Deconvolution for flexible recording of transient evoked potentials
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Background: Traditionally, to enhance the signal-to-noise ratio of auditory evoked potentials (AEPS),
electroencephalogram segments are averaged. However, this requires an inter-stimulus interval longer
than the duration of the AEP to prevent contamination from neighbouring responses. On the other hand,
deconvolution algorithms allow for the recording of transient overlapping AEPs. Here we present the
fundamentals and the research potential of a deconvolution method based on matrix processing.

Methods: Iterative Randomised Stimulation and Averaging (IRSA) consists of an iterative process in
which the AEP is estimated after suppressing the interference from adjacent responses [1]. A matrix-
based formulation of this method [2] significantly reduced the high computational cost of its predecessor
and demonstrated that the algorithm converges onto a least-squares (LS) deconvolution [3]. In addition,
the matrix implementation of this method allowed for the representation of AEPs in a lower-dimension
vector space compared to the time or frequency domains typically used for AEPs [4], and we showed
that deconvolution in this reduced space is feasible and appropriate [5].

Results: Overcoming the maximum-rate limitation of the averaging method enabled the design of an
experiment which was appropriate to characterise both short-term and long-term adaptation mechanisms
for the first time in humans [6]. Further, our research showed that projecting the AEP onto a reduced
vector space and projecting back onto the original time domain provided a latency-dependent filtering
that facilitated a compact representation of AEPs from cochlea to cortex [4]. Performing deconvolution
in the reduced space leads to an optimal least squares estimation of the AEP [5].

Conclusion: Deconvolution algorithms overcome the maximum stimulus presentation rate limitation
imposed by averaging methods, thus providing greater flexibility in designing AEP experiments.
Representing AEPs in domains different than time or frequency represents a new avenue for AEP
research, with numerous potential applications. For instance, the latency-dependent filtering method
enables a compact representation of AEPs from the entire auditory pathway—a natural representation
that removes the traditional discontinuities between peripherical, middle and central AEPs. The methods
have demonstrated their robustness through simulations, and supplementary materials such as toolboxes
are available to facilitate their implementation.
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