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Abstract 4 

A connection between sleep spindles and epilepsy or in particular seizures 5 
has been stated in previous research. This is a project aiming to evaluate if 6 
this connection can be shown in a spatially extended cortical model. The 7 
model has earlier been used to generated spike and wave discharges, 8 
seizures, and it can therefore be thought to be able to show the wanted 9 
connection. The evaluation is made by changing the parameters in the 10 
cortical system when an external current is put into it. The external current 11 
is either a current of random spiking behavior or it has the pattern of sleep 12 
spindles. The conclusion of the evaluation is that this model is not 13 
sufficient enough to show the connection between sleep spindles and 14 
epilepsy. 15 

     16 

 17 

1 Background 18 

 19 

1 .1  S leep  sp indle s  20 

Sleep spindles are a type of oscillation that occur during one of the earlier stages of sleep, stage 2 21 
in the sleep cycle. They are present in both the beginning and the end of stage 2, which is a non 22 
REM part of the sleep cycle. Sleep spindles have the feature of waxing and waning field potential 23 
at 7-14 Hz and they last for 1-3 seconds and reoccur every 5-15 seconds. [1] Sleep spindles are 24 
generated from the thalamus [2]. 25 

 26 

1 .2   Epi l e psy  a nd  se i z ure s  27 

Epilepsy is a neurological disorder which is defined by the occurrence and reoccurrence of 28 
seizures. A seizure was in 2005 defined by Fisher et al. as a ”transient of signs and/or symptoms 29 
due to abnormal excessive or synchronous neuronal activity in the brain”. Hence seizures are a 30 
result of abnormal, synchronized attacks of electrical activity in restricted area of connected 31 
neurons, called the epileptogenic focus. The neurons in the epileptogenic focus should also be fast 32 
in recruiting  other parts of the brain to act them same. When seizures involve most part of the 33 
brain they can cause unconsciousness while if they are more localized, focal, they only affect 34 
single parts of the body. Epilepsy can be a result of inborn abnormalities in the brain, genetic 35 
alterations concerning brain metabolism, excitability-causing proteins or brain injury.[3] 36 

While looking at the pattern of seizures a distinct feature is spike and wave oscillations. A spike 37 
and wave oscillation can be shown through EEG, as has been done in figure 1 below. The 38 
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frequency of the spike and wave oscillations are about 3 Hz in humans. This kind of pattern can be 39 
shown in one of the most common type of epileptic manifestations, absent seizures. This 40 
phenomenon, spike and wave discharges, is nonlinear and occur frequently in different kinds of 41 
epileptic disorders, especially in children. This type of seizures can also disappear with 42 
adolescence. Observation of similar seizures have been made in several animal models. [4] 43 

 44 

 45 

1 .2   The  co nnec t io n  be tw een  s l eep  s p in dles  a nd  e p i l epsy  46 

There are two descriptions concerning the connection between sleep spindles and seizures. One is 47 
that while a system is undergoing sleep spindle oscillations this pattern can turn in to seizures. 48 
This has been shown before in non-neural field models. [5] The other description is that sleep 49 
spindles and seizures originate from the same type of dynamical system. It has been shown that 50 
antagonizing manipulations made on sleep spindles have the same effect on seizures. [6] 51 

 52 

2 The model  53 

 54 

2 .1   B a ckg ro und  55 

Spike and wave discharges are not well understood in terms of their spatiotemporal features, how 56 
they behave in both space and time. In earlier models spike and wave discharges were modeled as 57 
oscillations being both periodic and homogenous on a macroscopic spatial scale and therefore 58 
space independent. In the model A spatially extended model for macroscopic spike-wave 59 
discharges by Peter Neal Taylor and Gerold Baier in March 2011 a model is made that take these 60 
spatial properties into account. [7] 61 
 62 

Several experimental results point to the thalamus having a critical role in the generation of spike 63 

and wave discharges. It has been shown that if the thalamus is somehow inactivated these 64 

discharges disappear. [8] Even though, Taylor and Baier are able to generate spike-wave 65 

discharges in their cortical neural field model [9]. The cortex has also been shown having a critical 66 

role in modelling epilepsy [10]. 67 

2 .2   Epi l e psy  a nd  se i z ure  68 

Spatially extended neural field models are systems of equations describing the spatiotemporal 69 
evolution of for example firing rate at tissue level. The Amari model is such a model. [11] Taylor 70 
and Baier simplified the Amari neural field model [12] to an ordinary differential equation of low 71 
dimension. They then extended this model and showed that it results in a model capable of 72 
generating spike and wave discharges. Further on they converted their model back to a neural field 73 
equation with three neural populations and they showed the existence of spike and wave 74 
discharges for the first time in such a model. [13] 75 

 76 

Their model is these ordinary differential equations with three variables 77 

 78 

𝐸̇(𝑡) = ℎ1 − 𝐸 + 𝑤1𝑓[𝐸] − 𝑤2𝑓[𝐼1] − 𝑤3𝑓[𝐼2] 
 79 

𝐼1̇(𝑡) = (ℎ2 − 𝐼1 + 𝑤4𝑓[𝐸]) 𝑇1⁄  
 80 

𝐼2̇(𝑡) = (ℎ3 − 𝐼2 + 𝑤5𝑓[𝐸]) 𝑇2⁄  

 81 

Where 𝐸 stands for the excitatory population of the model while 𝐼1and 𝐼2 stand for the two 82 

inhibitory populations of the model. ℎ𝑖 are the constants arising from the Amari model, 𝑤𝑖  are the 83 

connectivity parameters and 𝑇1 and 𝑇2 are time scale parameters, for which it holds that 𝑇1 < 𝑇2.  84 

 85 

 86 

 87 

 88 
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𝑓 is the piecewise linear function with the behaviour: 89 

 90 

𝑓 = 0   𝑖𝑓   𝑣 ⩽ −1 
 91 

𝑓 =
𝑣 + 𝑙

2 ⋅ 𝑙
   𝑖𝑓 − 1 < 𝑣 < 1 

 92 

𝑓 = 1  𝑖𝑓   𝑣 ⩾ 1 

 93 

where 𝑙 > 0 determines the steepness of the transition and 𝑣 is defined as either 𝐸, 𝐼1or 𝐼2. 𝑓 is 94 

replacing the Heaviside step function in the original model by Amari, which has been shown to not 95 

be generating spike and wave discharges. In addition to the piecewise linear function a sigmoid 96 

function is also used. 97 

 98 

If 𝑤𝑖  , 𝑖 = 1, . . ,5 are left as constants the model is a spatially homogenous version of the Amari 99 

model with an additional inhibitory population operating in a different time scale than the first 100 

inhibitory population. The model is also using the piecewise linear function or the sigmoid 101 

function. If 𝑤𝑖 , 𝑖 = 1, . . ,5 instead are set to the form of a ”Mexican hat” connectivity, as in the 102 

original Amari model, a modified version of it is constructed with an additional inhibitory 103 

population as following: 104 

 105 

𝐸̇(𝑖) = ℎ1 − 𝐸 + ∑ 𝑤1(𝑖 − 𝑗)𝑓[𝐸(𝑗)]
𝑛
𝑗=1 − ∑ 𝑤2(𝑖 − 𝑗)𝑓[𝐼1(𝑗)]

𝑛
𝑖=1 − ∑ 𝑤3(𝑖 − 𝑗)𝑓[𝐼2(𝑗)]

𝑛
𝑖=1

𝐼1̇(𝑖) = (ℎ2 − 𝐼1(𝑖) + 𝑤4𝑓[𝐸(𝑖)]) 𝑇1⁄

𝐼2̇(𝑖) = (ℎ3 − 𝐼2(𝑖) + 𝑤5𝑓[𝐸(𝑖)]) 𝑇2⁄ }
 
 

 
 

  (1) 106 

 107 

where 𝑛 is the number of spatial locations. 108 

 109 

The result is spike and wave discharges for many combinations of connectivity values 𝑤𝑖   when 110 

simulating this model with periodic boundary conditions for one dimension. In figure 2 below the 111 

simulation of the model is shown for the following values for the parameters; ℎ1 = 5, ℎ2 = −0.9, 112 

ℎ3 = −1.6, 𝑤4 = 4, 𝑤5 = 3, 𝑇1 = 0.66and 𝑇2 = 200. Where 𝑤𝑖 , 𝑖 = 1. .3 are built up by mexican 113 

hat functions. [14] 114 

 115 

 116 
 117 

Figure 2. Spike and wave discharges 118 

 119 
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3 The method 120 

 121 

The goal is to analyse if the connection between sleep spindles and epilepsy that is described in 122 

section 1.3 can be shown in this cortical model. 123 

 124 

3 .1  Injec t ing  a n  externa l  s l eep  s p ind le  curre nt  125 

A model of sleep spindles can be done by the following function in time [15]: 126 

 127 

𝑔(𝑡) =
𝑐

√𝑠
𝑔(

𝑡−𝑢

𝑠
)𝑒𝑖𝑤𝑡     (2) 128 

 129 

where 𝑠 > 0,   𝑔(𝑥) = e−𝑥
2 2σ2⁄ is a gaussian function and σ, 𝑐, 𝑢 and 𝑤 are constants. 130 

If the parameters are chosen as follows; 𝑠 = 2, 𝜎2 = 100, 𝑢 = 5, 𝑤 =  50 and 𝑐 =  1, the 131 

following sleep spindle model can be produced in Matlab, se figure 3 below. 132 

 133 

 Figure 3. Model of sleep spindle with frequency 8 Hz and a duration of 1.4 sec 134 

 135 

An external current is made of the sleep spindle formation in figure 3 above reoccuring every 5-15 136 

seconds during 100 seconds. The effect of this external current, when being put into both the 137 

excitatory population and both of the inhibitory populations in system (1) in section 2.2 above, is 138 

then analysed while changing the parameters of the system. In addition, two other formations of 139 

the sleep spindle are used to generate the external current. These are of frequency 10 and 14 Hz 140 

and exist for 2.1 and 3 seconds, respectively. 141 

 142 

 143 

 144 
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3 .2  Genera t ing  s l eep  sp i n dle  fo r ma t io n  w i th  the  mo de l  145 

An external current with random spiking behavior (noise) is first inserted into the excitatory 146 
population and then to the two inhibitory populations respectively in the system (1) in section 2.2 147 
above. The behavior of the system is analyzed while the parameters are changed in order to find a 148 
behavior of the system similar to that of a sleep spindle formation. 149 

 150 

4 Results  151 

In part 3.1 the system is showing spike and wave discharges while the parameters are set to values 152 
that are already showing this pattern without the external sleep spindle formatted current. 153 
Otherwise the external current is not turning in to seizure like behavior. In part 3.2 no parameters 154 
are found for which the system is generating a pattern similar to that of a sleep spindle. 155 

 156 

5 Conclusions 157 

Even though spike wave discharges, which is a phenomenon that is concerning the thalamus as 158 
well, can be shown in this cortical model the model is not sufficient enough to show the 159 
connection between sleep spindles and seizures. The model for sleep spindles that is used (2) is 160 
not taking into account the feedback the sleep spindle oscillations are given by the thalamus. What 161 
would be done in the future is expanding this model to include the thalamus and generate the sleep 162 
spindle oscillations from the thalamic neurons, injecting their output signal into the cortical model. 163 
This would be a feedback system which might would be sufficient enough to show the connection 164 
between sleep spindles and epilepsy. 165 

  166 
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