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EEG Epilepsy Seizure Prediction: The Post-processing Stage as a Chronology
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1 Patient and seizure metadata
Table S1 contains information regarding the group of patients with temporal lobe drug-resistant epilepsy from the EPILEP-
SIAE database' analyzed in this study. It presents information about each patient (gender, age, and number of seizures)

and their seizures (seizure classification, seizure activity pattern, state of vigilance at seizure onset, and recording time).

Table S1: Dataset description regarding the 37 studied patients.
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Table S1: Dataset description regarding the 37 studied patients.
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Gender: female (f), male (m); Seizure classification: unclassified (UC), Focal Onset Aware (FOA), Focal Onset Impaired (FOIA),
Focal to Bilateral Tonic-Clonic (FBTC); Seizure activity pattern: unclear (?), rhythmic sharp waves (s), alpha waves (a), rhythmic
delta waves (d),rhythmic theta waves (t), rhythmic beta waves (b), repetitive spiking (r), cessation of interictal activity (c), amplitude
depression (m); Vigilance state: awake (A), REM sleep stage (R), Non-REM sleep stage I (1), Non-REM sleep stage 11 (2).



2 Training methodology

Algorithm 1 Pseudocode illustrating the training procedure for each approach and patient.

Input: training_data < first 3 seizures
Output: SVM_models < ensemble of 31 SVM models
[best_SOP, best_k, best_C| < gridSearch(training_data)
target <— classLabeling(training_data, best_SOP)
for classifier-iin [0,1,...,30] do > 31 classifiers
training_data < classBalancing(training_data)
training_data < dataStandardization(training_data)
training_data < featureSelection(training_data, best k)
SVM_model <— SVM.train(training_data, target, best_C)

end for

Algorithm 2 Pseudocode illustrating the grid-search procedure for parameter selection using a leave-one-out cross-
validation strategy.

Input: training_data < first 3 seizures

Output: [best_k,best_SOP, best_C] +— optimal parameters combination considering the highest metric performance

Sop e {10,15,20,...,55} > SOP values
k € {10,20,30,40} > number of selected features
Ce {27028 . 210} > SVM Cost values

for each combination (SOP,k,C) do
target < classLabeling(training_data, SOP)
for fold_iin [0,1,2] do > 3-fold cross-validation
for classifier_iin [0,1,...,30] do > 31 classifiers

[training_data, validation_data, training target, validation_target] < splittingData(training_data)
[training_data, training_target] <— classBalancing(training_data, training_target)
[training_data, validation_data] < dataStandardization(training_data, validation_data)
[training_data, validation_data] «+— featureSelection(training_data, validation_data, k)
SVM_model <— SVM.train(training_data, training_target, C)
prediction <~ SVM_model.predict(validation_data)

performance < prediction.evaluate(validation_target)

end for
final_performance +— mean(performances) > mean performance for each combination (SOP,
k, C) considering the 31 classifiers
end for
end for

[best_SOP, best_k, best_C] +— choosingBestParameters(final_performance) > optimal parameters combination con-
sidering the highest final_performance




3 Features description

Here are present some details regarding the extracted features. Linear features are mathematical measures that capture
linear dynamics from the signal, using its phase/frequency and amplitude information. The EEG signal is assumed as
quasi-stationary within each time window when this type of feature is extracted.

Statistical Moments

Statistical moments are widely used in seizure prediction studies to characterize the signal’s amplitude distribution. The
four moments are mean, variance, skewness, which measures the degree of asymmetries of the amplitude distribution,
and kurtosis, which measures the relative flatness or peakedness of the amplitude distribution. The preictal period has
been associated with considerable changes in these measures compared to the interictal period. In particular, a decrease
in variance and an increase in kurtosis were observed in the preictal phase®~.

Hjorth Parameters

The Hjorth parameters consider standard deviations to quantify the dynamical signal properties. These are three time-
domain measures of brain activity: activity, a measure of mean power, mobility, a measure of root-mean-squared fre-
quency, and complexity, a measure of root-mean-square frequency spread. With the proximity to the seizure onset, an
increase in mobility and complexity measures is observed> 3>,

Decorrelation Time

The decorrelation time is described as the first zero crossing of the autocorrelation function. It is an estimator of the data
periodicity and the strength of linear correlations. The lower its values, the less the signal is correlated. Before seizures,
a decrease in the decorrelation time has been reported>>.

Relative Spectral Power

The spectral power quantifies the signal power associated with specific frequency ranges. It is possible to compute the
power spectral density (PSD) by applying the Fast Fourier Transform (FFT) to the EEG time series and then average the
squared coefficients of the frequency range of interest.

In turn, the relative spectral power is characterized as the power of a given frequency band divided by the total power of
the EEG signal. A normalized spectral power provides a more robust measure since there is more power in low frequencies
than at high frequencies. Some authors have reported a transference of power from the lower to higher frequencies before
the seizure onset>>~7 .

Spectral Edge Frequency and Power

SEF (Spectral Edge Frequency) is commonly described as the minimum frequency below which a given percentage of
the total power of the signal is contained. The SEP (Spectral Edge Power) is the value of the power existing below the
defined threshold.

Regarding the EEG signal, most of the spectral power is comprised in the 0.5-40Hz band, and SEF 50 and SEP 50
are commonly used. SEF 50 is the frequency below which 50% of the total power of the signal up to 40 Hz is located,
and SEP 50 is the corresponding power below the spectral edge frequency. Thus, SEF may be capable of capturing the
dynamics mentioned above during the preictal®>.

Wavelet Coefficients Energy

The DWT (Discrete Wavelet Transform) is a time-frequency domain transform that can be an alternative to the FFT. It is
capable of revealing the spectral and temporal properties of the signal. The wavelet transform decomposes the signal in
different resolution levels according to specific frequency components. The first decomposition levels are associated with
higher frequencies, while the last levels represent the lower frequencies. After the signal decomposition, it is possible to
compute discriminant measures from distinct frequency bands by applying the wavelet coefficients. The quantification of
the energy in different frequency ranges is an example of a feature that can be obtained using the wavelet transform>->.



4 Results

Table S2 contains the seizure prediction results obtained for each patient and approach, including the optimal SOP value,
seizure sensitivities (SS), false prediction rate per hour (FPR/h), and the models performing above the chance level. Table
S3 presents the statistical test results for each patient and approach, using the seizure-times surrogates method. Tables S5
and S4 include the multiple comparison results using the Tukey’s Honest Significant (HSD) Test.

Table S2: Seizure prediction results obtained for each patient and approach.

Control Chronological Cumulative
Patient Tested Above Above Above
Seizures SOP SS  FPR/h SOP SS FPR/h SOop SS  FPR/h
Chance Chance Chance
402 2 10 0.50 3.92 [ J 50 0.00 0.10 10 0.50 3.03 [ J
8902 2 25 1.00 0.16 [ J 10 0.00 0.36 15 0.50 0.38 [ J
11002 1 25 1.00 0.46 [ J 10 0.00 1.00 10 0.00 1.15
16202 4 15 0.00 0.21 45 0.25 0.11 [ J 55 0.25 0.21 [ J
21902 1 20 0.00 1.61 15 0.00 0.36 20 0.00 1.35
26102 1 55 1.00 1.02 o 50 0.00 0.16 55 1.00 0.39 [ J
30802 5 55 0.60 0.43 o 20 0.80 0.99 o 20 0.60 1.16 o
32702 2 20 0.00 0.45 10 0.00 0.49 10 0.00 1.01
45402 1 50 0.00 1.15 10 0.00 1.65 15 1.00 341 o
46702 2 10 1.00 11.34 [ J 20 1.00 1.00 [ J 10 1.00 5.38 [ J
50802 2 20 0.00 0.47 10 0.00 0.59 10 0.50 0.79 [ J
52302 1 55 0.00 2.20 20 0.00 1.64 20 0.00 4.56
53402 1 55 1.00 0.86 [ J 20 1.00 2.29 [ J 50 1.00 0.84 [ J
55202 5 10 0.60 323 [ J 55 0.80 0.53 [ J 10 0.40 291 [ J
56402 1 15 1.00 8.10 [ J 10 1.00 0.96 [ J 10 1.00 9.96 [ J
58602 3 15 0.33 1.21 [ J 35 0.33 0.93 [ J 55 0.67 1.42 [ J
60002 3 20 0.33 0.81 30 0.00 0.11 10 0.33 1.55 o
64702 2 10 0.00 242 40 0.00 0.20 10 1.00 2.37 [ J
75202 4 35 0.00 0.11 30 0.00 0.09 35 0.00 0.22
80702 3 50 0.67 1.49 [ J 55 0.33 1.65 55 0.67 1.68 [ J
85202 2 20 0.00 0.17 55 0.50 0.13 [ J 55 0.50 0.20 [ J
93402 2 15 0.00 8.91 55 0.00 3.73 25 0.00 7.52
93902 3 45 0.33 0.46 [ J 20 0.00 0.06 25 0.33 0.76
94402 4 10 0.00 5.81 20 0.00 0.54 10 0.25 5.39
95202 4 15 0.50 1.16 [ J 10 0.00 0.24 10 0.25 1.74
96002 4 50 0.25 1.72 40 0.25 1.64 55 0.50 1.91
98102 2 40 0.50 0.22 o 55 1.00 0.13 o 55 1.00 0.13 o
98202 5 15 0.00 0.05 10 0.00 0.00 10 0.00 0.00
101702 2 10 0.50 1.99 o 35 0.00 0.34 55 0.50 0.49 [ J
102202 4 55 0.50 0.28 [ J 45 0.00 0.02 55 0.50 0.32 [ J
104602 2 25 0.50 1.28 [ J 50 0.00 0.30 10 1.00 2.18 [ J
109502 1 10 0.00 4.58 40 1.00 3.38 [ J 55 1.00 4.90 [ J
112802 3 10 0.33 4.68 15 0.33 1.33 [ J 10 0.33 4.90
113902 3 50 0.67 3.75 20 0.00 0.00 45 1.00 3.69 [ J
114702 5 40 0.20 0.47 10 0.00 0.21 35 0.00 0.24
114902 4 35 0.25 0.07 o 10 0.25 0.11 [ J 15 0.50 0.27 [ J
123902 2 25 0.00 0.04 10 0.00 0.04 15 0.00 0.04
18 12 23
Total %8 - - T 4865% - T ns% - T 62.16%
Average 28.11 0.37 2.09 28.24 0.24 0.74 27.70  0.49 2.12
+ - a2 + =+ - + L a5 - + + a5
s.d. 16.62 0.36 2.66 16.89 0.37 0.89 19.16 0.37 2.28




Table S3: Results obtained with the statistical validation using the seizure-times surrogates method.

Control Chronological Cumulative
Patient Ss SS t P Above SS t P Above SS t P Above
Surrogate  statistic value Chance Surrogate statistic value Chance Surrogate  statistic value Chance
402 050 0.08+0.19 -12.04 0.0 ° 0.00 0.02x0.09 100 084 050 0018024 -7.08  0.00 o
8902 100 0.3+0.22 2111  0.00 ° 000 008023 198 097 050 0.13+022  -893 0.0 °
11002 1.00 023+042 -976  0.00 o 000 007025 144 092 000 030053  3.07 1.00
16202 000 005£0.12 226 098 025 003008 -1373  0.00 ° 025 0.10+0.12 660  0.00 °
21902 0.00 033047  3.81 1.00 0.00 0.17+£037 241 0.99 000 020+048 226 098
26102 1.00 037048  -7.08  0.00 ° 0.00 0.17+£037 241 0.99 100 020£040  -10.77  0.00 °
30802 0.60 044011  -7.95  0.00 o 0.80 039+0.14 -1530  0.00 ° 0.60 039+0.15 790 0.0 °
32702 0.00 007017 211 098 000 0702 269 099 000 0.13£022 325 1.00
45402 000 0.50+0.56 478 1.00 000 0.13+£034 211 098 100 0.57+0.56  -418  0.00 °
46702 1.00 048+035  -7.88  0.00 ° 100 0.08+0.19 -2649  0.00 ° 100 035+037  -9.50  0.00 °
50802 0.00 0.05+0.15 1.80 096 0.00 0.08+0.19 241 0.99 0.50 0.10£020  -10.77  0.00 °
52302 0.00 0.30+046  3.53 1.00 000 010030 180  0.96 000 017037 241 099
53402 1.00 02004  -1077 0.0 o 100 043+0.50 -6.16  0.00 ° 100 037+£048  -7.08 0.0 °
55202 0.60 032017 -897  0.00 ° 0.80 038x0.17 -13.04  0.00 ° 040 031+0.17 277  0.00 °
56402 1.00 077042 297  0.00 ° 100 0.10£0.30 -16.16  0.00 ° 100 0.50£0.50  -539  0.00 °
58602 033 022+£023 257 0.0l ° 033 019022  -350  0.00 ° 0.67 041021 671  0.00 °
60002 033 026+025 -1.65  0.05 0.00 009+0.15 325 1.00 033 020+024  -3.03  0.00 °
64702 0.00 027028 5.1 1.00 000 007+0.17 211 098 100 015+£023  -1998  0.00 °
75202 0.00 0.03£0.08 211  0.10 0.00 0032010 136 091 000 011014  4.18 1.00
80702 0.67 0.50+0.20 -435  0.00 ° 033 048x021  3.79 1.00 0.67 042022 6.60  0.00 °
85202 0.00 0.05+0.15 180 096 0.50 003012 -20.15  0.00 ° 050 007017 -1373  0.00 °
93402 0.00 0.58+032  9.87 1.00 0.00 088025 1920  1.00 000 075+031 1305  1.00
93902 033 0.13%0.18 -583  0.00 o 0.00  0.00 % 0.00 - - 033 030029 062 027
94402 0.00 039027  7.77 1.00 0.00 0.13+0.18 375 1.00 025 035+024 244 099
95202 050 0.19%021  -7.87  0.00 o 0.00 007+0.13 280  1.00 025 021018  -122 0.1
96002 025 0.61+025  7.80 1.00 025 049022 595 1.00 050 069025  4.17 1.00
98102 050 0.05+0.15 -16.16  0.00 o 100 0.03+0.12 -41.74  0.00 ° 100 0.07+0.17 -29.57  0.00 °
98202 0.00 0.01+005 144 092 0.00  0.00 % 0.00 - - 0.00  0.00%0.00 - -
101702 050 0.28+0.28  -4.18  0.00 o 0.00 0.13+£022 325 1.00 0.50 025+025  -539  0.00 °
102202 050 0.13+0.12  -1583  0.00 ° 0.00 001004 100 084 0.50 0.12+0.12  -1655  0.00 °
104602 050 023028  -5.11  0.00 o 0.00 0.17+£024  3.81 1.00 1.00  028+031 -12.54  0.00 °
109502 0.00 047+050 504  1.00 100 07+046  -3.53  0.00 ° 100 0.67+047  -3.81  0.00 °
112802 033 042+027 176 096 033 011016 -7.62  0.00 ° 033 042+026 186 096
113902 067 0.78+0.18 334 099 0.00  0.00 % 0.00 - - 100 070£022  -7.45  0.00 °
114702 020 027+020 194 097 0.00 004008 269  1.00 0.00 0.15+0.18 443 1.00
114902 025 0.01£0.04 -29.00  0.00 ° 025 003008 -1373 0.0 ° 0.50 002006 -41.74  0.00 °
123902 0.00  0.00 +0.00 - - 0.00 0.00 % 0.00 - - 0.00  0.000.00 - -
18 12 23
Total - : : 48.65% ; : 243% ; ; 62.16%
Average 0.37 0.28 0.24 0.16 0.28 0.28
+ + + - - - + + - - - + + - - -
sd. 036 0.25 0.37 0.19 0.25 0.26
Table S4: Pairwise comparison results for SS values using the multiple comparison Tukey HSD test.
Group A Group B Lower Limit Difference (A-B) Upper Limit P-value
Control Chronological -0.08 0.13 0.33 0.30
Control Cumulative -0.33 -0.12 0.08 0.33
Chronological Cumulative -0.45 -0.25 -0.05 0.01
Table S5: Pairwise comparison results for FPR/h values using the multiple comparison Tukey HSD test.
Group A Group B Lower Limit Difference (A-B) Upper Limit P-value
Control Chronological 0.18 1.35 2.51 0.02
Control Cumulative -1.20 -0.03 1.14 1.00
Chronological Cumulative -2.55 -1.38 -0.21 0.02



5 Discussion

5.1 The influence of the number of testing seizures in the models’ performance

Seizure sensitivity might be influenced by the number of tested seizures. For patients with only one seizure, the model’s
sensitivity is limited to O or 1, indicating whether the seizure is correctly predicted or not. However, for patients with
multiple seizures, the model is capable of achieving different SS values. Furthermore, for patients with an elevated
number of testing seizures, it might be more difficult to predict all seizures and achieve a seizure sensitivity of 1.

The following figures present the interaction between SS values and the number of testing seizures. Upon inspection,
it is evident that the models achieved an SS value of 1 when the number of tested seizures was reduced. Moreover, more
patients accomplished an SS value of 1 when only one seizure was tested. A general decrease in seizure sensitivity is
observed as more seizures are tested.

Control Approach Chronological Firing Power Approach
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Fig. S1. Interaction between seizure sensitivity (SS) and the number of testing seizures for each approach. Near to each point is the
number of models that it represents.
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