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CORTICAL EVOKED RESPONSE AUDIOMETRY IN NOISE INDUCED
HEARING LOSS CLAIMS

FIELD W. RICKARDS, SANDRA DE VIDI and DON $. McMAHON

Deafness Studies Unit .
Department of Learning, Assessment and Special Education
University of Melbourne
Victoria

The relationship between cortical cvoked response andiometry (CERA) and pure tone audiometric (PTA) thresholds at 500-,
1000-, 1500-, 2000-, 3000- and 4000 Hz was examined in 500 adulr subjects, who had submitted noise induced hearing loss
(NTHL) claims between 1984-1994. Subjects were considered to have reliable pure tone audiograms, ind had hearing thres!olds
ranging from normal 1o profonnd. Results showed A close retationship between FTA and CERA thregholds (r = .96), with 2 1aean
difference between the two tests of 0.9 dB (Standard Deviation = 5.0 dB)., Overall, for all the frequencies tested, C2RA
thresholds were within 10 dB of the PTA threshold for 97.9% of cascs. The resulis suggest that CERA can be used a3 an
objcctive test to cstimate hearing thresholds across a range of frequencics in NIHL ¢laims.

The incidence of exaggerated hearing loss in noise
induced hearing loss (NTHL) claims is well established
The percentage of workers who exaggerate hearing
thresholds in NTHL claims has been estimated to be in the
range of 9% (Barrs et al 1994) to 30% (Gleason 1958). In
Victoria, the number of exaggerators is at least 17.7%
(Rickards and De Vidi 1995). Undeteeted exaggerated
hearing levels will lead 1o a substantial increase in
compensation payouts. Although conventional diagnostic
audiology can usually detect exaggeration of hearing
levels, subjective hearing tests cannot accurately ascertain
the degree of the true hearing loss in the individual who
refuses to respond reliably (Hyde et al 1986).

Cortical Evoked Response Audiometry (CERA) has

been widely used as an objective test to estimate hearing
thresholds across a range of frequencies in alert adults and
older children when reliable subjective hearing test results
cannot be obtained (Gibson 1978). In estimating hearing
thresholds, CERA involves the presentation of tone bursts
to each ear at different frequencies, subjectively analysing
the averaged brain patterns in order to determine the
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presence or absence of a response. The presence of a
response implies that the ear, associated neural athways,
and the auditory cortex has processed the sound. It is
therefore assumed that the subject has hearing at this
particular intensity level and frequency (Hall 1990).

Figure 1 shows a set of five cortical evoked responses
(CER) at decreasing stimulus levels in an awake adult,
The response commences approximately 50 ms after the
onser of the stimulus, and is characterised by three main
peaks, P1, N1 and P2. The laiency of the main peak (N1)
is around 150 ms. It can be seen that the amplitude of the
response decreases while the latency of the response
increases with decreasing stimnlus intensity.
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FIG. 1. Cortical evoked responses at 2000 Hz from an adult male with a
subjective hearing threshold of 55 dB HL Responses were elicited at
stimulus levels above threshold (#i1-#3), and ar threshoid (#%). No
response is evidenr below the subject's true subjective threshold (#5),
The N! peak in responses #1-#4 is merked by an arrow.
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CERA has been extensively nsed to estimate hearing
thresholds in individuals undergoing NTHL assessmenrs, It
has been used in Victoria in cases of Suspected
exaggerated hearing loss in NIHL claims for more than 15
years. Currently, up to 18% of all NIHL claimants in
Victoria are referred for CERA each year.

The accuracy of CERA has been examined in a gumber
of studies, ugually by comparing CERA thresholds to Pure
Tone Audiometric (PTA) thresholds. For example, Jones
et al (1980) found identical PTA ang CERA thresholds in
81%, 70%, and 68% of adult subjects with normal hearing
at 250-, 1000- and 4000 Hz respectively., Coles and
Mason (1984) examined PTA and CERA thresholds on a
group of medico-legal cases and separated the subjects
into organic and non-organic hearing losses. In the cases
of organic hearing loss, the mean difference between PTA
and CERA thresholds was found to be 0 dB, with only
3.2% of cases having a mean difference between PTA and
CERA that exceeded 15 dB. Further, 37% of cases with
non-organic hearing loss had PTA thresholds which were
more than 30 dB greater than the CERA thresholds. In a
study by Hyde et al (1986), on a group of medico-legal
cases who were considered to have reliable conventional
audiometry, PTA and CERA thresholds were found to be
within 10 dB for almost all 254 cases. Similar results were
found in a recent study by Prasher et al (1993). These
researchers compared PTA and CERA thresholds at 1000-
and 4000 Hz on a group of compensation cases and g
group of Meniere’s disease subjects. Prasher et al (1993)
found CERA and PTA thresholds to be within 10 dB for
849 and 92% of the workers compensation and Meniere's

disease groups respectively. In the workers compensation -

group, the majority of cases where the difference between
PTA and CERA thresholds exceeded 10 dB were usually
cases where the subject was considered to be exaggerating
his PTA thresholds. :

In spite of these findings, and early recommendations

for the nse of CERA in NTHL assessments (McCandless

and Lentz 1968, Alberd 1970), the aceeptance of the
reliability of CERA has not been universal. This may in
part be due to the reliance on subjective interpretation of
response tracings during the test, and the high level of
skill and training that is required of the tester (Hyde et al
1986, Hoth 1993). As CERA is currently being used in a
number of specialist clinics, this paper investigates the
accuracy of a3 CERA procedure in predicting hearing
thresholds at the frequencies used in the determination of
the percentage loss of hearing (PLH) in NIHL. claims in
Australia,

Method

Subjects

Five hundred adult male subjects (mean age = 55 years,
Swendard Deviation = 8.44) who were referred for CERA
as part of a NIHL claim in Victoria were chosen for
analysis. The subjects were referred for CERA by
Insurance Companies or Otologists, and were sclected
from a pool of aver 5000 subjects that were tested by the
one tester over a period of more than 10 years between
1984-1994. The subjects were selected randomly, on the
basis of having reliable subjective PTA thresholds either
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at the commencement or conclusion of the CERA tegr,
This reliability was determined prinuarily usin;¢ speech
threshold testing where the audiogram was accapted as
reliable if the 1000 Hz PTA threshold was less than the
speech Half Peask Level (HPL) using AB words
(Boothroyd 1968), Subjects had hearing thresholds
ranging from nonnal to profound. All logscs were
sensorineural in nature, with no sulject showing any
evidence of retrocochlear pathology.,

Procedures and apparatus

All subjects were given a thom wgh  audiological
eXaminaton involving an otological/noise  history,
impedance audiomeiry with reflexes, speech audiometry,
an initial subjective PTA test, CERA, and 1 final
subjective PTA test after CERA. The order of presuvntation
of these tests remained constant between subjects, Far all
tests, subjects were seated in 2 sound attenuate.{ room
which was adjacent t> the tester, In the ~peech testing, AR
Words were present:d live voice via & microphone into
headphones using ar ascending method. This procedure
was fallowed for all subjects prior to the commencement
of PTA. PTA thresholds were measured using a Ntarkey
Acoustic Analyser AA30 audiometer. The praced.re for
determining thresholds in the initial PT, test involved an
ascending method followed by a stindard threshold
seeldng procedure. The procedure for deren nining
thresholds in the fimil PTA test involved an ascending
method only. For hoth PTA tests, thresholds were
normally determined for each ear at each of the
frequencies, 500-, 1000-, 1500-, 2000 - 3000-, 1000-,
6000- and 8000 Hz for all of the subjects. In most :ases,
thresholds obtained in the final PTA wers accepted 1s the
true thresholds, since the initial PTA thresholds were
often elevated.

CERA was normally carried out for all subjecis for
each ear at each of the frequencies 50G-, 1000-, 1500-,
2000-, 3000- and 400) Hz. The cortical responses were
recorded using silver-silver chloride electrodes. An :ctive
elecwrode was placed at the vertex am! a ground and
reference electrode on each mastoic. Narrow- band
masking was used in the conwralateral ear when required.
The EEG signal way umplified using a Madsen BI'A77
preamplifier with a filier bandwidth of .25-15 Hz, und a
rejection rate of 12 dB per octave and 24 (B per octave in
the low and high frequency slopes respectively. Stmuli
were 100 ms tone bursis with a rise/fall tme of 5 m+ for
all frequencies,

Sampling, averaging. stimulus iniiatioa and response
display wete controllec using a Hewlemw Packard 95168
Scientific computer, ‘The system had three non-stan Jard
features designed 1o enhance the responsu and aid in its
recognition. Firstly, stmuli were presented with ran lom
inter-stimulus intervals every 1.5 to 2.5 nis (mean = 2.0
ms), Random inter-stimulus intervals have been found o
enhance response amplitude (Tyberghein and Forrez
1969). Secondly, 128 semples with 10 ms intervals were
recorded following each stimulus presentarion, producing
a toral time window or 1.28s. This long time winiow
enabled easy comparison between the response (<400 ins)
and non-response (>400) ms) sections of the wacings.
Thirdly, the detection of the response wa. aided wilh a
template response that cemained at the 10p of the computer
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screen. This template was obtained at the beginning of the
test for each subject at a high sensation level (80 - 90 4B
HL) at 2000 Hz.

Once the template response for a particular subject was
obtained, stimuli were presented at 5 dB below the
subject’s best PTA threshold at 2000 Hz. Stimuli were
decreased in 10 dB steps following each response, or
increased in 10 dB steps if no response was identified.
This was continucd until no responsc was present or until
20 dB HL was reached. Presentation of stimuli below 20
dB HL was rarely aempted as thresholds below this level
indicated hearing within normal limits, and hence a PLH
of 0% at this frequency. The subject’s threshold was taken
to be equivalent to the lowest level where a CER was
obtained or 5 dB less than this level, The subtraction of 5
dB occurred when the response at the lowest level had an
N1 amplitude of greater than 50% of the template and &
latency within 20 ms of the response 10 dB above. For
example, in Figure 1, response #4 was considered to be at
threshold. Had no responsc been recorded at this level,
threshold would have been taken as 5 dB below the
stimulus level for response #3. Response thresholds were
subsequently obtained at each of the other frequencies.
Each CER was analysed ar the time of testing by the same
tester.

For an averagcd response tracing to be accepted as a
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true response, centain amplitude and latency criteria had to
be satisfied. Specifically, N1 had to be the largest negative
peak, and/or P2 had to be the largest positive peak, and/or
N1 o P2 had to be the largest peak to peak anplitude.
Further, the latency of any peuk could not be les: than the
latency of the peaks in the template.

During CERA, subjects were instructed to sit quietly
and remain as relaxed as possible. These in:tractions
remained constant between subjects. The time raken to
complete the CERA test varied between 15-30 munutes.

Results

Figure 2 demonstrates the relationship between the
subjective PTA and CERA thresholds at each of the
frequencies for the right and left ears. It can be seen that
most values cluster ¢losely around the regression line
indicating a close relatonship between PTA and CERA
thresholds regardless of frequency, ear, or hearing
threshold. A t-test for depencent samples comparing the
PTA and CERA thresholds for the right and left ears
showed there was no significant difference ia results
between ears. Consequently, results from both exrs for all
subjects were combined for subsequent analysis.

As CERA thresholds were not normally :wtempted
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FIG. 2. Regression lines showing the relatlonship berween PTA and CERA thresholds a1 500~ J000-, 1500, 2000-, 3000- and 400:) Hz for all

subjects for the right and left ears.
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below 20 dB HI., comparisons with subjective thresholds
less than 20 dB HY. were not possible. The data weye
therefore re-analysed by ¢liminating the comparative data
when the CERA thresholds were less than 20 dB M.
After the elimination of these data points, 4304 threshold

Table 1.
Differences between PTA and CERA thresholds at each frequency,

Frequency
S00 1000 1500 2000 3000 4000

Mean difference (dB HL) 1.131 1310 1.530 1.508 0.498 0.087
" Swundard Deviation 4.644 4.334 5172 5.008 5230 3.184
Number of ears 513 49 624 776 913 982

The correlation between PTA and CERA thresholds at
each of the frequencies are listed ip Table 2. There is a
close relationship berwesn CERA and PTA thresholds at
each of the frequencies tested. Overall, a correlation of .96
was obtained.
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Table 2.
Pearsan product-moment correlation caefficierts ot eqch frequeney,

Fre.juency
300 1000 1500 2000 3000 4000

r B9 93 93 95 985 95
Number of ears S13 496 624 778 513 982

The differences between PTA. and CERA thresho!ds for
each frequency for all of the subjects is illustrared in
Figure 3. Ovemll, 47.0% of the PTA and (ERA
thresholds were identical, while 88.5%. and 97.9% of
cases fell within 5 dB and 10 dB of the snbjective PTA
threshold respectively. Of the 500 subjects, 624 had
initigl pure tone audiograms which were confirmed as
exaggerated as indicated by an elevated PTA 1000 Hz
threshold compared to the speech HPL. In these case-, the
Testet performing CERA was obtaining thresholds wiiliout
knowledge of the wue PTA values. Thi: percentage of
PTA and CERA threshcilds that were within 10 dB of =ach
other in this subgroup was 97.1%, similar to the ovérall
value.

Discussion

The close agreement berween PTA and CERA thresh,)lds
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FIG. 3. The difference between, PTA and CERA thresholds (PTA - CERA) ar 500., 1000-, 1500-, 2000-, 3600- ond 4000 Hy Jor subject: where CERA

thrasholds less than 20 4B Kr. are eliminated,

AUST. J. OTOLARYNG., JANUARY 1896, 2, No. 3




24-02-2008  11:24

FROM=SUSMAN LIBRARY NAH
RICKARDS, F.W. ET AL

obrained in this study implies thar the CERA procedure
can be used to estimate subjects hearing thresholds at a
range of frequencies and stimulus levels. The accuracy of
the CERA procedure used in this study is similar to that
found hy other researchers (Coles and Mason 1984, Hyde
et al 1986, Prasher et al 1993), This accuracy is contingent
upon consistent response identfication  protocols.
Specifically, a random inter-stimulus interval was used to
provide larger responses which were easier to detect; a
template response was displayed to facilitate recognition
of responses at lower levels and especially at threshold; an
extended time window enabled the tester to examine the
CER with respect to the residual background EEG
activity. These protocols appeared to enhance the
accuracy of the detection of the response, and helped to
remove the subjective aspect of response interpretation.
The difficulties in subjective response detection has been
highlighted in a number of studies (Hyde et al 1986, Hoth
1993). The results in this study suggest that these
difficnlties have been minimised using the protocols
described. The use of these protocols is further supported
by the maintenance of accuracy when CER were obtained
without prior knowledge of the true audiogram.

Conclusion

The results of this study show rhat there is a close
relationship between CERA and PTA thresholds at all of
the frequencies that are assessed in NIHL claims. This
suggests that the CERA procedure used in this study is an
accurate and objective test for determining hearing levels
in NIHL claims.
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