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Neural Network Reconstruction from SPES-Response Data
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SPES:

e Used in pre-surgical evaluation of
epilepsy patients

e Stimulation evokes physiological

early and delayed responses.
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Early Response

1. Onset <100 ms after stimulation
2. Consistent appearance
3. Defines effective connectivity [1]
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* First and second-order paths characterize ~90% of
DRs requiring short network motifs only.

* Use coupled neural masses [3] and stimulation to
evoke responses. NM parameters fitted to ERS,
network parameters vary.

Only DR in node #2

Both ER+DR In node #2
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Background input noise leads to stochastic DRs.
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\NETWOrK Farameter e1mects

Method: Simulate with systematic variations of
coupling strength K", background input |. and
feedforward inhibition B for relevant network motifs
and characterize amplitude for ERs and ripple+spike

for DRs In Node #2.
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Legend:
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Parameter variation
Indeed allows tuning
responses

=2

3

0
0 1
200

I

K2,1

Higher-order ER Is
not likely to happen.
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NEeTWOr

itting Results

Method: Differential evolution to optimize network
parameters. Cost function to promote correct
responses and to avoid incorrect responses and
background oscillations.

Test: 12 artificial 4x3 grids
with known connectivity

Seizure evolution due to temporary weaker
iInhibition In fitted network shows oscillations (~30
Hz) before discharges start.
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Networks #found #desired  #false #found #Hdesired  #false
#1 14 15 1 6 9 0
#2 11 11 10

All (Sum) 132 134 6 36 90 9

4 Patient Early Responses Delayed Responses
Networks

#found #desired  #false #found #desired  #false
#1 697 701 28 0 313 0
#2 613 624 39 1 247 0
#3 218 292 14 7 251 1
#4 646 663 46 10 589 1

CONCLUSION: Inferring physiological effectivity
connectivity is feasible. Fitting delayed responses requires
more work on parameter variations and stochasticity.

400 400
[ (A}
0 4]
a 400 0
Ks»

400

REFERENCES

1. CJKeller, CJ Honey, L Entz, et al. (2014) “Mapping human brain networks with cortico-
cortical evoked potentials". PHIL TR SOCB

2. A Valentin, M Anderson, G Alarcén et al. (2002) “Responses to single pulse electrical
stimulation identify epileptogenesis in the human brain in vivo". BRAIN

3. F Wendling, F Bartolomei, JJ Bellanger et al. (2002) “Epileptic fast activity can be
explained by a model of impaired GABAergic dendritic inhibition". EUR J NEUROSC

4. GJ Hebbink, GJM Huiskamp, SA van Gils, et al. (2020) Pathological responses to single

pulse electrical stimuli in epilepsy: the role of feedforward inhibition. EUR J NEUROSC

UMC Utrecht

@ ZonMw UNIVER

SITY OF TWENTE.




