DIAGNOSTIC HEARING TESTS

E. W. JOHNSON

Diagnogtic hearing tests are espedidly important in the differential diagnoss
of cochlear versus retrocochlear lesons. The typicd diagnogtic test battery
congds of pure tone audiometry, loudness function tests, and SIS| tests, speech
discrimination tests, and tone decay tests (Bakesy and tone decay).

A new and important addition to the diagnogtic test battery is impedance
audiometry. The principles of impedance audiometry are not new, but the in-
cluson of this procedure within the full battery of testsisfarly recent in develop-
ment.

The purpose of this paper is to congder the use of diagnodtic tests in con-
firmed cases of acoustic tumors and in known cases of Meniere's Disease.

Test Resultsin Acoustic Tumors

Data is presented for a total of 384 cases.  All but four per cent of these
casss represent unilatera hearing impairment.  There wes suffident resdud
hearing in 325 of the patients to enable usto obtain some audiometric data (Table 1).
A dudy of the audiometric configuration in dl of the cases reveded that more
than 65 per cent of the cases congsted of a high frequency type of loss (Table 2).
Approximately saven per cent of the cases were dassfied as low frequency type
configurations.
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The results of gpeech discrimination tests were Smilar to previous studies
(Johnson 1968, Johnson 1969).  Hfty-five per cent of the patients had extremely
poor goeech discrimination scores in the zero to 30 per cent range and dightly
over 25 per cent had rdaively good speech scores of 62 per cent to 100 per cent.
This data is presented in Table 3.  Speech test scores are sgnificantly different
in the acoustic tumor cases as compared with the patients with Meniere's Diseese.

Bekesy tests were accomplished in 286 cases (Table 4). Sixty per cent of
the patients produced Type I 1 and Type IV patterns with 40 per cent producing
Type | or Type Il tracings.

Theresultsof SIS| testsaregivenin Table 5.  More than 60 per cent scored
in the zero to 35 per cent range in thistest.  Approximatey 30 per cent of the
patients achieved high SISI scoresin the 75 per cent to 100 per centrange.  The
auditory fatigue that is frequently present in patients with acoudic neuromes
(@ messured in Bekesy and SIS tests) produced dgnificantly different diag-
nogtic test results in tumors as compared with Meniere's Disease.

TABLE 3
Men'eres Dis:xder

B

(&3peroeisnes]£0peroert)

TABLE 4
Acodic Tumars

B
£ R o

Aaogic Tumars
Audamdric oorﬁgjaum

Tcre Las
0/\/ ﬁone Lﬁiﬁ
The large series of neuroma cases reported in this study confirm the trend
established in amuch smdler series of cases (Johnson 1964).  There are however,
ome changes in the results for speach discriminetion tests, Bekesy patterns, and
SIS test scores. This larger series of patients shows goproximately 10 per cent
fever cases with extremely poor speech discrimination and approximetdy 5
per cent more with good gpeech discrimination.  Smilar results are noted for
the Bekesy and SIS test findings. There are fewer cases of Bekesy tracings with
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Type Il and Type IV patterns in the larger series of cases and there are 12 per
cent fewer SISI test scores in the zero to 35 per cent range in the larger series.
The changes in auditory test results are probably due to the fact that diagnosis
was made at a much earlier stage in the development of the tumor. As aresult
of early diagnosis, the acoustic tumors were removed when they were quite small
and before the cochlear branch of the VIII nerve became so intimately involved
with the tumor.

Test Results in Patients with Meniere's Disease

Auditory test data was available for a total of 92 patients with Meniere's
Disease. Speech discrimination test scores are presented in Table 6 for 92
cases. Therewas a small number of cases with extremely poor speech discrimi-
nation, but it is significant that almost 60 per cent of the cases had good discrimina-
tion scores of 62 per cent or better. Thisisin marked contrast to the auditory
findings for the acoustic neuromas.

Table 7 gives the data for Bekesy tests. All of the ears afflicted with Meniere's
Disease that were given Bekesy tests produced either a Type | or a Type Il
tracing. In contrast to the acoustic tumor studies, none of the patients with
Meniere's Disease produced a Type IIl or a Type IV Bekesy pattern.

Seventy-two patients received SISI tests as reported in Table 8. The
auditory findings for SISI tests in patients with Meniere's Disease was more than
90 per cent of the cases producing high SISI scores of 75 per cent to 100 per cent.
There were only two cases where low SI S| scoreswere elicited.  The audiometric
data in acoustic neuromas was quite different with more than 60 per cent of the
cases showing low SISI scores.

Audiometric test results in patients with Meniere's Disease and patients
with acoustic tumors produced significantly different results. The basic test
battery is a good tool in differentiating cochlear from retrocochlear lesions. The
recent addition of impedance audiometry to the full battery of tests provides an
additional important measuring device.

TABLE 6

Acoustic Tumors )
Speech Dlscrlmln%[tlzcin Impairment

PB Score Number

0—30% 176

32%— 60% 59

62%—100% 86
TABLE 7

Acoustic Tumors
Bekesy Configuration

N—286
Type | 17
Type |l 100
Type 111 100
Type IV 69
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Impedance Audiometry

Metz (Metz 1946) twenty-five years ago introduced impedance audiometry
to Europe and it has been widdy used in Europe during the past two decades.
It was not until the development of the dectro-acoudtic bridge that this procedure
received widespread dinical application as part of a spedid hearing test battery.

Equipment for impedance testing requires a pure tone audiometer and the
acoudtic impedance bridge. The dectro-acougtic bridge contains a probe tip
withthreetubes. A 220 Hz probetoneis ddivered through onetube. A second
tube monitors the sound pressure leve of the probe tube and is connected to a
badancemeter. Anair pump that permits arange of air pressure of plus or minus
400 mm is connected to the third tube. It is essentid to sed the probe tip with the
ear cand. The probetip is mounted on one sde of the head band with an earphone
mounted on the opposte Sde.  The three basc measurements of im
audiometry are acoudtic impedance, tympanometry, and acoudtic reflex threshold.
Acoudtic impedance is expressed in acoudic ohms and meesures the degree of
immobility at the tympanic membrane.  Impedance scores that range between
1000 to 3000 ohms are generdly conceded to be norma. Occasondly however,
norma middle ears will score aslow as 800 or as high as 4000 ohms (Jerger 1970,
Feldman 1963).

Tympanometry is a messure of compliance change related to ar pressure
vaiation. It may be visudly sghted or recorded on graph paper. Linden
(Linden 1969) has labded and Jerger (Jerger 1970) has further dassfied tympa:
nometry curves into three basic types. Type A curves are conddered to have
amaximum peek at or near zero millimeter.  The curves labded Type B are fla
with little or no maximum peek. Curves that are caused by negative pressure
in the middle ear are cdled Type C and the pegk of the curve is shifted to the left
of zero millimeter. We anticipate that norma ears and ears with cochlear im-
pairment will produce Type A curves. The Type B and C curves occur in most
middle ear problems except for otoscleross.  Otosclerosis generdly  produces
amodified Type A with a reduced pegk.

Measurement of the acoudtic reflex requires insertion of the pure tone into
the contraatera ear. A dgnd strong enough to dicit the acoudtic reflex is de-
tected by the deflection of the needle on the baance meter. Petients with norma
hearing or with sensorineura loss without recruitment will produce an acoudtic
reflex a a hearing levd of 85 to 95 dB. The acoudic reflex threshold may be

4 DORNAL O- ALLSH.



recorded for any of the centrd frequendes  The bilalerd aosence of acoudic
reflex in middle ear (conductive problems) is the antidpated response

It is advissble to do routine impedance teding in young children. It is
omdimes vay dffiadt to obtain vaid bone condudion messuraments when
mesking is nesded on the nonHtest eer in a young child. Impedance audiometry
mey confirm the presance of a condudive impairmment when it is not possble to
edeblish bone conduction thresholds

The fdlomng goaafic examples will illudrate goplications of impedance
audomdry in differertid diegnoss  Hgure 1 conggts of an audiogram dhowing
abilaterd mixed type hearing loss with a Sgnificant condudtive componat. Ex-
odlent goeach disoimingtion wes eablished far both eers and the atdogic
higory ad examingion indicated bilaterd otosderods Hgure 2 dows the
tympanomelry cuve dassfied as a Type A that wes edablished by mearns of
impedance audiometry.  Acoudic impedance socores of 3200 and 3800 dhrs are
somenha above nomd impedance range. The anticipeted results of otosdercds
is a higher than normd impedance. There was dso an aisence of the acoudtic
reflex bilaterdly and this is the expected reult for conductive loss

Another mixed type hearing loss with subgtantial condudive componat
and good goech disorimination is hown in Hgure 3. The air bone ggp onthe
right ear isdightly larger than that onthelet Sde. A Type B tympanogram wes
esablished with impedence audiometry showing afla regponse for both ears but
with little or no maximum pesk reeched and with compliance unchanged through-
out a conddereble range of pressure vaiation. This s illugrated in Fgure 4.
An aooudtic reflex could not be produced in ether eer. The vay high acoudiic
impedance, over 5000 ohims bilaterdly, is typicd of a case with bilaterd saious
otitis.

The audiogram far the patient illudrated in Hgure 5 is a dagnosed case of
Meniges Dissese  This patient hed a unilatera sensorineurd loss on the et
ear with aflat configuraion, athreshold of 45 dB and exadlent discrimination of
92 per cant on the PB word ligts. The unconnected lines for esch frequency of
the audiogram illudrate acoudic reflexes conggent with norme hearing leves
for both ears dthough the hearing loss averages 45 dB on the |t ear, the acoudic
reflex oocurs & the same levd on that ear as on the nommd Sde. The reduced
sensdion levds a which the reflex ooours on the impaired ear mey be attributed to
loudness recruitment on that ear.  Tympanomelry is oan on Hgure 6 far this
cae and esdablished Type A aurves as expetted in normd ears and in cochlear
loss. The impedance sooresin this case ware within normd limits on both Sdes

Haure 7 dhows a corfirmed acoudtic nelroma on the right ear. Audiometric
configuration indicates a high tone hearing loss in that eer with exodlent discri-
mingion far gpeach. Impedance audiometry edablished impedance soores
within noma range and tympenometry curves dasdfied as Type A in both ears
It should be paticularly noted that the acoudic reflex levds weare higher in the
dfeted right ear than in the normd It ear. It was 0 disoovered that there
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Was congderable reflex decay on the right ear as compared to the left ear. Acoustic
reflex decay in acoudtic neuromas usudly occurs when the hearing loss on the
impaired ear is rdativdy mild. Approximaey 25 per cent of the tumor cases
that we have sudied have an acoudtic reflex with Sgnificant reflex decay. The
more common finding is a complete absence of acoudtic reflex on the afected side.
More than hdf of the cases with confirmed acoudtic tumors have no acoustic
reflex response. If we combine the cases with reflex decay and no reflex response,
then approximatdy 80 per cent of the cases will produce postive acoudtic reflex
measurements. It is particularly sgnificant if there is a normd reflex response
on the good ear and there is no acoudtic reflex present on the impaired side.

It may be concdluded that the traditiona battery of specid hearing tests with
the addition of impedance audiometry results in dgnificant information ading
in the differentid diagnosis of hearing problems.
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