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Voxel distance of algorithm to rater average

Distance SEEG1 SEEG2

N<=1 Voxel 92 82 57
1<N<=2 Voxels 17 6 14
2<N<=3Voxels 3 0 0
Missed 2 3 0
Number of contacts (N) n2 88 7

82,93, and 80% of segmented contacts were within 1 voxel for cases SEEG1, SEEG2, and SEEG3, respectively. ive contacts were missed by the algorithm in total,all of which were within 5
voxels of the edge of the brain.
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EEG SETUP OVR [%] PERR (FP, MT) [%, -, -]

€ Y

Synchronization and normalized amplitude

S 82.9 087 (1437, 832) 0.12 (44, 32) 0.07(7,6) 0.36 (1488, 870)
Si 78.01 071 (1147, 735) 023 (77,58) 013 (13, 11) 0.36 (1237, 804)
Ss 7936 0.86 (1282, 775) 005 (18, 14) 0.04 (4, 4) 0.32 (1304, 793)
S 6931 0.68 (1196, 743) 003 (11,9) 002(2,2) 0.25 (1209, 754)

Synchronization and normalized amplitude with post-processing

Sio 80.93 0.57 (985, 381) 0.13(21,9) 0.03 (4,2) 0.24 (1010, 392)
Sz 75.56 0.40 (652, 267) 0.22 (35, 15) 0.03 (4,2) 0.22 (691, 284)
Se 76.85 0.55 (868, 311) 0.06 (5, 2) 0.00 (0, 0) 0.21(873,313)
Sy 65.10 0.38 (746, 278) 0.03 (4,2) 0.00 (0, 0) 0.13 (750, 280)

We used a k-nearest neighbor classifier with the synchronization index and normalized amplitude as the features. The overlap (OVR) of segments classified as ictal with absence scizures and
relative duration of false positives (PERR) are presented for patients (P), controls (C), young adults (Y), and for segments from all cohorts (T). In parentheses, we give the number of distinct
trains of misclassified windows (MT) and false positives (FP). In patients, false detections are predominantly caused by short (< 2 s) epileptiform discharges. Therefore, we also tested the
possibility of reducing the number of false positives by post-processing the k-nearest neighbors classification. In particular, any isolated ictal segment was labeled non-ictal.
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Study

This study

Beaulieu-Jones et al. (25)

Tao etal. (9)

Xieetal. (1)

Decker etal. (10)

Rawal and Varatharajah (12)

Fonferko-Shadrach et al. (8)

Cuietal. (7)

Cuietal. (13)

Objective

To convert EEG reports into tabular data by
Rule-based and BERT
dlassification and keyword extraction

To predict seizure recurrence after an initial
Clinical-longformer
seizure-like event

“To extract temporal information of seizure

Rule-based
onset from discharge summaries
“To extract clinical information (seizure
BERT
frequency, seizure freedom) from clinical notes
“To extract seizure data (seizures and frequency)
Rule-based

from clinical notes

To extract attributes for organized reporting
Rule-based and BERT
from EEG reports

To extract detailed clinical information from

Rule-based
epilepsy clinic ltters
“To extract epilepsy phenotypes and anatomical
Rule-based
locations from clnical discharge summaries
“To extract seizure-related clinical free text from
Rule-based

discharge summaries

Result

 Internal: accuracy = 0.985 (focal or generalized

seizure), accuracy = 0.975 (identification of [EDs and
locations)
« External: accuracy = 1.0 (focal or generalized seizure),

.885 (identification of IEDs and locations)

specific and location-specific
pretraining: Fl-score = 0.826, AUC = 0.897
« No pretraining: Fl-score = 0.739, AUC = 0.846

Precision = 0750, recall =

651, and Fl-score = 0.697

« Median accuracy for classification: 0.837 (BioClinical
BERT), 0.747 (ROBERTa)

« Median F1 score for text extraction: 0.845 and 0.834
(RoBERTa)

« Internal test:recall = 0.70, precision = 0.95, and F1-
score =082

« External test: recall = 0.22, precision = 0.73, and F1-
score =040

« Seizure classification: F1-scores = 0.92

« Epilepsy classification: F1-scores = 0.82

« Normal and abnormal classification: F1-scores = 0.97

Precision = 0914, recall

814, and Fl-score = 0.861

« Epilepsy phenotypes: micro-averaged
.924, recall = 0.931, and F1-score = 0.927

precision =

+ Correlated phenotypes and anatomical locations:

precision = 0.852, recall = 0,859, and Fl-score = 0.856

Precision = 0936, recall = 0.840, and Fl-score = 0.885
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EEG report

(Impression) This is a moderately abnormal waking and stage -1

sleep record due to:

(1) Frequent episodes of generalized rhythmic 3 Hz spike wave
Spike wave

discharges with videographic evidence of dialeptic seizure. Abnormal Seizure 09990
discharges (2)

(2) Occasional generalized spike wave discharges

Clinical correlation: this recording is diagnosti of electroclinical

absence seizure.

(Impression) This is a mildly abnormal waking and normal stage I-11
sleep record due to two episodes of brief, thythmic, bifrontal, 3 Hz,
rhythmic delta activities (which cannot be discriminated from Spike wave

‘Abnormal Seizure 0.9990
typical 3 Hz spike wave discharges - video is not available.) discharges

Clinical correlation: this recording is suggestive of generalized

seizure.

(Impression) This is a moderately abormal sedated slecp record due
o

(1) Diffuse high amplitude irregular pleomorphic 1.5-2.0 Hz delta

acivitie Dysfunction, Spike

(2) Frequent spike discharges from the left or right centro-temporal  Abnormal Partial 09991
seizure discharges

area.

I correlation; this record is indicative of diffuse cerebral
dysfunction and consistent with partial seizure (modified
hypoarrythmia).

(Impression) This is a mildly abnormal waking and normal stage

N1-2 sleep record due to bri

 intermittent, high amplitude, 2-3 Hz
rhythmic delta act

s from both posterior head region or P402,
Abnormal Dysfunction P402 0.9990

during and after hyperventi
Clinical correlation: this recording is suggestive of both posterior

cerebral dysfunction worse on the right hemisphere.

This is a moderately abnormal drowsy and Stage I-Il sleep record
due to:
(1) Intermittent delta activities on T602 during drowsiness. Dysfunction, Spike T602,
Abnormal Focal 09991
(2) A few or occasional spike discharges from T4T6 seizure discharges T4T6
Clinical correlation: this recording is suggestive of left temporo-

occipital cerebral dysfunction and consistent with focal seizure

“This is a mildly abnormal sleep record due to a few atypical spike s
ike
discharges from the right or left frontocentral areas. Abnormal Seizure Focal o 09991
discharges

I correlation: this recording is suggestive of focal seizure

“This is a moderately abnormal record due to:
(1) Medium to high delta waves in right hemisphere.
(2) Slowing in both hemisphere. Abnormal Dysfunction Waves 09986

Clinical correlation: this recording is indicative of diffuse cerebral

dysfunction.

A, B, and C in the Step 2 denote the keyword extraction procedures for dysfunction or seizure, focal (partial)or generalized scizure, and the existence of interictal epileptiform discharges and
their locations, respectively. The model output represents the probabilty from 01to 1 that its corresponding report is determined as a normal one f the model output <0.5 and as an abnormal
one if the model output 20.5.
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EEG report

(Impression) This is a normal waking and mildly abnormal stage
N1-2 sleep record due to a few low-voltage spike discharges from

0201, during sleep. Abnormal
Clinical correlation: this recording is suggestive of focal seizure

(subtle axial myoclonus without EEG changes was noted).

(Impression) This is a moderately abnormal waking and stage 111
sleep record due to:

(1) Poorly regulated posterior rhythm for age.

(2) High amplitude irregular 1.5-2 Hz delta slowing on both

posterior head region. Abnormal
(3) Frequent spike discharge from C3P3T3 or F8T4 activated by

slecp.

Clinical correlation: This record is indicative of diffuse cerebral

dysfunction and consistent with partial seizure.

(Impression) This is a mildly abnormal sedated sleep record due to

intery

tent medium to high amplitude 2.5-3 Hz delta a

on the anterior head region. Abnormal

Clinical correlation: This recording is indicative of anterior

cerebral dysfunction.
“This is a mildly abnormal Stage I sleep record due to a few low

voltage spike discharges from F3C3P3 or P4TA. Abnormal
Clinical correlation: this recording is consistent with focal seizure.

“This is a moderately abnormal Stage I sleep record due to:
(1) Frequent generalized polyspike wave discharges or paroxysmal
fast activities.

(2) Frequent spike discharges form C3T3 or CAT4.

Clinical correlation: this recording is consistent with focal and

Abnormal

generalized seizure.

“This is a moderately abnormal drowsy and sleep record due to:
(1) Intermittent delta activities on the anterior head region.

(2) Frequent low to medium voltage spike or spike wave discharges
from FpIF3F7 and Fp2FAFS.

Clinical correlation: this recording is suggestive of diffuse cerebral

Abnormal

dysfunction and consistent with focal seizure.

Seizure

Dysfunction,

seizure

Dysfunction

Seizure

Seizure

Dysfunction,

seizure

Focal

Partial

Focal

Focal and

generalized

Focal

Spike discharges

Spike discharge

Spike discharges

Polyspike wave
discharges, spike
discharges

Spike or spike

wave discharges

0201

C3P3T3 01
F8T4

F3C3P3 or
PaT4

C3T3 0r C4T4

FpIE3F7 and
Fp2F4F8

Model
output

0.9991

09991

0.9990

09992

0.9991

0.9991

A, B, and C in Step 2 denote the keyword extraction procedures for dysfunction or seizure,focal (partial) or generalized seizure, and the existence of intrictal epileptiform discharges and their
locations,respectively:. The model output represents the probabilty from 0 to 1 that ts corresponding report i determined as a normal one if the model output <0.5 and as an abnormal one if

the model output 20.5.
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SNUBH 1. Normal 200 - - .

1L Abnormal 200 200 197 195
Accuracy (%) 100 100 98.50 9750
SNUCH 1. Normal 200 - - -
1L Abnormal 200 200 200 177
Accuracy (%) 100 100 100 8850

A, B,and C in Step 2 denote the keyword extraction procedures for dysfiunction or seizure,
focal (partial)or generalized seizure, and the existence of interictal epileptiform discharges
and their locations, respectively. 1 and IT in the second column represent the number of EEG
reports that are correctly converted to structured data for the Step 1 and Step 2.
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Features Testing Training

Compared with

the p-values
Controlled vs. Alcohol Controlled vs. Alcohol
Mean 5.5870 x 10-08 0.02585 Accepted
Max 2.0480 x 10-% 0.00455 Accepted
Med 1.7973 x 10~ 3.5202 x 10-10 Accepted
Min 1.4977 x 10-18 0.00165 Accepted
Mod 1.4977 x 10~18 0.00165 Accepted
Range 2.0480 x 10~% 2.6199 x 10~ Accepted
Skew 0.10875 0.935 Rejected
Kur 0.045 6.1578 x 10-04 Accepted
Std. 0.00465 0.045 Accepted
Var. 1.1088 x 10-08 0.00165 Accepted
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Features Testing Training Compared with
the p-values
Controlled vs Alcohol Controlled vs Alcohol
Mean 0.055 0.3420 Rejected
Max 0.0259 0.0017 Accepted
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Min 1.1615 x 10~ 12 5.6313 x 10~ Accepted
Mod 1.1615 x 1012 5.6313 x 10~ Accepted
Range 0.05 0.0113 Accepted
Skew 0.2003 0.76 Rejected
Kur 0.5372 0.9360 Rejected
Std. 6.1578 x 10704 0.011 Accepted
Var. 0.0113 0.002 Accepted
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Features Testing Training Compared with
the p-values
Controlled vs Alcohol Controlled vs Alcohol
Mean 0.34 0.2 Rejected
Max 0.53 0.20 Rejected
Med 0.002 0.005 Accepted
Min 0.06 0.2003 Rejected
Mod 0.06 0.2003 Rejected
Range 0.012 0.0017 Accepted
Skew 0.8 0.54 Rejected
Kur 0.026 0.0259 Accepted
Std. 0.005 0.0046 Accepted
Var. 6.1578 x 10794 0.005 Accepted
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p-values
Controlled vs Alcohol Controlled vs Alcohol

Mean 6.1740 x 10~ % 0.012 Accepted
Max 2.0212 x 10-% 0.109 Accepted
Med 1.7973 x 10~ 14 0.03 Accepted
Min 0.34 0.9 Rejected
Mod 0.34 0.9 Rejected
Range 2.0212 x 109 0.005 Accepted
Skew 0.55 0.54 Rejected
Kur 0.93 0.4 Rejected
Std. 0.76 0.46 Rejected

Var. 0.1088 0.01 Rejected
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Technique \metrics Accuracy Sensitivity Specificity

PCA with OA-F-SVM 89.1 90.2 88.2
LDA with OA-F-SVM 87.4 85.3 86.3
CT-BS with OA-F-SVM 99.2 98.1 99.3
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Authors Features/ techniques Analysis Accuracy

Acharya et al. (2012) APPENT, SAMENT, LLE SVM 91.7%
Faust et al. (2013b) WPT, energy measures KNN 95.8%
Patidar et al. (2017) TQWT, CE LS-SVM  97.02%
Faust et al. (2013a) HOS cumulants FSC 92.4%
Kannathal et al. (2005) CD, LLE, entropy, H Unique ranges  90%

Anuragi and Sisodia (2020) Empirical wavelet transform LS-SVM, KNN 98.75%
Bavkar et al. (2021) Empirical Mode Decomposition KNN 93.87%

The proposed model CT-BS-Cov-Eig FOA-F-SVM  99%
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Features Testing Training Compared with the
p-values
Controlled vs Alcohol Controlled vs Alcohol
Mean 0.045 0.0446 Accepted
Max 0.3420 0.1088 Rejected
Med 6.1740 x 10-% 1.7978c 10714 Accepted
Min 1.4977 x 10~ 18 0.026 Accepted
Mod 1.4977 x 10~ 18 0.026 Accepted
Range 0.011 0.03 Accepted
Skew 0.1 0.76 Rejected
Kur 0.046 0.034 Accepted
Std. 0.00238 0.01 Accepted
Var. 0.0476 0.02 Accepted
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Channel No. Accuracy Sensitivity Specificity

C4, Cz and FCs 85.6% 83.8% 82.4%
AFg, C1, Cp, Cg, C4, CP1, CPs, 99.4% 98.7% 99.1%
CPg, FCs, FT7, Pg, POg, P

All 61 channels 99.5% 98.3% 99.2%
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