochlea).
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De ziekte van Menière manifesteert zich in het binnenoor. Het binnenoor bestaat uit
twee onderdelen. Enerzijds het slakkenhuis (cochlea) dat het gehoorzintuig (orgaan
van Corti) bevat (figuur 3). Anderzijds het evenwichtsorgaan dat een belangrijke rol
speelt in de balans van het lichaam. Het slakkenhuis en het evenwichtsorgaan staan
met elkaar in verbinding. Ze zijn gevuld met vloeistoffen waaronder het zogeheten
endolymfe. Bij de ziekte van Menière is er een teveel aan endolymfe (figuur 4). Dit
verschijnsel heet endolymfatische hydrops.  Deze hydrops lijkt de beschadigingen van
het binnenoor en de klachten van de patiënt te kunnen verklaren.

Figuur 4. Doorsnede van een slakkenhuis van een cavia. De uitbolling geeft endolymfatische hydrops
weer.

Onstaanswijze endolymfatische hydrops

De hydrops kan ontstaan door een verminderde afvoer en/of een verhoogde aanmaak
van endolymfe. Aanvankelijk werd verondersteld, dat de toename van de endolymfe
werd veroorzaakt door een verminderde afvoer ten gevolge van een onvoldoende
werking van het afvoerorgaan, de saccus endolymfaticus.
Resultaten van recent wetenschappelijk onderzoek maken echter aannemelijk dat de
toename van endolymfe niet alleen wordt veroorzaakt door een verminderde afvoer,
maar ook door een tijdelijke overproductie van deze binnenoorvloeistof. Uit onderzoek
is ook gebleken, dat de productie van endolymfe in het binnenoor onder sterke invloed
staat van stress-hormonen. Daarom zou een Menière aanval wellicht kunnen ontstaan
in stressvolle periodes.
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Groningen Diagnostisch Protocol

In de periode van januari 1994 tot juni 1997 werden 128 patiënten met klachten
passend bij de ziekte van Menière 4 dagen opgenomen op de afdeling keel-, neus-, en
oorheelkunde van het Academisch Ziekenhuis Groningen. De patiënten ondergingen
de diverse onderzoeken van het Groningen Diagnostisch Protocol. Hieronder volgt een
korte uitleg over de verschillende testen en de resultaten ervan.

Populatie
Bij 111 van de 128 patiënten werd uiteindelijk de ziekte van Menière geconstateerd. 17
patiënten hadden een andere aandoening. Het feit dat 17 patiënten uiteindelijk geen
Menière hadden bewijst het nut van het Groningen Diagnostisch Protocol als onderdeel
van de  Definitie Menière Groningen. Op het moment van opname in het ziekenhuis
waren de patiënten gemiddeld 50 jaar en hadden zij  7,5 jaar lasten. 71 patiënten
hadden enkelzijdig en 40 hadden dubbelzijdig klachten.
De ziekteduur van de patiënten met dubbelzijdige klachten was groter dan die van de
enkelzijdig aangedane patiënten. Dit werd niet veroorzaakt door een langzame
overgang van een enkelzijdige naar een dubbelzijdige aandoening. In beide oren begon
de ziekte van deze dubbelzijdig getroffen patiënten namelijk ongeveer tegelijk. Dit zou
kunnen betekenen dat enkel- en dubbelzijdige Menière twee verschillende ziekten zijn.
Meestal begon de ziekte met draaiduizeligheid (75%), alhoewel gehoorverlies (70%)
en oorsuizen (73%) bijna even vaak voorkwamen. Bij het begin van de ziekte had de
helft van de patiënten last van alle drie de klachten.
De ernst van de ziekte hing niet af van de duur. Bij meer oorsuizen werd er meer druk
op het oor gevoeld. Bij een wisselend gehoorverlies hadden de patiënten meer last van
oorsuizen en een vol gevoel in het oor. Bij een onveranderd gehoor was het suizen en
het volle gevoel duidelijk minder hevig. De ziekenhuisopname zelf gaf een
vermindering van het oorsuizen en de druk in het oor.

Toon- en spraakaudiogram
Een toonaudiogram is een standaard gehoortest, waarbij met behulp van tonen van
verschillende sterkte en toonhoogte de gehoordrempel van beide oren kan worden
bepaald. Een spraakaudiogram is een test, waarbij woorden via een koptelefoon
moeten worden verstaan bij verschillende geluidssterkten. Bij Menière-patiënten was
het gehoor van de aangedane oren duidelijk slechter dan dat van de niet aangedane
oren. Bij de aangedane oren werd vaken een lage tonen- of een combinatie van een
lage- en hoge tonenverlies gevonden. De vorm van het audiogram en de mate van
gehoorverlies was niet afhankelijk van de duur van de ziekte.
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Electrocochleografie
Electrocochleografie is een speciale gehoortest waarbij de reactie van het binnenoor en
de gehoorzenuw op verschillende geluidjes wordt gemeten. Na een lichte verdoving
wordt er een naaldje door het trommelvlies op het slakkenhuis geplaatst. Met deze test
was het echter, gelet op de resultaten van elke patiënt afzonderlijk niet mogelijk, om
het zieke oor aan te wijzen. Deze bevinding is interessant, omdat bij Menière-patiënten
in de Verenigde staten altijd een electrocochleografie wordt verricht.

Otoakoestische emissies (OAE’s)
OAE’s zijn reacties van het binnenoor op aangeboden geluidjes. Dit gebeurt via een
dopje in het oor. De aangedane oren van de Menière patiënten hadden minder vaak een
OAE dan de niet-aangedane oren. Bij de aangedane oren was de sterkte van de OAE’s
kleiner dan die bij de niet-aangedane oren. De OAE-sterkte bij de niet-aangedane oren
was bovendien kleiner dan bij oren met een normaal gehoor. De OAE verschillen
werden waarschijnlijk veroorzaakt door het gehoorverlies in het algemeen en niet
specifiek door de ziekte zelf. De conclusie was dat OAE’s gepaard gaan met een
normaal of bijna-normaal gehoor.

Vestibulair onderzoek
Vestibulair onderzoek is een standaard evenwichtsonderzoek dat bestaat uit
verschillende onderdelen. Met behulp van een draaistoel en het spoelen van de
gehoorgang met koud en warm water worden het linker en het rechter
evenwichtsorgaan afzonderlijk en gecombineerd getest. De werking van het
evenwichtorgaan aan de kant van het aangedane oor was  duidelijk slechter dan die van
het niet-aangedane oor. Dit kon het best worden gemeten met het spoelen van de
gehoorgang met warm en koud water. Tijdens de eerste twee jaar van de ziekte was de
draaiduizeligheid vaak ernstig. Bij een langere ziekteduur was de duizeligheid meestal
milder. Met behulp van het vestibulair onderzoek konden binnen de onderzochte
patiëntenpopulatie twee subgroepen worden aangewezen.

Magnetic Resonance Imaging (MRI)
Met behulp van een scan waarbij een sterk magnetisich veld wordt gebruikt, kan het
binnenoor worden afgebeeld in dunne plakjes. Ten behoeve van het Groningen
Diagnostisch Protocol werd gekeken naar een afstand die representatief is voor de
grootte van het afvoerorgaantje (saccus) van de endolymfe (figuur 5). Deze gevens
werden vergeleken die van een groep normaal-horenden. De gemeten afstand bij de
Menière patiënten was kleiner dan die bij normaal-horenden. Er was geen verschil
tussen beide oren van een dubbelzijdig aangedane Menière patient. De afstand bij
patiënten met een dubbelzijdige Menière was groter dan die bij de enkelzijdige
Menière patiënten, maar kleiner dan die van de normaal horenden. Aangezien de
dubbelzijdig aangedane patiënt zijn ziekte ongeveer aan de beiden oren tegelijk had
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gekregen zou dit wel eens kunnen betekenen dat enkel- en dubbelzijdige Menière twee
verschillende aandoeningen zijn.

Figuur 5. MRI-afbeelding van een dwarsdoorsnede van het rechter binnenoor. 1= gehoor en
evenwichtszenuw, 2= slakkenhuis, 3, 4 en 5= evenwichtsorgaan, 6=achterste schedelgroeve. De
afstand tussen 5 en 6 is de afstand die bij het MRI-onderzoek gemeten werd. Dit is de plaats waar het
afvoerorgaan van de endolymfe (saccus) ligt.

Perilymfatische drukmeting
Bij dit onderzoek wordt de druk gemeten van een binnenoorvloeistof, de perilymfe. Dit
is een indirecte meting voor de druk van de endolymfe, de vloeistof die belangrijk is
bij het onstaan van de hydrops. Er werden geen verschillen gevonden tussen aangedane
en niet-aangedane oren van Menière patiënten. Er was geen verschil met gezonde oren.
Leeftijd, gehoorverlies duur en ernst van de ziekte hadden geen invloed op de
uitkomsten.

Aldosteronbepaling
Bloed en urineonderzoek wordt gedaan om aldosteron te bepalen. Bij proefdieren was
eerder aangetoond dat de hoeveelheid binnenoorvloeistof kon toenemen onder invloed
van aldosteron. Bovendien zou Menière vaker bij mensen voorkomen die veel
blootstaan aan stress. Aangezien stress de hoeveelheid aldosteron in het bloed
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verhoogt, werd onderzocht of of het aldosteron bij de patientengroep hoger was dan bij
een gezonde groep volwassenen. Uit de resultaten bleek dat er geen verschil in
aldosteron was tussen Menière patiënten en gezonde proefpersonen. Ook tussen enkel-
en dubbelzijdige Menière was er geen verschil.

Definitie Menière Groningen en perspectief voor de toekomst

Door de toename van de kennis van de etiologie, de diagnose en de behandeling van de
ziekte van Menière is het nodig om de definitie van de ziekte steeds aan te passen.
Omdat er veel ziektebeelden zijn die qua symptomatologie lijken op de ziekte van
Menière is een zorgvuldige definitie van de ziekte nodig, waarmee tevens andere
pathologie kan worden uitgesloten.
Reeds bekende diagnostische criteria, zoals die uit 1995 van de American Academy of
Ophthalmology and Otolaryngology Committee on Hearing and Equilibrium, zorgen
voor uniformiteit en bieden de mogelijkheid om klinische studies met elkaar te kunnen
vergelijken. Echter, de indeling in vier verschillende categorieën en het ontbreken van
een diagnostisch protocol, waarmee de diagnose kan worden bevestigd en andere
pathologie kan worden uitgesloten, zorgt voor een onvoldoende klinische en
wetenschappelijke toepasbaarheid.
Met behulp van de Definitie Menière Groningen was het mogelijk een betrouwbare en
systematische analyse van een goed gedefiniëeerd patiëntencohort te verrichten.
Desondanks kunnen een nog meer gedetailleerde uitwerking van de specifieke
symptomen van de ziekte van Menière en een vernieuwd diagnostisch protocol dat
gebaseerd is op de resultaten van dit proefschrift bijdragen tot een betere en meer
uniforme diagnostiek. De Definitie Menière Groningen 2001 inclusief een diagnostisch
protocol voor klinische doeleinden wordt geintroduceerd. Voor wetenschappelijke
doeleinden wordt de Definitie Menière Groningen 2001 met een uitgebreider
diagnostisch protocol voorgesteld.
De Definitie Menière Groningen 2001 voor klinische doeleinden (diagnose,
behandeling) bevat een goed gedefiniëerde beschrijving van de symptomen en een
diagnostisch protocol waarvoor geen specifieke test-apparatuur nodig is (tabel 1).
Een vernieuwde Definitie Menière Groningen met een uitgebreid diagnostisch protocol
voor wetenschappelijk onderzoek wordt vervolgens besproken (tabel 2). Deze
Definitie Menière Groningen 2001 voor wetenschappelijke doeleinden bevat dezelfde
goed gedefiniëerde beschrijving van de symptomen met daarnaast een verder
uitgebreid diagnostisch protocol dat meer gericht is op de etiologie en de classificatie
van de ziekte.
De Definitie Menière Groningen 2001 kan met zijn klinisch en wetenschappelijk
gericht diagnostisch protocol bijdragen tot een verbeterde klinische diagnostiek en een
ruimer inzicht geven in de etiologie en de pathologie van de ziekte van Menière.
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Tabel 1. Definitie Menière Groningen 2001 voor klinische doeleinden.

- Vertigo - spontaan, niet uitgelokt
- tenminste 2 episodes (> 20 minuten) in het
verleden

- Cochleair gehoorverlies - gedocumenteerd bij tenminste 1 gelegenheid
- totaal gehoorverlies van  60 dB in de drie
slechtste octaven van het toonaudiogram
- nu of in het verleden

- Tinnitus - ipsi- or bilateraal
- nu of in het verleden

- Diagnostisch Protocol:

I.  Algemene en KNO-anamnese
- otologische voorgeschiedenis
- emotionele stress-gerelateerde factoren
- persoonlijkheidsstructuur

II.                       Algemeen en KNO-onderzoek
                                       - bloeddrukbepaling
III. Subjectieve audiometrie

- toonaudiometrie
- spraakaudiometrie

IV. Objectieve audiometrie
                          - impedantiemetrie

- stapediusreflexaudiometrie
- hersenstamaudiometrie (BERA)

V. Vestibulaire testen
- electronystagmografie
- calorisch onderzoek
- draaistoelonderzoek

VI. Magnetic Resonance Imaging
- T1, T2, gadolinium
- os petrosum, brughoekregio, cerebrum

VII. Laboratorium onderzoek
- algemeen bloedonderzoek
- BSE
- glucose
- Lues serologie
- Borrelia burgdorferi serologie
- schildklierfunctie test T3, T4, TSH

VIII. Consultatie van andere disciplines op indicatie
                                       - interne geneeskunde
                                       - neurologie
                                       - oogheelkunde
                                       - psychiatrie
                                       - psychologie
                                       - maatschappelijk werk
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.Tabel 2. Definitie Menière Groningen 2001 voor wetenschappelijke doeleinden.

- Vertigo - spontaan, niet uitgelokt
- tenminste 2 episodes (> 20 minuten) in het
verleden

- Cochleair gehoorverlies - gedocumenteerd bij tenminste 1 gelegenheid
- totaal gehoorverlies van  60 dB in de drie
slechtste octaven van het toonaudiogram
- nu of in het verleden

- Tinnitus - ipsi- or bilateraal
- nu of in het verleden

- Uitgebreid Diagnostisch Protocol:

I.               Algemene en KNO-anamnese
- otologische voorgeschiedenis
- emotionele stress gerelateerde factoren
- persoonlijkheidsstructuur

II.                       Algemeen en KNO-onderzoek
                                       - bloeddrukbepaling
III. Subjectieve audiometrie

- toonaudiometrie
- spraakaudiometrie
- fijnstructuuraudiometrie
- low-frequency maskering

IV. Objectieve audiometrie
- impedantiemetrie
- stapediusreflexaudiometrie
- hersenstamaudiometrie (BERA)
  inclusief drempel- en latentietijdbepaling
- otoakoestische emissies (OAEs)
  inclusief houdingsveranderingen

V. Vestibulaire testen
- electronystagmografie
- calorisch onderzoek
- draaistoelonderzoek

VI. Magnetic Resonance Imaging
- T1, T2, gadolinium, 3DFT-CISS,  0.7mm snedes
- os petrosum, brughoekregio, cerebrum
- afstand tussen verticale deel van posterieure kanaal tot aan fossa posterior
- hippocampus

VII. Laboratorium onderzoek
- algemeen bloedonderzoek
- BSE
- glucose
- Lues serologie
- Borrelia burgdorferi serologie
- schildklierfunctie test T3, T4, TSH
- cortisolbepaling
- dexamethason suppressie test

VIII. Psychometrische analyse
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- persoonlijkheidsstructuur
- coping
- kwaliteit van leven

IX. Symptomatologieprofiel vragenlijst (intake+follow-up)
X. Consultatie van andere disciplines op indicatie
                                       - interne geneeskunde
                                       - neurologie
                                       - oogheelkunde
                                       - psychiatrie
                                       - psychologie
                                       - maatschappelijk werk
XI. Donorcodicil voor post-mortem studies
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Dankwoord

Dit proefschrift is mede tot stand gekomen door een bijdrage van een groot aantal
mensen. Een aantal hiervan zou ik graag in het bijzonder willen bedanken.

Alle Menière patiënten die deelnamen aan het diagnostisch protocol. Zonder hen was
dit onderzoek niet mogelijk geweest.

Prof. dr. F.W.J. Albers, beste Frans. Ik dank je voor je intensieve betrokkenheid bij de
opzet van dit onderzoek en het schrijven van dit proefschrift. Je hebt me begeleid met
een nooit aflatend enthousiasme, geduld en grote nauwgezetheid. Vanaf de basis werd
door jou het Menière onderzoek op een professionele manier in Groningen van de
grond getild. Tevens ben ik er trots op door jou te zijn opgeleid en participeer als
KNO-arts met genoegen in je team.

Prof. dr. ir. H.P. Wit, beste Hero. Jouw fysische deskundigheid tesamen met je
professionele kijk op wetenschappelijk onderzoek heb ik leren waarderen in de loop
der jaren. Jouw kritische noten waren belangrijk. Bedankt hiervoor.

Dr. P.W.J. van Hengel, beste Peter. Onvoorwaardelijk heb je een enorme bijdrage
geleverd aan dit proefschrift. Kritisch maar uiterst geduldig hielp je me de grote
hoeveelheid resultaten te verwerken. Dankzij jou heeft dit wetenschappelijk werk on-
getwijfeld meer diepgang gekregen.

Dr. W.M. van Huffelen, beste Wim. In de beginfase van het onderzoek hebben we
samen veel tijd gespendeerd aan de opzet van de electrocochleografie. Jouw heldere en
fysische kijk op zowel verzamelen en analyse van data was uitermate bijdragend,
waarvoor mijn hartelijke dank.

Prof. dr. H. Kingma, beste Herman. Dank voor je bereidwilligheid me te helpen met de
data van het evenwichtsonderzoek en voor de participatie in de
beoordelingscommissie.

Prof. dr. P. B. Van Cauwenberge en Prof. dr. J.H.A. de Keyser. Eveneens hartelijk
dank voor de bereidheid om in de beoordelingscommissie zitting te willen nemen.

Prof. dr. P.E de Jong, beste Paul. Bedankt voor je hulp bij de analyse van het
aldosteron. Dit was zonder jou niet gelukt.



181

Dr. E.A. Dunnebier, beste Erwin. In oktober 1993 begonnen we samen aan een
Menière onderzoek. De samenwerking in het begin en je bijdrage en steun later
waardeer ik zeer.
Drs. R.A. Feijen, beste Robert. Aanvankelijk als student, daarna als co-assistent en
later als een van de arts-assistenten heb je je altijd voor dit onderzoek ingezet. Bedankt.

Emma van der Schoot. Al die jaren heb je met met grote nauwkeurigheid de gegevens
van alle patiënten ingevoerd in de Menière databank. Dank je wel hiervoor.

Charlotte Kingma en Minke Oreel. Bedankt voor jullie participatie in de
deelonderzoeken.

Frits Leemhuis. Hartelijk dank voor je hulp bij de illustraties.

Mijn dank gaat uit naar allen die hebben bijgedragen in de totstandkoming en de
uitvoering van het Groningen Diagnostisch Protocol, in het bijzonder alle leden van de
Menière-werkgroep-Groningen.

Ik wil die collega’s bedanken die oprecht geïnteresseerd zijn geweest in de voortgang
van dit wetenschappelijk onderzoek.

Tijdens de opleiding tot KNO-arts en het Menière onderzoek ontstonden ook
vriendschappen. Deze zijn voor mij nog steeds zeer waardevol.

Familie, schoonfamilie en vrienden en in het bijzonder mijn twee zussen, Marlieke en
Maartje. Fijn dat ik bij jullie regelmatig mijn ei kwijt kon.

Mijn paranimfen, drs. J.P. de Mönnink en drs R.P. Wong Chung.
Beste Jan Pieter, als vakgenoot en fijne zwager, ben je altijd zeer geïnteresseerd
geweest in de voortgang van mijn proefschrift.

Beste Dick, in Nieuw-Zeeland verrichtte ik met veel genoegen samen met jou in 1990
mijn eerste wetenschappelijke onderzoek. Vanuit de medische studie waren we toen al
goed bevriend. Als collegae KNO hebben we ook professionele raakvlakken.

Mijn ouders, lieve papa en mama. Jullie nooit aflatende vertrouwen en
onvoorwaardelijke steun in alles wat ik tot nu toe heb gedaan, zijn voor mij van
onschatbare waarde. Ik kan jullie daar niet genoeg voor bedanken. Pap, jouw
glasheldere visie op en je jarenlange professionele inzet voor het visueel gehandicapte
en communicatief gestoorde kind, hebben mijn diepste bewondering. Als KNO-arts en
als mens zal ik je lijn proberen vast te houden. Mam, al vanaf mijn kleuterschooltijd
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was je geïnteresseerd in alles wat ik leerde. Dit is zo gebleven tot de afronding van dit
proefschrift en dat waardeer ik zeer.

Mijn echtgenote, lieve Esther. Gedurende de gehele onderzoeksperiode ben je me als
geen ander blijven motiveren. Bovendien wist je als fantastische moeder er voor te
zorgen dat Noortje en Sjors tegelijkertijd niets tekort kwamen. Dat je voor mij dierbaar
en belangrijk ben.
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Curriculum Vitae

De auteur van dit proefschrift werd geboren op 13 februari 1964 te Tilburg. In 1982
behaalde hij het eindexamen atheneum B aan het Lyceum Dominicus College te
Nijmegen. Datzelfde jaar startte hij met de studie geneeskunde aan de Katholieke
Universiteit Nijmegen. Het doctoraalexamen werd in februari 1988 gehaald. Tijdens de
co-assistentschappen in 1990 werd gedurende 6 maanden zowel het co-schap
huisartsgeneeskunde als een wetenschappelijke stage verricht in Nieuw Zeeland. Het
keuze co-schap werd gevolgd op de afdeling KNO van het Academisch Ziekenhuis St.
Radboud te Nijmegen. Het arts-examen werd behaald op 1 februari 1991. In maart
1991 volgde hij als dienstplichtig militair de opleiding tot reserve eerste-luitenant arts
bij de Koninklijke Landmacht. Daarna was hij gedurende de rest van de diensttijd
werkzaam als bataljons-arts van de Garde Grenadiers en de Koninklijke Marechaussee.
Aansluitend hierop werkte hij gedurende 1 jaar als wisselassistent/poortarts in het St
Jozef Ziekenhuis te Veghel. Hierna, van april tot oktober 1993, werkte hij als Senior
House Officer, Ear, Nose, and Throat in het Queen Alexandra Hospital in Portsmouth,
Verenigd Koninkrijk. Van oktober 1993 tot mei 1999 werd de opleiding tot keel,-
neus-, oorarts gevolgd in het Academisch Ziekenhuis Groningen onder leiding van
Prof. F.W.J. Albers. De B-opleiding vond plaats in het Martini Ziekenhuis te
Groningen onder leiding van Dr. J.J.M. van Overbeek. Tijdens en na de opleiding werd
gewerkt aan het onderzoek, wat geleid heeft tot dit proefschrift. Momenteel is hij als
keel-, neus-, oorarts werkzaam op de afdeling KNO van het Academisch Ziekenhuis te
Groningen. De auteur is getrouwd met Esther Cornelia Cecilia van Asselen en is vader
van twee kinderen, Noortje en Sjors.
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Omslag

De kaft symbolyseert de evolutie van de definitie van de ziekte van Menière en tevens
de grote sprong voorwaarts in de wetenschap van de afgelopen anderhalve eeuw. Het
handschrift is van Prosper Menière zelf en daardoor heen loopt een computerbewerkte
tekening van zijn portret, zoals gebruikt voor het Groningen Diagnostisch Protocol.
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