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At a glance: Results - Static MEG Connectivity

We use magnetoencephalography (MEG) to investigate seizure response to vagus nerve stimulation (VNS). We identify a
network that is strongly related to VNS response, forming a promising potential biomarker. Using dynamic connectivity, * We found alpha-band (8 - 13 Hz) networks that are strongly related to VNS response (A) and non-response (B). These

— - n n u mgn " .
we find differences between response groups in networks disrupted by interictal epileptiform discharges (IEDs). A Responder Network, t > 3, FWER < 1% B Non-Responder Network, t <-3, FWER < 1% | otworks were found by setting an initial t threshold of 3 (~ p < 0.002) and FWER controlled at 1% with 5000 permutations.

» Effect sizes within the significant networks are demonstrated in the boxplots in C.

 The full alpha-band statistical matrix, showing effect sizes in all pairs of regions, is shown in D.

Introduction and Aims

e Vagus nerve stimulation (VNS) is a safe and effective treatment for drug-resistant epilepsy (DRE) in children [1].
e Approximately half of children do not achieve meaningful seizure reduction (> 50%) with no clear biomarkers to
guide presurgical decision-making.

* We use magnetoencephalography (MEG) to study preoperative network activity in children with DRE that underwent
VNS treatment. MEG provides the optimal balance of temporal resolution, spatial specificity and whole-brain coverage.

* Response networks across all frequency bands tested are shown in E, showing similar patterns in connectivity across all
bands, with highest signal-to-noise in the alpha band, likely due to highest overall power in alpha.

 This is the first time that source-level, resting state MEG networks have been used as an independent measure to
distinguish responders and non-responders to VNS treatment.

* We first study static MEG connectivity to identify potetial network biomarkers of VNS response and non-response. F kit ROGIC e Rk G Logistic Regression Weights
: : L o . oldou urve - 5-Folds _
* We then use a hidden Markov model (HMM) to study network dynamics related to interictal epileptiform discharges. 1.0 7 - 2T
Methods - Static Connectivity .:'
|7 J
o e :
 MEG data were preprocessed and projected into 52 cortical domains using a beamformer (A). ( : T osd : | 7 — auc=os4)
.- . : : : : : : Q e ’
e Connectivity was estimated for each subject (B) using amplitude envelopes in canonical frequency bands. ? = 3 Folde
o _ _ o _ Responder Network Non Resp. Network Y S 4
» Connectivity was related to VNS outcome using t-tests (reponders vs non-responders), and the resulting statistical matrix . 2o, R. Visual a5 o p—r—
was thresholded to form connected networks related to VNS response (C), each with an associated intensity score. t=402 ]_ . t= 489 R. Motor = Fu:d 2, auc = 1.00)
8- [ e Fold 3, auc = 0.71)
- Family-wise error rate (FWER) was controlled using network-based statistics (NBS) [2] - permuting the data and = A L B Temporal o Fold 4, auc = 0.83)
. C ey . . . . ‘o = 16 - : . »” Fold 5, auc = 0.93)
comparing the initial network intensity scores with permuted network intensities (D). d12- R. Panetal o b [, — MEON WIC = 0.85) R
C : . : . : - . 2 ; R. Frontal + 0.0 : ' . . -
* Logistic regression was then used to predict VNS outcome using MEG connectivity, with no prior feature selection. E - | o 0.0 0.2 0.4 0.6 0.8 1.0
g 10- L. Visual False Positive Rate
E 12 -
: C t *t E L. Motor
Source Reconstruction onnectivi o . . . .. : .
B Y o 10- | L. Temporal I * In a simultaneous, independent analysis, MEG connectivity was able to predict VNS outcome in a 5-fold cross
i P A Y e 0.6 - 0s- L. Parietal = validation with high accuracy (F, mean AUC = 0.85). Note that none of the associative features from the previous
AN Y1 i - \ ®© o
et AR A M M 5 _ O . . . T . : : :
A AR A iy £ "f" . . | - Frontal - z analysis were used to inform this predictive analysis. Regression weights are shown in G.
oy u_".':""H .. AP P A ' 8 Non-responders Responders Non-responders Responders 8 _ 13 HZ 13 _ 30 HZ . . o . . - .
AN AL b\ o - * Predictive capabilities were consistent across lower numbers of folds, signifiying robustness across the entire dataset.
y ":' v "~.-",I_ -"',:-:.-" M Fod - %
A A AT e v 01 = n n n
A — 3 Results - Dynamic MEG Connectivity
region » We inferred 15 dynamic network states over the entire dataset using an HMM. ED State 1 - Probabilit B IED State 1 - Spectra 10 - 15 Hz Rosponder Map C 8 - 13 Hz Non-Responder Coherence,
. - . - T . . .y . - - < 0.05, FWER < 5% t>3, FWER < 5%
4 - We identified 3 IED states, signified by a distinct increase in probability following IEDs (A). IED state M\ ——— T . P
D Non-Parametric FWER Correction Relate Connectivity to VNS Outcome C probability did not differ significantly between responders and non-responders. | o . epoac o k¥
o aspoRders e lJsi ' ' ' - ' >, )
S erorrtind Stat Rt | = Contrast Stat Matrix  resp. > non-resp Using multitaper analysis, we find that responders had greater 10 - 15 Hz power in |IED state 1 and state 2, 2., N o
| K- ey T i s Data Network Stat . ® | : whereas non-responders had greater 5 - 10 Hz power in IED state 3. 3 R 2
e e A - B o o supra-threshold network ' v 1 )
o i T e T e Sl g ) Permuted Networlk Stats . — thresh. : : : cgp s £ i | T 010 8 - 13 Hz Non-Responder Coherence,
o ad :___,5,. ! _ ’  [IED-associated increases in alpha power within prefrontal, temporal and somatosensory networks were o / A" £ N.S.
w0 " . - & - O o ] o ] ] ] ] r‘: I | . . .: it .
S bs S O Ty £ E . identified in VNS responders. Conversely, non-responders demonstrated IED-associated increases in theta |" AL s os SO O S
S RERL, perf mregl 3 - L . | f W | | R | O
R LR £ 2 3 7 power in visual cortices. Aea AMHAS TN R L P
.":‘"l'l L "-'- \ .I -~ - u. l : . - . 0.00 s e 2 -
=Tz .-__;;_i'-*'.-i ’ e Coherence analysis (C) also shows that different networks are perturbed by IEDs in responders and non- D ow wn ww Imoam s e on ————
. o g e o Ime after (s) Frequency (Hz)
e ek L, o responders to VNS.
F-. a1 325 8wl 1 - - ' ek ¥ _ —t P . IED State 2 - S t 10 - 15 Hz Responder Map 8 - 13 Hz Responder Coherence,
region Network Effect Size COnN.—— region non-resp. > resp IED State 2 - Probability dale <« - opeclra p < 0.05, FWER < 5% NS
- 0.16 4 non-responders 0.06 non-responders ' p ‘ 2 BT B
CO"CIUSIO“S i responders - mesponders .: - 5 .'. _‘._;-{ N T
0.05 ] " )
n n n | v iy h - S, -
- . . . - . . r . — i . - AL T
MethOdS Dynamlc C0nneCt|V|ty * \We provide evidence that static MEG connectivity can be used to preoperatively distinguish responders and % h _ 004 =
. g o - g A" : 8 - 13 Hz Non-Responder Coh .
A e e B P » The data were decomposed into non-responders to VNS, providing a promising biomarker. £ oon » {’l | " g oo: 2 Non Responder Coherence
- 3 2 y : : - . . - = = . . . E Ty 2.\ A\ | l . g & . .
AP AP AN AV AR isEmme oo aammm— spatiotemporal “states” (A) - Epilepsy phenotypes with baseline network activity and IED-related dynamics in a particular network are a1 0 M .**,ﬁk,.-:}. [ 1] '”,'k J-,;'A{'i H‘\W}*f 002 A 1
"M LA AA WIS A A T Sl e using an HMM [3]. . . . . _ _ oos{ ALK n\ﬁ-rM | 'f LR R ».
A AP LA AAN M A AT AR A A A AR PNy M i more likely to respond to VNS. This network consists of orbitofrontal, prefrontal, insula, temporal and primary (R | 001 A
WA e WV A, e, il sy \ s WA A Ay F T ) . . . . . . . . . i
A el o <5 States that.showed (_j!St'nCt somatosensory nodes, highly consistent with existing theories of the vagus afferent network [4]. O NN B %
H,-l.w».,pﬂl;A*wu,.;.,‘mﬂﬂn,ﬁ.ff#ﬁ.vtr?.ﬁ_,-,.'.,,..,uJ‘]..l,ﬂx,l.r+w.“wwrwwﬁ;ﬂﬁﬂlﬁuwmwfl Multitaper INcreases In prObabIhty darou nd Th ] th f t d t t f . t b t IED I t d t k d . d d | t ime aiter (s) equency (Hz
AR g A e Al AN 5 Al sy AN nterictal epileptiform discharges IS IS the first demonstration of associations between -related network dynamics and neuromodulation IED State 3 - Probability IED State 3 - Spectra 5.- 13 Hz Non-Responder Map 8 - 13 Hz Responder Conerence,
YA VAR A, A Ay Ay A ANl o LAt Mgy oy ol L) /A : : ' o | ik 5
ARSI A o\ d (IEDs) were labelled IED- outcomes, forming a highly translatable methodology that could be applied to other treatments for DRE. o espancer o responders .
# ‘ W .."'."". """“’""Jﬂl.f"r"' f -"'l_." AN AMSA _.'* WA n.i,l W VAN -J" ) I'u"r:" W U v""-"'...'r'»"". ;"'ﬂ Vrbem o AN Frﬁq uency s ta t e s
= 0.12 i 0.08
HMM StEtE SE uence ale Coherence " gm .-é'ﬁ I} J,
q —— . State-specific power and References Acknowledgements e m i
230 N BN Ay S coherence were calculated [1] Clifford, H.J., et al, 2024. Vagus nerve stimulation for epilepsy: A narrative review of factors This work is supported by LivaNova PLC. E ol f f "‘;’" | ’,hm k| % §<13 Hztringfiﬁggirg-ﬁfhemme'
| 1 1 LY using the multitaper method in predictive of response. Epilepsia. Sooed M o0 L i ’)',‘} Wfﬂq. wn_,l“ 0,04 .y .
State 1 Cov State 2 Cov State 3 Cov STaRY > [2] Zalesky, A., et al, 2010. Network-based statistic: identifying differences in brain networks. Sebastian C Coleman is funded by the SickKids " .!Ihl'v- H",lehiﬁ“f' | I s "
. Stat"'z timepoints associated with each l_\é?tgoihrt;age, 5t3(?)’28541197|_;207' A Research Institute and a CIHR Project Grant to gy i =
ale oni, ©., et al, . OSI-dynamics, a tooipbox 10r modeling 1as Namic brain actvity. clite, , : 0.02 -
StEtE 3 IED State (B), and Compared pRP91949 y g y y Dr. George Ibrahlm. -1.00 -0.7% -0.50 -0.2% 0.00 0.2% 050 T 1.00 = 0 10 20 30 40
across VNS response groups. 4] Hachem, L.D., et al, 2018. The vagus afferent network: emerging role in translational Time after IED (s) rrequency (ha)

connectomics. Neurosurgical focus, 45(3), p.E2.




