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Figure 2.3: Plot of the sigmoid function. It can be seen that for v = v0 the sigmoid function has
a value of e0 and 2e0 is an asymptote.

models multiple neural masses are coupled to model bigger structures. In the next section we
discuss the neural mass model by Lopes da Silva et al. [20] that models the thalamus. Later we
will discuss di↵erent models for cortical columns.

2.2 Lopes da Silva’s thalamus model

In 1974 Lopes da Silva et al. [20] published an article where models for the ↵-rhythm in the
thalamus are investigated. In this article a neural network model is reduced to a NMM. First
they consider a neural network model that consists of two classes of neurons namely thalamo-
cortical relay cells (TCR) and interneurons (IN). Their neural network consists of 144 TCR
neurons and 36 IN. With computer simulations is showed that this model is able to produce an
↵-rhythm.

In order to understand the influence of parameters they reduce this model to a neural mass
model. Their neural mass model consists of two neural masses, one models the TCR, the other
the IN. The TCR receive external excitatory input and inhibitory input from IN. The IN receive
only excitatory input from the TCR. In figure 2.4 a schematic overview of this model is given.

The model by Lopes da Silva et al. [20] was adapted in further articles. As mentioned in the
previous section Van Rotterdam et al. [27] proposed the impulse response of PSP transformation
in equation (2.1). Let us indicate the parameters for the excitatory PSP with Q = A and q = a
and for the inhibitory PSP one Q = B and q = b. Van Rotterdam et al. [27] used A = 3.25mV,
a = 100Hz, B = 22mV and b = 50Hz. These values have become the standard in most articles.
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resonance imaging [93, 94] that can resolve the strength of structural connec-
tions between brain regions, the model can be used for pre-surgical diagnosis
of medically-intractable patients to identify optimal sites for resection. In this
study, we investigate whether focal cooling can be su�cient to suppress or ter-
minate a spreading seizure activity as an alternative therapeutic treatment for
medically-intractable epilepsy cases.

5.2 Review of coupled neural mass models
One of earliest model for coupled neural masses was introduced by Jansen and
Rit to investigate visual evoked potentials. In the model, two neural masses,
simulating the visual cortex and prefrontal cortex, are coupled together. The
double column model was extended by Wendling et al. to multiple brain regions
to analyze epileptic ECoG signals. The model has been adopted in several in-
cluding recent studies on propagation of seizure activity in brain networks [88,95].

The coupled neural mass model involves a post-synaptic potential from
the a�erent neural mass i that is attenuated by a coupling parameter Kij and is
added to the subcortical input to the receiving neural mass j. In detail, the post-
synaptic impulse response function hd(t) for the propagated signal between the
coupled neural masses was assumed to involve a time constant gd that is slower
than between populations within one neural mass:

hd(t) = Gdgdte≠gdt; t Ø 0. (5.1)

The post-synaptic potential from an a�erent neural mass i is given by

v(i)
d (t) = hd(t) ú S(V (i)

P Y ) (5.2)

where V (i)
P Y is the average membrane potential of the pyramidal cell population

of neural mass i, and S(·) is the firing response function in Eq. 3.1. This is
then added as an input to an e�erent neural mass j, increasing the excitatory
post-synaptic potential as

v(j)
EX(t) = hEX(t) ú

A

uN(t) + S(V (j)
EX) +

ÿ

i

Kijv
(i)
d (t)

B

(5.3)
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Inter-neural	mass	PSP	

where uN(t) is a noisy subcortical input and V (j)
EX is the average membrane po-

tential of the excitatory interneuron of neural mass j.

Inspecting Eq. (5.3), we can say that the model has dimensional incon-
sistency if the coupling parameter were taken as a dimensionless quantity since
the first two terms in the input are both in terms of firing rate while v(i)

d (t) is a
potential term. Otherwise, Kij represents a constant gain function that converts
the propagated potential to firing frequency, which may not be physiologically
interpretable. In fact, Goodfellow [91] proposed a dimensionally consistent model
that first transforms the post-synaptic potential input to average firing rate before
it is multiplied by the coupling parameter and added to the input:

v(j)
EX(t) = hEX(t) ú

A

uN(t) + S(V (j)
EX) +

ÿ

i

KijS(v(i)
d (t))

B

. (5.4)

5.3 Proposed coupled neural mass model
For the reason discussed in the previous section, we propose a modification of
the coupled neural mass model by Jansen and Rit that has both dimensional
consistency and direct physiological interpretability of the coupling parameter.
The proposed model assumes that the propagated post-synaptic potentials from
a�erent neural masses contribute to the local field potential of the e�erent neural
mass. The coupling term is then found in the average membrane potential of the
pyramidal cell population as:

V (j)
P Y (t) = CEXæP Y v(j)

EX ≠ CSINæP Y v(j)
SIN ≠ CF INæP Y v(j)

F IN +
ÿ

i

Kijv
(i)
d (t). (5.5)

The first three terms are synaptic contributions from excitatory and inhibitory
interneurons within the neural mass and the last term sums all propagated post-
synaptic input from a�erent neural masses. Clearly, the model is dimensionally
consistent since all terms involved are potential terms. Moreover, the coupling
parameter Kij can now be interpreted in the same way as CP Y æEX , in particular,
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