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Problem under investigation ...

ECO Cephalic Vein

Umbilical
Cord
Occluder

Amniotic Cavity

UCO, Umbilical Cord (



Available data for fetal EEG monitoring
Frasch et al 2011 PloS One
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pH AMP, pV SEF, Hz
ECOG 7.18 (65 min prior pH<7.00) ¥ (4 fold) 4 (1.8 fold)
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EEG 7.14 (58 min prior pH<7.00) ¥ (4 fold) unchanged



Objective

Prevent this:

source: http://cerebralpalsy.org

By recognizing patterns in this

A voltage,
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Insights from signal processing on the raw data

Mathematical modeling of the EEG signal?

When UCO occurs, dominant frequency shifts to lower region!
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FiGURE 1 — Before the umbilical cord acclusions.
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Ficure 2 - Mild umbilical cord acclusians.
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Firaure 3 - Moderate nmbilical cord acclusions.
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FIGURE 4 — Severe umbilical cord ccclusions.
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FICURE 5 — Synchronisation of the FHR with the brain.



What’s going on?

Clamp the umbilical cord

Biological black box

l

ECoG signal changes



Peering into the box

Occlusion and nutrient exchange
Fetal heart rate changes

Blood flow and brain oxygenation
Oxygenation and ATP production

ATP and brain activity

Brain activity



EEG model
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EEG model

(mean field method, critical damped oscillator).
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Physiological measurable parameter sets

Mean restmg membrane A, -mV —60mV Mean Nemst membrane ks -X mV 10 mV
potential K -80mV -60mV potental S =20 mV 10 mV
Pasuive membwane decayme 5, Sms  10ms g NmV  AE-5mV
Comst. r, Sms 150ms K ~WmV K-5nV
Postsynaptic potenfial . 0lmV 20mV Postsynaphc potential rate Yo 100 57 1000 5™
anplitde I, QlmV 20mV consant Yei 100 571 1000 5~
r, 0lmV 20mV e 10 57t 500 s
[; 0lmV 20mV ¥ 105 500 57
Total number of mtracortical M, 2000 5000  Total number of corticocortical N, 2000 5000
N1 1000 Cortico-cortical decay scale | T 01 cw™ 1 com™
NE 100 1000  and conduction velocity 1 100 emfs 1000 cm/s
Maximum mean finng rate 57 5051 5005 Rate of extracortical Peel ol 0571 (00) 10%s57 (0.25)
5= 505 5005 (noise) input P 0 10000 57
Finng thresholds g, —-5mV -4mV Pis 057 (fimed)
o =5 mV -40mV Pii 057! (fixed)
Std. deviabion of finng o, 2mV  TmV Mean synaptic delay £ 0 ms (fixed)
thre sholds ¢ 2mV TmV Absolute refractory period Fi 0 ms (fixed)
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Metabolism 1n brain

Extracellular volume

Mitochondrion

Glutamate loop
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Tahle 4 Kinetic equatons far centml energy metaholism

Na. Renction

Kinetic equation

Neumea! mesahalism

1 Hexakinase

2 Phasphoglucose somernse

k! Phasphofructokirase

4 Phasphoglycerate kinase

5 Pymuvaze kinase

6 Mitachanénal oxication of pyruvate
7 Lactate dehycrogenase

s Creatine kirase

9 ATPase (excluding Na-ATPase)
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Presynaptic
Neurotransmntter axon

wtake terminal

NCAM
Neurexin

ynaptic
ceﬁ‘;dhesion
molecules

Lateral
diffusion
AMPAR ¢ : Postsynaptic
C Endocytosis dendritic
\ Degradation spine

?

Internal sources of AMPARSs



Concluding remarks and future work

«Have tried linked the EEG model with
Oxygen/ATP change

.Dominant frequency 1s shifted to higher
region while amplitude decreases

«Probably need circulation model which can
predict blood pressure to give a more physical
complete understanding on how the
circulation system interacts with EEG



