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RATIONALE RESULTS

Figure 1: Interictal mini-seizures mimics ictal network states.

Identlfylng epileptOgeniC zone (EZ) in A. Networks in Interictal Segment B. Networks in Ictal Segment
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Mini-Seizure Occurrences, Patient 1 . ini-seizure Per Minute Across 159 Patients
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monitoring (up to several weeks) of ——
intracranial EEG (IEEG) to analyze ictal

segments.
: : ' . time for two patients, where each red line represents a
ThIS approaCh MISSES pOtentlaI S€IZUre detected mini-seizure. For both patients, mini-seizures occur

ons et zones ( P S OZ) th at cou I d be come Hypersynchronous Normal Hypersynchronous Normal Hypersynchronous Hypersynchronous in bursts.

_ _ _ (mini-seizure) (mini-seizure) (ictal) (ictal) ' - (B) X-axis represents inter-mini-seizure time interval and Y-axis
a Ctlve Wlth eXte n d ed O bse rvatl O n  ST5 as the hub with: * Nodes have low + 06 as the hub with: + Nodes have low + ST5 as the hub with: + 06 as the hub with: | represents the frequency Of that inter_mini Seizu re t|me
= - High outward degree inward/outward degree - High outward degree inward/outward degree - High outward degree - High outward degree ] ] ] ]
- High eigencentrality and eigencentrality score - High eigencentrality and eigencentrality score - High eigencentrality - High eigencentrality interval occurri ng, where both axes are on a |Ogar|thm|C scale.

We h ypoth eS i Ze EZ reg io n S (S OZ+ P S OZ) - High Fiedler Eigenvalue » Low Fiedler Eigenvalue - High Fiedler Eigenvalue. « Low Fiedler Eigenvalue - High Fiedler Eigenvalue - High Fiedler Eigenvalue. The plOt, aggregated across 159 patients, show that inter-

Interictal state: Intermittent emergence of nodes with high Ictal state: Emergence of nodes with high eigencentrality and surge of . . . . . . .
eigencentrality and surge of high Fiedler Eigenvalue high Fiedler Eigenvalue, with sustained synchronized network state 1 ! mini-seizure tlme mte rval fO”OWS a pOWGF laW dlStFIbUtIOﬂ

contain subtle ictal signatures within short | found in inter-seizure statistics

1.00 i (C) Each dot represents a patient's mini-seizure rate at the group

interiCtaI |EEG SegmentS. : S w W - level, with a median occurrence of approximately 6 mini-

Figure 3: Random forest model accurately predicts SOZ Inter-mini-seizure Time (seconds)

status, with ripple band features being the most seizures per minute.

informative. A leave-one-out cross validation approach was

used to validate the performance of the SOZ classification

model. X-axis represents the 4 performance metrics and Y-

axis represents value of the performance metric averaged Figure 5: Network based model accurately
across 159 patients with error bar showing the variance. The A. Predicted probability of success categorized by surgical outcomes B. Performance Metrics distribution across 10 folds predicts post-operative seizure outcome

model using all frequency bands generalizes well as shown 0] [r—em—es— 001 se A 10-fold cross-validation (CV) approach was

StUdy IﬂClUded 1 59 pedlatrIC patlentS frOm by the high average F1 score of 0.97 and small variance in - used to validate the performance of the surgical
. . F1 score across 159 patients. However, when the ripple 8 o’ outcome prediction models.
UCLA and Wayne State Un|Ve FSIty WhO frequency band was dropped, the model performance 0 o o o . ' (A) The synchronization network based model
. . . . ' F1 Accuracy  Precision Recall decreased significantly to an average F1 score of 0.84 f 06 S 065 - ' il
u nd erwent Ch ron IC I E E G mOn Ito rl ng Wlth Performance Metric g y g : ' i . E .:. # ' . OUtPUtS a Selzure freedOm prObablllty (PS) for

showing the importance of ripple band in SOZ classification. each patient. Each dot represents one
B kKeep All Bands — Drop High Gamma Band

either eleCtrOCOrtiCOg ram (n= 1 44) or E= Drop Fast Ripple Band =3 Drop Ripple Band Zoa | e . g patient and dots are color-coded by surgical

Resected Figure 4: Short interictal iEEG Segments 2 . 73 1 ? I outcome. For the network based model, the

. —— - - Channels atien eizure Free atien on Seizure Free _ ! Variancel: L ] . ]
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o s ' ' ' Figure 2: Mini-seizures frequently occur in bursts and inter-
Time (seconds) mini-seizure interval statistics follow power law distribution.
(A) Raster plots showing the occurrences of mini-seizures over

Log-Log Plot of Inter-mini-seizure Time Histogram
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Analyzed interictal IEEG recording (5-99 , epresenting the channels and columns T e gy oy P uslues bkt trest
- - representin e auration o el Bl base. + Network + DocCatSOZ
min ultes). by dividing it into 1-second non e atto tain the 507 = e performance metric across the 10 CV folds
overlapping seaments classification model. We can identify g o9 | B Doccatso? € Network based model generalizes we
pp g g SOZ (overlapping with doctor’s as shown by the high mean F1 score of 0.87

For each segment, created synchronization * annotated SOZ [dSOZ]) and PSOZ with and a low variance of 0.004 across the 10
: high confidence from iEEG epochs with CVfolds. o
networks in 3 frequency bands (50'80, 80- - duration as short as 3 minutes. (C)Four surgical outcome prediction models are

- (B) SOZ likelihood score distribution when compared in t_erms of 4 performance metrics.
: o contiguous hotspots reflecting potential 2 mean F1 score - 87%) outperforms the HFO
cou pllng between channel palrS[ I A . oo ng the E7. Appatient wherge Ft)he based model (mean F1 score - 79%) and
; “)/(0‘ K : resectlon mar In Included a” the fOCI | SOZ reSGCtIOn StatUS based mOdeI (Current
Generated feature vectors from temporal kg : e : rooame Saiztne froe. Conversely. a | ' T - clinical standard) (mean F1 score - 78%) on
dynamiCS Of the SequenCe Of netWO rkS_ o - 28 patient where resection margin did not all the 4 performance metrics.
] 2 cor cover all the foci, it did not become
Trained and tested random forest model

seizure free.
using leave-one-out cross-validation to CONCLUSIONS

estimate likelihood of channels belonging to

SOZ.
Developed prediction model incorporating * Interictal hypersynchronous events, termed "mini-seizures,” occurred frequently and mimicked ictal network signatures.

channel SOZ likelihoods and the channel * The ripple band (80-250 Hz) appeared to play a key role in generating these networks.
resection status to predict postoperative * This network-based approach to interictal synchronization could potentially delineate the epileptogenic zone (EZ) from brief interictal
seizure freedom probability. IEEG data, aiding in resection planning and reducing the duration of iEEG monitoring.

aggregated across 159 patient
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