
A chi-square test of  independence was performed to examine the 
seizure detection capabilities of  gamma versus delta power for animals 
treated with ketamine or propofol. For ketamine animals, the ratio of  
matches of  false positive to false negatives was significantly different for 
the delta and gamma detection algorithms, X2 (2, N = 750) = 200.975, p
= 0.00. For propofol animals, the ratio of  outcomes for the two 
detection algorithms was also significantly different, X2 (2, N = 1220) = 
142.905, p = 0.00. These significant differences indicate that one of  the 
bands is better at detecting seizures than the other. While the chi-square 
test does not choose which band is better, it is evident that gamma had 
more matches and less false positives and negatives for both drug groups, 
supporting gamma power analysis as the better method for detecting 
seizures regardless of  treatment (Tables 1 & 2).

For each rat, data from baseline through the first 20 hours after ketamine or 
propofol administration was analyzed and exported to Excel for graphing. 
Peaks in either power band that occurred after drug administration were 
considered to represent seizures. The timing of  each peak in the delta and 
gamma bands was annotated. Finally, these NeuroScore predictions were 
compared with the initial manual scoring of  the EEG files for matches, false 
positives, and false negatives with chi-square tests of  independence.

Manual evaluation of  seizure activity identified 311 seizures across five rats 
that were treated with ketamine and 487 seizures across eight rats treated with 
propofol. Two rats that were treated with ketamine had no seizures, so they 
were excluded from further analysis. Examples of  delta power and gamma 
power plotted over time for an individual rat are shown below (Graphs 1 & 2).
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The purpose of  this project was to determine if  delta or gamma 
power was better at detecting when seizures reemerge during treatment 
with ketamine or propofol. In this study, gamma power analysis was 
better at matching manually-identified seizures than delta power analysis 
in animals treated with either drug. This was supported by the chi-square 
test of  independence. Overall, gamma had more matches than delta, 
however there were still many false negatives and positives. This could be 
because some seizures did not have a large enough increase in amplitude 
to be detected by automated means. At this point, manual detection is 
better than either automated algorithm for identifying seizures. Future 
studies should focus on perfecting power analysis to provide a fast and 
effective way to detect seizures, replacing manual detection. 
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Acetylcholine (ACh) is a neurotransmitter that the brain uses to send 
signals between neurons. When the brain wants a signal to stop, 
acetylcholinesterase (AChE) seeks out ACh and degrades it. Nerve agents 
bind to AChE and inhibit it from degrading ACh, causing an 
accumulation of  excessive amounts of  ACh. This leads to intense 
excitation in the brain and creates a state of  continuous seizures known 
as status epilepticus (SE) (McDonough & Shih, 1999). Without 
treatment, SE leads to brain damage or death. To fully terminate SE, 
hospital care is essential. Due to the severity of  nerve-agent induced SE, 
the typical first and second-line treatments that a doctor would try do not 
work well (Cannard, 2016). That leaves the third option—general 
anesthetics, such as ketamine or propofol. These drugs will cause a 
medically-induced coma, and when given continuously, ketamine and 
propofol will keep SE under control. However, when the drug is 
withdrawn there is a possibility of  seizures resurfacing. 

The goal of  this project was to determine whether automated analysis 
of  low frequency electroencephalogram (EEG) activity or high frequency 
EEG activity was more accurate at detecting seizure reemergence after 
treatment with ketamine or propofol. 

Materials and Methods
First, raw EEG files from rats were manually reviewed for seizures. 

Then, power analysis was performed using NeuroScore. Finally, 
NeuroScore predictions about seizure reemergence were compared with 
manual seizure identification for accuracy in a chi-square test of  
independence. EEG recordings from rats that were exposed to nerve 
agent, entered SE, and were then treated with ketamine or propofol were 
previously collected using AcqKnowledge software. These EEG files 
were visually reviewed for seizures, and the timing of  each event was 
noted (Figure 1). Next, NeuroScore was used to calculate power in the 
delta (0.5-4 Hz) and gamma (30-100 Hz) bands (Figure 2). The power 
calculation used a fast Fourier transform to determine how much of  the 
EEG signal was made up of  each of  its component frequencies during 
every one-minute time bin of  the recording.

Figure 2 (left): Propofol induces 
predominant delta power, 
characterized by its slow wave-like 
pattern. Ketamine induces 
predominant gamma power, 
characterized by its fast spiking 
pattern. Seizure was captured at a 
scale of  0.25 mV and one second. 

Figure 1 (above): The EEG capture was taken from AcqKnowledge. This is a seizure from 
an animal treated with propofol. The high amplitude and frequent spikes indicate a seizure 
was occurring, if  this behavior was seen in an EEG it was noted. The arrows indicate start 
and end of  the seizure. Seizure was captured at a scale of  0.25 mV and two minutes. 

Graphs 1 & 2 (above): During the first hour of  recording, prior to nerve agent exposure, both 
delta power (top) and gamma power (bottom) remain stable. At t = 60, SE starts and power 
increases dramatically. At the peak propofol or ketamine was given, bringing the power in both 
bands back to baseline. The subsequent spikes of  power in each band, indicated with arrows, 
were considered detections of  seizure reemergence. 

Ketamine Delta Gamma
Match 4 159

False Positive 72 55
False Negative 307 153

Tables 1 & 2 (left): The observed values for 
all ketamine animals (top) and propofol
animals (bottom). Matches were classified 
as seizures noted in the raw EEG and 
detected by power analysis. False positives 
were seizures identified by power analysis 
but not noted from raw EEG. False 
negatives were seizures noted from raw 
EEG but not identified by power analysis.

Propofol Delta Gamma
Match 6 124

False Positive 161 85
False Negative 481 363
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