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CSD and other spreading depolarization events
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Spreading depolarization (SD) and cerebral blood flow (CBF)

Complex local response to CSD
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Modeling studies on topic

Extracellular potassium concentration
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The objective of our study is to provide the reasonably simple

but still physiologically-tractable computational model that would capture
the main pathways that govern the reciprocal coupling between

the neuronal activity and CBF.
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“Interpretation of BOLD fMRI studies of individuals with different ages or pathology
might be more challenging than is commonly acknowledged.”

Esposito, Deouell & Gazzaley, Nature Reviews Neuroscience ( 2003)

Inference: Neural Signal Estimation

Cerebral Blood Flow Cerebral Blood Volume
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detect spikes

Time scales for spike and
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Potassium in extracellular space
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Flow ~ perfusion Diffusion

Comes from neuronal part of model
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Neurovascular coupling

Why we drop astrocytes from our model
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Spatial coupling: functional hyperemia + conducted vasodilation

Gustafsson, Nolstein-Rathlou, ki PR——
Acta Physiol Scand (1999) E diameter
>
Bagher, Segal, Acta Physiol (2011) § o
£
Hill, Microcirculation (2012) 2-0.5_ Field potential
- - 20 i 60 . 100
 Sum over area define;w window function Rimesee)
Brennan et al. J Neurophysiol, (2007).
ErOpr = E f( 4 Rﬁoayop(z(xa y))) - T(IUa yU)a

LY

OOOOOQO’QOOQOOQO

13/04/2016



Spatial coupling: flow sharing
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Model overview — equations

Model neuron

g0V =V — 12 /3 —w+ 2z — pn(1 —u)"(v+1)° + C(zo, yo, t),
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Potassium in extracellular space
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ErOsT = Z(WR:co,yop(Z(-fUa Y))) — r(xo, Yo),
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Upstream pressure
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Balance of energy
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Model overview - pathways
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Results: full-scale simulations

(a) | (b)

> Dynamical mechanism of slow propagation
of CSD front ? Role of noise?

> Rate of perivascular potassium delivery?

> Perfusion impact on vascular response?
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Results : CSD front in motion

SCD-CBF. Variables: V(red), W(blue) and Z(green)
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Results: front propagation

Noise speeds up the CSD front »
Oscillatory state facilitated by high perfusion
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Results: Perfusion feedback evokes the standing vascular patterns

SCD-CBF. Variables: U{red), R(yellow) and P(blue)
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Results: Standing vascular patterns in 2D

Extracellular potassium spreads
Over available space

/

Perfusion-mediated feedback

forms the spatial patterns

of vessel radius that persists
until the depolarization gone

( shown at three different parameter sets)
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Conclusions

With proposed model, the obtained results are in agreement with known
physiological facts about spreading depression, including the main functional
states of cortex during the CSD.

Predicted types of vascular response are in qualitative agreement with
experimental results.

The propagated front of persistent depolarization normally contains the
transient phase of intensive neuronal oscillations. This oscillatory state
becomes the “third player” of CSD scenario.

Under the variation of perfusion rate the model shows the tendency to
formation of standing patterns of vascular responces. It might be the
important mechanism that mediates the other perfusion-dependent processes,
including the the lifetime of depolarized state and the metabolic recovery rate.
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Thank you for attention!
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