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Auditory Steady-State Response: A Beginner's Guide
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An orientation to ASSR based on refinements and offerings from Interacoustics.

The auditory steady-state response (ASSR) can be thought of as an electrophysiologic response
to rapid auditory stimuli. The goal of ASSR is to create an estimated audiogram from which
questions regarding hearing, hearing loss, and aural rehabilitation can be answered.

ASSR allows the hearing care professional to create statistically valid audiograms for those
unable or unwilling to participate in traditional behavioral tests. ASSR relies on statistical
measures to determine if and when a threshold is present. ASSR design and functionality vary
across manufacturers. Authors' note: ASSR was previously referred to as SSEP (Steady State
Evoked Potential) and/or AMFR (Amplitude Modulation Following Response).

This article offers a basic orientation to ASSR, using examples based on the most recent
refinements and offerings from Interacoustics.

ASSR Compared to ABR

ASSR is similar to the Auditory Brainstem Response (ABR) in some respects. For example,
ASSR and ABR record bioelectric activity from electrodes arranged in similar recording arrays.
ASSR and ABR are both auditory evoked potentials. ASSR and ABR use acoustic stimuli
delivered through inserts (preferably).

ASSR and ABR have important differences, too. Rather than depending on amplitude and
latency, ASSR uses amplitudes and phases in the spectral (frequency) domain. ASSR depends on
peak detection across a spectrum, rather than peak detection across a time versus amplitude
waveform (see John and Picton®). ASSR is evoked using repeated sound stimuli presented at a
high repetition rate, whereas ABR is evoked using brief sounds presented at a relatively low
repetition rate.

ABR recordings are most often dependent on the examiner subjectively reviewing the
waveforms and deciding whether a response is present. Determining the response becomes
increasingly difficult as the ABR approaches true threshold—which is when the decision
(response or no response) is most important. ASSR uses an objective, sophisticated, statistics-
based mathematical detection algorithm to detect and define hearing thresholds.

ABR protocols typically use clicks or tone-bursts in one ear at a time. ASSR can be used
binaurally, while evaluating broad bands or four frequencies (500 Hz, 1,000 Hz, 2,000 Hz, and
4,000 Hz) simultaneously.



ABR is useful in estimating hearing thresholds essentially from 1,000 Hz to 4,000 Hz, in typical

(non-ski-slope) mild-moderate-severe hearing losses. ASSR can also estimate hearing thresholds
across the same range as the ABR, but ASSR offers more spectral information more quickly, and
can estimate and differentiate hearing within the severe-to-profound hearing loss ranges.

The ability to detect differences in these significant hearing loss categories is very important. For
example, differentiating a 75 dB versus a 95 dB hearing loss may impact decisions such as fitting
traditional hearing aids on a child with a 75 dB SNHL, or considering cochlear implant options
for a child with a 95 dB SNHL.

Patient Population

As is true of ABR, ASSR can be used to estimate hearing thresholds for those who cannot or will
not participate in traditional behavioral measures. Therefore, primary candidates for ASSR
would include: newborn infants for screenings and follow-up diagnostic assessments, babies in
the neonatal intensive care unit (NICU), unresponsive and/or comatose patients, people who are
suspect due to the nature of their visit (ie, workers' compensation, legal matters, insurance
claims, etc), ototoxicity monitoring, and others.

ASSR Stimulation

Currently, there is no universal standard for ASSR instrumentation. Stimulus and recording
parameters and methods are designed (and may vary) by each manufacturer.

Insert earphones. Insert earphones are the stimulation delivery system of choice. Insert
earphones used with ASSR allow very loud (100 dBHL or more) presentation levels. However,
stimulating at very loud levels may cause a vestibular response that is potentially
indistinguishable from the auditory response (as ASSR does not show the waveform in a time-
based domain). Additionally, stimulating at these very loud levels can be harmful to hearing.

Broadband and frequency-specific stimuli. ASSR can be recorded using either broadband (ie,
frequency nonspecific) or frequency-specific stimuli. Broadband stimuli include clicks, noises,
amplitude modulated noise, and chirps. Frequency-specific stimuli include filtered clicks, band-
limited chirps, narrow-band noise bursts, tone bursts, amplitude modulated narrow-band noise,
or amplitude and frequency modulated pure tones.

“Chirps" are a recent addition to the broadband family,? offering unique and useful attributes.
Some newer ASSR systems use special chirp stimuli.®> Band-limited chirps provide highly
synchronized stimulation of specific frequency bands.* Using chirps and newer detection
algoritpms allows faster data collection, approaching half the traditional ASSR data collection
time.™
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FIGURE 1. Example of a typical 1,000 Hz AM and FM modulated carrier stimulus and its
associated spectrum.

Test frequencies. Test frequencies of 500, 1000, 2000, and 4000 Hz are commonly used as
ASSR carrier stimuli. These frequencies are modulated with respect to amplitude and frequency.
A 100% amplitude modulation (AM) is often used at a high modulation rate (ie, >80-90 Hz).
Some ASSR systems are capable of simultaneous, multiple-frequency binaural stimulation.
When multiple frequencies are presented simultaneously, modulation typically occurs between
82 Hz and 106 Hz. Some manufacturers offer a 20% to 25% frequency modulation (FM), which,
combined with AM, typically enhances the response as compared to AM-only.

Modulation rates. Higher modulation rates generate bioelectrical responses derived from the
brainstem (like ABR) and are, therefore, less susceptible to patient state. Lower frequency
modulation rates may be used (ie, 40 Hz) but do include components of the middle latency
response (MLR) and are therefore influenced by test subject conditions (Figure 1).

Analysis. ASSR analysis is based on the fact that related bioelectric events coincide with the
stimulus repetition rate. Therefore, ASSR analysis is mathematically based.



____—— Rcsncrrrsc Components |

‘.

mu \
.-"rlr : ‘J I' \ Noise
SdHz |
630 H "- /

'

Amplitude [dE]

" i ulil

500

Freq wEncy |'Hz|

FIGURE 2. FFT Spectral Analysis showing the detection of the modulation rate and harmonics
in the presence of randomly occurring noise.

The specific method of analysis will be dependent on the manufacturer's statistical detection
algorithm. ASSR analysis occurs in the spectral (ie, frequency) domain and is composed of
specific frequency components that are harmonics of the stimulus repetition rate. Early ASSR
systems considered the first harmonic only, whereas newer systems also incorporate higher
harmonics in their detection algorithms.

For example, if the stimulus repetition rate is 90 Hz (ie, 90 stimuli per second), the ASSR will
occur at 90 Hz, 180 Hz, 270 Hz, 360 Hz, etc (Figure 2). The first spectral response component
(in this case, 90 Hz) will have the largest amplitude, and amplitude decreases as the harmonic
number (1st, 2nd, 3rd, etc) increases. Detecting the presence of ASSR in the spectral domain
means relying on amplitude and/or phase values (sometimes combined into a vector) of the first
six to eight harmonics to distinguish the ASSR from ongoing random and biologic noise.

Electrode placement. Electrode placement for ASSR is often the same or similar to traditional
recording montages used for ABR recordings. The two active electrodes are placed at or near the
vertex, and at the ipsilateral earlobe/mastoid, whereas the ground electrode is placed on the low
forehead. If the instrument is collecting data simultaneously from both ears, a two-channel
preamplifier is used to benefit from the binaural electrode montage. When a single channel
recording system is used to detect activity from a binaural presentation, a common reference
elect
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Filtering, amplification, and artifact reject. ASSR filter settings are not like ABR settings. For
ASSR, depending on the specific situation, the high pass filter might be approximately 40 Hz to
90 Hz, and the low pass filter might be between 320 Hz and 720 Hz. Typical filter slopes are 6
dB per octave. Gain settings of 10,000 are common for ASSR. Artifact reject is left "on."”

As is true with ABR, it is advantageous to have manual "override"” to allow the clinician to make
decisions during the test, such as a change in stimulus level at individual frequencies. As data
accumulates (Figure 3), the clinician may toggle between view modes to see how the estimated
audiogram is progressing and may apply course corrections as needed.

Normative Data and General Trends

Most ASSR equipment provides correction tables for converting measured ASSR thresholds to
estimated HL audiograms. In general, estimated ASSR-based audiograms provide similar

FIGURE 4. The Interacoustics System showing the dB test level of the ASSR recording
compared to the estimated audiogram based on an established conversion table.

information to behavioral-based audiograms.

Picton et al® provided tables of corrective values indicating that ASSR thresholds are within 10
dB to 15 dB of audiometric thresholds. There are variances across studies, and actual correction
data depends on many variables such as: equipment used, frequencies collected, collection time,
age of the subject, sleep state of the subject, stimulus parameters used, and more.

Regardless of the equipment used, the clinician should refer to the data and references provided
by the manufacturer when estimating audiograms.

Discussion

ASSR has been shown to be reliable and effective in predicting hearing thresholds. ASSR offers
multiple auditory and electrophysiologic synergies previously unavailable.

Nonetheless, Jerger and Hayes' “cross-check” principle’ is valid, wise, and recommended.? In
particular, ASSR results have been reported with significant stimulus artifacts in unusual



situations (ie, low-frequency stimuli presented at 100 dB HL or above), and other artifacts have
been noted, too (see Stapells et al9). Bone conduction studies are not yet definitive, and direct
application of ASSR to various etiologies (eg, Meniere's disease, acoustic neuroma, auditory
neuropathy, etc) is under investigation across the globe.

ASSR is an exciting technology that provides quick and reliable multiple frequency, ear-specific
hearing threshold information. ASSR continues to "raise the bar" with regard to test speed and
accuracy, and the systems are available from a handful of manufacturers.

In this article, we've offered examples based on the most recent refinements and offerings from
Interacoustics. We anticipate further development and refinement, as continually improving
protocols and accuracy become available in the future.
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