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It is possible to use TVB to model a specific subject such as an epileptic
patient. Using relevant neural mass models, TVB allows to ask multi-
ple questions such as the localisation of the epileptogenic zone or the
validity of different neuroimaging modalities to assess the epilepto-
genicity of a brain structure. Here we will present a example of such a
modelisation.

Objectives

The main goal of this session is to provide a clear understanding
of how we can reproduce clinically relevant scenarios such as stim-
ulation, modelisation of forward solution of sEEG and EEG during
a seizure; and, modelisation of surgery with resection of a part of
the brain. Make sure you are working with at least TVB 1.3. If you
are using version 1.2.X or older versions, there might be some fea-
tures that are not available you experiencie difficulties importing the
projects we have just shared with you.

Another important step is to process data from neuroimaging
modalities into TVB. https://github.com/timpx/scripts that
let you easily prepare your data in a format suitable for import
into TVB. All you will need for this pipeline will be a T1 MRI
and a Diffusion MRI from the subject. You can find these data in
databases such as the Human Connectome project. At the end of
the pipeline, you will have a connectivity, a surface and a region
mapping, i.e. you will be able to do region based and surface
based simulations. We will use the different functionalities that
you have learned in the previous sessions.

Project II: Modelling Epilepsy

In this project, all the data were already generated. We’ll only go
through the necessary steps required to reproduce the simulations
listed in Table 1, along with the relevant outline. You can always start
over, click along and/or try to change parameters. We will use the
default subject connectivity matrix and surface.

Name

Exploring the Epileptor model

Region based simulation of an epileptic patient
Region_TemporalLobe
Region_TemporalLobe_sEEG_EEG

Surface based simulation of an epileptic patient
Surface_TemporalLobe_sEEG_EEG

Applying a stimulus to trigger seizures
Surface_Stimulation

Modeling surgical resection
Surface_Resection

Table 1: Simulations in this project.

Exploring the Epileptor model

Before launching any simulations, we will have a look at the
phase space of the Epileptor model to understand better its dynam-
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ics. We will use the phase plane interactive tool that you have seen in
probably in Session #1.

1. Go to simulator → Phase plane and select the Epileptor
model.

2. Look at the phase space (Fig. 1). We have here the first pop-
ulation (variables y0 in abscissa and y1 in ordinate). The left
most intersection of the nullcline defines a stable fixed point
whereas the rightmost intersection is the center of a limit cy-
cle. Both states are separated by a separatrix, as you can se by
drawing different trajectories in this phase space (left click on
the figure).

3. You can also look at other variables in the phase space, such
as y2/y0 (slow-fast subsystem) or y5/y4 (second population),
and change parameters to see what is the effect on the null-
clines.

Figure 1: y0 − y1 phase plane of the first
population.

Region based simulation of an epileptic patient

We will model a patient with temporal lobe epilepsy (TLE). Here,
using the tools in Set up Region model we will set different val-
ues of epileptogenicity (x0 parameter in the Epileptor) according to
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the region positions, thereby introducing heterogeneities in the net-
work parameters. We set the right limbic areas (right hippocampus
(rHC), parahippocampus (rPHC) and amygdala (rAMYG)) as epilep-
tic zones. We also add two lesser epileptogenic regions: the superior
temporal cortex (rTCS) and the ventral temporal cortex (rTCV).

1. In other words, in Set up Region model assign to all the nodes
the Dynamics for which x0 has a value of value of −2.2. Ap-
ply the non-epileptogenic configuration (x0 = −1.6) to the
RigtLimbicAreas selection. Select all the nodes and click on
Submit Region Parameters values. All the other model param-
eters are given in Table 2.

2. Once back in the Simulator playground
Configure the Visualizers and select the Brain Viewer.
Save your choices.

3. Set the integration step size to 0.1 ms, select the
Temporal average monitor with a sampling period of 1 ms
and set 6000 ms as the simulation length.

Model parameter Value

Iext 3.1
Iext2 0.45
R 0.00035
slope 0.0

Table 2: Parameters for the Epileptor
model

Figure 2: Brain menu: you can increase
the scaling of the signals.

The results are already computed for you in Region_TemporalLobe

5. Visualize the time series. Click on Select Input Signals and se-
lect all the regions. From this same menu you can select which
state variables of interest will be displayed. For instance, vi-
sualize y0 (Fig. 3) and then y3 state (Fig. 4). You will need to

increase the scaling by clicking on (Fig. 2). You can see a
succession of 3 seizures, use the mouse to zoom in and out in
the time series area.

6. Go back to the Simulator page and visualize the results
in the Brain Viewer, you will need to increase the rendering

speed (timesteps per Frame) by clicking on .

The length of seizures here is not realistic (∼2 s), but you can
always obtain realistic time by multiplying all the derivatives
of the model by a small factor.

We now are going to run this simulation again, but with intracra-
nial electrodes (sEEG) and EEG monitors.
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Figure 3: Time series for the first
population

Figure 4: Time series for the second
population

1. Copy the former simulation.

2. Unselect the Temporal average monitor and select two new
monitors (EEG and sEEG) with a sampling period of 1 ms
by hitting *Ctrl* (*Cmd* for Mac users) and at the same time
clicking on the monitor you want to add.

3. For this simulation, we will not use the Brain Viewer so recon-
figure the View tabs accordingly.

The results are already computed for you in Region_TemporalLobe_sEEG_EEG

4. Click on Results.

5. Click on the EEG time series and visualize them with the
3d/2d visualizer (Fig. 5).

6. Go back, click on the sEEG time series and visualize them
with the 3d/2d visualizer (Fig. 6).
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Figure 5: EEG 3d/2d visualizer

Surface based simulation of an epileptic patient

To account also for seizure propagation and not only seizure re-
cruitment, we have to use surface-based simulations. This type of
simulations allow for a more accurate representation of EEG/sEEG
signals.

1. Copy the former simulation.

2. Add a Brain Viewer visualizer.

3. Choose the TVB’s default surface, the corresponding
local connectivity and a Local coupling strength of a = 0.2.

4. Add a Spatial average monitor with a sampling period of
1 ms

5. Click on Set up surface model (Fig. 7). Choose working
parameters (Model parameter x0, Equation : Gaussian,
amp = 0.6, sigma = 10., offset = −2.2) and click on
Apply equation. Click on a location on the brain where
you want the parameter setting to apply, then click on
Add focal point. Then click on Submit Surface parameters.
You can see that the field of the x0 parameter is updated ac-
cording to the selected equation.

The results are already computed for you in Surface_TemporalLobe_sEEG_EEG
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Figure 6: sEEG 3d/2d visualizer

Figure 7: Set up the surface parameters

6. Click on Results, click on the TimeSeriesSurface an visualize
them in the Brain Activity Visualizer (Fig. 8). You can use the
arrows of the numpad to rapidly move the brain.

7. Go back, click on TimeSeries and visualize them with the
Time Series Visualizer. Change the scaling, change the se-
lected channels and zoom in to see the seizure (Fig. 9).

8. Go back, click on TimeSeriesSEEG and visualize them with
the 3d/2d visualizer. Note the difference with the former
region-based simulation.

9. Go back, click on the EEG time series and visualize them with
the 3d/2d visualizer. Note the difference with the region-
based simulation.
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Figure 8: Temporally averaged time
series for a surface simulation

Figure 9: Spatial averaged time series
for a surface simulation

Applying A Stimulus To Trigger Seizures

Now we are going to simulate a stimulation. We set the whole brain
to non-epileptogenic but close to the threshold

Space stimulation parameters Value

amp 1.0
radius 5.0
sigma 1.0
o f f set 0.0

Time stimulation parameters Value

onset 2000.0
tau 20.0
T 4000.0
amp 10.0

Table 3: Space and time parameters for
the stimulus

1. Go to stimulus → Surface Stimulus

2. Give a name to the new stimulus

3. Choose a Sigmoid stimulation in space with the parameters
given in Table 3

4. Choose a PulseTrain stimulation in time with parameters
given in Table 3 (Fig. 10)

5. Click on Edit Focal Points and View
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6. Choose a focal point (Fig. 11)

7. Save the new stimulus on surface

Figure 10: Spatio temporal pattern of
the stimulus

Figure 11: Focal point for a surface
stimulation

The stimulus was already set for you under the name Surface_SquareStimulus

8. Go to simulator and copy the former simulation.

9. Choose the Surface_SquareStimulus stimulus.

10. Set the parameter x0 to −2.1

11. Choose only a Spatial average monitor.

12. Set the Simulation Length to 4000 ms.

You can see the result of this simulation in surface stimulation

Figure 12: Signals Input menu: you can
choose the sources of interest.
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13. Click on Results, click on the TimeSeries and visualize the
Surface Average Time Series with the Animated Time Series
visualizer.

14. Select channel #67 to #73 (Fig. 12). Increase the page size in

to include time 2000 ms (Fig. 14) and better see the
effect of the stimulation (Fig. 13).

Figure 13: Time Series for a stimulation

Figure 14: Brain menu: Increase the
scaling to see the time 2000[ms].

Modeling surgical resection

Surgical resection is used for around 20% of epileptic patient
whose seizures are drug- resistant. We can imagine in this case that a
small part of the brain of the patients has been resected ( for instance
the hippocampus, the amygdala and the parahippocampal cortex)
and we are going to simulate that.

1. Go to connectivity → Large scale Connectivity.

2. Select the nodes rAMYG, rHC and rPHC via the RightLimbi-
cAreas selection, delete all their in-out and out-in connections
with the other nodes, give a name to the selection and save it.
(Fig. 15)

3. As we choose the same regional parameters that in the first
simulation, we are going to copy them directly from our for-
mer setting. Go to the Region_TemporalLobe simulation, select
and copy the values for the parameter x0.

4. Copy the surface simulation Surface_TemporalLobe_sEEG_EEG
and paste the array of values in the parameter x0. With this
direct copy-paste method, we avoid the step previously done
via the Set Up Region Model panel. You can also use you own
vector, as long as the length of this vector correspond to the
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number of regions. Change the values −1.6 by −2.2 in this
array (i.e. we replace the dynamics of the resected node by a
stable node).

5. Choose only a Spatial average monitor with a sampling pe-
riod of 1 ms.

6. Remove the Brain Viewer visualizer.

7. Do not forget to choose the right connectivity matrix and you
are ready to launch the simulation.

The results are given in Surface_Resection.

Figure 15: Focal point for a surface
stimulation

6. Click on Results, then TimeSeries and visualize the spatial
average time series with the a Time Series visualizer. Don’t
forget to increase the Scaling and Select all channels. (Fig. 16)

Figure 16: Time Series after a resection

More Documentation

For more documentation on The Virtual Brain platform, please see
Sanz-Leon et al. [2013], Woodman et al. [2014] for technical details;
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and Jirsa et al. [2014] for information about the Epileptor model.

Support

The official TVB webiste is www.thevirtualbrain.org. All the docu-
mentation and tutorials are hosted on the-virtual-brain.github.

io. You’ll find our public git repository at https://github.com/
the-virtual-brain. For questions and bug reports we have a users
group https://groups.google.com/forum/#!forum/tvb-users

License

This tutorial is Licensed under the Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 Unported License (the “License”).
You may not use this file except in compliance with the License.
You may obtain a copy of the License at https://creativecommons.
org/licenses/by-nc-sa/3.0/. Unless required by applicable law
or agreed to in writing, software distributed under the License is
distributed on an “as is” basis, without warranties or con-
ditions of any kind, either express or implied. See the License for
the specific language governing permissions and limitations under
the License. Copyright TimothÃl’e Proix and Paula Sanz-Leon 2014.
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