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The vast majority of the electroencephalographic (EEG) activities that are examined during 

clinical EEG interpretation lie below 30 Hz. Studies have shown some time ago that 

discharges up to 120 Hz could be seen in intracerebral EEG studies at seizure onset (Fisher 

et al., 1992). Several reports also indicated that activity between 40 and 100 Hz was 

common during infantile spasms and could even be recorded from the scalp (Kobayashi et 

al., 2004; Akiyama et al., 2005). Several experimental and human studies from the 

University of California, Los Angeles (UCLA) group (Bragin et al., 1999; Staba et al., 2002, 

2004; Engel et al., 2009 for review) have demonstrated that activity at frequencies from 

100–500 Hz could be recorded with microelectrodes placed in mesial temporal structures 

and that some of these activities were characteristic of the region of seizure onset. Their 

work differentiated the “ripples,” brief runs of waves with a frequency of 100–200 Hz, 

which appear to represent normal physiological activity, from “fast ripples,” in the 200–500 

Hz frequency range, present mostly in the seizure onset region. It was shown in experimental 

animals that the region generating these high frequency oscillations (HFOs) were very small, 

extending a few hundred microns at most (Bragin et al., 2002).

These interesting findings raised the question of the presence of such high-frequency activity 

in the intracerebral EEG at first, and possibly in the scalp EEG or magnetoencephalogram 

(MEG). The difference between a microelectrode and an EEG electrode is the surface of 

metal in contact with the brain. Given the presumed size of the generator (a few hundred 

microns) and the size of most EEG electrodes (several square millimeters) it appears 

unlikely that EEG electrodes could record ripples and fast ripples. A series of studies were 

performed at the Montreal Neurological Institute with EEG electrodes that are a little 

smaller (1 mm2) than most commercially available electrodes (4 mm2) but still hundreds of 

time larger than microelectrodes. These studies demonstrated that high-frequency activity up 

to 500 Hz can be recorded with EEG electrodes and that this activity is linked with the 

region generating seizures.

The first study demonstrated HFOs during epileptic seizures (Jirsch et al., 2006). High 

frequency activity, as brief oscillations or as prolonged discharges, was found most often in 

the electrodes where the seizure started and rarely in regions to which it propagated. Patients 

for whom the seizure onset had been missed (for instance if clinical signs preceded EEG 

changes) did not show HFOs. It was then demonstrated that interictal HFOs were also 
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relatively frequent in the ripple and in fast ripples (FR) frequency bands (Urrestarazu et al., 

2007). These oscillations occurred in three situations: (1) on top of traditional EEG spikes 

(as was most often the case for FRs recorded with micro-electrodes); (2) totally 

independently of spikes; (3) as a result of filtering a sharp spike. In both studies, HFOs were 

found in neocortical regions as well as in mesial temporal lobe structures. Examples of 

HFOs are shown in Fig. 1.

It is known that the zone of interictal spiking and the seizure-onset zone are related to each 

other but the relationship is not always tight. By examining the spatial relationship between 

the seizure-onset zone, the region in which interictal spiking takes place, and the region in 

which HFOs are found, we could determine that HFOs have a tighter correspondence than 

interictal spikes with the seizure-onset zone (Jacobs et al., 2008). HFOs, therefore, appear to 

be a better candidate for a biomarker of ictogenesis than spikes. The importance of HFOs 

was further underlined when it was found that, in patients with lesions, HFOs were more 

closely coupled with the region of seizure onset than with the lesion, which is sometimes but 

not always the source of the seizures (Jacobs et al., 2009a).

If there is a good spatial correspondence between the region of seizure onset and HFOs, one 

can naturally wonder if there is also temporal coupling. A natural question is whether HFOs 

become more frequent as a seizure approaches. Khosravani et al. (2009) found that HFOs 

often increased in the few seconds immediately preceding a seizure. This study also 

demonstrated that HFOs could be recorded from commercially available subdural electrodes, 

with a surface contact of 4 mm2. When examining fluctuations in HFOs in the 15-, 5-, and 

1-min intervals preceding seizure occurrence, Jacobs et al. (2009b) did not find any 

systematic change. These two studies indicate that if there is a change in HFOs prior to 

seizures, it is only immediately prior to their occurrence.

Looking at HFO fluctuations at the time scale of days in relation to seizure occurrence and 

to changing antiepileptic medication, Zijlmans et al. (2009) demonstrated that medication 

reduction results directly in an increase in the rate of HFO occurrence. Seizures, on the other 

hand, when they occurred in a context of stable medication, did not cause any change in 

HFO rates. This is in contrast to interictal spikes (Gotman & Marciani, 1985; Gotman & 

Koffler, 1989; Spencer et al., 2008), for which medication reduction does not result directly 

in an increased rate; seizures, however, are followed by increased spiking (this explains the 

often seen increase in spiking after medication withdrawal, as seizures occur more often and 

mediate the increase in spiking). Comparing HFOs and spikes, one, therefore, concludes that 

HFOs behave more like seizures than spikes do in the context of changing medication levels. 

Therefore, they may be a better marker of disease activity than spikes.

In conclusion, examining the EEG between 100 and 500 Hz may add clinically useful 

information to the classical interpretation of intracerebral EEGs. It is unlikely that such 

high-frequency activity can be recorded from the scalp or with MEG because the generator 

regions appear too small. However, this is worth investigating because the same reason had 

been invoked earlier for the unlikely possibility to record HFOs with intracerebral EEG 

electrodes, and was proven wrong. It is important to note that the skull does not filter out 

high frequencies (Oostendorp et al., 2000); it only makes their recording less likely by virtue 
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of the distance it creates between a small generator and the scalp electrode, and because of 

its resistivity that attenuates an already small activity.
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Figure 1. 
Examples of high-frequency oscillations (HFOs) occurring at the same time as spikes 

(A,C,E, and possibly F) and outside of spikes (B,D). The black trace is the original 

electroencephalography (EEG). The red and blue traces result from high-pass filtering at 80 

and 250 Hz, respectively. The amplitude for these traces has been multiplied by 10 to 

facilitate viewing. From Bagshaw et al. (2009).
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