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Abbreviations and definitions

ECoG

AP

CM

SP

peripheral

: electrocochleography

: action potential

: cochlear microphonics

: summating potential

hearing loss is caused bya lesion located outside the pia mater;the le-
sion can be located in

a) the external ear
b) the middle ear conductive hearing loss

c) the cochlea

d) the retrocochlear area

central hearingloss is caused by perceptive hearingloss
a lesion located within the pia mater

1 Introduction

Almost two hundred years after Galvani’s discovery of the electrical characteristics

of biological tissue, the electrocardiogram and the electroencephalogram are well

established methods of clinical examination. In 1930, Wever and Bray discovered

the electrical activity in the inner ear, which was called the cochlear microphonics.

However, the development of an electrical method for investigation of the functio-

ning of the human inner ear has taken a much slower course than that for the elec-

trocardiogram and the electroencephalogram.

The first round window recording of the cochlear microphonics (CM) in man was

performed five years after Wevers’ discovery of the phenomenon (Frommetal,

1935). Although the recording techniques improved, so that better CM recordings

could be produced,it lasted until the early fifties before recordings of the compound

action potential (AP) could bereliably obtained in animal experiments (Tasakietal,

1954). After 1960, a divergence took place: some investigators concentrated on sing-

le fiber recordings in animals (Kiang et al, 1965), while others gave their attention
and energy to AP measurement in man (Rubenet al, 1960, 1962). These AP recor-

dings from the round window wereall made during surgery; improvementofthere-

cording techniques led to clear click-evoked compound action potentials at high sti-

mulusintensities. Ruben (1967) indicated three important topics of electrocochleo-

graphy (ECoG):

1. the correlation of physiological and psychoacoustic properties,

2. the investigation of certain diseases, and

3. the objective diagnosis of individual cases of deafness.

Thelast two topics especially are important in the clinical use of ECoG.

In 1967, when measurements in man equalled the level of sophistication of the ani-

mal experiments in the early fifties, electrocochleography became a routine diag-

nostic procedure. This step was taken independently by Japanese (Yoshie et al,

1967) and French (Portmannet al, 1967) scientists. Yoshie recorded from the outer
ear canal, but later also used the promontory recording. The use of average response

computers for routine in electrocochleography has madeit possible to record com-

pound action potentials in response to stimuli having an intensity close to the sub-

jective hearing threshold.

Both the use of the average and of the transtympanic or extratympanic approach ha-

ve converted the method from an operation-room procedure to a routine office pro-

cedure. (Montandonet al, 1975).
With the use of tone-bursts (Yoshie, 1973, Eggermontet al, 1974) as stimulus along

with the well known click, and the introduction of more sophisticated techniques
(e.g. high-pass noise masking (Elberling, 1974; Eggermontet al. 1976)) clinical elec-
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trocochleography reached beyondthe level at which the animal experiments had hal-

ted.
Because the characteristics of single fiber responses becameavailable (Kiangetal,

1965) together with information about the anatomical substrate of cochlear micro-

phonics and summating potential responses (Whitfield and Ross, 1965, Dalloset al,

1972 b) electrocochleographic results could now be interpreted more accurately than

the animal experimental results in the late fifties.

The application of electrical responses in clinical audiology had started with the re-

cording of the ‘slow’ vertex potentials. The clinical usefulness of this method has

been limited, especially in children who cannot be sedated adequately without in-

fluencing the responses (Davis, 1976, Schmidt and Spoor, 1974).

The responses recorded in electrocochleography are on the other hand peripheral

responses which are not influenced by any type of sedation, or even by general

anaesthesia. This makesit an especially useful method in evaluating the hearing of

small children.

1 2. Basis Principles

1 2.1 Receptor Potentials

Besides the resting potentials (e.g. endolymphatic potential of +80 mV re scala

vestibuli potential) two stimulus related potentials are present in the cochlea. These

will be described in the next paragraphs.

I 2.2 Cochlear Microphonics

The cochlear microphonics (CM), the alternating current cochlear potential, can be

recorded from almost anywherein the cochlea.It is generally accepted, that the CM

is produced by the haircells, as is shown in experiments with ‘waltzing’ guinea pigs

which have abnormal haircells due to a congenital defect of the cochlea and the

vestibular apparatus. These guinea pigs produce no CM,which indicates that the

CM may provide some information aboutthe validity of the haircells (Davisetal.,

1934). Von Békésy (1960) found the CM in the normal cochlea proportional to the

displacement of the basilar membrane. Dallos et al, (1972 a) showed with experi-

ments in kanamycin-intoxicated guinea pigs that the CM generated by the inner

haircells, which appeared at least morphologically normal, is about 30-40 dB less
sensitive than the CM generated by outer haircells. This restricts the use of the CM

as an indicator for outer haircell validity only.

In promontory recording the CM maygive some information about the validity of

the haircells in the basal turn, but especially the presence of artefacts which are very
difficult to eleminate, makesits clinical usefulness limited.
Theseartifacts easily arise because the waveform of the CMis similar to that of the
stimulus itself. Only a frequency-dependent phase shift occurs. Hence leakages or

cross-talk picked up from theelectrode or the response recording part of the equip-

ment are not distinguishable from the CM response.

10

This makes the CM a disturbing feature in clinical electrocochleography. As a routi-

ne procedure, the CM is cancelled out from AP en SP recordings by presenting the

tonebursts in alternating phase and counterphase, using an electronic commutator.

12.3 Summating Potentials

It is generally assumed, that the second stimulus-related potential, the summating

potential (SP), is as for the CM, generated near the cuticular lamina of mainly the

outer haircells as a result of non-linearities in the movement of the basilar membra-

ne, or non-linearities in the mechano-electrical transduction (Whitfield and Ross,

1965).
The summating potential can easily be studied, since it appears as a DC shift of the

baseline which maybeeither positive or negative with respect to the scala tympani

potential (Tasaki etal, 1954). Whenever a summating potentialis present, it appears

as a part of the waveform (which consists of AP and SP), while the CM is cancelled

out by the averaging. Guinea pig experiments with intracochlear electrodes have de-

monstrated that the SP changes sign between scala media and scala tympani. In pro-

montory recording the sign of the SP is called negative when the DCshift is of the

same polarity as the initial part of the compound AP.

For a round window recording in the guinea pig one nearly always recordsa positive

SP when stimulating with high-intensity high-frequency tonebursts. In recording

from the round windowniche or the promontory in man an SP~ is generally recor-

ded (Eggermontet al., 1974) forall frequencies at high intensity levels. Occasionally

an SP* is recorded, or a change from negative to positive by increasing the stimu-
lans frequency at constant intensity, but mostly in pathological ears. By further in-

creasing the frequency, the amplitude of the positive summating potential increases-

simultaneously. It is known from animal experiments, that the sign of the summa-

ting potential is not constant along the whole cochlea, but dependsonthesite of the

electrode and the frequency used.

In animal experiments, usually intracochlear electrodes are used, one in the scala

vestibuli and one in the scala tympani. A differential (DIF) and overall (AVE) SP
can be recorded. The DIF-SP represents the DC shift between scala vestibuli and

scala tympani, the AVE-SP the DCshift of the entire cochlea relative to the neck

muscle (Dallos et al., 1972b). Only the AVE-SP wil be discussed here, since it closely

resembles the summating potential recorded in human promontoryelectrocochleo-
graphy, which records the DC shift between the cochlea,or at least its most nearby

areas, relative to the earlobe.

Fig 1 shows a schemeof the cochlea with two intracochlear electrodes in the basal

turn. Schematically the envelope of the traveling wave is drawn in. The summating

potential changes sign at the falling part of the traveling wave (Dalloset al., 1972).

Therefore, these electrodes will record a negative AVE-SP. The lower diagram

shows the envelope of the electrical traveling wave from a stimulus with a higher

frequency. Thefalling part of the envelope is now located more nearthebasis of the

cochlea, and a positive AVE-SP will be recorded. Since in electrocochleography in
man the electrode is placed on the promotory near the basis of the cochlea, the re-

corded SPis nearly always negative, because the electrodeis very near the rising part

of the traveling wave envelope.
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Fig, 1 The cochlea and the envelopeofthe electrical travelling wave with two intracochlear electrodes are
schematically represented.

In the upper diagram a negative SP will be recorded. In the lower a positive SP.

This is the result of different electrode locations and a different stimulus-frequency.

1 2.4 The Neural Response: the compound action potential

In the cat, 90-95%ofthe afferent fibres of the auditory nerve are radial fibres inner-

vating the inner haircells, leaving only 5-10%of spiral nerve fibres innervating the

outer haircells (Spoendlin, 1970). In guinea pigs almost the same distribution exists

(Morrison et al, 1975); therefore it is assumed that the percentages will be the same

in man. Consequently, the majority of recordings from single nerve fibres are from

radial nerve fibres. Since the compound action potential (AP) is an extracellularly
representation of the activity of the bundle of individual neurons (the nerve), the

contributions of single nerve fibres to the compound AP will be primarily from fi-

bres innervating the inner haircells.

In promontory recording with the reference electrode at the earlobe, a diphasic AP

is usually obtained. The amountof synchronization of the individual nervefibresis

12

very important for the shape of the compound AP and dependsonthe stimulusfre-

quency. For low frequencies (< 2000 Hz) a phase lock appears and an AP is recor-

ded on each cycle of the sinewave. Due to adaptation andrefractoriness, the AP

amplitude diminishes with the successive numberof the period. Above 2000 Hz,the

phase lock disappears for the compound AP and only the responseto the start of the

stimulus is recorded (fig. 2). This is called the ‘on-effect’.

genesis of the “on-effect”
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Fig. 2 Genesis of the ‘on’ effect. (guinea pig)
In response to tone-bursts having two periods of the sinewave during the rise- and fall time andsix peri-

ods during the plateau, the shape of the compound AP dependsonthe stimulus frequency. For low fre-
quencies (< 2000 Hz) a phase lock appears and an AP is recorded on each cycle of the sine-wave.

Above 2000 Hz the phase lock disappears for the compound AP andonly the response to the start of the
stimulus is recorded. All the recordings were made atintensities of 60 dB SPL. (from Eggermontet al.,

1974).
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Eggermontet al. (1974) demonstrated the possibility of frequency selective thres-

hold determination with the use of frequency specific tonebursts. These tonebursts

have a constant numberofcycles, but different rise andfall times and plateau dura-

tion. This will not be discussed in detail. With increasing stimulus intensity the AP
latency decreases, the latency shift being largest for lower frequencies. At highsti-

mulusintensities the AP latencies are nearly the same for tone-bursts of frequencies

from 2 kHz to 12 kHz, but at threshold values the latency depends on the tonefre-

quency. This increase in latency for the whole nerve response is mainly due tot an

apical shift of the excitation along the cochlear partition. Because the synaptic delay

is not frequency dependent, one can say that at threshold values the excitation areas

are clearly separated, but at higher intensities tend to overlap basally. Therefore, it

is to be expected that the high-intensity frequency specificity ofAP recordingsis less

than at the threshold (cf. Eggermont, 1976).
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II Methods

Ii 1.1 Electrodes

The transtympanic electrode technique is commonly used nowadays. A 01 mm dia-

meter electrode is placed on the promontory through the pierced eardum (fig. 3).

Different placements of the electrode (e.g. ear lobe, ear canal) result in much smal-
ler amplitudes of the recorded potentials. (Eggermontet al, 1974).

All electrocochleographic studies in Leyden are performed by using this transtympa-

nic electrode as the active electrode. The reference electrode is placed at the ipsilate-

ral mastoid or ear lobe, the ground electrode at the forehead.

 

Fig. 3 Transtympanic recording (from Eggermontet al., 1974).

II 1.2 Recording system

The apparatusused in electrocochleography in Leyden (Spoor, 1974) consists of two

parts, one being the recording system consisting of the preamplifier and the main
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amplifier (to magnify the weak biological signals to adequate magnitude) plus an

oscilloscope to observe, and an instrumentation tape recorder to record the ampli-

fied signal. This signal is also fed to an electronic averager plus X-Y recorderto en-

hance the relevant signal with respect to the back-ground andtostore it on paper

(Fig. 4).
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Fig. 4 Block-diagram of the recording system (from Spoor, 1974).

Ii 1.3 Stimulation equipment

Theother part is the stimulation equipment, consisting of the stimulus-generating

and the stimulus-transducing systems. The latter comprises the sound amplifier plus

driver unit connected to an exponential horn placed above the patients head. The

stimulus generator produces different kinds of stimuli, e.g. narrow- and wideband

stimuli. Wide bandstimuli, such as clicks, were the first stimuli used in electrococh-

leography. A click provides the best synchronization of individual nerve fibers

(Aranet al, 1972), but it lacks frequency specificity. Being a wide-band stimulus,the

click stimulates the whole cochlea, by which in electrocochleography a general im-

pression of cochlear function can be obtained. By filtering the clicks using a band-

pass filter, a frequency specific character can be given to the click, especially by

using 1/3 octave filtered clicks. This improves frequencyselectivity in threshold de-

termination (Aran et al, 1971). Another frequency specific sound stimulus wasfirst

used by Yoshie (1971), and later by Eggermontet al. (1974). These trapezoidalsha-

ped tonebursts have subsequently been used for all the electrocochleograms made in

Leyden.
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The pure-tone bursts have two periods of the sinewave during the rise-time and the

fall-time and at least six periods during the plateau. This makes the duration of the

toneburst dependent of the stimulus frequency. The shortest rise time, however,is

0.33 msec and the plateau duration is never taken less than 4 msec.to assurereliable

SP measurements.

Using tone-bursts, it is important to cancel the CM.To archievethis, the tonebursts

are presented alternately in phase and counterphase by using an electronic commu-
tator.

II 1.4 Duration, anaesthesia, premedication

The whole electrocochleographic procedure studying one ear for 500, 1000, 2000,

4000 and 8000 Hz takes one to one and a half our. Unless it concerns a small child,

the examination will be carried out in local anaeasthesia and nowadayseven without
local anaesthesia. The local anaesthesia is given by infiltrating the ear canal with Icc

xylocaine 2% combined with adrenalin 1:80.000.

Since it is necessary for accurate recordings that the patientlies motionless, a sedati-

on is given. For an adult patient this premedication consists of 150 mg Nembutal®

orally one and a half hour before ECoG and 50 mg pethidine and 25 mg Phenergan™

intramuscularly a half hour before ECoG. Usually the patients sleep during the

whole procedure.

If the indication to perform electrocochleographyis strong, while it is not possible

to use a local anaesthetic (e.g. multihandicapped children or children with autistic
behaviour) the procedure can be performed under general anaesthesia.

Il 2 Practical diagnostic procedure

II 2.1 Introduction

Whenthe cochlea is stimulated with tone-bursts presented alternately in phase, it is

important to realize that phaselock between the sinewave andthe single nerve AP’s

occurs for frequencies below 1500 Hz. For 500 and 1000 Hz alternation of the

stimulus-phase in order to abolish the CM, leads to a half period shift of the prefer-

red phase. This in turn causes a doubling of the number of AP’s with respect to the

sine period. These closely spaced AP’s overlap partially, thus forming a broad ave-

rage response in which only the AP-tips indicate the phaselock (Fig. 2).

If 2.2 Threshold determination

Thresholds are routinely determined for frequencies from 500 to 8000 Hz. Hearing

threshold is fixed at an AP amplitude of 0.1 »V orless (fig. A.1.1 lower right, page

28). Spoor and Eggermont (1976) studied approximately 100 patients from which a

reliable pure tone audiogram wasavailable, and 60 young children from whichit

waspossible to get a fair impression of their hearing abilities with observation or

free field audiometry. Their observationsjustify the conclusion that threshold deter-

mination with toneburst-ECoGis just as reliable as with pure-tone audiometry.

17



II 2.3 Amplitude-intensity relationships

AP amplitude values are calculated from the baseline to the first peak (N,) of the

compound AP. When AP amplitudes are plotted on a logarithmic scale, and the

correspondingintensity values on an linear scale, an amplitude-intensity curve can

be drawn. These relationships are of major importance in studying supraliminal

hearing characteristics.
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Fig. 5 Amplitude-intensity curve, The steepness of the curves increases with increasing frequency. At in-

tensities of 50-60 dB a plateau in the curvesis seen.

An exampleof such set of curves is shownin Fig. 5. In general, the steepness of the

curves increases with increasing frequency. Especially at 50-60 dB intensity levels, a

plateau in the curve is often seen, the origin of which is still subject to discussion

(Davis, 1976). This plateau divides the curve in an low (L) and high (H) part (Yos-

hie, 1968). This phenomenon is more clear at lower frequencies.

The output of normalears differs largely and therefore cannotbe used as a parame-

ter. Ina group of 20 normal ears Eggermont(1976) found a 10-fold amplitude range

(2-20 pV) at 85 dB in case of 2000 Hzstimulation.
Comparison of atlas A.1.1 (page 28) and B.2.12 (page 64) results in a factor 2-3 dif-

ference at high-output levels for two normal hearing ears, while for example the
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maximum outputin a pathological ear with 40 dB perceptive loss (atlas B.1.11, page

60) may vary between 10 en 20 microvolts.

II 2.4 Latency-intensity relationships

From the AP responses shownin Fig. A.1.2 right below (page 30), it can be obser-

ved that the AP latency, calculated from CM onset to the largest AP peak, increases

with decreasing stimulus intensity. If the logarithm of latency is plotted as a functi-

on of the stimulus intensity, one usually obtains a nearly linear relationship in case

of toneburst stimulation. The curves for different frequencies are nearly parallel.

Sometimes, however, the AP showsa double peaked waveform atintensities of ap-

proximately 50 dB, which is related to the L and H part of the amplitude-intensity-

curve. Since, by convention, the largest peak is chosen for latency calculations, this

may cause a relatively large shift in the latency-intensity curve.

II 2.5 Amplitude-latency relationships

When the AP amplitudeis plotted versus AP latency on a double logarithmic scale,

a mostly linear relationship results. By extrapolation to the X-axis, the latency at

threshold can be calculated for different frequencies. The normal hearing characte-

ristics of the amplitude-latency curve have been described (Eggermontet al, 1974).

It appears that for conductive hearing loss the data are within the normal range, but

for the majority of the cochlear hearing losses the lower amplitude values are outsi-

de the normal range.

II 3 Scope of the investigation

1. A study of the clinical use of the summating potential in electrocochleography.

2. Demonstration of 20 selected cases to illustrate and evaluate the various outco-

mesof thetest.

3. Investigation into the actual influence of electrocochleography on the manage-

ment of the hearing disorders in about 500 cases.
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III Clinical results I: the SP in clinical diagnosis

III 1. SP-Polarity

For high frequency, high intensity stimulation in man, generally a negative summa-

ting potential is recorded. In some pathological cochleas, however, a positive sum-

mating potential (SP*) is seen (Aran et al., 1971a; Eggermont et al., 1974; Egger-

mont, 1976; Nishida et al., 1976).

The relationship of the SP polarity to the shape of the audiogram will be investiga-

ted and a model explaining the observation will be proposed.

In about 25 human ears an SP* has been observed at one or morestimulus frequen-

sign of the SP in promontory recording
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Fig. 6 Schematic representation of the envelope ofthe electrical travelling wave in a normal cochlea (up-

per tracing) and in a pathological cochlea for different frequencies (lower tracings). Frequency increases

from rightto left. (Note that the amountofhair-cell loss in the lower three tracings is not changed)
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cies. For a fixed stimulus intensity the SP- change to SP* was alwaysobserved forin-

creasing frequency. In the introduction (I.2.3.) it has been argued that a changein

SP polarity can be observed in normal guinea pig cochleas using the differential

electrode technique by a sufficient change of stimulus frequency. In the promontory

recording the SP will always be negative for a normal functioning cochlea (Fig. 6,

uppertrace).

In case the most basal past of the cochlea is devoid of hair cells (e.g. as a result of

ototoxic damage), part of the activity pattern which normally produces an SP” is

missing. The result will be a reduced SP~ amplitude (Fig. 6, second trace). If under

these conditions a higher stimulus frequencyis used, resulting in a basalshift of the

excitation area, the SP" producing part, which is normally dominating, may be com-

pensated by the SP* producing part. The result could be a very small or absence of

SP (third trace).

A further increase in stimulus frequency may cause only activation of the SP* pro-

ducing part of the excitation pattern, resulting in an SP* recording at the promonto-

ry.

According to this, it can be stated that a positive SP will be recorded for high fre-

quencies only, when hair cell damageis located near the basis of the cochlea. If hair

cell damage also spreads to more apical parts of the cochlea, positive summating po-

tentials will be recorded for the lower frequencies too. (Rietema and Eggermont,

1976).

In Fig. 7 auditory thresholds and mean audiograms are shown for those ears in

which an SP* at one or more frequencies was recorded. The ears are grouped accor-

ding to an SP* found only at 8 kHz, at 4 and 8 kHz, and at 2,4 and 8 kHz. From the

survey of these data the conclusion can be drawn that the occurrance of SP* at lower

frequencies generally requires an increase in the amount of hearing loss which is

especially obvious for the third group. The notion that recording of SP* in patients

suffering from sudden deafness was pointing to a bad prognosis (as to its recovery,

Nishida et al., 1976) seems to fit with the above mentioned model.

Iii 2 SP amplitude

The promontory recorded average summating potential amplitudes at 85 dB are

schematically drawnin in fig. 8.

Also one standarddeviation upwardsis indicated for 25 normal ears (opencircles),

25 Meniere ears (squares) 16 hair cell loss ears (triangles) and for a patient with a

sensorineural loss due to secondary syphilis (see also case nr B. 3.15, page 75).

Thehair cell loss ears are those with a history of noise traumaor the use of ototoxis

drugs.

In general, there is not much difference between the SP amplitudes of Meniére ears

and normal ears for 2, 4 and 8 kHz at this stimulus level. However,the hair cell loss

ears produce a smaller SP or even no SP, which is understandable since the SP is

produced by normal functioning hair cells. On the other hand,it can be concluded
that there is no indication for hair cell loss in the Meniére group.

It is also noted that the SP amplitude increases for higher stimulus frequencies,

whichis also foundis hair cell loss ears. However, in Meniére ears the larger SP-va-
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audiogram and sign of the SP
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Fig. 7 Three groups of audiograms for which a positive SP is recorded for one or more frequencies.
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Fig. 8 Average Summating potentials in man.
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lues are found for the lower frequency.
The input-output properties of the SP as well as the AP are plotted in fig. 9. The re-

sults are taken from the same group of normal, Menieére andhaircell loss ears, thus-

far described. For the hair cell loss ears the average AP threshold is 55 dB HL and

the average SP detection threshold is shifted by about 20 dB with respect to those of

normal ears. For the Meniére ears the mean AP input-outputcurve closely follows

that for normal ears, but for intensity values below 60 dD HLfalls progressively be-

low the normal curve. The average thresholdshift for the Meniére ears is about 25
dB for 2000 Hz, but the detection threshold for the SP in these Meniéreears is 15 dB

lower than for normal ears.

The SP is supposedly produced as a result of an asymmetry in the movementof the
basilar membrane. If, due to endolymphatic hydrops, which is assumed to be pre-
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e. Input-output curves for AP and SP in normal, Meniére and haircell loss ears (from Eggermont,

sent in Meniére ears, a static displacement of the basilar membraneis already pre-

sent, the asymmetry of the movementof the basilar membranewill increase. This

might explain the smaller detection threshold for the SP in Meniére ears and an en-

larged amplitude of the SP (Johnstone, 1975). This implies that the SP tentatively

might be considered as the detector of endolymphatic hydrops (Eggermont, 1976).

An electrocochleographic study of the effects of glycerol administration in 13 Me-

niére patients supports this theory, the intake of glycerol resulted in nine patients in

a decrease of SP amplitude (Moffat et al., 1978).

Summary

Becausethe SPis less likely to be produced byartificial signals than the CM, the use

of the SP for diagnostic purposesis considered more valid. The presenceofa positi-

ve SP or a small or absent negative SP for various frequencies points to hair cell

loss, in Meniére ears the negative SP found for 2000 Hz appears to be normal. The

input-output properties of the SP~ are important in differentiating early stages of

Meniére’s disease from hearing loss due to other cochlear lesions.
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IV Electrocochleographic characteristics of several types of hearing

loss

Different types of hearing loss show different electrocochleographic features above

threshold.

This section, in which the general characteristics of several types of hearing loss are

described, may be regarded as an introduction to section V. Section V comprises an

electrocochleographic study of 20 selected cases out of about 500 ECoG’s perfor-

med in Leyden.

IV 1 Conductive hearing loss

As may be expected from

a

situation with a normal cochlea but impaired middle-ear

transmission, the stimulus usedwill be less effective than in normal ears. Therefore

the amplitude-intensity curveis shifted to the right as compared with normal ears

(A.1.2. upperright, page 30). This is caused by the thresholdshift only, and the shape

of the amplitude-intensity curve is the sameas for normalears. The latency-intensity

curves are in general not much different from those found in normal ears; however,

a tendency to longer latencies seems to exist (A.1.2. lower left, page 30).

Summating potential amplitudes in conductive hearing loss tend to be smaller than

in normal ears, but in most cases the large standard deviation for SP amplitudes

does not justify a conclusion.

Finally, the AP waveform cannot be distinguished from those found in normalears

either, so that AP threshold elevation remains the most important characteristic fea-

ture of a conductive hearing loss.

IV 2 Sensorineural hearing loss

In case of sensorineural hearing loss with recruitment, the relationships for the AP

amplitudes and APlatencies differ fundamentally from those of the normal coch-

lea.

Anexample of amplitude-intensity curves in a recruiting ear is given in fig. B.1.9 up-

per right (page 52).

Although threshold values are elevated, amplitudes reach high-intensity values

which are the same as in normal ears. Just above threshold a rapid increase of am-

plitudes is observed. The slope of the curve in recruiting ears is much steeper than in

normal ears. The latency-intensity relations at high intensity values are comparable

to those for normal ears; in cases of high-frequency sensorineural hearing loss the

latency near threshold tends to be shorter than normal(atlas B.1.10 lower right, pa-

ge 56),
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A distinction between conductive and sensorineural hearing loss is made on basis of

a) threshold values, b) the slope of the amplitude-intensity curve, c) the slope of the

amplitude-latency curve and d) latency values near threshold, (Hermans et al.,

1975).
Distinction between Meniére’s disease and other types of sensorineural hearing loss

is made on basis of the characteristic AP waveform in Meniére’s disease, which is

caused by relatively large SP~ part ofthecompound AP(Schmidtet al., 1974). Small

SP amplitudes and/orpositive polarity are indicative for outer-haircell loss (cf. sec-

tion IIL). When a mixed hearingloss is present (A.2.6. upperleft, page 41) interpre-

tation of ECoG results becomes more complicated and only tentative results can be

expected.

IV 3 Hearing loss due to acoustic neuromas and centrallesions

A distorted and relatively broad waveform is the most characteristic feature in

acoustic neuromas. This is reported by many authors (e.g. Eggermont, 1976). An

example of such a typical waveform is given in B.2.13 lower right (page 67).

At intensities of about 60 dB the N, disappears in favor of an Nz which becomes

more prominent. This phenomenonis reflected in the amplitude-latency function by

a rather abrupt latency shift (B.2.13 lower left, page 67), which is never seen in nor-

mal ears or in conductive hearing loss. It must be noted (as in B.2.13, page 66) that

in pontine angle neuromas subjective hearing may be absent, while normal thres-

holds and amplitude intensity curves may be found in electrocochleography.

This difference (in variable degrees) between subjective hearing thresholds and

ECoG thresholds is also present in other types of central hearing loss (located cen-

tral to the pia-mater) (B.2.14, page 70). In B.3.16, page 78, a partially cochlear, par-

tially central hearing loss is seen.
Often, a rather flat amplitude-intensity curve is seen in these cases, but apart from

the threshold difference no specific electrocochleographic pattern is found. Brain-

stem audiometry probably may provide more information in these cases (Selters and

Brackmann, 1976).
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V Clinical results II: Survey of selected ECoG cases

In this chapter an extensive description of 20 selected patientsis given; a division is

made in five groups with regard to their clinical problems:

Audiogram unknown
A.1 Observation audiometry is impossible or unreliable (5 cases).

A.2 Suspicion for aggravation or simulation (3 cases).

Audiogram known

B.1 Estimation of haircell validity in cochlear hearing loss (3 cases).

B.2 Diagnosing retrocochlear or central types of hearing loss (3 cases).

B.3 Predicting the prognosis in sudden deafness (5 cases).

Anaesthesiological, internal, neurogical, neurosurgical, pediatric and radiological

consultations were carried out by
the Department of Anaesthesiology (Head: Prof. dr. Joh. Spierdijk),

the Department of Internal Medicine (Head: Prof. dr. J. de Graeff),

the Department of Neurology (Head: Prof. dr. G.W. Bruyn),

the Department of Neurosurgery (Head: Prof. dr. W. Luyendijk),

the Department of Paediatrics (Head: Prof. dr. H.H. van Gelderen)

and the Department of Radiology (Head: Prof. dr. A.E. van Voorthuisen).
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A 1.1 Autistic child with normal hearing

Case nr. 070674

History

A fourteen months old girl was hospitalized in our clinic for hearing evaluation.

Whenthe child was nine months old the mother became convinced that she was hard of hea-

ring.

Thegirl was born after a pregnancy of 38 weeks, which had been complicated by a pyelonefri-

tis of the mother for which she was treated with ampicillin. Alupent® intravenously was given

during two weeks to prevent immature delivery.

Examinations

Normal eardrums and normal tubal functioning were found. A pediatrician was consulted,
who found motoric retardation and suspected a mental retardation too.

Audiometry

Observation audiometry was performed twice. Except for the sound of an autoclaxon (ap-

prox. 100 dB SPL) noreaction on standard sounds was observed.

It was noticed that the girl was heavily involved with parts of her own body: fingers,lips, teeth

etc. It was not possible to get eye to eye communication with the child.

Indications for electrocochleography

It was clear that the child was motorically retarded.
With observation audiometry it was not possible to get useful results with respect to hearing

ability. Therefore ECoG was indicated to differentiate between mental retardation of un-

known origin, and a retardation due to a congenital hearing loss.

Results of electrocochleography

Electrocochleography was performed ontheleft ear. AP-thresholds (Fig., upper left) were in

the normal range, as were input-output curves (Fig., upper right), the amplitude-latency rela-
tionships (Fig., lower left) and summating potential amplitudes.

SP amplitudes were: — 0,56 nV, at 2000 Hz, 85 dB; — 0,52 pV at 4000 Hz, 80 dB; and —0,75 nV
at 8000 Hz, 85 dB, being within normal limits.

Discussion

Theelectrocochleographic results demonstrated that the peripheral hearingability of the child
was normal. As a result, it became morelikely that the mental retardation wasrelated to the

autistic behaviour. Treatmentof this mental condition was started by a psychiatrist, provided
with the knowlegde that the hearing ability of the child organically was intact and could be

used.
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A 1,2 Conductive loss due to glue in the middle ear

Case nr. 241271

History

A two months old boy was referred to ourclinic by his family doctor. The boy’s mother

questioned his ability to hear, which was understandable because two otherchildren in this fa-
mily suffered from progressive hearing loss, after having been hearing normal at first. They
both became hard of hearing at the age of 4 and 7 monthsrespectively.

Examinations

Normal eardrums were found.

Audiometry

Observation audiometry showedclear reactions on tones for the whole frequency range. This
audiometry was repeated every two months.At the child’s age of six monthshis parents belie-
ved that hearing had become worse. This time observation audiometry showed a moderate to
severe hearingloss. Free field slow-vertex response audiometry showed a 50 dB threshold for
1000 and 4000 Hz.

Indications for electrocochleography

Since a considerable hearing loss was suspected, ECoG wasindicated to determine hearing
thresholds, and in case of a hearingloss, to discriminate between a conductive and a percepti-
ve type.

Results of electrocochleography

Electrocochleography was performed at both ears. At introduction of the needle electrode
glue was found in both middle ears, but it was not sucked out. Thresholdsin the left ear were
40 dB for the middle frequencies.
The right ear, to which the figures refer, showed thresholds of 30 dB for 500 and 2000 Hz, and
10 dB for 8000 Hz.

The slope of the input-output curve was normal forall frequencies (Fig., upper right).
Latency-intensity relations were normal for 2000 and 8000 Hz (Fig., lowerleft).
Amplitude-latency curves were normal as well. Summating potentials were of negative polari-
ty and small, but within the 27 boundaries for 2000 Hz. (—0.75 V at 2000 Hz, 85 dB and
— 0.65 pV at 8000 Hz, 80 dB). It was concluded that cochlear function was normal and that
the hearing loss was of the conductive type.

Discussion

The middle ear cavities were thoroughly cleaned from glue and an adenoidectomy was perfor-
med. Soon it becameclear that the boy was hearing normal again.
The audiogram madeat the age offive (4% years after the ECoG was performed) showed nor-
mal thresholds.
The final diagnosis was tubotympanitis, which had remained obscure at the ENT examinati-
on, as the eardrums were normal. Electrocochleography demonstrated normal cochlear func-
tion. This knowledge madeit possible to remove the (justified) anxiety from the parents.
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A 1.3 Evaluation of a baby’s hearing before gentamycin application

Case nr, 231172

History

A two and a half month old boy had been hospitalized in the pediatrics department since
birth. Directly after birth be had been blue and very weak. He had been nursed in an incuba-
tor and hadnotreacted to stimuli during his first weeks, He had developed chronic infection
of the urinary system which had been treated unsuccesfully with several antibiotics, The
pediatrician considered starting treatment with gentamycin.
Before starting therapy with an ototoxic antibiotic in our hospital it is routine to make an au-
diogram, which is frequently repeated during therapy. For this reason the ENT department
was consulted.

Examinations

Routine ENT examination demonstrated normal eardrums.

Audiometry

An effort was made to perform observation audiometry at this very young age, but the only
result was evidence of some hearing.

Indications for electrocochleography

Since it was important to knowthe exact cochlear function before starting gentamycin thera-
py, electrocochleography was indicated because no impression of hearing thresholds could be
gained by observation audiometry.

Results of electrocochleography

Electrocochleography was performed on the right ear, which showed a normal middle ear.
Thresholds were 20 dB for the speech frequencies (Fig., upperleft). Input-output curves and
latency-intensity curves were normal (Fig., upperright and lowerleft). Summating potentials
were ofnegative polarity, the amplitude being 1.75 »V at 85 dB, 2000 Hz.
It was concluded that cochlear function was normal; the possible slight threshold evelation
might be due to a conductive hearing loss.

Discussion

After ECoG demonstrated a normalhearing ability, treatment wasstarted, During treatment,
electrocochleography was not repeated,since the gentamycin therapy was considered to be of
vital importance for the child and had to be continued anyhow.
The child recovered quickly on the gentamycin therapy. Motor and mental development was
reassuring. At the age of 10 months observation audiometry was repeated. The results showed
that the child was still hearing normal.
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A 1.4 A child with Down’s syndrome with a mixed hearing loss

Case nr. 170569

History

A 4 year old boy with Down’s syndromewas sentto our clinic by the audiologist of a school
for deaf children. The child was examined at that school, becauseit occurred to his present
teachers of a school for handicapped children that he often did not react to sounds. At the
center for deaf children observation audiometry was performed several times, indicating a
conductive loss of 50-60dB,although this could not be stated with certainty, due to his mental
retardation. The audiologist of the school requested electrocochleography,in order to obtain
morereliable information of the nature of the hearingloss.

Examinations

Strongly retracted eardrums, due to tubotympanitis, were found. Tonsillectomy and adenoi-
dectomy had been performed in the past. The child did not speak. A general physical and neu-
rological examination showed serious psychomotoric retardation. The tendon-reflexes were
very low.

Audiometry

Observation audiometry showed good reactions on loud standard soundsat 2 meters distance

(about 100 dB HL), for frequencies up to 2000 Hz. It seemed that reactions were worse for
sounds above 2000 Hz.

Impedance audiometry was not possible, because the boy was not codperative.

Indications for electrocochleography

Observation audiometry indicated a hearing loss for both ears,but as mentioned above it was

not possible to distinguish between a conductive, perceptive or a mixed loss. The aspect of the
eardrums, however, suggested at least a conductive component.Forthe final decision of pla-

cementin either an institute for psychomotoric retarded children orin an institute for multi-

handicapped children where an eventually existing hearing loss could also be given attention,

it was important to know the exact hearing thresholds and the causeof the hearing loss.

Results of electrocochleography

ECoG was performed on both ears. The figures on the opposite pages refer to the results of
the left ear.

Both middle-ears contained glue, which was sucked out before the electrocochleogram was

made.
In the /eft ear, thresholds were 20 dB from 500 up to 2000 Hz, dropping to 45 dB at 4000 and
8000 Hz (Fig., upper left). Input-output curves were normal for 500, 1000 and 2000 Hz, but

showed recruitment for 4000 and 8000 Hz. The amplitude-latency curve was outside the 3o-

boundaries for 8000 Hz but normal for the other frequencies. Summating potentials were of
negative polarity for 2 and 4 kHz, having rather small amplitudes: — 0.3.V for 2000 Hz, 75 dB
and — 0.91V at 90 dB, 4000 Hz. For 8000 Hz, however, a positive summatingpotential was re-
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corded: +0.72V at 85 dB. These results indicate a cochlear hearing loss for 4000 and 8000

Hzonbasisofthe slope ofthe input-outputcurves. Outerhaircell lossis expected, considering

the positive summating potential for 8000 Hz. The threshold elevation for frequencies below

2000 Hz is contributed to a remaining conductive componentof 20 dB, due to the tubotympa-

nitis. The results of the electrocochleogram at the right ear were approximately similar. Here

too a cochlear hearing loss was foundfor frequencies above 2000 Hz with outer haircell dama-

ge for 8000 Hz. The conductive componentat this ear was 40 dB.

Discussion

Despite the removal ofthe glue directly before the electrocochleogram was made, a considera-

ble conductive loss was measured.In our experience this is not unusual andis probably dueto

someresidual glue on the ossicular chain and the round window.

Directly after ECoG middle ear ventilation tubes were placed. After a few monthsit became

possible to perform observation audiometry. Theresults confirmed the electrocochleographic

findings of a high-frequency hearing loss, while lower frequencies were now normal. The

sensori-neural origin of the hearing loss was already revealed by electrocochleography. This

type of the audiogram is frequently foundin progressive hearing loss. (Huizing and Carriere,

1975), Therefore, observation audometry is repeated twice a year and until now no progressi-

on ofthe hearing loss has been demonstrated.
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A 1.5 Autistic child with mixed hearing loss

Case nr. 260270

History

A year old boy with a history of asphyxia at birth, kernicterus and epilepsy, was sent to our

clinic. Although the parents were convinced that his hearing was normal, his pediatrician

questioned the child’s hearing ability. No understandable speech had been developed yet. It
was difficult to get in touch with the child, which showed serious psychological problems and

autistic behaviour.

Examinations

Bluish eardrums were observed, but no fluid was found upon paracentesis. The tonsils were

large, as was the adenoid.

Audiomeiry

Although observation audiometry was performed several times, no good reactions could be

obtained to standard soundsas the child was totally uncooperative.

Indications for electrocochleography

It was of major importance to have exact information about he hearingability of this child

with serious psychological problems.

Results of electrocochleography

ECoG was performed on theleft ear. Thresholds were (Fig., upper left) 45 dB for 500, 40 dB

for 1000 and 20 dB for 2000 Hz. For 4000 and 8000 Hz thresholds were 55 and 45 dB respecti-

vely. The slope of the input-output curves was normal for all frequencies. The amplitude-

latency curve was normal for 2000 Hz, but abnormal (outside 2¢ boundaries) for 4000 and

8000 Hz. The SP at 2000 Hz was —0.6 ,V at 85 dB. For 4000 and 8000 Hz no SP could be de-

tected, what is indicative for hair-cell loss for these frequencies. For frequencies below 2000
Hz,the hearing loss might be of the conductive type, since all parameters exceptthe threshold

are normal. However, any type of hearing loss without recruitmentis possible for these fre-

quencies.

Discussion

As observation audiometry remained impossible in this child, a second electrocochleogram

was made twoyears after the first one. The results of the ECoG were similar to the first, which
means that the hearing loss was not of a progressive type.
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A 2.6 Suspected aggravation turns out to be otosclerosis

Case nr. 150153

History

A 20 year old male complainedofa bilateral slowly progressive hearing loss. However, on the

admission-examination for the Dutch army, his hearing was reported to be normal. His

family-doctor, knowing that the family history suggested otosclerosis, referred him to ourcli-
nic.

Examinations

Eardrumsand tubal functioning were normal. Physical examination showed a healthy young

man. X-rays of the petrous bones showed normal internal auditory canals.

Audiometry

Thefirst audiogram showed a pure perceptive-type hearing loss of 50 dB at the left ear with a
flat curve, and at the right ear a mixed hearing loss of 70 dB with a conductive component of

20 dB. A few days later a 40 dB mixed loss was recordedatthe left ear as well as at the right
one. Speech audiometry at the left ear showed a maximum discrimination of 100% with a 20
GBshift of the curve to normal. The curveat the right ear showed a 30 dB shift, and here too a
100% discrimination was reached. Sisi-tests invariably showed 0 percent scores. Tone decay

tests were normal, except for a dubiously pathological decay for 2000 Hzat the left ear.

Békésy audiogramsfor both ears showed a + 20 dB greater hearing loss for the pulsating tone
than for the continuous one (Type V). Stapedius reflexes were negative for both ears.

Indications for electrocochleography

Although a hearing loss was likely, the exact amount and type of the loss could not be deter-

mined. The threshold tests were repeated several times, but no consistent results could be ob-

tained. Although simulation was suspected, the cause of the different audiometric results re-

mained obscure.

Results of electrocochleography

Electrocochleography was performed on the right ear. AP thresholds were in agreement with

thresholds found in one of the most recent audiograms (Fig., upper left). For speech fre-
quencies an average loss of 50 dB was found. Input-output curves (Fig., upper right) were nor-
mal for 2000 and 8000 Hz, but showed steeper slopes and a smaller maximum outputfor 500,
1000, and 4000 Hz, than for 8000 Hz. This implies that recruitment is absent for these fre-
quencies. Summating potentials for 2000, 4000 and 8000 Hz wereall of negative polarity, am-

plitudes being small, but within normal range (— 1.2 »V for 2000 Hz at 85 dB, —0.6 nV for

4000 Hz at 70 dB and —2.4 nV for 8000 Hz at 85 dB). The normal SP amplitudes exclude a
haircell loss. Latency-intensity functions showed a normal curve for 8000 Hz, but a 10-15 dB

shift from the average normal curve for 2000 and 4000 Hz, suggesting a 10-15 dB bone-air gap

for those frequencies.
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Discussion

The rather confusing results of the different and successive hearing tests suggested the possibi-

lity of a non-organic hearing loss in this young man with a family history of otosclerosis. The

electrocochleographic data, however, demonstrated a considerable organic hearingloss. This,

together with the positive family history, the normal eardrumsandthe negative stapedius re-

flexes, made the diagnosis otosclerosis morelikely, although nolarger bone-air gap could be

demonstrated. The middle ear was opened and totally immobile stapes, due to otosclerosis,

was found, Stapedectomy was performed and a gelfoam-wire prosthesis was placed. Two

monthslater the audiogram had improved by 15-25 dB for frequencies below 2000 Hz.
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A 2.7 A ‘psychogenic’ deafness proves to be an organic hearing loss

Case nr. 240857

History

A 16 year old boy complained of a hearing loss and heavy tinnitus in both ears for the past

four years. He was examined by several ENT specialists, who foundit extremely difficult to

obtain areliable audiogram, and whowereinclined to considerthe hearingloss as ‘non-organic’.

He was referred to a psychiatrist who started psychotherapy. It was suggested that the fact

that the boy was dominated by his physically stronger twin brother could play an important

role and give raise to a simulated hearing loss. Results at school were moderate.

The parents and the boy requested a new ENT and audiometrical examination at our hospital.

Examinations

Normal eardrums and normal tubal functioning were found. Réntgenography of mastoids

and petrous bones was completely normal.

Audiometry

Subjective audiometry was performed many times. The boy’s reactions were very insecure and

uncertain. Now and then, he seemedto be in ‘another world’. Nevertheless, after many audio-

grams,it was believed that the boy’s hearing loss was,at least partially, organic. Pure tone au-

diogramsat the right ear showed a 50 dB perceptive loss over the whole frequency range. The

left ear also showed a 50dB perceptive loss, but here the lower frequencies were more affected

than the higher.

Speech audiometry, however, invariably showed very poordiscrimination. The Békésy audio-
gram showed a 40 dB loss at the left ear both for continuous and pulsating stimuli. At the

right ear, a 50 dB heariag loss was recorded.

However, the curve of the continuous tone was far below the curve of the pulsating tone (Bé-
késy type IV).

Vestibulometry

The electronystagmogram showed a very small spontaneous nystagmusto the left side in all

headpositions. For each ear the caloric excitation with water of 33°C caused a nystagmus. On

stimulation of the right ear the nystagmus was more pronounced and persisted longer than on

stimulation of the left ear. No nystagmus was recorded on excitation of the ears with water of

44°C.

Indications for electrocochleography

Although an organic hearing loss was suspected, proof, however, could not be given by sub-

jective audiometry. Moreover, the Békésy audiogram at the right ear showed a type IV curve,

suggesting a retrocochlear hearing loss. It was decided to perform ECoG to determine the

exact hearing thresholds and, in case of a hearing loss, to supply more information about the

site of the lesion.
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Results of electrocochleography

ECoG was performed on both ears. Nosignificant difference was found between both ears.

Therefore only the results of the right ear are presented and discussed. Thresholdsat the right

ear were 25 dB average over the whole frequency range. The slope of the intensity-amplitude

curve was abnormally flat (Fig., upper right).

The flatness of the curve is probably caused by desynchronization of the action potentials

(Fig., lower left) or by a diffuse loss of auditory nerve fibres. This suggests a disturbance in

the functioning of the cochlear nerve. The negative polarity and the normal amplitudesof the

SP demonstrate that cochlear function is normal (Fig., lower right). (Note how nicely in this

case the trapezoidal shape of the stimulusis represented by the SP).

Discussion

The very poor speech discriminationas related to the good cochlear function could be explai-

ned by desynchronization of the action potentials, resulting in a loss of information between

the cochlea and the brain.

Since the left ear showed almost exactly the same recordings, a disseminated neural disturban-

ceis likely. Vestibulometry showed a spontaneousnystagmusto theleft side and a possibledi-

minished excitability of the left labyrinth.

Anelectroencephalogram showed diffuse and unspecific disturbances. Further extensive neu-

rological examination did not reveal .onormalities.

The psychiatric treatment of the supposed not organic hearing loss was stopped whenthe or-

ganic nature of the hearing loss was established by electrocochleography.

It should be realized, however, that the exact nature and causeof the hearing loss could not be

elucidated.
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A 2.8 Aggravation of the hearing loss in the better ear in a case of a one-sided deaf-
ness

Case nr. 040414

History

A 61 year old malepatient wassent to ourclinic because ofsevere hearing impairmentofboth
ears. The patient had become almost totally deaf after a fracture of the skull base many years

ago. The question put to us was whether we could rehabilitate this patient with a powerful
hearing aid. The history was very difficult to take. He complained of almost total deafness
and heavytinnitus in both ears. Also slight dizziness was reported to be present continuously.

Examinations

Routine ENT examination showed normal eardrums and good tubal functioning. General

physical examination showed an enlargedliver and disturbed liver functions. This was proba-
bly due to alcohol abuse. Neurological examination showed no additional features. Tomo-
graphy of the petrous bones showed bilateral sclerosis, it was not possible to visualize the left

cochlea, but the right cochlea had a normal appearance. Theinternal auditory canal on both
sides was normal.

Audiometry

The pure tone-audiogram showed no responses at both ears. Impedance measurements sho-

wed normal patterns in both ears. The stapedius reflex was negativein the left ear, but there

were slight reactions in the right ear on stimulation with 100-110 dB. In speech-audiometry,

no discrimination was found.

Vestibulometry

Electronystagmography showed a slight nystagmusto the right in the left-side position. The
left labyrinth was unexcitable on caloric stimulation.

Indications for electrocochleography

Although pure tone-audiometry showed a 100-110 dB loss at the right ear, the stapedius-reflex

test suggested a smaller loss.

ECoG wasindicated,firstly to record the exact hearing thresholds, secondly to reveal the pos-

sible retrocochlear componentin the hearingloss.

Results of electrocochleography

Electrocochleography was performed on the right ear. Thresholds were far better than those

found in subjective audiometry, now a 45 dB average loss was found. Recruitment was pre-

sent for 2000, 4000 and 8000 Hz (Fig., upperright). The latency-intensity curves were within

the normal range, although some resemblance could be seen with curves found in retrococh-

lear processes (Fig., lower left). Summating potentials were all of negative polarity, having

small amplitudes: 2000 Hz, 80 dB —0.8 «V, 4000 Hz, 80 dB —0.2 »V, 8000 Hz, 85 dB —0.9
nV. It was concluded that the hearing loss was of cochlear origin, showing recruitment. To a

limited extent outer haircell lesions in the basal turn were likely.
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Discussion

The ECoG results were discussed with the patient, and a new pure tone audiogram was made.

Nowtheleft ear still showed a total hearing loss, but the right one only a 65 dB average lossin

speech frequencies.

Asa result ofthe electrocochleographic diagnosis, it became evident that ourpatient aggrava-

ted, although he was a hard of hearing patient, handicapped by his disability. A hearing aid

was fitted, with which our patient was fairly well helped. It remained obscure whythis patient

pretended an almost complete hearing loss on both sides initially.

50 51



 

© Subj.thresholds
J.D, 070625

AD 0 ECoG thresholds

 
  

425 250 500 1900 2000 4000 8000 Hz

amplitude J,D,070625

AY

20 AD

104 \ & \\

L \e 4
5.04 3

©, 4
Oo

‘&

an
2.04 a

a4 APha
1.04 \ ‘i

G &
o

0.54
\f

\

0.24 o\ 4

0. + T —I \\
1 2 3 4 5 678910

latency (msec)

$2

amplitude 4.0. 070625

AV

20 iv
AD f

o

4
104 000 Hz ff°

5 £000 Hz

& 2090 Hz

& 1500 Hz

VY 1000 Hz

Y 500 Hz

054 ey/ f

«| v / / /

gb
10 20 30 40 60 60 70 0

intensity

 
sod!

dBHL 2000 Hz J.0,070625

AD

85

15LV

TI

65eS
1

sak."

4S
K >

poeet
ireey

eee  Toole aoa nee le ok

042 3 eS HR B40

latency (msec)

B 1,9 A classical case of Meniére’s disease

Case nr. 070625

History

A 51 year old male presented himself at our clinic complaining of recurrent attacksofvertigo,

unilateral tinnitus and hearing loss, mostly during periods of stress, which were accompanied

by vomiting. During an attack his hearing became worsein the affected right ear.

Examinations

The aspect of the eardrums was completely normal and so was tubal functioning. At general

physical and neurological examination no abnormalities were found. X-rays made ofthe pe-

trous bones and the cervical spine were normal, and clinical blood chemistry showed normal

values.

Audiometry

During hospitalization audiometry was performedseveral times. The left ear showed normal
hearing, but at the right ear a perceptive loss at frequencies below 2000 Hz was found up to 60

dB at 250 Hz. Right-ear speech audiogram curves were 10-30 dB shifted with respect to nor-

mal, with a maximum discrimination score of 90%. Although Sisi scores were invariably low,
ABLBtests showed recruitment for 500 and 1000 Hz. Tone decaytests were normal. The Bé-

késy audiograms, both for continuous andinterrupted stimuli, were in good agreement with

the thresholds found by pure-tone audiometry.

Vestibulometry

No spontaneous nystagmus was recorded, and both labyrinths were equally excitable with

cold and warm water.

Indications for electrocochleography

Conventional audiometric findings suggested a perceptive hearing loss with recruitment. To
establish its cochlear origin, and to exclude retrocochlear involvement, andalso to reveal the
possible presence of (outer) haircell lesions, ECoG was indicated.

Results of electrocochleography

AP thresholds for the right-ear agreed with thresholds found in conventional audiometry.

Input-output curves showed recruitment for 500, 1000, 4000 and 8000 Hz(Fig., upper right),

amplitude-latency curves were within normal range for the recorded frequencies (1500, 2000,

4000 and 8000 Hz). Summating potentials were constantly of negative polarity and amplitudes

were very large (ranging from —2.1 nV at 4000 Hz to —8.4 »V at 2000 Hz). The hearing loss
was concluded to be of pure cochlear origin, being of the metabolic type, as it showed no ou-

ter haircell loss, except for 8000 Hz, for which frequency no SP could be detected.

Discussion

The large—at least larger than normal —negative summating potential is a phenomenon
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which, in our experiences, is only observed in patients suffering from Meniére’s disease. This

maybe dueeither to metabolic dysfunctioning or to a static displacementof the basilar mem-

brane towardsthe scala tympani, thus reflecting the presence of a hydrops. Since summating

potentials were normal at 2 and 4 kHz,the hearing loss should (theoretically) be reversible at

these frequencies.

The diagnosis of Méniére’s disease was made onbasis of history, conventional audiometry

and electrocochleography. The absence of a spontaneousor positional nystagmusin vestibu-

lometry is not in contradiction with this diagnosis, although a difference in the slow-phase ve-

locity of the nystagmusdueto caloric stimulation between the normal and the pathological ear

is found in 80%of the patients with Meniére’s disease in the interval between the attacks of

vertigo (Baarsma, 1979).

Treatment consisted of a vasodilator regimen, in this case intravenously administered hista-

mine. Sedation and cinnarizine were also given. Now, two yearslater, vertiginous attacks are

less frequent, although hearing and tinnitus have not improved.
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B 1.10 Fluctuating hearing loss in one-sided deafness
(Cochlear stage of Meniére’s disease)

Case nr. 151032

History

A 42 year old male patient was knownto us because of a previous operation for chronic midd-

le ear disease of his right ear. He was totally deaf in this ear since many years. Two monthsaf-
ter the operation ourpatient visited the hospital complaining of serious hearing impairmentin
his left ear. He told us that this happenedatleast three times a year, especially when he suffe-

red from a cold.

After a few days, hearing always had returned to normal. While his hearing was impaired, he

also noticed a slight dizziness. We decided ona clinical observation.

Examinations

Onthe left side a normal eardrum and normal tubal functioning was found.Theright ear sho-
wed a tympanic membraneas seen after tympanoplasty. The mucous membranesof the nose

showeda slight redness as is usually seen in colds. X-rays of the petrous bones showed no ab-

normalities. General physical and neurological examination showed no abnormalities. Blood

chemistry values were normal. The spinal fluid showed slightly elevated protein content.

Audiometry

The right ear showed a total hearing loss. Thresholdsat the left ear were 65 dB perceptive loss

in a flat curve. The same day the audiogram of theleft ear improved by 15 dB to a 50 dB per-

ceptive loss, flat curve. Two days later, thresholds at speech frequencies were 15 dB, at lower

frequencies 35 dB and 50 dB for 4000 and 8000 Hz,all being a pure perceptive loss. Another

twodayslater, the patient told us that his hearing was poor again, and that, before hearing be-

came worse, he had noticed tinnitus in his left ear. The audiogram showed again a 60 dBflat
perceptive loss.

Vestibulometry

Positional tests showed a deviation to the left side. Nystagmography showed a spontaneous
nystagmus to theleft side. The left labyrinth was significantly less excitable on caloric stimula-

tion.

Indications for electrocochleography

Although Meniére’s disease was suspected, the typical vertiginous attacks were absent. The
possibility of multiple sclerosis was also considered on basis of the fluctuating hearing loss,

the slightly increased protein content of the spinal fluid, and the spontaneous nystagmus.

ECoG was performed to differentiate between those two possibilities.

Results of electrocochleography

ECoG was performed the day after the audiogram for the speech frequencies showed only a
small perceptive loss.

Thresholds corresponded well with thresholds found in subjective audiometry the day before.
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Input-output curves showeda steep slope for 4000 and 8000 Hz, which meantthat recruitment

was present for these frequencies. For the other frequencies the normal slope of the input-

output curves indicated the absence of recruitment. Amplitude-latency curves were abnormal

for 4000 and 8000 Hz. The absence of summating potentials for 4 & 8 kHz suggested outer

haircell loss. Summating potentials for 2000 Hz were of negative polarity and had normal am-

plitudes (— 1.5 »V at 85 dB).
A few monthslater a second electrocochleogram was made. Ourpatientstill suffered from at-

tacks of hearing loss. This time, the electrocochleogram was made the day after the audio-

gram showed a 70 dB perceptive loss. ECoG thresholds again agreed well with thresholds

found in subjective audiometry. Now input-output curves showed recruitment for 2000, 4000

and 8000 Hz. Amplitude-latency curves were abnormalfor 2000, 4000 and 8000 Hz. Summa-

ting potentials were absent for 8000 Hz, very small (—0.3 xV at 80 dB) for 4000 Hz and nor-

mal (— 1.2 nV at 85dB) for 2000 Hz. Consequently, outer haircell lesions seemed likely for

4000 and 8000 Hz, which confirmed the data obtained in the first electrocochleogram. Re-

cruitment was also present for 2000 Hz, which was not observedin the first ECoG. Narrow-

band responses for 2000 Hz showed thetriphasic waveform, which is typical for Meniére’s di-

sease. It was concluded that the results of the second ECoG pointed to a metabolic distur-
bance of the cochlea (with outer haircell lesions for 4000 and 8000 Hz), which very well could

fit with Meniére’s disease.

Discussion

ECoG excluded a retrocochlear lesion as could have been expected in multiple sclerosis, and
confirmed a hearing loss of cochlear origin with outerhaircell lesions, thus indicating a meta-

bolic disturbance as is found in Meniére’s disease. Although thetypical vertiginous attacks are

absent, it is expected, that in due time the complete syndrome of Meniére will develop. This

could be called the cochlear stage of Meniére’s disease (Schmidt et al. 1979).
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B 1.11 Bilateral Meniére’s disease?

Case nr. 080331

History

A 42 year old business-man was referred to our department by the neurologist of another

hospital. He complained of fluctuating hearing loss in both ears, present for the past year.

Tinnitus was absent. Sometimesa slight vertigo of short duration had been present. The neu-

rologist reported no abnormalities on physical examination, especially no cerebellar symp-

toms had been found. However, on angiographyofthe carotid arteries a stop in the right me-

dial cerebal artery had been found. As this unexpected finding could not explain the patients

complaints, he was referred to our department.

Examinations

Routine ENT examination showed no abnormalities. X-rays of the petrous bones showed a

normal diameter of both inner ear canals.

Audiometry

Pure tone audiometry was repeated several times, demonstrating a fluctuating hearing loss be-

tween 50 and 90 dB in both ears. The Fig., upperleft refers to the left ear audiogram the day

before electrocochleography was performed. Speech audiometry showed loss of discrimina-

tion at high intensities. Sisi-scores were invariably high forall frequencies. The tone decay was
faster than normal just above threshold for 4000 Hz, but normal at 20 dB above threshold.

Vestibulometry

No nystagmuswasseen in electronystagmography; however, on caloric stimulation both laby-

rinths were less excitable than normal.

Indications for electrocochleography

Although the audiometric result suggest a cochlear lesion, the history certainly is not typical

for Meniére’s disease. Furthermore, the angiographically detected stop in the medial cerebral
artery suggests a lesion of the central nervous system.

In orderto differentiate between a peripheral and a central lesion, it was decided to perform
electrocochleography.

Results of electrocochleography

Electrocochleography was performed ontheleft ear. Thresholds agreed well with those found

the day before in subjective audiometry. This suggests a peripheral origin. The slope of the
input-output curve was steep forall recorded frequencies, indicating recruitment. The latency-
intensity curve was within normal range for 2000, 4000 and 8000 Hz. Summating potentials
were of negative polarity for 2000 and 4000 Hz, having normal amplitudes (2000 Hz 85 dB,

—3.5 nV, 4000 Hz 80 dB, —2.8 »V). For 8000 Hz, 85 aB a positive summating potential of
+ 1.2 nV was recorded,indicating outer haircell damage in the most basal part of the cochlea.
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Discussion

Whenthe electrocochleographic thresholds are the same as those found in subjective audio-

metry, the hearing lossis peripheral. All other electrocochleographic data point to a metabolic

hearing loss, as is found in Meniére’s disease. Therefore the diagnose Meniére’s diseaseis like-

ly, but a few uncommonfacts must be kept in mind: the patients history is not typical for Me-

niére’s disease, while a bilateral fluctuating hearing loss, which is completely symmetrical, is

unusual. Finally, the stop in the medial cerebal artery remains unexplained.
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M.B.R. 26107 B 2.13 A pontine angle neuroma without impairment of the auditory periphery

Case nr. 281074

History

A 54 year old male complained of impaired hearing and of imbalance, causing him to fall to

his left side, when riding his bicycle. The patient consulted a neurologist who found papillede-

ma, and an ENTspecialist who found an unexcitability of the left labyrinth and total deafness

of the left ear. Petrous bone X-rays showed a widening of the inner auditory canal. The pa-

tient was sent to our hospital for further evaluation, on the suspicion of a left pontine angle
tumor.

Examinations

Ear drums were normal as was tubal functioning. No evidence of damageto the cranial nerves

could be found, except for the cochlear and vestibular nerves. Further physical and neurologi-

cal examination showed no abnormalities, except for the already mentionedbilateral papille-

dema. On arteriography and ventriculography an axial pons tumor was suspected, but it was

not clear if the tumorinvadedthe left pontine angle. Blood chemistry values were normal. Ce-

robrospinal fluid showed an elevated protein content.

Audiometry

The right ear showed normalthresholds in pure tone audiometry, but at theleft ear responses

were absent even at 110 dB HL.

Vestibulometry

Postitional tests showed a deviation to the left side. The left labyrinth was unexcitable upon

caloric stimulation.

Indications for electrocochleography

As a total hearing loss was found, it was not possible to determine the locus of the lesion with

conyentional audiometry. ECoG was used to differentiate between a cochlear and a retroch-

lear lesion. Furthermore, in case of a retrocochlear one, to predict the spread of the tumorin

the left pontine angle, asthe latter could not be definitely established by X-ray examination.

Results of electrocochleography

ECoGthresholdsat the left ear showed a 10-15 dB loss at speech frequencies and a dip of 30

dB at 4000 Hz, while in subjective audiometry no responses could be obtained. Recruitment

was absentforall frequencies, since input-output functions had normal slopes. All amplitude-

latency curves were abnormal, passing the upper 2o— boundary for the normal group, what

suggests neural involvement. Summating potentials had normal amplitudes, i.e. ~0.9 nV at

75 dB at 8000 Hz and —3.0 pV at 90 dB at 4000 Hz.
It is important to notice that the waveform showed the characteristics usually seen in retro-

cochlear deafness. The compoundaction potential consisted of three negative peaks. By lowe-
ring the intensity, the N, disapeared, while the second and third deflections remained.
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Discussion

The characteristic potential strongly suggested a tumor located near the pons.

If the tumorhad invaded theinternal auditory canal, diminished blood supply to and from the

cochlea would have induced cochlear damage. Since cochlear function was normal, this was

notlikely to have been the case.

The tumor was explored by the neurosurgeon via a posterior fossa approach. A large tumor

compressing the medulla oblongata was removed. The tumordid not invade the bony canal,

although it originated from the eight nerve.

All other nearby cranial nerves (VI, VII, IX and X) could be kept undamaged. Histological

diagnosis was a neuroma. Thesuspicion ofa pontine angle tumor was mainly established on

basis of the history and the neurological andradiological findings, and sustained by electro-

cochleography. On top of this, electrocochleography contributed to the knowlegde of the

spread of the tumor.
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B 2.14 Central hearing loss due to brain contusion

Case nr. 280236

History

A 39 year old, previously healthy male patient was hospitalized at the department of neurosur-

gery, shortly after he had fallen from a roof. Diagnosis of heavy cerebral contusion and crani-

al fractures of the right temporal bone was made. A monthlater the patient developed pa-

pilledemain the right eye. Tuning-fork tests showed lateralization to therightside.

Angiography of the carotid and the vertebral arteries showed a normal pattern of the central

vessels. Pneumencephalography did not show abnormalities. The otolaryngologist was con-
sulted with respect to the lateralization test.

Examinations

Routine ENT examination (which was done a monthafter the accident) showed no anatomi-
cal abnormalities. At the tuning fork test this time our patient lateralized to his left ear. To-
mography of the petrous bones showed a small longitudinal fracture line in the left petrous

bone.

Audiometry

The left ear showed normal hearing thresholds. At stimulation of the right ear no responses

were obtained. Tympanometry showed good middle ear pressure.

Vestibulometry

Romberg and Unterberger tests showed a deviation to the right side. No spontaneous nystag-

mus was recorded and both labyrinths were equally excitable on caloric stimulation.

Indications for electrocochleography

With subjective audiometry a totally deaf right ear was found with a normal functioning laby-
rinth. Nosigns of a fracture through the cochlea were seen. No cause had been found for the
right sided papilledema. Therefore, to differentiate between a cochlear or retrocochlear hea-

ring loss, ECoG wasindicated. In case of a retrocochlear cause, ECoG might be helpful to

establish the neurological diagnosis.

Results of electrocochleography

dB for 4000 Hz'and 5 dB for 8000 Hz. The slope of the input-output curves was veryflat (Fig.,
upper right). The amplitudes of the summating potentials were normal (—0.3 »V at 2000 Hz,
85 dB, —2.5 pV at 4000 Hz, 80 dB). For 8000 Hz a positive summating potential was recorded

(+1.5 pV at 85 dB). Thelatency-intensity function showedrelatively long latencies for 2000
and 4000 Hz (Fig., left below), at intensities below 50 dB.

eBors0Haan was performed onthe right ear. Thresholds were 25 dB for 2000 Hz, 10
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Discussion

The normal amplitudes of the summating potentials indicated that hair-cell damage was notli-

kely except for 8000 Hz.

This, and the large threshold-difference between electrocochleography and subjective audio-

metry, indicated a central cause of the hearing loss, for example a bleeding,or, in this particu-

lar case less likely, a tumor.

To exclude the possibility of a tumorin the area of the pons cerebri, ventriculography was per-

formed. No abnormalities were seen. The patient’s general condition improved spontane-

ously, papilledema disappeared, but the subjective hearing loss at the right auditory system

persisted, for a yet unknown reason. Thefinal diagnosis was: contusio cerebri with contusion
of the brainstem.
It should be noted,that if the initial Localization of the tuning-fork test to the affected ear was

correct, this can only be explained by a conduction-type deafness (as could be expected by a

temporal bonefracture), together with a normal to subnormal functioning cochlea and central

nervous pathways. This would mean thatthe central hearing loss developed after the tuning-

fork test was done,
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B 3.15 Sudden deafness due to syphilis

Case nr. 280946

History

A. 28 year old male, complaining of a slowly progressive hearing loss, bilateral tinnitus and at-

tacks of vertigo was sent to our clinic. The hearing loss started 3 to 4 weeks before admittance

and the patient complained about aphtaelike eruptions of the oral mucosa one week before

the start of his hearing problem, one month before the received an influenza vaccination.

Examinations

Mucosal lesions on the palate and gingivae were found. Ear drums and tubal functioning were

normal. The glans penis showed mucosal lesions from which treponema pallidum could be

isolated. There were no focal neurological abnormalities, and also X-ray examination of the

petrous bone was normal.

The Wasserman and Reiter tests were positive. The spinal fluid showed an increasein cells

(68/3) of which 65% were mononuclear. The Queckenstedt test was normal.

Audiomeitry

A perceptive hearingloss of about 40-45 dB was found bilaterally for frequencies up to 2000

Hz,the higher frequencies showing a 60 dB hearing loss. Tone decaytests and Békésy audio-

metry did not show any additional features. Sisi scores were 100% for 2000 and 4000 Hzin

both ears. Speech audiometry showed a shift of the curves of about 45 dB and a maximum dis-

crimination score of 90%.

Vestibulometry

Positional tests showed no abnormalities. A spontaneous nystagmusto theleft side was

found. Both labyrinths were equally excitable on caloric stimulation.

Indications for electrocochleography

As a syphilitic cause of hearingloss is a rare finding today, the hearing loss was studied more

closely by electracochleography.

Results of electrocochleography

Thresholds agreed well with the subjective ones (Fig., upper left). The input-output curves

showed recruitment for 4, 6 and 8 kHz andindicationsfor recruitment at the lower frequen-

cies (Fig., upper right). Amplitude-latency relations were normal for 2 kHz and were outside

the normal rangefor 4 and 8 kHz (Fig., lowerleft). Summating potentials showed a particular

behaviour, being positiveat all levels for 8000 Hz, and changing from positive to negative for

the lower frequencies with a decrease in intensity (Fig., lower right). The amplitudes ranged

up to 7.5 nV for 8000 Hz, 85 dB HL, whichis large compared to normal limits and in the range

found for Meniére’s disease. Since normal summating potential amplitudes require normal

haircells, but positive SP’s indicate at least a loss of haircells in the most basal part of the

cochlea, interpretation was not completely clear. It was concluded thatthe hearing loss would

be of the metabolic type which at least for frequencies of 2000 Hz and lower could be rever-

sible.
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Discussion

A diagnosis of syphilis of stage LI has been made. In these cases progressive perceptive hearing

loss is knawn as an infrequent symptom andthe hearing loss in general is considered to be of
neural origin. Treatment consisted of a daily intramuscular injection of 60.000 LE almocillin

during 15 days and appeared to be succesful. No improvementin hearing was seen in thefirst

two monthsafter the treatment was started. However, three monthslater the audiogram sho-

wed normal threshold levels for both ears.

The normal SP’s for 2000 and 4000 Hz contradict any, even functional, haircell loss. The po-

sitive SP for 8000 Hz suggests, at least a functional haircell loss in the area of the basal turn.

The cochleographic data are in good agreement with those found in a large group of Meniére

patients. The cochlear findings in post mortem temporal bone studies from patients suffering

syphilitic hearing loss and those from Meniére patients also show noessential difference.

The normal functioning of the haircells indicates a metabolic disturbance which is theoretical-
ly reversible.
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B 3.16 Sudden deafness of partially central origin

Case nr, 301074

History

An 18 year old girl complained oftinnitus in the left ear and of vertigo, following an attack of

a commoncold. She consulted an ENT specialist who found a perceptive type hearing loss up

to 80dB for frequencies above 2000 Hz and slight conductive type hearing loss for lowerfre-
quencies in the left ear.

One month later she complained of a rapid further deterioration of hearing in the same ear. At

this time an audiometric examination showed a 70 dB perceptive loss in the middle frequencies

and no responses for 4000 and 8000 Hz. The ENTspecialist considered the possibility of mul-

tiple sclerosis; examination by the neurologist, however, did not support this view. Three

weeks later the hearing in the other (right) ear also suddenly deteriorated. Following this dra-

matic event, on the 9th of June, the patient was referred to our clinic for further evaluation.

Examinations

The eardrums were normal and so was tubal functioning. An X-ray examination of the pe-
trous bones showed symmetrical internal auditory canals. General and neurological examina-
tion showed no abnormalities and absolutely no signs of multiple sclerosis.

Normal blood and spinal fluid values were obtained. Reiter and VDRLtests were negative.

Audiometry

Onthe 11th of June 1974, the audiogram showed for the right ear a perceptive loss of 90 dB

for all frequencies and no speech discrimination at all. The left ear showed a perceptive loss

for frequencies below 3000 Hz and no hearing for 4000 and 8000 Hz. Speech audiometryre-
vealed a 50 dB shift of the curve and a maximum speech discrimination of 80%.
Sisi scores were low in both ears, and tone decaytests as well as Bekésy audiogramsgave noin-

dication for a retrocochlear lesion. The stapedius reflex was negative in both ears. Four

monthslater, in Oct. ’74, the right-ear audiogram was still unchanged, but now theleft ear

showed a 90-100 dB perceptive loss in the middle frequencies (Fig., upper left). Speech discri-
mination was absent in both ears.

Vestibulometry

Romberg and Unterberger tests were normal.
An absence of spontaneous nystagmus and oncaloric stimulation an unexcitability of both la-
byrinths was found.

Electrocochleography

Asthe nature of the hearing loss was completely unknown, electrocochleography was per-
formed twice on the left ear in order to study the localisation of the lesion. The first ECoG
was made when there was a 60 dB loss in speech frequencies in subjective audiometry (June
*74), the second (Oct. ’74) when audiometry showed an almost total hearing loss.
Thefirst electrocochleogram, which was performed in June ’74 on the left ear, showed thres-

holds varying from approximately 45 dB in speech frequencies to 75 dB at 8000 Hz, while the
hearing loss in subjective audiornetry was 60 dB in speech frequencies and no responses were
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recorded at higher frequencies. So over the whole frequency range ECoG thresholds were 15-

20 dB better than subjective thresholds. Input-output curves, with exception of the curve for

500 Hz, all had normal slopes, which means that only for 500 Hz recruitment was likely. Four

monthslater a second electrocochleogram was performed, on-the same ear, when subjective

audiometry showed an almosttotal hearing loss (Fig., upper left). For the speech frequencies

the ECoG thresholds were 50 dB average, and up to 85 dB at 4000 and 8000 Hz. Nowinput-

output curves showed recruitmentforall frequencies (Fig., upper right). Amplitude-latency

curves were abnormal at 1500 and 4000 Hz (Fig., lower left). Summating potentials were of

normal (4 »V) amplitude and of negative polarity for 1500 Hz, but absent for the higher fre-

quencies. While there was a large difference in subjective thresholds at the time of both elec-

trocochleograms, electrocochleographic thresholds were almost identical to each other.

Atthe time of thefirst electrocochleogram the nature ofthe hearing loss was not understood.
Although the difference of 15-20 dB between subjective and ECoG thresholds suggested a re-

trocochlear lesion, one should realize, that 15-20 dB difference between both thresholds may

be within normal limits. A differentiation between neural and cochlear involvement could not

be given. The second electrocochleogram, however, which was performedat the time ofan al-

mosttotal hearing loss at subjective audiometry, presented us with much more information.
Although thresholds did not differ much from thefirst electrocochlegram, cochlear damage

now became more obvious, which was demonstrated by the presence of recruitmentforall fre-

quencies andhaircell lesions for 2000 Hz and above. The retrocochlear componentalso beca-

me evident.

Discussion

After the first electrocochleogram, which showed no evidence of cochlear damage and sug-

gested the possibility of a retrocochlearlesion, our patient was treated with a vasodilatorregi-

menconsisting of large doses of intravenous histamine. No improvementin hearing can bere-

ported as a result of this treatment. The hearing thresholds showed large variations in time,

varying from a 40 dBloss to a total hearing loss for both ears.

Thereafter, treatment with steroids was tried, also without succes (it must be noted that these

therapies were experimental, since the cause of the diseasestill remained unknown).
A hearing aid was fitted at the right ear. At present the hearinglossis still fluctuating, while

the possible underlying systemic diseaseisstill unknown.

Whenelectrocochleographic thresholds are better than those found in subjective audiometry,

this is indicative for a retrocochlear or central component of the hearingloss.
While thefirst electrocochleogram indicated a sensorineural disturbance without recruitment,

the presence of recruitment became evident in the second electrocochleogram. However,

thresholds in both electrocochleograms were about the same while subjective thresholds diffe-

red largely.

In conclusion, although the final diagnosis remains obscure, the electrocochleographic results

indicate a lesion of the cochlea and a fluctuating retrocochlear or central lesion.
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B 3.17 Recovery from nearly complete sudden deafness

Case nr. 280716

History

A 60 year old male patient visited our hospital two weeks after he suddenly becamedeafin his

left ear. Tinnitus was constantly present, but he did not complain of dizziness or vertigo. He

had suffered from a myocardial infarction two years ago since when he had been continuously

using anticoagulant drugs.

Examinations

No abnormalities at the eardrums were found. Tubal functioning was normal.

General physical and neurological examination showed a healthy man, except for his myocar-

dial status. Blood andspinal fluid chemistry was normal. X-rays of the petrous bones showed

normal internal ear canals.

Audiometry

Pure tone audiograms demonstrated normal thresholds at the right ear, but an almost total

pure perceptive loss at the left side. Thresholds were approximately 100 dB for speech fre-

quencies.

Vestibulometry

The positional tests were normal.

A minimal positional nystagmusto the right side was found, but no other abnormalities beca-

me apparent.

Indications for electrocochleography

Electrocochleography was indicated to investigate a cochlear or retrocochlear cause of the

hearing loss. In case of a purely cochlear cause,it is important to know to which extent outer

haircell lesions are present. Treatment with a vasodilator intravenously was planned to bestar-

ted after the electrocochleogram in case a cochlear hearing loss was found.

Results of electrocochleography and further convential audiometry

Thefirst electrocochleogram (of which no diagrams are shown)oftheleft ear showed an aver-

age hearing loss of 85 dB. No summating potentials were present for the standard intensities

(85 dB — 2000 Hz, 80 dB — 4000 Hz and 85 dB — 8000 Hz), indicating severe haircell malfunc-

tioning. However, at a 100 dBlevel, at 4000 Hz a small negative summatingpotential waspre-

sent, having an amplitude of —0.4 pV.

Although on the basis of the electrocochleogram the prognosis of the hearing loss seemed to

be discouraging,treatment with intravenously given vasodilators was started. Each day a pure

tone audiogram was made; thresholds remained unchanged until the fifth day, on which a 60

dB average hearing loss for speech frequencies was recorded. The speech audiogram

showed a 70 GBshift of the curve, with a maximumdiscrimination score of 50%. Thresholds

of the second electrocochleogram (fig. upper left) showed a 70 dB average loss, 10 dB worse

than the subjective audiogram. Input-output curves (Fig., upper right, black symbols) de-
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monstrated recruitmentfor all frequencies. This time also summating potentials were absent
for standard intensities. Again a negative summating potential at 4000 Hz and 100 GBintensi-
ty was recorded. However, compared with the formerelectrocochleogram the amplitude was

smaller: —0.2 nV instead of —0.4 pV. The same conclusion was made:cochlear hearing loss

and damageof the outer haircells in the basal turn.

Discussion

The administration of vasodilators was continued for two weeks. The pure tone audiogram,

made on the day the patient left the hospital, demonstrated a 45 dB average loss for speech

frequencies, indicating further improvement. Two monthsafter being hospitalized, the pure

tone audiogram (Fig., upper left, 100976) showed almost normal thresholds up to 1500 Hz

and a 50 dB average perceptive loss from 2000 to 8000 Hz. Because ofthis rather surprising

improvement,which wasnot expected onbasis ofthe previous electrocochleograms,a third elec-

trocochleogram was made. Thresholds corresponded well with those found in subjective audio-

metry. Recruitment had disappeared for 500 and 1000 Hz,along with threshold improvement.

Although, compared with the previous electrocochleogram, thresholds for 2000, 4000 and

8000 Hz also had improved (butless), recruitment for these frequencies remained present.

Most important, however, was the presence of summating potentials. The polarity was negati-

ve for 2, 4 and 8 kHz amplitudes respectively being — 0.75 nV, —0.75yV and —1.1pV at stan-
dard intensities (being low ‘normal’). This time, the following conclusion was made:

Cochlear hearing loss, with recruitment for higher frequencies, and diffuse outer haircell lesi-

ons in the basal turn.

In this case of sudden deafness the prognosis of the irreversibility of the hearing loss, stated on

basis ofthefirst electrocochlecgram, has not been proven accurate for the ear as a whole, and
only partially for the basal turn.
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B 3.18 Retrocochlear hearing loss due to compression of the auditory nerve

Case nr. 080652

History

A previously healthy, 24 year old female patient suddenly becamedeafin her right ear. No tin-

nitus or vertigo was present, middle ear infections had not occurred.

No relatives of the patient were hard of hearing.

Examinations

The aspect of both eardrums was normal. On gross examination no nystagmus wasseen, the

Romberg and Unterberger tests were normal. The function of the facial nerve was also nor-

mal. Réntgenography of the petrous bones showed heavysclerosis all over both bones. The

inner ear canals were extremely narrowed by sclerosis to a width of 2 millimeters.

Audiometry

Pure tone audiometry of the left ear showed normalthresholds, but a 20 dBshift of the speech

audiometry curve with respect to normal. A maximum discrimination of 100% was reached.
Theright ear was much moreseverely affected, A perceptive hearing loss of 70 dB average for

speech frequencies was found(fig. upper left) and discrimination of speech appeared to be to-
tally absent.

The tone decay tests and the Békésy audiogram (Type IV) were abnormal,indicating a retro-

cochlearorigin of the hearing loss. Impedance measurements were normal, but the stapedius-
reflex was absent in the right ear.

Vestibulometry

No spontaneous nystagmuswas found. Both labyrinths did not respond tocaloric stimuli, not
even with ice-water. No central symptomswere present. These results are suggestive for a long

existing, slowly progressive disorder of both labyrinths.

Indications for electrocochleography

Although the cause of the hearing loss and loss of vestibular function was already revealed by

réntgenography, we considered it of importance to know whether the hearing loss was solely

the result of nerve compression or that cochlear disturbances were involved too.

Results of electrocochleography

Electrocochleography was performed onthe right ear.

Thresholds were far better than those found in subjective audiometry (Fig., upperleft). The

input-output function was normal forall frequencies recorded, indicating that no recruitment

was present. Latency-intensity curves (Fig., lower left) were abnormal for 2000 and 4000 Hz.

For these frequencies a sudden latency shift is seen at 95 and 80 dB respectively. The wave-

form (Fig., lower right) demonstrated a typical feature which is usually found in pontine angle

tumors: a prominentdeflection with a latency of approximately 5 milliseconds, whichpersists

while intensity decreases.

Narrow-band analysis showed monophasic action potentials.
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It was concluded that cochlear function was normal (SP-amplitude: —0.85 pV at 85 dB, 2000

Hz) and that the threshold elevation was due to a neuralloss.

Discussion

Electrocochleography demonstrated a lesion of the auditory nerve.

Onthe basis of the results of the X-rays one must differentiate between several sclerosing pro-

cesses of bone:e.g. osteopetrosis and fibrous dysplasia. The cochlear and vestibular nerve are

already affected by the disease, but the facial nerve is still normal at both sides. A decompres-

sion of the facial nerve seems indicated.
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B 4.19 Hearing loss due to gentamycin

Case nr. 250747

History

A 26year old male patient, complaining ofbilateral hearing impairment and tinnitus, was re-

ferred to our clinic by his pneumonologist. He had suffered from hearing loss andtinnitus for

three months after a six week treatment with gentamycin (3 times 80 mgrs daily) for a serious

infection of the lungs caused by pseudomonasaeruginosa. Novertigo had been noticed by the

patient.

Examinations

The aspect of the eardrums was normal, as was tubal functioning.

Audiometry

Pure tone audiometry demonstrated a symmetrical perceptive hearing loss. In both ears thres-

holds were almost normal up to 2000 Hz, above 2000 Hz there was a sharp decrease to a loss

of + 50dB for 4000 and 8000 Hz(Fig., upperleft). Speech audiometry showed a 15 dB shift

of the curve, but a maximum speechdiscrimination of 100%was reachedat both earsat suffi-

cient amplification. Sisi-scores were high (90-100%) for 3000, 4000 and 8000 Hz. The tone de-

cay test was normal.

Vestibulometry

The positional tests (Romberg, Unterberger) were normal.

A minor nystagmusto the left side was seen in all head and bodypositions.

Indications for electrocochleography

Onthe basis of the results from subjective audiometry, a cochlear hearing loss was very likely.

In thecase of a pure cochlear hearingloss it would be interesting to knowifirriversible haircell

damage was present.

Results of electrocochleography

Electrocochleography was performed on the left ear.

Thresholds confirmed those found in subjective audiometry (Fig., upper left). Input-output

curves showed noclear recruitment for 3000 and 4000 Hz, but the curves were steeper than the

curve for 2000 Hz, for which recruitment clearly was absent. The amplitude-latency curve was

also normal for 2000 Hz, but abnormal for the higher frequencies. Summating potentials were

of negative polarity for all recorded frequencies, the amplitudes being abnormally small for

4000 and 8000 Hz (—0.40 »V, 80 dB and —0.30,V,85 dB respectively), and normal for 2000

and 3000 Hz (— 1.35 zV, 85 dB and 0.70 pV 80 dBrespectively). It was concluded that the hea-

ring loss was of cochlearorigin with recruitment for 3000 and 4000 Hz (possibly also for 8000

Hz) and outer haircells lesions for 3000, 4000 and 8000 Hz.
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Discussion

The high-frequency perceptive hearing loss was already known from subjective audiome-

try. ECoG demonstrated the functional loss of outer-haircells in the basal turn. The tinnitus

was treated with vasodilator drugs, but this treatment has not been succesful.

The pure tone audiogram has not improved, as was expected from the electrocochleographic

results,
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B 4,20 Hearing evaluation of a child with retardation of speech and language

Case nr. 110168

History

A five year old boy, born seven weeks prematurely, was sent to our clinic because of consi-

derable retardation of speech and language. At the time of his birth the child had been blue

andartificial ventilation had been given. His motor development seemed normal; however,

the first signs of speech did not appear until the age of four. The parents began to doubt the

child’s ability to hear because on occasion they seemed unable to communicate with the boy.

Examinations

Eardrums andtubal functioning were normal. Neurological examination showed normal mo-
tor development and social behaviour. Theintelligence quotient was average. At phoniatric
examination the child’s small vocabulary wasstriking, and he was not able to produce a sen-

tence of more than two words. Articulation also proved to be bad.

Audiometry

It was not possible to obtain a normal pure-tone audiogram.Therefore,three different exami-

ners performed observation audiometry. Two of them concluded thatthe child’s hearing was

normal, while the third examiner had some doubts.

Indications for electrocochleography

Since a hearinglossas the cause for speech retardation could notbe excluded with certainty by
observation audiometry, it was decided to perform electrocochleography to definitely esta-
blish the child’s hearing ability.

Results of electrocochleography

Surprisingly, electrocochleography showed a bilateral perceptive hearing loss of about 65 dB
in speech frequencies and of about 30 dB at 8000 Hz. The right ear seemed to bethe better
one.
Onbasis of the slope of the input-output curves (Fig., upper right) recruitment was notlikely
to be present for 8000 Hz, while indications for recruitmentexisted for 1000, 2000 and 4000
Hz. Amplitude-latency curves were abnormal for 2000, 4000 and 8000 Hz. Summating poten-
tials had very small amplitudes.

It was concludedthatthe hearing loss was of cochlear origin with outer haircell loss except for

8000 Hz, and possible also some neural involvement.

Discussion

High frequencies are alwayspresent in the sound producing toys used in observation audiome-

try. Whereas in electrocochleography high frequency thresholds were better than low and

middle frequency thresholds, the favorable results of the observation audiometry could be ex-
plained.

Asa result of electrocochleography,the cause of the speech and language retardation was now
known to be a serious bilateral perceptive hearing loss. Rehabilitation of speech and hea-
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ting could be started. A hearing-aid was applied and speech-therapy was intensively

given,which resulted in a rapid improvement of speech.

Whenthe boy reached the age when normal pure tone audiograms could be made,electro-

cochleographic thresholds were confirmed for both ears. For the left ear the subjective audio-

gram was better at the lower frequencies by 15 dB, but it also corresponded well at the higher

frequencies.
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VI Discussion

Performing electrocochleography in children generally answers the question about

the validity of their auditory periphery (Spoor and Eggermont, 1976). In adults, it

gives cues in suspected malingerers or patients simulating some kind of deafness. In

these case findings of normalperipheral hearing do not exclude the presence of so-

me hearing problem. They exclude, however, the presence of a conductive or coch-

lear hearing loss, e.g. noise trauma. Thereliability of ECoGis partly due to the fact

that it is not influenced by sedation or general anaesthesia and cannotbe influenced

by attention either. This is in contrast with the slow vertex potential (in use in the

late sixtees and early seventies) which is influenced by attention, sleep and sedation

and which is absent under general anaesthesia (Picton et al., 1974a, b).

VII The selected examples

a) Children in which observation audiometry is impossible or unreliable. (A.1.1.

through A.1.5)

This selection gives an impression of the types of children which are ‘difficult-to-

test’. Examples are given on: the autistic child, the child with conductive losses in

which a perceptive loss could not be excluded on basis of behavioural tests, and

the child in which subjective audiometry could not differentiate between the relative

components in a mixed hearing loss. Spoor and Eggermont (1976) demonstrated

that, in 95%of the cases the difference between ECoG thresholds and subjective
thresholds can be expected to be less than 20 dB. A hearingloss ofless than 20 dB,

whether it is conductive or perceptive, therefore cannot be detected by ECoG. In

conductive hearing loss a shift to longerlatencies is usually seen (Berlin et al., 1973),

while the amplitudes of the SP’s tend to be smaller. However, of both parameters

the spread of normal values covers a range of approximately 20 dB (Eggermont,

1976). This explains the difficulties in determining the relative components in a

mixed hearingloss of less than 40 dB (A.1.4, A.1.5). Apart from tympanometry and

stapedius reflex tests, bone-conduction electrocochleography would be extremely

helpful in these cases. However, calibration problems and artefacts due to mechani-
cal vibrations of the skull have so far prohibited the routine use of a bone conductor

in ECoG (Arlinger and Kylén, 1977).

b) Adults suspectedfrom aggravation or simulation (A 2.6 through A 2.8)

In these cases, findings of normal peripheral hearing do not exclude the presence of

some hearing problem.
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However, the use of ECoG offers the way to proceed with the behaviouraltests,

(e.g. Lombard or Stenger test) although the stapedius reflex-test may provide some

information. For instance, in A.2.8 a striking difference between ECoG and subjec-

tive thresholds was found.

A far larger group of patients comprises those of which besides the audiogram con-

siderable information is available about the type of hearing loss, e.g. conductive

versus perceptive, cochlear versus retrocochlear. However, seldom doall subjective

tests agree, and the need for an objective test is often felt.

c) The validity of hair-cells in cochlear hearing loss (B 1.9 through B 1,11)

It has been demonstrated in the section on the summating potential that the SP can

be regarded as the only reliable parameter at this moment, for estimating hair-cell

validity in the basal turn of the cochlea. In Meniére’s disease a tendencyexiststo lar-

ger SP amplitudes at 2000 Hz compared with normal ears (Aran and Negrevergne,

1973; Schmidt et al., 1974). Small SP amplitudes, a positive SP and especially the

absence of SP, indicate severe outer hair-cell dysfunction or anatomical hair-cell

loss. In Meniére’s disease the loss of SP may indicate the change from a fluctuating

to amorestable state of the disorder. This knowledge might influence the clinician’s

choice of therapy.

d) Diagnosing retrocochlear types of hearing loss (B 2.12 through B 2.14)

Electrocochleographic thresholds in retrocochlear hearing loss are in general better

than or equal to subjective thresholds, since ECoG describes only the auditory pe-

riphery (cochlea and peripheral part of the auditory neuron): Innitzer, 1976, Morri-

son et al. 1976). The degree of threshold difference depends on thesite, size and

consistency of the process (e.g. beginning or advanced pontine angle tumor), Morri-

son et al., 1976). A typical waveform of the AP (B.2.14 and B.3.18) is produced

when the auditory nerve is compressed or stretched (Beagley et al., 1977, Glazen-

burg, 1978). This waveform can be examined using the technique of narrow-band

analysis (Eggermont, 1976).
The AP waveform found in retrocochlear hearing loss may look similar to the AP

found in Meniére’s disease, which shows a prominent SP~. Since the SP shows no

adaptation, differentiation can often be made on basis of this property.

Whenretrocochlear hearing loss is due to diffuse lesions in the brainstem, normal

input-output curves are found, and, apart from thresholds-differences (B.2.14), the

AP-waveform is normal. Besides threshold-differences and broadening of the AP-

waveform in retrocochlear hearing loss, Gibson et al. (1976) assign some value to

the persistance of the CM. However,no definite conclusion can be derived from the

CM,as already has been discussed in the introduction. For more exact information

regarding the location of the cause of the retrocochlear hearing loss, brainstem

audiometry seems to be extremely useful (Selters and Brackmann, 1977).
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e) Predicting the prognosis in sudden deafness (B 3.15 through B 3.17)

The most popular concept used to explain ‘idiophatic’ sudden deafnessis viral laby-

rinthitis and/or vascular occlusion. Lindsay et al. (1960) described degenerative

changes consisting of atrophy ofthe stria vascularis, the tectorial membrane and the

organ of Corti in a case of mumps.In such casesit is possible with ECoG to obtain

information aboutthestatus of the outer hair-cells shortly after the attack. Thevali-

dity of the hair-cells is represented by the amplitude of the SP, while a change of po-

larity (from negative to positive) is associated with hair-cell damage. From an elec-

trocochleographic study of 34 patients with sudden deafness Nishida et al. (1976)

derived a prognostic criterium for the disease, i.e. dominant negative SPs offer a

good prognosis. However, absence of the SP does not always mean total or per-

manent loss of outer hair-cell function, as is demonstrated in B,3.17. In neurologi-

cal diseases the cause of sudden deafness can be retrocochlear. B.3.16 demonstrates

a partial retrocochlear origin of sudden deafness, while no other neurological symp-

toms exist.

VI 2 Theclinical significance of electrocochleography

VI 2.1 Diagnosis categories and clinical significance

Theclinical significance of ECoGis defined as the influence on the management of

hearing disorders.

For the selected examples in general the result of the electrocochleogram in one or

more details influenced the optional therapy. The next step has been to investigate

this for all the patients on which ECoG was performed from 13-03-71 to 09-11-77.

The question to be answered by ECoG on these 531 patients of all ages can be divi-

ded in four categories:

A. Is a hearing loss present, and if so, how largeisit?

B. If a hearing loss is present, is it a conductive or a perceptive hearing loss?

C. If it is a perceptive hearing loss, is it cochlear or retrocochlear?

D. If it is a cochlear hearing loss, is it a metabolic hearing loss or hair-cell loss?

These four categories are the same as used by Eggermont en Odenthal (1977).

Theclinical significance of these 531 electrocochleogramscan also be divided into

four groups, to be defined as follows:

I Very little prior information was present, the ECoG resulted in a definite diagno-

sis and thereby strongly influenced therapy.

II Some prior information was present, the ECoG provided significant informati-

on, thereby contributing to the diagnosis, and influencing therapy.

III Someprior information was present, the ECoG provided additional informati-

on, thereby refining the diagnosis, but not influencing therapy.

IV Much prior information was present, the ECoG results provided no additional
information, thereby not influencing therapy.
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Table I; The relation between the indication for ECoG andtheclinical significance

for patients of all ages.

All patients

CLINICAL

SIGNIFI-

CANCE OF I II Ill IV total

INDICA- ECoG

TION FOR

ECoG
 

A (Audiometry) 148 24 21 1 194
 

B (Conduction loss or

perceptive hearing 5 4 1 2 12

loss)
 

C (Peripheral or 12 62 30 14 118

central hearing loss)
 

D (Metabolic dysfunction 11 22 150 24 207

or haircell loss)
      176 112 202 41 531

Table IT: The relation between the indication for ECoG andtheclinical significance

of ECoG for patients under 13 years.

tients < 13 years

 

 

 

CLINICALSIGNI-

FICANCE OF
INDI- ECoG| I U Il IV
CATION FOR
ECoG

A (Audiometry) 128 17 11 0 156

B (Conduction loss
perceptive hearing 0 2 1 0 3

loss)

C (Peripheral or 0 0 0 0 0

central hearing loss)
 

D (Metabolic dysfunction or 0 1 ] 0 2

haircell loss)
      128 20 13 0 161

Table If]: The relation between the indication for ECoG and the clinical signifi-

cance of the ECoGresults for patients over 13 years.

patients = 13 years

 

 

 

 

 

CLINICAL SIGNI-

FICANCE OF

INDI- ECoG| I I Ill IV

CATION FOR

ECoG

A (Audiometry) 20 7 10 1 38

B (Conduction loss 5 2 0 2 9

perceptive hearing

loss)

C (Peripheral or 12 62 30 14 118

central hearing loss)

D (Metabolic dysfunction or ll 21 149 24 205

haircell loss)

48 92 189 41 370     
The results are given in Table I.

If one does not know much morethan‘thechild is hard of hearing’ or the child only

showsautistic behaviour, ECoG nearly always has a major impact on the treatment.

148 cases out of 194 in which the basis concern was the need for a detailed audio-

gram, fall into group I while in just one case it did not help either diagnosis or treat-

ment.
Onthe other hand,if the patient’s audiogram andthe presenceof recruitmentetc,is

known,and the question is to distinguish between a metabolic disturbance (cochlear

loss with recruitment, no haircell dysfunction) or haircell loss (also with recruit-

ment) 150 out of 207 casesresulted in a refinement of diagnosis, but with no influen-

ce on the therapy.

Using correlation techniques for grouped data (Spiegel, 1961), the correlation coef-

ficient between the rankings ofclinical significance (I to 1V) and the degree ofrefi-

nement added by performing ECoG (A to D) has been calculated to be r = 0.67.

This is significantly different from zero (p < 0.0005); the 95% confidence limits of r

are between 0.62 and 0.71. It indicates a moderately high positive correlation bet-

ween the degree of refinementin the diagnosis asked for, and the decrease in the cli-

nical significance of the ECoGresult.
Whenthe total group of patients is divided in a group of children up to and inclu-

ding 13 years, and a group of patients abovethis age, the results are differentasis il-

101



lustrated in Table II and Table III. The criteria are the same as for the group as a

whole. It must be noted that usually children require general anaesthesia, while in

adults only a premedication is necessary. Therefore, in deciding on performing

ECoGin children, the chance of obtaining rewarding information should behigh,

For patients older than 13 years mostly a differentiation between metabolic distur-

bance and hair-cell loss was sought. The relatively large number ofpatients in this

groupis the result of the special interest of the Leyden E.N.T.clinic in Meniére’s

disease. In 48 out of 270 patients the diagnosis could not have been made without

ECoGresults (18%), while in 34% (92 out of 270) ECoG has been helpful in obtai-

ning diagnosis. These results contrast with the results from the children tested: in

128 out of 161 patients diagnosis has been made by ECoG only (80%), while in 12%

(17 out 161) ECoG has been helpful in establishing diagnosis.

It seems that electrocochleographyis clinically significant in obtaining exact infor-

mation about hearing thresholds in children. This is not necessarily true in adults

since a reliable subjective audiogram can generally be obtained. Thus, the morerefi-

ned the question to be answered by ECoG, theless significant are the results for the

clinician.

VI 2.2 Comparison of the Leyden results to a worldwide questionnaire

Elaborating on a questionnaire distributed throughout the world, Crowley et al.

(1975) asked for a similar comparison for 3180 patients. Part of this group could be

separated in 553 adults and 871 children under 15 years. Their definitions of signifi-

cance are in global accordance with the groups I through IV in this investigation:

I Diagnosis very doubtful, ECoG primary factor in diagnosis

Il Diagnosis in some doubt, ECoG added useful information

III Diagnosis clear pre-ECoG, confirmation desired

IV Diagnosis remained doubtful, in spite of ECoG

A comparison shows that the Leyden results and the results from the Crowley

questionnaireforall patients are significantly different (X?.995). Differences may be

the result of the slightly different definitions, but also of a different selection of the

patients submitted to ECoG.

Comparison of the adult groups results in an apparently better result (12.3%) for

the Leyden group in category I, which also may be caused by the above mentioned

variables and the fact that except for the Leyden ECoG’s, the ECoG’s in the Crow-

ley questionnaire were made with clicks (no reliable audiograms can be obtained
with clicks) (Table V).

The children-group is shown in Table VI. Here the percentage in category I is again

significantly higher for the Leyden group, but adding the percentages of category |

and II gives percentages of 92 for Leyden and 87.8 for the above mentioned questi-

onnaire respectively.

It is not surprising that the patient material in the present study and in the Crowley
questionnaire is different. Patients to be subjected to ECoGareselected on diver-

ging grounds.

One group, mainly children, is selected because no other tests provide enoughinfor-

mation and it is therefore likely that the ECoG results will be classified in groupsI
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or Il. Another group, e.g. patients suffering from Meniére’s disease, is selected for

the main purpose of studying this less understood disease. It is therefore not supri-

sing that the results obtained would add anything to the choice of the mostly trial-

and-error-type therapy. Most of these patient results are therefore classified in

GroupsIII or IV. Patients not belonging to the children or Meniére group are not

frequently found because either the direct consequences are minimal and noserious
complaints about the hearing loss are present, with e.g. the exception of a few cases

of sudden deafness. But they belong to the same general category as Meniére’s di-

sease: a poorly understood problem. Nevertheless, our results are indicative for the

application of ECoG andit may be concluded,that for about 90%of the children

who were examined with ECoG, the ECoG result added useful to significant infor-

mation to a doubtful diagnosis. In our population of adults the clinical significance

of ECoG (category | and IJ)is still present in about 30%of the cases, while in 50-

60% diagnosis can be confirmed andrefined, whichis surely a positive contribution

to the investigation of hearing disorders.

V1I2.3 Conclusion

Theinvestigation in this thesis has dealt mainly with the practicalclinical significan-

ce of electrocochleography, but it may well be that at the present time the diagnostic

possibilities extend beyond those of therapy. One of the most promising features

consists in studying various cochlear disorders, such as e.g. Meniére’s disease or

sudden deafness. The method provides information about diseases that, at present,

cannot be obtained by other methods. This ultimately may result in changes in the

managementof these disorders, and even in causal therapy.

Table IV: Comparison of the Crowley questionnaire and the Leyden results

 

 

CLINICAL SIGNIFI-
CANCE OFECoG I Il lll IV

ALL PATIENTS

LEYDEN
(531) 33 21 38 8 %

CROWLEY
et al. 22.3 31.6 43.9 2:2 %
(3180)      
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Yable V: Comparison of the Crowley questionnaire and the Leyden results for

adults

 

 

CLINICAL SIGNIFI-

CANCE OF ECoG| I I UI IV

ADULTS

LEYDEN 12.3 25 51 11 %

370

CROWLEY 2.0 32.2 65.3 0.5 %
et al.

553      
 

Table VI: Comparison of the Crowley questionnaire and the Leyden results for-

children

CLINICAL SIGNIFI-
CANCE OF ECoG I IL I] IV

CHILDREN
 

LEYDEN 73:5 12.5 8 0 %

(161)

 

CROWLEY
et al. 48.2 396] 113 09 %
(871)      
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VII Summary

Electrocochleography (ECoG)is the recording of sound-evokedelectrical potentials

from the humaninner ear and the auditory nerve. This method can be used to deter-

minethe hearing ability of the patient. To compare the results of this objective me-

thod with the results of subjective audiometry, frequency specific sound stimuli

(short-tone-bursts) are used in electrocochleography. In the absence of a central

componentof the hearing loss, electrocochleography can give definite information

regarding a) the localization of the (peripheral) hearing loss, b) the nature of the

hearing loss, and c) a moreprecise differentiation of the cochlear damage.

The goal ofthis investigationis to illustrate and evaluate the clinical significance of

the method,using case studies of 20 selected patients, and the influence ofthe elec-

trocochleographic results on the managementof the hearing disorders, as investiga-

ted on basis ofall electrocochleograms performed in Leyden (531 in a six year peri-

od) (ChapterI).

The recorded responseto tonebursts presented alternately in phase consists of a mix-

ture of summating potential (SP) and action potential (AP), both of which are

quantified by their amplitude values. In addition, the latency of the APis taken into

account. The AP threshold intensity correspondsto the subjective hearing threshold

in cases of peripheral hearing loss. The supraliminal behaviour of the auditory pe-

riphery is quantified by various stimulus-responserelationships (e.g. AP-amplitude-

intensity, latency-intensity), as well as by the amplitude ofthe SP ata fixed stimulus

intensity. This quantification permits a comparison with some subjective measures,

e.g. the amount of recruitment in relation to the steepness of the AP-amplitude-

intensity curve (Chapter IJ).

The promontory recorded summatingpotential is mainly generated in the outer hair

cells of the basal turn of the cochlea. In case of non-functioning or absence of part

ofthe haircells, the amplitude of the summating potential decreases, while in some

cases, at high-frequencystimulation, the polarity changes from negative to positive.

The envelope of the sound-induced excitation pattern along the cochlear partition

consists of a rising part located more near the basal turn of the cochlea (producing

an SP"), and falling part located more apically (producing an SP*).

In cochleas with hair-cell loss the contributions of the various regions can be chan-

ged in such a way,that less SP is produced, resulting in a decrease of SP” and there-

fore in a change of polarity of the recorded SP from SP~ to SP*. (ChapterIII).

Different types of hearing loss generally produce different electrocochleographic

characteristics.
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a. A conductive hearing loss causes threshold elevation and a tendencyto largerla-

tencies of the AP and smaller AP and SP amplitudes.

b. Acochlear hearing loss causes threshold elevation, but the AP amplitude at high

intensities remains the same as in normal cars (recruitment). Absent or positive
summating potentials indicate outer-hair cell loss (functional or anatomical).

c. In central (retrocochlear) hearing loss electrocochleographic thresholds are often

better than subjective thresholds. The AP-waveform may be changed, which results

in longer latencies at intermediate intensities as compared to normal ears (Chapter
IV).

Twenty selected patients are extensively described; a division is madein five groups

with regard to their clinical problem:

Al Observation audiometry is impossible or unreliable.

A2 Suspicion for aggravation or simulation.

B1 Estimation of hair cell validity in cochlear hearing loss (e.g. Meniére’s disease).

B2 Diagnosing retracochlear types of hearing loss (e.g. pontine angle neuroma).

B3 Predicting the prognosis in sudden deafness. (Chapter V).

A survey of 531 electrocochleograms performed in Leyden over a period of6 years

is used for evaluating the clinical significance of ECoG. Theclinical significance of

the ECoGtest ranges from ‘no refinement of the diagnosis could be made’ to ‘with-

out ECoG no diagnosis could have been made and any therapy given would have

been without basis’. A ranking of this implication into four categories was made.

The ultimate indication for performing thetest is also ranked into four categories
from ‘nothing is known aboutthe hearing ability’ to ‘a refinement about the type of

cochlear hearing loss is asked for’.

For the group as a whole a moderately high negative correlation was found between

the degree of refinement asked for and theclinical significance of thetest.

In children up to and including 13 years it was seen that ECoG addedsignificantin-

formation to the clinical picture in 90%of the cases, while in patients older than 13
years this is reduced to 30%. (Chapter VI).
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Samenvatting

Electrocochleografie (ECoG)is de registratie van door geluid opgewekte elektrische

potentialen in het binnenoor en de gehoorzenuw. Deze methode kan worden ge-

bruikt voor de bepaling van gehoorsfunktie. Om de resultaten van deze objektieve

methode te kunnen vergelijken met subjektieve vormen van gehooronderzoek,

wordt ook bij electrocochleografie gebruik gemaakt van frekwentie specifieke ge-

luidsstimuli: korte toonstoten.

Behalve bij centrale gehoorverliezen kan electrocochleografie belangrijke informa-

tie geven over: a) de plaats van het (perifere) gehoorverlies, b) de aard van het ge-

hoorverlies, en c) nadere differentiéring van cochleaire beschadigingen.

Het doel van dit onderzoek is het evalueren van de klinische betekenis van elec-

trocochleografie, waarbij ter illustratie gebruik gemaakt wordt van de ziektebe-

schrijving van 20 geselecteerde patienten. De invloed van de resultaten van 531 in

Leiden verrichte electrocochleografieén (gedurende een periode van 6 jaar) op het

medisch handelen wordt onderzocht. (Hoofdstuk I).

De geregistreerde respons op korte toonstoten, welke met alternerende fase worden

aangeboden, is samengesteld uit de sommatiepotentiaal (SP) en de actiepotentiaal

(AP); beide worden gekwantificeerd door de waarden van hun amplitude. De laten-

tie van de AP is eveneens van belang. De intensiteit van de AP drempel komt bij pe-

rifere gehoorverliezen goed overeen met de subjektieve hoordrempel. De boven-

drempelige verschijnselen in het perifere auditieve systeem kunnen worden gekwan-

tificeerd door verschillende stimulus-response relaties (b.v. AP-amplitude-

intensiteit, latentie-intensiteit) en door de amplitude van de SP bij een vaste intensi-

teit. Door deze kwantificering wordt een vergelijking met bepaalde subjektieve

symptomen mogelijk, zoals b.v. de mate van recruitment en desteilheid van de AP-

amplitude-intensiteitscurve. (Hoofdstuk I1).

De van het promontorium afgeleide sommatiepotentiaal wordt hoofdzakelijk gege-

nereerd in de buitenste haarcellen van de basale winding van de cochlea. Wanneer

een deel van de haarcellen niet funktioneert, neemt de amplitude van de SP af; in

sommige gevallen, bij hoogfrequente stimulatie, kan de polariteit van de SP omke-

ren van negatief naar positief. De omhullende van het (door geluid opgewekte) exci-

tatieprofiel in de cochlea bestaat uit een stijgend deel, dat ter plaatse van de basale

winding van de cochleais gelegen, en een negatieve SP produceert, en uit een dalend

deel, meer naar de apex van de cochlea gelegen, dat een positieve SP produceert.

Wanneerer haarcel verlies in de cochlea bestaat, kunnen de bijdragen van de ver-

schillende gedeelten van de cochlea zo veranderen, dat er minder SP" wordt gepro-

duceerd, hetgeen resulteert in een verkleining van de amplitude van de SP”. Dit kan
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weerleiden tot een verandering van de polariteit van SP~ naar SP*. (Hoofdstuk ILD).

Verschillende typen gehoorverlies hebben in het algemeen ook electrocochleogra-
fisch verschillende eigenschappen.
a) een geleidingsverlies uit zich in drempelverhoging, en een neiging tot langerela-

tenties voor de AP en kleinere amplituden van de SP en de AP.

b) een cochleair gehoorverlies uit zich in drempelverhoging, maar de AP-amplitude

blijft bij hoge intensiteiten dezelfde als bij normaal horenden (equivalent met re-

cruitment

c) Bij een centraal (retrocochleair) gehoorverlies zijn de met electrocochleografie
gemeten drempelwaarden vaak beter dan die gevonden metsubjektieve audiometrie.

Tevens kan de golfvorm van de AP veranderd zijn, hetgeen vergeleken met normaal

horenden tot uitdrukking komt in langere latenties bij middelhoge intensiteiten

(Hoofdstuk IV).

Twintig geselecteerde patietiten worden uitvoerig beschreven; deze worden naar de

klinische probleemstelling in vijf groepen verdeeld:

Al) Spelaudiometrie is niet mogelijk of onbetrouwbaar.

A2) Verdenking op aggravatie of simulatie.

Bl) Het bepalen van de validiteit van de haarcellen bij cochleaire gehoorverliezen

(b.v. de ziekte van Meniére).

B2) Het diagnostiseren van gehoorverliezen van het retrocochleaire type (b.v. brug-

hoektumoren).

B3) Het geven van een prognose bij plotselinge perceptieve gehoorverliezen.

(Hoofdstuk V).

Ter evaluatie van de klinische betekenis van electrocochleografie wordt gebruik ge-

maakt van een overzicht van 531 electrocochleogrammen welke in een periode van 6

jaar in Leiden zijn verricht. De klinische betekenis van het electrocochleogram va-

ricert van ‘de diagnose kon niet verder verfijnd worden’ tot ‘zonder het electrococh-

leogram kon geen diagnose worden gesteld en een gegeven behandeling zou onge-

fundeerd zijn.’ Deze klinische betekenis wordt in vier categorieén onderverdeeld,
evenals de uiteindelijke indicatie waarvoor het electrocochleogram werd verricht.

De indicatie varieert van ‘enige kennis omtrent de gehoorsfunktie ontbreekt’ tot
‘een verfijning van het type cochleair gehoorverlies wordt gevraagd’.

Voorde groep als geheel wordt een matig hoge negatieve correlatie gevonden tussen

de mate van verfijning waarom werd gevraagd en de klinische betekenis van het elec-

trocochleogram. Wanneer ECoG werdverricht bij kinderen tot en met 13 jaar,

bleek het resultaat van het onderzoek in 90%van de gevallen belangrijke informatie

toe te voegen aan het klinische probleem; voor patiénten boven 13 jaar blijft dit aan-

tal beperkt tot 30% (Hoofdstuk VI).
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