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In the late 1990s there was an explosion of enthusiastic interest in the concept of seizure prediction based on the detection of “warning signals” in EEG minutes or longer prior to seizure onset. Frustratingly, it has not yet proven possible to identify a predictive marker of seizure onset which has sufficient sensitivity and specificity to be useful for people with epilepsy. Nonetheless, the substantial interest sparked in this area has highlighted that there may be a range of phenomena associated with the period of time prior to seizure onset at an above-chance level. If or when robust preictal states are found not only will they be useful for seizure prediction, but also in building and understanding of the fundamental mechanisms of the transition between normal interictal brain activity and seizures. Since 2002 there have been five International Workshops on Seizure Prediction; these meetings have focussed on developing tools and models to allow useful prediction of seizures for individual patients. Despite the intensely productive and influential nature of these workshops, we identified a pressing need to examine the concept of a preictal period from the broadest possible perspective. Hence we developed a programme for the Epilepsy Research UK Workshop 2010 on “Preictal Phenomena”.
The Workshop was held at St Catherine’s College, University of Oxford, on 23-24 September 2010. The invited audience of 45 experimental scientists, clinician-scientists and clinical epileptologists followed a programme of presentations, each linked to an expert discussion. The papers published here are co-authored by the presenters and discussants, providing an unusual cross-disciplinary mix, and in some instances bringing together authors who have not previously shared a single viewpoint. The programme attempted to examine the preictal period at the broadest range of physical and temporal scales. The first day of the Workshop was concerned with observations of people with epilepsy over relatively long timescales, breaking-down observations at this scale into electroencephalographic, haemodynamic and autonomic phenomena, as well as slow changes in cortical excitability. The second day focussed on finer grained and mechanistic approaches in experimental systems and models.
It is commonplace in clinical practice to hear a person with epilepsy, or a carer, describe that a seizure was preceded by a distinct period of subjective or observable phenomena often described as a prodrome. For some, this is can seem irrefutable, and is reinforced by popular interest in the supposed ability of some dogs to provide a warning about an impending seizure. Self-prediction, or prediction by an observer (either human or non-human animal), would be an attractive low-tech and low-cost approach to reducing the impact of unexpected seizures. Objective evidence in this field is limited, but given the intense interest in this area amongst people with epilepsy, we opened the Workshop with an examination of the evidence for self-prediction (Schulze-Bonhage EPIRES-D-11-00057) and prediction by dogs (Goldstein EPIRES-D-11-00142).
The most substantial literature examining phenomena occurring prior to seizures, which may or may not permit prediction of seizure onset, comes from conventional clinical EEG. The second session of the Workshop juxtaposed the work of a number of leading groups in this area, which is summarised here in a single article (Schulze-Bonhage EPIRES-D-11-00064). The subsequent session explored evidence that cerebral haemodynamics show distinct changes prior to seizures which, surprisingly, might not be linked to electrographic phenomena (Benar EPIRES-D-11-00111). The final session on the first day explored how changes in the physiology of the autonomic system (Delamont EPIRES-D-11-00209), the motor system (Richardson EPIRES-D-11-00088) and the visual system (Lopes da Silva EPIRES-D-11-00116) might precede seizure onset.

Day two introduced a substantially different perspective: microscale phenomena in experimental systems. High frequency oscillatory activities in various frequency ranges, at various sites in relation to the seizure onset zone, and at various stages of the interictal-preictal-ictal transition, have been observed in many epilepsy models, as well as in human epilepsy. A wide range of such phenomena and their potential mechanisms was explored through a series of presentations and discussions, summarised here in four contributions (Jiruska EPIRES-D-11-00031; Menendez de la Prida EPIRES-D-11-00042; Kohling EPIRES-D-11-00037; Zhang EPIRES-D-11-00085). 

The final session examined the preictal state from different perspectives, exploring the phenomena immediately prior to the onset of absences, and assessing time-varying seizure probability over extended periods of months following experimental traumatic brain injury. The syndrome of absence epilepsy has been substantially explored in well-characterised experimental models. The conventional view in the past has been that absence seizures emerge abruptly from normal brain activity, and involve widespread bilateral brain regions from the onset. Here (Crunelli EPIRES-D-11-00060), the dynamics of absence onset are reviewed based on experimental and computational models, revealing phenomena consistently occurring prior to generalised spike-wave, which can be seen as preictal. In rodent models of traumatic brain injury, the concept of latent period is challenged, and seizure probability is shown to be a continuous function of time since injury, modulated by seizure clustering (Dudek EPIRES-D-11-00349).
“Preictal” remains a difficult concept to define. Used in its widest sense, it could include several different aspects of epilepsy: (1) periods of increased seizure probability related to normal physiological processes (eg. particular sleep stages, phases of the menstrual cycle) or to pathophysiological processes; (2) premonitory symptoms and signs constituting a seizure prodrome; (3) pathophysiological phenomena with possible relationship to seizure onset, but which may occur without the inevitable subsequent occurrence of a seizure (eg. certain high-frequency oscillations); (4) pathophysiological phenomena not classically regarded as part of the seizure itself, but which only occur specifically at the transition from interictal to ictal activity, and which usually lead directly into typical seizure phenomena. The definition is further complicated by the emergence of the term “pro-ictal”. An emerging consensus appears to be that “preictal” refers to a brain state which moves deterministically towards a seizure, whereas “pro-ictal” refers to a brain state of increased seizure probability. Of course, whether a phenomenon is seen as preictal or pro-ictal may depend on the manner in which it is observed; and combinations or coincidences of several pro-ictal phenomena may be preictal. We hope that the contributions included here will cast light and stimulate thought around all of these issues.
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