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Epilepsy is a chronic neurological disease which affects over 50 million people worldwide [1], caused by
the disruption of the finely tuned inhibitory and excitatory balance in brain networks, manifesting clinically
as seizures. Electroencephalographic (EEG) monitoring in rodent disease models of epilepsy is critical in
the understanding of disease mechanisms and the development of anti-seizure drugs. However, the visual
annotation of EEG traces is time-consuming, and is complicated by different models and seizure types.
Automated annotation systems can help to solve these problems by reducing expert annotation time and
increasing the throughput and reliability of seizure quantification. As machine learning is becoming in-
creasingly popular for modelling sequential signals such as EEG, several researchers have tried machine
learning to detect seizures in EEG traces from mouse models of epilepsy. Most existing work [2, 3] can only
detect seizures in single mouse models of epilepsy and research on multiple mouse models has been limited
to-date.

In this work, we developed a Teager-Kaiser energy operator (TKEO)-based method that mimics how experts
detect seizures in an intra-amygdala kainic acid (IAKA) mouse model of epilepsy. Furthermore, we propose
a machine learning-based method which can review large volumes of data and discover specific trends
and patterns that may not be apparent to humans. We compared the performance of the TKEO-based and
machine learning-based method on the IAKA mouse model. We further tested these two methods on a
Dravet syndrome (DS) mouse model of epilepsy to see whether these two methods could generalize to
detect seizures in another mouse model of epilepsy.

The EEG data used in this study were recorded from nine mice with chemoconvulsant-induced epilepsy
(IAKA; four mice) and genetically-induced epilepsy (DS; five mice). EEG recordings from the IAKA mice
were sampled at a frequency of 500 Hz, while the DS mice were sampled at 512 Hz. Therefore, resampling
was applied to down-sample the signal from 512 Hz to 500 Hz. A 50 Hz notch filter was applied to remove
power line interference, and the DC offset was removed from the EEG recordings. The EEG signal was
divided into epochs of 5s with 2.5s overlap, with each epoch corresponding to seizure events or non-seizure
events.

For the TKEO-based method, the mean TKEO of the first 20 minutes of EEG recording (the baseline pe-
riod) of each mouse was calculated as the threshold. Then, the TKEO of each five-second epoch of the
non-baseline period was compared to the threshold of each mouse. If the value in the epoch was two-
fold higher than the threshold, the event was labelled as a potential seizure. The duration of the potential
seizure was then checked, and if the duration of the event was greater than 10 seconds, it was defined as a
seizure, if not, it was labelled as a regular event. Three IAKA mice (Seizures: 1,100 seconds; Non-seizures:
2,903,458 seconds) and four DS mice (Seizures: 340 seconds; Non-seizures: 224,465 seconds) were used
for independent testing of the TKEO-based method.

XGBoost [4] is a boosting algorithm that has become increasingly popular recently. Boosting algorithms in-

tegrate many weak classifiers together to form a strong classifier. The XGBoost algorithm was implemented
using the ‘XGBClassifier’ package of the sklearn library [5] within the Python 3 environment. Nineteen
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features were extracted from the EEG signal of IAKA and DS mouse models in each five-second epoch.
Features in frequency domain were estimated by Daubechies 4 wavelet. The estimated features are: TKEO;
the absolute power of delta (0-4 Hz), theta (4-8 Hz), alpha (8-16 Hz), beta (16-32 Hz), and gamma (32-64
Hz) frequency band; relative power of delta, theta, alpha, beta, and gamma frequency band; total absolute
power (0-250 Hz); mobility; mean; variance; kurtosis; skewness; signal envelope; and fractal dimension of
the pre-processed signal. One IAKA mouse and one DS mouse were used to train (Seizures: 935 seconds;
Non-seizures: 240,825 seconds) and validate (Seizures: 235 seconds; Non-seizures: 963,295 seconds) the
algorithm. The other three IAKA mice (Seizures: 1,100 seconds; Non-seizures: 2,903,458 seconds) and
four DS mice (Seizures: 340 seconds; Non-seizures: 224,465 seconds) were used for independent testing of
the XGBoost-based method.

The TKEO-based seizure detection method performed well on the IAKA mouse model, with sensitivity
and specificity of 72.1% and 97.5%, respectively. However, when we tested this method using the EEGs
from the DS mouse model the sensitivity was 73.5%, but the specificity dropped to 62.4%. In contrast,
the XGBoost-based method performed well on EEGs from both mouse models and achieved sensitivity and
specificity of 93.0% and 99.3%, respectively, for the IAKA mouse model, and sensitivity and specificity
of 99.5% and 98.0%, respectively, for the DS mouse model. In summary, our XGBoost-based method has
the potential to assist researchers to detect seizures more quickly and reliably in EEG recordings of single-
channel, multi-type seizures in long mouse EEG recordings. In future work, we will validate these methods
using larger numbers of mice from different mouse models of epilepsy.
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Background Method

Epilepsy is the second most common neurological disorder behind stroke,

« Teager-Kaiser energy operator (TKEO)-based method
according to the World Health Organization (WHO). paes (o)

The discrete TKEO is defined

T

Epilepsy is caused by the disruption of the finely tuned inhibitory and excitatory
balance in brain networks, manifesting clinically as seizures.
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Electroencephalographic (EEG) monitoring in rodent disease models of epilepsy is (p[x,]=x -X, *
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seizure drugs.

Seizure detection with EEG requires a direct examination by a physician and —
substantial amount of time and effort.

Figure 2. TKEO applied tothe IAKA mouse EEG signl (s the original
signal (b)thesigna after the TKEQ approach wosapplied (the red
line s the threshold)

Automated detection is a powerful method to devote to this task which can reduce
the annotation time of experts.

Research on seizure detection methods applicable to multiple mouse models has
been limited to date.

In this study, an automated method for seizure detection in EEGs from different
mouse models of epilepsy is proposed.

Mouse model | : Intra-amygdala kainic acid (IAKA) Adult male SV129
EEG signals were recorded in each mouse for 14 days, with 20 minutes of baseline on the first
day. 40 mins later, the intraperitoneal lorazepam (8 mg/kg) was injected to reduce morbidity

and mortality. Following a latent period of 3-5 days, spontaneous recurrent seizures started to

develop.
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Figure 3. Structure of the TKEO-based method
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Mouse model Il : Dravet Syndrome (DS) F1.Scnla(+/-)tm1Kea
Mice were bred with a mutation which mimics DS, a rare and severe epileptic
DS, F1.5cnla(+/-)tm1Kea experience recurrent spontaneous seizures. These were recorded

using tethered EEG monitoring from 12:30 to 6:30 pm between postnatal days p21-p28. [ (i ey
. 3
Table 1. Number and duration of seizures labelled by experts Two Mouse models
IAKA DS i
Number of mice 5 |
Average number of seizures 2 eirare
Total seizures number 1
S H e
Seizure duration (seconds) 398
Non-seizure duration (seconds) 278,758 Feats dimati
eature estimation

Non-Seizure
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Figure 4. Structue ofthe XGBoost-based method
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Table 2. the

std) (%) __|(+/-std) (%)

(+/- std) (%)

1AKA Test 72.1(+/-120)  97.5(+-0.1)  98.0(+/-0.7)
DS Test (N=4) 735 (+/-24.9)  62.4(+/-25.8)  62.3(+/-25.7)
Table3 st

e e e |
(+/-std) (%) __|(+/-std) (%) _|(+/-std) (%

1AKA Test ({ 93.0 (+/-206)  99.3 (+/-1.4)  99.3(+/-1.4)
DS Test (N=4) 995 (+/-11)  98.0(+/-14)  98.0(+/-1.4)

std: standard deviation

Conclusion

v XGBoost-based method performed better than TKEO-based method in both
mouse models of epilepsy

v A novel XGBoost-based method to detect seizures

v/ Assist researchers in the automated analysis of seizures in mouse model of
epilepsy

¥ Single-channel, multi-type seizures in long mice EEG recordings
v Removes user bias when detecting seizures

¥ Fast, reliable, reproducible

Future work

The method need to be validated in data sets from :
O Larger numbers of mice

O Different mouse models of epilepsy
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