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ABSTRACT

In our previous study [1,2] we present an approach for automatic classification Unsupervised Spikes
Sorting (USS) of extracellularly recorded action potentials of neurons. The spike waveforms are
described by the nonlinear oscillating model as an ordinary differential equation with perturbation,
thus characterizing the signal distortions in both amplitude and phase. We have developed an
unsupervised iteration-learning algorithm that estimates the number of classes and their centers
according to the distance between spike trajectories in phase space. This algorithm scans the
learning set in order to evaluate spikes trajectories with maximal probability density in their
neighborhood. Following the learning step of the algorithm, the procedure of minimal distance is
used to perform spike recognition.

In the present study we provide additional testing of the algorithm with artificial data set to estimate
the accuracy of spike sorting. We present results of its application for the characterization of single
unit activity recorded extracellularly in the Subthalamic Nucleus (STN) of Parkinsonian patients.

The simulated data set was generated with three spikes that were summarized with an original
signal from STN. We have made several computational experiments to compare the percentage of
errors with different level of noise and with the denoising technique Time and Spatial Adaptation
(TSA) based on wavelet transform [3]. With the level of noise that it is typical for the real data
recorded in the surgery room we found near 7% of missing spikes but no misclassification. An
increase of denoising increases the percentage of errors because of the distortions in the original
signal introduced by the denoising procedures. These results demonstrate that we can expect to
have well isolated single units by an unsupervised procedure.

Multi-channel recordings of STN activity were collected from 5 Parkinsonian patients during the
brain surgery aimed to locate the optimal sites for Deep Brain Stimulation. Stable neuronal activity
was observed in 38 recording sites. The patterns of neuronal activity were characterized on the
basis of the autocorrelograms and crosscorrelograms. Several examples of these patterns will be
illustrated in the presentation.



Keywords: Extracellular spike sorting, deep brain stimulation, multi-channel recordings,
subthalamic nucleus.

References

[1] Aksenova T.I., Chibirova O.K., Benabid A.-L., Villa A.E.P. (2002) Nonlinear Oscillation
Models for Spike Separation, Lecture Notes in Computer Science 2526: 61-70.

[2] Aksenova, T. L.; Chibirova O.K., Dryga, O.A., Tetko, I. V.; Benabid A.-L.; Villa, A. E. P.
(2003) An unsupervised automatic method for sorting neuronal spike waveforms in awake and
freely moving animals, Methods 30: 178-187.

[3] Bahoura M., J. Rouat, (2003) Wavelet speech enhancement based on time space adaptation,
IEEE Transactions on Speech and Audio Processing. Submitted.



