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7) ABSTRACT

The invention relates to a method for objective verification
of auditory steady-state responses (ASSR) in the time
domain whereby the individual epochs are transformed into
the frequency domain. The response can be made free from
noise of the asynchronous EEG in the frequency domain; the
amplitudes of the spectral lines, which contain only noise,
are set at zero, and the spectral lines of the harmonics remain
uninfluenced. The altered spectrum is subsequently trans-
formed back into the time domain.
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METHOD FOR OBJECTIVE VERIFICATION OF
AUDITORY STEADY-STATE RESPONSES (ASSR)
IN THE TIME DOMAIN

[0001] The invention relates to the field of objective
measuring of hearing ability by using evoked auditory
steady-state responses (ASSR). The proposed method for
objective verification of ASSR in the time domain can be
employed in an ASSR-based hearing screening of a newborn
as well as in objective audible threshold measuring based on
ASSR.

[0002] There are two different types of ASSR known:
[0003] 1. Click-Evoked ASSR
[0004] 2. ASSR evoked through a continuous amplitude

or frequency-modulated tone, which are also referred to
as amplitude-modulation following response (AMFR).

[0005] Both types of ASSR are described in the frequency
domain by so-called harmonics (one fundamental wave and
several harmonic waves). The frequency of the fundamental
wave corresponds to the click stimulus rate or the frequency
of the modulation signal. The frequencies of the harmonic
waves are multiples of the frequency of the fundamental
wave. This means that the entire response is represented by
a few spectral lines. The substantial portion of the noise
power caused by the asynchronous electroencephalogram
(asynchronous EEG) is concentrated, in contrast, on the
spectral lines lying between the harmonics.

[0006] The objective verification of the ASSR occurred
heretofore exclusively in the frequency domain. Several
statistical methods are known in this regard which interpret
as so-called one-sample tests only the phase or also the
phase plus the amplitude of one individual spectral line,
preferably the first harmonic (fundamental wave) (Stapells
D R, Makeig S, Galambos R. Auditory steady-state
responses: Threshold prediction using phase coherence.
Electgroencephalography and Clinical Neurophysiology
1987;67:260-270; Valdes J L, Perez-Abalo M C, Martin V,
Savio G, Sierra C, Rodriguez E, Lins O. Comparison of
statistical indicators for the automatic detection of 80 Hz
auditory steady state response (AMFR). Ear and Hearing
1997;18:420-429). The recorded time signal is transformed
into the frequency domain for this purpose. The length of the
transformed epochs must be selected in such a manner that
the epoch is an integral multiple of the length of the period
of the click stimulus rate or of the modulation frequency.
The spectral line (fundamental frequency) corresponding to
the click stimulus rate or the modulation frequency is
searched and tested in the frequency spectrum that exists
after the transformation. The advantage of the response
verification in the frequency domain, compared to the direct
verification in the time domain, is that the portion of the
noise power in the spectral domain (represented by the
spectral lines lying between the harmonics) does not inter-
fere with the response detection since these spectral lines are
not included in the testing. The disadvantage of the method
of the above-mentioned publication exists in the limitation
of the statistical testing on the fundamental frequency.
However, ASSR are not represented, in the rule, alone by the
click-repetition frequency or the fundamental frequency
corresponding to the modulation frequency, but they are also
represented by one or several harmonic waves for which
there is allotted a portion of the response signal power that
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is not be ignored. An objective verification method limited
only to the fundamental wave is therefore not optimal.
Methods working in the frequency domain are also
described by Stiirzebecher and Stiirzebecher et al., which
use the fundamental wave as well as the relevant harmonic
waves for the statistical verification of the ASSR (Stiirze-
becher E: “Method for hearing screening of newborn by
means of steady-state response evoked with high click rate”,
European patent application EP 01610060.4; Stiirzebecher,
E, Cebulla M, Baag M, Thie R: “Verfahren zur objectiven
frequenzspezifischen Horschwellenbestimmung mittels der
Amplitude-Modulation Following Response (AMFR)”,
European patent application EP1099408 A2). The methods
only use either the spectral phase angle of the harmonics for
response verification or the spectral phase angle together
with the spectral amplitude of the harmonics. A greater
sensitivity is achieved for the response verification through
the inclusion of the higher harmonics in comparison to
methods which work only with the fundamental wave (first
harmonic).

[0007] With a statistical method working in the time
domain, separation of signal and noise is not possible
without difficulties as it is described above for the frequency
domain. The entire noise power of the asynchronous EEG
superimposes the response time function and causes a low
sensitivity of response detection. This low sensitivity can
also not be compensated with the known statistical test
working in the time domain with high test power.

[0008] Itisthe object of the invention to develop a method
that makes possible to realize separation of response pos-
sible in the frequency domain and the noise caused substan-
tially by the asynchronous EEG in the time domain and to
take advantage of the high test power in known statistical
test methods in the time domain.

[0009] An inventive solution of this object is shown in
patent claim 1. Developments of the invention are charac-
terized in the minor claims.

[0010] The concept of the invention is the fact that the
individual epochs are transformed into the frequency
domain. The response is made free of the noise of the
asynchronous EEG in the frequency domain. Two possibili-
ties exist for this purpose:

[0011] 1. The amplitudes of the spectral lines, which
contain only noise, are set to zero. The spectral lines of the
harmonics remain uninfluenced. The thereby altered spec-
trum is transformed back into the time domain.

[0012] 2. All spectral lines, which contain only noise, are
eliminated. That means, the spectrum consists only of the
harmonics of the response. The thereby altered spectrum is
transformed back into the time domain.

[0013] Astatistical test working in the time domain is used
based on the time function of the response obtained after the
retransformation into the time domain.

[0014] The application of the inventive solution has the
following advantages:

[0015] First Advantage:

[0016] The time function obtained after retransformation

from the frequency domain contain essentially only the
response. Only small noise portions superimpose the
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response. Both described methods for “noise filtering” are
approximately of equal value; however, the second method
has the small advantage that the retransformation requires a
somewhat smaller computation effort.

[0017] In comparison to the test for original response (not
free of noise) in the time domain, the use of a statistical test
for a noise-free response in the time domain leads to a higher
verification sensitivity. That means, the response is detected
more rapidly during hearing screening with a preset stimulus
level and time consumption for screening is thereby less. A
more accurate threshold determination is possible in an
objective threshold determination since the response verifi-
cation becomes closer to the audible threshold of the patient.

[0018]

[0019] An additional important advantage of the described
pre-processing of the data in the frequency domain lies in the
fact that two response time-functions can be individually
depicted in the time domain after pre-processing in the
frequency domain and they can be statistically tested indi-
vidually whereby said two response time-functions are gen-
erated through simultaneous auditory stimulation of both
ears. This is made possible through different click stimulus
rates for the right ear and the left ear.

[0020] Additional details, characteristics and advantages
of the invention are shown in the following description of an
embodiment example.

Second Advantage:

EMBODIMENT EXAMPLE

[0021] Newborns at the infant ward should be tested by
means of ASSR to check whether the hearing ability of both
ears is normal. The examination occurs during the natural
sleep after feeding. The click stimulus rate for the exami-
nation of the right ear is 160 clicks per second, and for the
examination of the left ear it is 140 clicks per second. A click
stimulus repetition for a duration of 1 second is used in
calculations before the start of the examination for each of
the two stimulus repetition frequencies and this value is
stored in a buffer memory. The two click repetitions for the
acoustic stimulation are created through cyclic interrogation
of the buffer memory and sent through an earpiece to the
right or left ear after D/A conversion at a level of 40 dBnHL.
The clock frequency for the D/A conversion is 16,384 per
second. The EEG is conducted away from the infant’s scalp
by means of adhesive electrodes during the acoustic stimu-
lation. The position of electrodes is vertex/neck, ground:
forehead. The EEG is amplified and A/D converted. The
clock frequency for the D/A converter and the A/D converter
has to be synchronized. The clock frequency of the A/D
converter is 4096 Hz in the present example. The AID clock
frequency is obtained by division (factor 4) of the clock
frequency of the D/A converter.

[0022] The digitalized EEG is continuously divided into
epochs having a length of 1 second. A known device for
artifact suppression has the effect that epochs with artifacts
are not included in the subsequent evaluations. The artifact-
free epochs are transformed into the frequency domain by
means of FFT (fast Fourier transformation). The angles and
spectral amplitudes of the spectral lines, which correspond
to the two fundamental frequencies and the associated
harmonic waves, are stored in two data matrixes. Five
harmonics are stored for each of the two click stimulus rates.
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All spectral lines, which contain only EEG noise, are thrown
out. Each epoch may contain only integral multiples of the
periods of the SSP evoked over the right and left ear to
obtain fundamental waves and harmonic waves in the fre-
quency spectrum without sidebands. This is ensured by the
selection of the epoch length and the two click repetition
frequencies. An FFT of the epochs is possible since the
number of scanning values per epoch are an integral number
of 2.

[0023] The spectra reduced to the 5 harmonics for the
responses received for the right and left ear are transformed
back into the time domain by means of inverted direct
Fourier transformation. Subsequently, one time function
exists for the right ear and one for the left ear for each epoch,
whereby said time functions are stored in two data matrixes.
The statistical testing in the time domain is performed
through the Friedman test (Sachs L. Angewandte Statistik.
Springer Verlag Berlin, New York, London, 1992). As soon
as the first 10 epochs are transformed back, the first test will
be conducted whereby the stimulus responses of the right ear
and that of the left ear are tested separately. Data acquisition
of additional epochs continues simultaneously along with
the testing. Each detected epoch is transformed by means of
FFT, it is then noise-filtered and transformed back into the
time domain. A new test is performed as soon as additional
5 epochs join the first 10 epochs. This sequential testing
process is continued until both ASSR (right and left) have
been detected, or when only one ASSR is detectable, or
when no ASSR is detectable until a maximum number of
120 epochs have occurred. For this example it is assumed
that the ASSR of the right ear has been already detected with
25 epochs (25 seconds) and the ASSR of the left ear after 30
epochs (30 seconds). After 25 second, the screening appa-
ratus signals “pass” for the right ear and after an additional
5 seconds it also signals “pass” for the left ear. The simul-
taneous hearing screening is thus completed for both ears
after 30 seconds. In case of a hearing loss on one ear or both
ears requiring treatment, the testing time for the signal “fail”
is 120 seconds whereby “pass™ is signaled at first for the
healthy ear after a correspondingly shorter testing period in
case of a one-sided hearing impairment. However, the
examination continues until the results for both ears are
received.

1. A method for objective verification of auditory steady-
state responses (ASSR) in the time domain whereby the
individual epochs are transformed into the frequency
domain.

2. A method according to claim 1, whereby the response
is made free from noise of the asynchronous EEG in the
frequency domain.

3. Amethod according to claim 2, whereby the amplitudes
of the spectral lines, which contain only noise, are set to
Zero.

4. A method according to claim 1, whereby the spectral
lines of the harmonics remain uninfluenced.

5. A method according to claims 1 through 4, wherein all
spectral lines, which contain only noise, are eliminated
whereby the spectrum consists now primarily only of the
harmonics of the response.

6. A method according to claim 1, wherein all spectral
lines, which contain only noise, are eliminated and whereby
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the spectrum consists primarily of the harmonics of the 8. A method according to claim 1 through 7, whereby the

response only. time function of the response obtained in the time domain
7. A method according to claim 6, whereby the spectrum after transformation is used in a statistical test working in the

altered in the above manner is transformed back into the time domain.

time domain. X ok ok k¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
RHA
IPCH %5
CPCH %5
£ %X
HhEREESE

BEG®)

FERHE P ERR T REIRASEAL ( ASSR ) W%

US20040220494A1 NI (»&E)B

US10/772426 RiEH
STURZEBECHER EKKEHARD

STURZEBECHER EKKEHARD

STURZEBECHER EKKEHARD

STURZEBECHER EKKEHARD

STURZEBECHER, EKKEHARD

A61B5/0484 A61B5/12 A61B5/00

A61B5/04845 A61B5/121

2003388009 2003-02-07 EP

Espacenet USPTO

RERSR—HATENESEFNTRBSWA (ASSR ) HTEMBIEN
Bk, HR SRR EE. ATERAERE T T RRPEEG

MRFEZE,NTEREFNEENERERENT , FEERNELRET

ZR, FEENOERMILHRE AT,

2004-11-04

2004-02-06

patsnap


https://share-analytics.zhihuiya.com/view/9b0f289f-5eac-4107-be36-bfae5cb59d97
https://worldwide.espacenet.com/patent/search/family/032605469/publication/US2004220494A1?q=US2004220494A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040220494%22.PGNR.&OS=DN/20040220494&RS=DN/20040220494

