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1. Introduction

1. Introduction

The evaluation of seizures and interictal spikes in EEG, typically recorded during pre-surgical evaluation

of epilepsy patients, is often limited to visual inspection of the EEG data in bipolar montages. However,

the advances in computer-assisted processing of digital EEG data offer much more information on the

origin and propagation of epileptiform activities in these patients. This information, if properly assessed

using the individual MRI, can help to guide further exploration by depth electrodes or even lead to a non-

invasive confirmation of the involved brain region outlined by neuro-radiological or other clinical findings.

Using the BESA software, we have created a pipeline for the effective processing of EEG data to save

time and gain more information:

BESA Research
EEG

BESA MRI

* Find and
average interictal
spikes and
seizures

* Map spike and
seizure onsets

* Localize sources
in individual MRI

* Create FEM /
BEM head model

* Co-registration

+ Optimize
montages

» Find spikes
using pattern
search

Detect seizures
by DSA scan or
go to marked
seizures

T1/T2: segment
head tissues and
surfaces

+ Inspect spike
events

» Average spikes
* Map spike onset

» Check onset
cycles

« Spectral
ELEE

« Average cycles

Create FEM /
BEM head model
and MRI data

sets

* Localize spike
onset

» Check for
propagation by
dipoles and
images

Localize seizure
onset using
averaged cycles

Register
electrodes /
surface points
with head surface

In this tutorial, we will use the BESA Research and BESA MRI software to learn the essential steps for

the mapping and localization of interictal spikes and seizure onset.
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2. BESA MRI: MRI segmentation

2. BESA MRI: MRI segmentation

MRI data must be segmented in order to co-register the electrodes in the EEG data with an MRI image

and to create individual head models. The segmentation in BESA MRI is fully automatic after setting up

anatomical landmarks.

1. Start BESA MRI, then press Accept on the

welcome screen.

2. Press the Start New Segmentation button in

the interaction window.

3. Inthe next screen additional features can be
added, like Cortex Inflation or Volume
Conductor Segmentation.

Select the check boxes for volume
conductor segmentation for FEM.
Press Next button to proceed to the next

screen.

Tip: A T2 sequence can be also added to improve the
quality of segmentation. Please read the BESA MRI
manual for more details.

4. Press Load T1 Data in the Interaction

window. A new dialog box will be opened.

5. Nauvigate to folder
C:\Users\Public\Documents\BESA\Research
_7_1\Examples\Epilepsy\L TM-
Tutorial\Spikes\Temporal _Basal+Polar\MRI

6. Select the

press Choose.

, then

Note: The MRI file has already been transformed to
Talairach space. However, we will consider it as the

original MRI data in this tutorial.

7. Change the Patient name to P001, then
press OK.
Click Yes in the message dialog to remove
the file path of the loaded data set for

anonymization.

8. Press Next to continue.

BESA Workshop - Tutorial
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[ Start Mew Segmentation [

Start New Coregistration
Open Segmentation Project

Open Coregistration Project

Steps required to process MRI data

Load T1 MRI data
] Load T2 MR data
Set ACPC Orientation
Set Talairach Transformation

Run Inhomogeneity Correction
Run Scalp Segmentation
Run Cortex Segmentation

Run Cortex Inflation

Run Wolume Conductor
Segmentation for FEM

] Run Volume Conductar
Segmentation for BEM

Load T1 Data

N

Anonymize data

Modify Data Info

[ BESA MRI b

Set patient info that shall be used for the loaded data
set:
Patient name: P001|

Birth date: 1901-01-01 z

Cancel
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2. BESA MRI: MRI segmentation

9. Press Set Orientation, then press Confirm [ Sat Orientation I} ]
LR-Correctness.
Press Next to continue. [ Confirm LR-Correctness % ]
10. Mark the anterior commissure (AC) point Cﬂ\\/
b Q\*
on the MR slices using the crosshair. This is e i =

a fiber bundle that connects the
hemispheres, located just inferior of the
corpus callosum.

» The bottom views provide higher detail for

easier navigation to the correct location. You
can use the mouse scroll wheel in the left
bottom view to slice through the brain until
the fiber bundle appears.

* Note the head schematic image in the
interaction window that shows the rough
location of AC.

Press Next to continue.

11. Set rotation of MRI slices by placing the
mouse in the bottom views and dragging the
cursor to the desired position while the left
mouse button is pressed.

« Start with the left view (coronal) to align left
and right hemisphere. The rotation should be

set such that axial and coronal view are
symmetric; in the sagittal view, the rotation is
set such that commissures are aligned
horizontally (both visible in the coronal view).

Press Next to continue.

12. Mark the posterior commissure (PC) point
on the MR slice using the crosshair.
Press Next to continue.
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2. BESA MRI: MRI segmentation

13. Review if all landmarks’ definitions (shown as
blue lines) are correct and press Next to

continue if so.

LSL LS

If you need to make any adjustments, press

Previous.

14. Mark the anterior point (AP) on the MRI
slices using the crosshair.
Note the head schematic image in the
Interaction window that shows roughly where
the AP is located.

Press Next to continue.

15. Repeat the previous step for posterior point
(PP), superior point (SP), inferior point
(IP), rightmost point (RP), left most point
(LP) anterior point (AP) on the MRI slices
using the crosshair.

Press Next to continue.

16. When all points are defined you can again
review them. The brain should be inscribed in
a blue box.

Press Next to continue.

17. Mark the nasion on the sagittal slice as
indicated in the head scheme.
Press Next to continue.

18. Mark the inion on sagittal slice as indicated
in the head scheme.

Press Next to continue.

19. Mark 3-5 brainstem markers on the sagittal
slice as indicated in the head scheme.
» The markers have to be located within the
brainstem, but there is no rule about exactly
where to place them.

Press Next to continue.
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2. BESA MRI: MRI segmentation

20. Finally set cutting plane on the sagittal slice as indicated in the head scheme.

* Dragging the left arrowed circle moves the cutting plane up and down, dragging the right one

changes the angle.

« Set the cutting plane such that it includes visible MRI data; the inion needs to be above the

cutting plane.

Press Next to continue.

21. When all points are defined you can again review them.

Press Next to continue.

22. A new window will pop up. Here you can
decide whether you want to do. By default,
the first option "Start automatic
segmentation” is selected.

Press OK to start segmentation.

Note that this process may take a while.
During segmentation, the current step and

overall progress is presented on the screen.

23. When segmentation is finished the results
(ACPC transformed data, Talairach
transformed data, head model surfaces,

atlas, etc.) can be reviewed by pressing

buttons in the Interaction window at the right.

24. Press the Finish button to save it.

25. A popup window for saving will be displayed.

Press the Save button to save with default
settings (Project name: MRI_T1).
After saving the segmentation workflow will

be closed. The segmentation results will now

be available for co-registration.

26. Close BESA MRI.

BESA Workshop - Tutorial
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1 BESA MR 4

MR data preparation is complete.
Please select the next action:

© Start automatic finalization of the segmentation.
() Continue the current segmentation step by step.
() Quit to prepare MR data of another subject.

O Finalize all unfinished segmentation projects.

Detailed description of the selected item:

Starts the automatic finalization of the current segmentation project using default
parameters.

Note: You may start finalization of all unfinished segmentation projects later using

the menu item "Edit — Start Automatic Finalization’.

o Talaitach Transformed Data

LT

FEM surfaces (ACFC space)

A Displayed FEM volume outines
) i)
8 scip
8 s
8 csF
8 ban
Display Brain Atlas
18 swowaiss: |
F TAAL 63
Opacity:
Output data sets were successhly colcusted 8 < 1 2
o continue press tha Space bar,or press Finish to save and close the curant project | Alas visualization mede:
Hints: Mow 1 Zoom the B bnCOLOR
0 e Project an x
bigye Pre
pect Hiogect ate Modded
& BESA Tuwnal Unknoan
Seiecied Subwcl Save
Bebected Propct  [INE] Cancel
Fropect Type -
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3. Getting started: Data review, filters, and montages

3. Getting started: Data review, filters, and montages

3.1. Setting up BESA Research to analyze epilepsy data

This section serves to show the special settings used in BESA Research for working with epilepsy
data: Maps will be shown upon single click and special epilepsy settings become available for the
function keys F2—-F12.

1. Start BESA Research. Reset Settings X
~Clear Database
2 . TO reset the SpeCIa| SettlngS fOr epllepsy, Clear File Database (event and status files storing previously used filters, montages and

assodations with electrode files; local electrode files, etc. as well as local event/status
files are not deleted).

select Options | Open “Reset Settings”

Dialog... from the main menu [l e e
g " . O Reset basic program settings. This will reset all program options to their default values,
as if you were starting BESA Research for the first tme. The program will be restarted.

3. Select the following options:

Map and TopView Window Locations
* Reset Map Window W Reset Map Window ¥ Reset TopView Window

* Reset TopView Window

"Settings for Standard BESA or EEG Review

™ set Options for Standard BESA I™ Reset function keys to Standsrd BESA default

 Set Options for EEG Review V' Set Optons for EEG Review ¥ Reset funclion keys to EEG Review default
* Reset function keys to EEG Review default | _eme | J

4. Press the Ok button.

5. Select Options | Top View from the main
menu, then uncheck the Enable Top View
by Single Click.

3.2. File open and navigation

1. From the main menu, select the File | Open 8 selectData Fes X
. . . :[2 Bosal - ¥ EO~
menu item. In the Select Data Files dialog, o R L R
/} Name Date modified Type
. . MRl 2003-06-02448PM___ Filef
select: m@c] [ ] Temporal_Basal+Polarfoc 2014-05-16 501 PM rcfc]
« Files of type: BESA Binary Files o [ ol
+ Folders: Examples Folder -
Libearies.
C:\Users\Public\Documents\BESA\Research_7_1\Exampl !
es This PC
2. Select folder “.\Epilepsy\L TM-
__ Fename [Temporal_BasalsPotarfoc ~ | oen
Tutorial\Spikes\Temporal _Basal+Polar”, then B Fesctme:  [BESA By Fies (oc, o, beso) =~ Cancel
. Folders [Exampies Foider ~l
open file - .
BESA Workshop - Tutorial Page 11 of 58
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3. Getting started: Data review, filters, and montages

When opening an EEG file for the first time, BESA

Research shows the original channels as
recorded. Here, you will see 43 scalp channels

(Scp) and 1 polygraphic channel (Pgr, EKG).

The waveforms of the left channels are displayed
in blue and those of the right channels are
displayed in red. The waveforms of the midline

channels are displayed in black.

Triggers are coded as vertical black bars at the

bottom of the screen.

3. Press Rec (montage button to use channels
as recorded) from the control ribbon, then
select Double Banana, the commonly used

longitudinal bipolar montage.

The symbol ’ after an electrode label (e.g., T7’),
indicates that electrodes have digitized or modified

coordinates.

Tip: Montage can be also changed using the Montage

menu.

4. Press EdM from the control ribbon to inspect
the Double Banana montage using the

Montage Editor window.

5. Click onto the diagram on the left or onto the
label index in the montage list to view the

different bipolar channels.

6. Close the Montage Editor window.

7. We will add the EKG channel at the bottom to
be seen together with all montages. Thus, we
can check if a spike is coincident with the R-
wave of the EKG.

Press Add on the upper right to select EKG.

BESA Workshop - Tutorial
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3. Getting started: Data review, filters, and montages

8. Press the amplitude-scaling button on the @3 Add.Chns.ScaleBar[.. X [
right side of the ECG channel (showing 500 TSI = -
9 W =1 e
uV) to set voltage scale to 100 uV. 10 | 20 =
- il won ] |
9. Press Close to close the scaling window. wvuv ) _|
?’0‘;) f.(:/o 500 uvV IW
1| 10 I~ x 1000
mV | mV _'l
10. To navigate in the EEG for review, you can
. ‘ Auto ’ { }
either press the space bar or use the arrows
button in the bottom left corner of the main Paging: Back 1  Autom. Forw.1 Back1/2 Forw.1/2
Shortcut key (memo): A <Space> Black) N(ext)
window. The arrows with the vertical bar
allow you to move half a page forward or
backward.
You may also use the mouse scroll wheel to
page forward and backward.
Press the Home key or drag the scroll bar in
the time bar at the bottom to the left to return
to the beginning of the EEG data.
11. To change the length of the data window that a1 Display Time x |
is displayed at a time, use the time-scaling 05110} .|
button at the bottom right of the main window. 20|40
In the present case, 10.0 s is an appropriate 6.0 8.0 ol 10.0s I
viewing window. 10.0120.
IV Update 10.0
ageq :

3.3. Filters

Spike perception can be improved by using appropriate filters. When opening an EEG file, the time
constant is set to 0.3 s — the typical clinical review setting. This time constant filter is equivalent to a low
cutoff forward filter of 0.53 Hz with a slope of 6 dB/octave. The high cutoff filter is off by default.

The filter buttons are on the right side of the control ribbon.

LF HF NF | EdF

Low High Notch Edit Filter

BESA Workshop - Tutorial Page 13 of 58
Copyright © 2023
BESA GmbH, Freihamer Str. 18, 82166 Grafelfing, Germany



3. Getting started: Data review, filters, and montages

1. Select the Goto | Time menu item, then Tags [ Goto | Options  Help !
TFC  Eventlog 6 |

enter 00:03:06 to go a page with spikes and

Next Tag <tab>

Prev. Tag shift+ <tab> A
Next Marker

Prev. Marker

Next Comment

Prev. Comment i

artifacts.
An event marker, TL bas, shows the
presence of a temporal left basal spike not

seen in this montage. Next Segment

Prev. Segment
Begin Segment ' | Enter time b4
End Segment

Time ]'

N
Positionin Data b8 [00:03:06]
s [ok ]  concel

LR SR o

2. Press HF, then select High Cutoff 35 Hz. I LF I HF " NF | EdF I EEG .

Now, EMG artifacts are reduced. : High Cutoff Filter Off

: Variable High Cutoff Filter
High Cutoff 15 Hz
High Cutoff 30 Hz

v High Cutoff 35 Hz
High Cutoff 60 Hz
High Cutoff 70 Hz

T

54

"’\/\.r-w-{,
| N
/M

3. Press LF, then select Low Cutoff Filter off | LF | HF [ NF [ EdF I EEG

to switch the low filter off. Slow EEG activity v Low Cutoff Filter Off

is larger now. e Variable Low Cutoff Filte%

Fixed TC 1 Sec (0.16 Hz)
4. Press LF, then select Fixed TC .3 Sec (0.53 oo Fixed TC .3 Sec (0.53 Hz)

Hz) to restore the filter. Slow EEG activity is Fixed TC .1 Sec (1.6 Hz)

——Ahat b

slightly reduced.

5. Press EdF to edit the filter using the Variable [ LF [ wF [ NF [ EdF [ EEG [
' vy i .

Filter Settings dialog. For the Low Cutoff | Variable Fitte Settings X
Filter, select: ~
a Cutoff Frequency [Hz]:l 2 Type: |zarn phase Li Iﬂme: Ilzﬂ,'nct ;l
* Cutoff Frequency of 2 Hz
¥ High Cutoff Filter
* Type: zero-phase | Cutoff Frequency el [ 35 Type: [zerophose =] slope: [24dBjoct ~]
Press OK to set. I™ Notch Fiter
| Frequency [Hz]: I 60 Width [Hz]: | 2
Slow EEG is suppressed more effectively by the | - oicrier
steeper cutoff of the zero-phase-shift filter. il B e |
However, spikes are still hard to recognize. Sl R 2o H ﬂl
BESA Workshop - Tutorial Page 14 of 58
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3. Getting started: Data review, filters, and montages

3.4.

Recorded, virtual and user montages

In the middle of the control ribbon, you can find the buttons for quickly switching between montages:

Rec \Vir Sre | Usr | Opt | EdM

Rec: Recorded montages: preset montages using the recorded electrodes, e.g., in the original
sequence

Vir: Virtual montages: preset montages using standard 10-10 electrodes based on spline
interpolation

Src: Source montages: based on equivalent sources in 25 brain regions, different regions are
highlighted, etc.

Usr: User montages: some convenient standard montages (e.g., Av33) and montages created
by user

Opt: Options for setting the sequence of channels and display mode of virtual and source
montages

EdM: Open Montage Editor

Note: When the Rec button is pressed and the current montage is no recorded montage, the last

displayed recorded montage becomes the current montage. When the Rec button is pressed while a

recorded montage is displayed or if there is no last displayed recorded montage, the popup menu

opens to select a recorded montage. The same applies to the Vir, Src and Usr buttons.

For more details on these montages, select Help | Help Topics, then see Montage Editor / Standard

Montages.

1.

On the lower left the status bar should show “" “"“’ " . N
Time: +00:03:06. Otherwise, select the Goto k. 1me:+00:03:06 |
| Time and enter 00:03:06.

_ Rec|‘ Vir | Sre | Usr | Opt | Eam | LF |

Press Usr from the control ribbon, then : iz
: Av33
select LBip, longitudinal bipolar montage M""‘W B;_'L !
5
with added midline channels and a : BiLT

convenient sequence. WW CA25

E LBip+FT ]

! ___ LBip+Sp. |

i v LBi I
Yan M‘«{ Mf‘ = ‘.q

Press Rec to switch back to the Double FRec Vir | Src | Usr | Opt | EdM m

Banana montage.
Then, press Usr to switch back to the LBip

montage.

Tip: You can switch between different types of

montages (Rec, Vir, Src, Usr) by pressing one of

these buttons to get back to the previously chosen

montage with the category defined by the button.

BESA Workshop - Tutorial Page 15 of 58
Copyright © 2023
BESA GmbH, Freihamer Str. 18, 82166 Grafelfing, Germany



3. Getting started: Data review, filters, and montages

4. Press Usr again to obtain the list of available

iRec [ vir [ src | Usr | opt [Eam [ _

user montages. Now select BiHL, a virtual ; Av25

montage that first displays 4 horizontal \/\WWW\’; A3 =
: v BiHL |

(vertical / transverse) channels on each side \/W\'\f\’w] T S

of the head prior to the typical longitudinal VAN P AR SR

bipolar channels.

The BiHL montage includes inferior electrodes to
render basal and polar temporal spikes with upward
polarity, presents left and right groups symmetrically,
and uses 20% distances to have the same distance
scaling as the longitudinal channels.

5. Press EdM to inspect the BiHL montage.

EhaeensBaFsqrs B L)
o A,>,M,_MAJ|
]

Click onto the diagram on the left or onto the

label index in the montage list to view the

— b
« f / \ @
different bipolar channels. L;’;é,.'@ » & - |
Close the Montage Editor window. Ll S s T |
281 Py
0@

6. Press Usr and select AV33, the standard Rec | Vir | src | Usr | opt [Eam [
L ; AW

average reference montage using virtual, M/\M"' N |

interpolated electrodes. : ‘ BiHL e .

Av33 montage

The Av33 montage helps to understand the spike topography since the voltages at each of the 33
virtual standard electrodes are referenced to the mean over all 10-10 electrodes calculated by
spherical spline interpolation. The voltage values of this montage are very close to the reference-free

values seen in the maps.

The spline interpolation works well, even if electrodes are bad or missing. Local artifacts are slightly
smoothed which reduces local superficial signals, e.g., EMG.

The average-referenced electrodes are arranged in groups with left preceding right hemisphere.
Groups go from inferior to lateral and superior (as in BiHL). The larger number of electrodes in the
longitudinally arranged groups helps identifying spikes (e.g., Fp2-F8-FC6-T8-CP6-P8-02).

3.5. Source montages

Source montages (Scherg et al., 2019, 2004, 2002) are especially useful for reviewing high density data.

They are provided to facilitate the detection of focal source processes in the brain by reversing the

BESA Workshop - Tutorial Page 16 of 58
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3. Getting started: Data review, filters, and montages

overlap from different brain regions seen at the scalp. If brain activity is focal, i.e., represented

predominantly in one source waveform, a large amount of the recorded scalp activity reflected in this

trace will originate in the related brain region. If source activity is distributed over several traces, the

origin is likely to be more widespread or in areas not precisely modeled by the combination of sources

in the selected source montage.

Each channel in a brain source montage can be viewed as a 'gross virtual electrode' placed onto a

particular brain region. Using either pre-defined or user defined source montages allows to evaluate

data at the source level, rather than sensor level. This transition allows for faster and more precise

epilepsy assessment (Beniczky et al., 2016a; Rodin et al., 2004). It may allow for observation of brain

physiology that is not clearly visible with the traditional approach and might be helpful to monitor activity

in deep brain structures where it is not possible to use classical montages (Scherg et al., 2002).

1. Press Src to select the TR_Temporal

Region source montage.

Now, several spikes appear very clearly and
separated in the left temporal (upper 4) and right

temporal (next 4) channels.

Most spikes on this EEG page are predominant in the
1st or 5th trace, i.e., the reconstructed basal temporal
activity (e.g., at comment TL bas). Several smaller
spikes are seen as well at the left temporal basal
trace that were not conspicuous before.

2. Press Usr and Src in alternation to

compare.

3. Select Goto | Time and enter 00:15:32 to
see another page in this EEG with several
spikes. The left basal spike signal appears
leading in time over the polar and lateral

anterior traces (2nd and 3rd traces).

BESA Workshop - Tutorial
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Rec | Vir f[fSrc

l\\%gs ;:Gotoﬂ: Options  Help

TFC

Event Log

Next Tag

Prev. Tag

Next Marker
Prev. Marker
Next Comment

Prev. Comment

Next Segment

Prev. Segment

Begin Segment
End Segment

Time

Position in Data

Go Back

25r

25s

BR_Brain Regions
CR_Central Region
FR_Frontal Region
PR_Parietal Region

| Usr | Opt | Edm | 1

‘l v TR_Temporal Region

. ]

75 ranminnal

G IJs

<tab>
shift+<tab>

S

Enter time

i | 00:15:32|

| =3

Cancel
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3. Getting started: Data review, filters, and montages

4. Press Src and select FR_Frontal Region to LQREC | Vir | Src | Usr | opt | EdMI L
i ]

see the 3 activities (radial, horizontal 25r
vertical) of the left and right frontal sources. . i 2 L
: BR_Brain Regions

They are quite flat and show only little i

crosstalk from the temporal sources (slow . v FR Frontal Region i
wave activity maximal in the regional men e
sources TAL, TPL, and TAR of the temporal
lobe).

Similarly, you may check the other regions

(CR_Central Region; PR_Parietal Region) for

which standard source montages are available.

5. Double click the label TAL to show the EALIE L -
source location in the Channel Information £ s
window. g R |
Close the Channel Information window. (B ik -
If the TAL label is selected, click the TAL g T f
label to deselect it. PO S\

PIAINET

6. Press Src and select TR_Temporal Region | Rec | Vir | Src [| Usr | Opt | EdM I_I

to reset to the temporal lobe source : 25r
montage. J‘/'\"’"VVV‘/\'- = -
' BR_Brain Regions
; CR_Central Region i
W\/—.ﬁ—
: FR_Frontal Region
L A ey PR_Parietal Region |
i v TR_Temporal Region |
P S NS DRt k S
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3. Getting started: Data review, filters, and montages

@ 30 Mapping 116 - Voltage
wMERE s ) e aatae

7. Click the left basal spike (1st trace) to see

the typical temporal basal map.

“
@
@
Adjust cursor with the mouse scroll wheel. g
=
(®
©

The basal spike in the left basal channel (1st
trace) is leading in time over the polar and o

lateral spikes (2nd and 3rd traces). PRSI B AW G | . |-

iice TR @ 10 Mapprg: (16 - Vakage a x
e S R I - k) \

Tip: The Map window can be saved as a bitmap

image file by pressing Shift + S.

8. Press Esc to remove the cursor and close

|

: § FOODDODDD!
M %—i%
i

iz

¥

i

the Map window.

|
|
:

rolerence tioe
504V step ©

9. Select Tags | All from the main menu.

10. Press <Tab> to go to the next comment (TL | I
pol) or select Goto | Time and enter TL Pol
00:18:47.
Tip: The most convenient way to go to an event == =" %
is to type G (Goto | Event Log) and select from EEEEEE ﬂa'gk:;
the pop-up list of events, if there are just some 100:15,33 T bae

_ |
event markers and comments in the file. +00:20:20 TL pol

Canoell
11. Click onto the polar slow wave seeninthe 2% T n i fbisis o0 s wa
. . . ) S M A ﬂ
2nd trace to map. The spike signal in the left g At Ay A A T
. . @ e AnANAPN M ANAA A
temporal-polar trace is leading over the B AR v
Lo Q ~AAAAAANAAAAARAANANN A MAN

weak basal and lateral activities. Note the B AP AAAAAAR A AIA A
. i Q AAAAAAAAMAANAANANAAAAA R M
different topographies of the basal and polar . vt v posimnie o

o MRARAAAM A A e 1

3D maps. n wwvvww»wvww«'vvvvwwm e i

12. Press Esc to remove the cursor and close

the Map window.
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3. Getting started: Data review, filters, and montages

3.6. Function keys and batches for fast settings of filters and
montages

For convenient and fast changes of montages and filters, batch functions have been created and
associated with the function keys. We will use these function keys for fast setting of specific filters,
montages and the default epoch for spike analysis throughout this tutorial. A summary of the function

keys and the batch function can be found in section 10.1.

1. Press the F2 function key to set: | File Edit View Fitrs Montage Process ICA ERP Anifact Se
_-FIF+|wrs | sav | BAT |ERP | Tpv | ICA | D
* BiHL montage =] : : L\w
‘rs.ch WVW‘*“"\/\/\J -
« the standard clinical filter setting — low 1905 4 pn/ AN p e i
. i T7C3 'Vv-'\r/\hf'\/\, Default Block Epoch X aafinI W™
cutoff filter 0.53 Hz, forward (time constant: e e [ AW
0.3 s) and high cutoff filter off FIOFRCs SN o [ [V
TI0C6 oA — W
* a default epoch from -250 ms to +150 ms L I e A At A VA
around the cursor that is displayed when you ™™™ *
M Low Cutoff Filter
click onto a peak in the EEG to map (yellow | | eermeseral 05 o fose 2] s oo =11
| I High CutoffFilter
epoch). This spike epoch is used also for . s ® fromese o] sooe [z o | |
| ™ Notch Filter
pattern search by default. , = —
| T Bandpass Fiter
Sampling Rate: 250 Hz =
2. Press the F3 function key to set: .| File Edit View Filters Montage Process ICA ERP Artifact Se
Av33 ¢ the standard rS | SAV | BAT | ERP | TpV D
* Av33 montage, the standard average virtual Av33 | ; Pa
g g _a W‘\f\(\m\nﬂv\/ﬂfﬂu
reference montage 1910 S b e AN A e
. . . . . P9al0 oAy Delar;:It B;eckAEpoACh 7 >: m &
« filter settings optimized for spike review F10 10 A/ I
T10_a10 V\/\/\/\/"\;\"w« Pre cursor: mml A e =
and pattern search — 2—-35 Hz (zero-phase- P10.a10 Ay postarsor [1500 mes AV e
Fp1_a10 ! i (N
shift characteristic) F7_at0 m el el RlAb
* a default epoch from -250 ms to +150 ms Varabe FtarSatngs x|
M Low Cutoff Fiter |
around the cursor Curenency Bk T Tyoe: [ =] shpe: [t =]
¥ High Cutoff Filter
CutoffFrequency [Hali [ 35 Type: [zerophase +| Sope: [24d8joct +]
I Notch Fiter
I Band Pass Filter

Sampling Rate; 250 Hz
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3. Getting started: Data review, filters, and montages

3. Pressing a function key is the same as ;_’mﬁm AR
selecting the Process | Run Batch... menu . soimse I
- v
item (or press BAT from the control ribbon, ¥ i
. T st P
shortcut key: R) and choosing the batch file  {  qen | 2
A Mean FFT-Spectrum... v uﬂ
that is associated with the function key (F2—  « »o s U | -
w 2N fro=s)
® [
F8). i AR
v 1
The function key F2 is preset to run the batch function X  Batch Scrpts.. shteR_
(standard A e~
clinical EEG viewing mode).
The function key F3 runs the batch function
(standard

setting for spike review and search).

How to associate a function key with a specific batch:

In order to associate a batch function with a function key, press the function key while holding the <Shift>
key. For example, you can associate the F2 function key with the montage BiLT, if you prefer a standard
bipolar montage with a different sequence of the channel group sequence, i.e., longitudinal first, followed

by transverse and vertical bipolar channels.

The names of the preset batch files have been chosen to indicate the processes they perform. After
pressing <Shift> + F2, you will see the list of batch files located in folder:

C:\Users\Public\Documents\BESA\Research 7 _1\Scripts\Batch\Epilepsy

e The Load Batch dialog also comes up after pressing the key R to select a batch function.

o Different options for export and concatenation are available from the batch folder “.\Export &
Concatenate”.

e Batches 1-5 (e.g., T_EEG_Fit-Averaged-Spike _Sp1.bbat) are for localization of spike types
Sp1, ..., Sps.

o Batches A-D (e.g., Average-All-BESA-Epilepsy-Spikes.bbat) serve for convenient
preprocessing including selected averaging.

e The batches F2—-F8 (e.g., F2_Spike-Epoch_TimeConst-03_BiHL.bbat) provide standard
settings for clinical review with different default montages.

Notes on bipolar montages:

There are various ways to combine the most frequently used clinical standard montage, i.e., longitudinal
bipolar, with additional horizontal or transverse bipolar channels to observe spikes with transverse or
vertical orientation of the dipole potential distribution. In BESA Research, we have preset the montage
BiHL with additional vertical and horizontal channel groups preceding the longitudinal bipolar group. An
alternative standard with the longitudinal groups preceding transverse and vertical groups is provided in

montage BILT. You can associate the function keys F2 and F10 with this montage.
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4. Spike mapping in data

4. Spike mapping in data

Here, we show how to obtain reasonable spike maps in continuous EEG data by using adequate filters.
Spike peak and onset can be mapped most reliably from averaged spikes with specific filter settings.

For the interpretation of 3D maps, it is recommended to read the BESA Quick Guide on 3D maps and

Learn to interpret voltage maps: an atlas of topographies (Foged et al., 2022).

Hints for mapping:

The best way to adjust the latency is to use the mouse scroll wheel. You can also use the

arrow keys or the arrow buttons 57 2 inthe Map window.

o The 3D map automatically rotates to the center of the scalp surface potential activation for best

viewing of both poles. Use the rotation buttons *_ _* J inthe Map window to modify the
viewpoint quickly.

o After changing the filter setting, press M to recalculate the map.

e To have the Map windows at its standard positions on the right, select Options | Open “Reset
Settings” Dialog... menu entry and then select the Reset Map Window check box.

4.1. Spike mapping in continuous EEG data

1. open the EEG f|le Select Event x
if it is not +00:00:00 Marker
| |+00:00:34 TL bas
already open. Sa0:05:06 T pes

i [+00:18:50 TL Pal
2. Press Usr, then select LBip to set the +00:20:20 L pol

longitudinal bipolar montage.

3. Type G to select the event TL bas at
+00:15:32. This leads to an EEG page
showing several spikes.

The spikes are not clearly visible in the longitudinal I .
bipolar montage. Therefore, we want to use a
montage that combines horizontal or transverse with
longitudinal bipolar channels.
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4. Spike mapping in data

4. Press the F2 function key to activate the
montage BiHL and to set the clinical filters

with a time constant of 0.3 s.

Spikes are now easily recognized in the transverse,
vertical channels (3 spikes at the left inferior
channels, 1 at the right inferior channel).

5. Click onto the first spike marked by the
comment TL bas to observe the typical
vertically oriented dipole topography of the
left temporal-basal region (use the scroll

wheel to adjust to the peak).

>

Tip: If needed, press ™ in the toolbar of the Map

window to adjust the mapping step size to 1 or 2 ms.

6. Press Esc to remove the cursor and close

the Map and Top view windows.

7. The signals are not optimally filtered for
spike mapping. Therefore, use the shortcut
F3 to obtain the optimized spike settings
with filters of 2-35 Hz and the Av33
montage.

8. Press Src, then select TR_Temporal
Region to set the temporal lobe source

montage.

In this montage, the spikes are most
conspicuous and prominent. It shows the
estimated activities of the basal, polar, antero-
lateral and postero-lateral cortical surfaces of
the left and right temporal lobes (group of 4

traces each from top).

The 2nd, polar trace shows a later, smaller and
smoother peak than the 1st basal trace
indicating delayed propagation to polar from
mesial structures as compared to the inferior-

basal structures.

9. Click onto the spike (/eft basal) and move
the cursor 30 ms later using the mouse

scroll wheel.

BESA Workshop - Tutorial
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| F+| wrs | sav | BAT | ERP | Tpv | ICA [ DSA | TFC | ESI [ Rec | Wir | Src [ Usr Opt | E4M | LF
Virtual BHL —

|
FOECS acotmanyn T

S ) Fe

@ 30 Mapping: EEG - Voltage o X L

AR gedl I |

7 12:25:34 M 8 1ms

- EEG - Voltage

reference free
5.0 4V step

source TR_Temporal Region

HPRLDLOBLDHT

j

i

FM e e

o] e e e |

PM [N R v e

OpM

EKG

TL bas
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4. Spike mapping in data

‘@ A, SO SN EE S PREOnS SO FRSE NI U SRR Pl S
A B B e e
“Q A

fan TR Mo o

IR ot dtoiror

(R ~~rermer

e e s v v e —— e | it
5 e

left basal [ propagated polar Bl left basal (+ polar il nght basal

e e O

| T i T "
Tosl 062513 0% 04153 Cacdks O 423 Fwes $-35H Bty ow Cvgurel Kasecr On Zed )

Observe the rotation of the map (propagated polar) due to the overlap of the earlier basal with the
later polar activity as well as some intermediate antero-lateral activity. The relative timing of these

activities can be seen quite clearly in the first 3 traces of the source montage.

The last left temporal spike on this page is also a basal spike type as seen in the source traces, but

with a small polar overlap. Note that the negativity appears more anteriorly (left basal (+ polar)).

About 400 ms after this left basal-temporal spike, you can see a right basal-temporal spike (right

basal).

® 30 Mapping: ESG - Vetge o x
ARNAP R L 2 ) (MW BN el

10. Press Esc to remove the cursor and close

8
§
g

the Map and Top view windows.

11. Press <Tab> (or press G) to view the event
list and select event TL Pol (+00:18:50).

You will now see the most prominent spike

550095501

12:28:51 AM 28Tms. reference free
~Voltage

in the 2" trace (left temporal polar trace).

!
1
3
s
{
2
3
H
g
£
2
4

12. Click onto the spike to map.
This spike shows little propagation to the
basal and lateral surfaces as seen in the

source waveforms.

e TR_Temporal Region
S @ 30 Mapping: EEG - Vokage o x

13. Press Esc to remove the cursor and close
@ ARy W»AJW'N—«W!\/H-HN' L) ®eebBaN e

the Map and Top view windows. R e et

@ AP A A A A A ]

14. Press <Tab> (or press G) to go to the next
polar spike marked TL pol (+00:20:20).

15. Click onto the spike peak in the polar trace. |. ———— . HiNw

At this time, also the basal and antero- ‘ s i

PL A~ FEG - Voltage T 5.0 iV stey

lateral surfaces start getting active as seen
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4. Spike mapping in data

in the source waveforms. The 3D map

shows a mixture of all 3 patterns.

All the maps shown above are typical for mesio-basal temporal lobe epilepsy. The spikes seen in the
scalp EEG are propagated from the deep mesio-basal structures (e.g., amygdala; hippocampus).
However, these do not produce large enough signals to be observed on the scalp (~ 1 yuV). For different

spikes, the propagation paths may vary, even within a subject.

Exercise: Map and check montages at the other TL bas events.

4.2. Spike mapping of onset and peak in averaged data

1. From the main menu, select File | Open [ sekect DotaFies X
. . Look in Temporal_Basal+Palar hd R £ B
menu item. Open the averaged data file - = Tere . =
/\ Name Date modified Type
Y MRI 2023-06-02 4:48 PM File fold
eme [ Temporal_Basal= Polarfoc 2014-05-16 5:01 PM FOC File
o [ Femporal, Basal+ Bolarfsq 3013715213 6:29 BM FS File
If the file is not present in the Select Data Files dialog, wEiny

please follow the steps below:

Libraries

From the main menu, select File | Open menu item. In the TEC
Selected Data Files dialog, select: h
. . . . Network
Files of type. BESA Bmary Files File name \Tempmm_sasa\wn\arfsg j Open
* Folders: Example Folder | Flss oftype:  |Curert Fie Type (oo, “Tog, “beas) E Cancel
C:\Users\Public\Documents\BESA\Research_7_1\Examples | Folders: [Data Folder =

Select folder “.\Epilepsy\L TM-

Tutorial\Spikes\Temporal_Basal+Polar’, then open file

2. Press Src, then select TR_Temporal

Region to set the temporal lobe source

montage. 2] E— — E———
The file shows 2 averaged spike segments: i‘% [ R R
Sp1 is an average of 69 spikes with leading or ?z - ** — T
dominant basal activity (1st trace = left temporal- Y P G
basal source waveform). ' [ S
Sp2 is an average of 20 spikes with leading or | R S B
dominant polar activity (2nd trace = left temporal- . — T R
polar source waveform). ﬁ— —
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4. Spike mapping in data

3. Press EdF to edit the filter settings Varabe i Settngs ) x
* Low cutoff filter — 5 Hz, forward, 6 dB/oct e
Cutoff Frequency Hal: | 5 Type: [forward <] Slope: [8dBjoct |

(this forward filter creates a good baseline

{ ¥ High Cutoff Filter

prior to spike onset) Cutoff Frequency [Hz:| 40 Type: [zerophase ~| Slope: [24dBjoct |
. . ™ Notch Filter
« High cutoff filter — 40 Hz, zero-phase, 24 = .
dB/oct. I~ Band Pass Filter
80 5

4. Use Scale button or arrow key, 1, to scale
to 500 or 400 nAm.

Sampling Rate: 250 Hz

&

ipurce TR_Temporal Region

5. Click onto the peak of the Sp1 spike and
observe that the basal activity dominates at

this time. However, also the polar and

PODDHD

antero-lateral source waveforms show rising
activities. Thus, the map already exhibits

more anterior and superior negativity than

N M

i

basal activity alone would show.

6. Use the mouse scroll wheel to move the
cursor to an earlier latency, e.g., to about -
23 ms, and note that there is little change in
the map topography since the relative
contributions of the basal, polar, and lateral
activities to the dipole field do not change

much.

7. Move the cursor to the zero-crossing after
the basal spike and note how the delayed
lateral activity dominates the map at about

+9 ms.

5
g

DOHDIDDD |

8. Click on the peak of the Sp2 spike and %
[

adjust the cursor to about -15 ms.

Observe that at this time the polar activity

dominates. However, also the basal and
antero-lateral source waveforms show small

rising activities.

-]

9. Move the cursor to the zero-crossing after

Fa)
(2]

the polar spike at about +15 ms and
observe how the map now reflects a mixture

of lateral and basal activity.
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5. BESA MRI: Co-registration of EEG and MRI data and individual
head modeling

5.BESA MRI: Co-registration of EEG and MRI data
and individual head modeling

Co-registration

Co-registration of EEG and MRI data allows mapping a source position to an actual cortical area. Without
co-registration it can only be roughly estimated, which cortical area a certain x-y-z position corresponds

with. Further, individual anatomy can be used for seeding sources or verifying source localizations.

When EEG and MRI data are co-registered using BESA Research and BESA MRI, data are transformed
into a coordinate system, which is based on internal landmarks of the individual subject. First, a
transformation into the ACPC (anterior / posterior commissure) coordinate system is performed. Data
are then transformed into standard Talairach space. This ensures that the same standard coordinate

space based on individual anatomical landmarks is used when different subjects are compared.
Individual head modeling

Localization precision can further be increased by using a volume conductor model that is also based
on the individual subject’'s anatomy. In BESA MRI, T1 (and optionally T2) images can be used for
creating individual, realistic head models using the boundary element method (BEM) or the finite
element method (FEM).

1. Open the EEG file S e Lo &
Data fie: |
if it is not Sraeei e ¥ SR -“*““"*‘ g
Informaton should be compiete for ths data file. No auwdiary fles required.
1fa *.cla fle defines EEG, you must use 10-5/10-10,10-20 tabels or supply digitized coardinates!
already open. |"::.T:::;m m— ,‘
. . Yes o File name found
2. Select File | Surface Points and Sensors | S e L e
. . [ Digttized head surface ponts (.56, *.eps) and labels (*.5fn) -
Load Coordinate Files... (shortcut: Ctrl + S e foor  _oowe. | x|
. cof [T o Ieoad Browse... Edt
L) from the main menu. ([ R e 6 Secrok e orl: [0 |
Coregsiration fle (*.5#h) o head center {*.cot) — B
© 6 [Few f rerdbelnaed | MG mowe.. | Edtcoes
3. Inthe “Coregistration file (*.sfh) or head e oo |
X -mhnm:mmuﬁan‘, * art) = —
center (*.cot)” section, select the second [ T oo | o |
| _omos | cerevens g || o | _gence |
radio button (No) to ignore the applied
coregistration file. Press OK.
We will set a new .sfh file later.
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5. BESA MRI: Co-registration of EEG and MRI data and individual

head modeling

4. Select File | MRI Coregistration... from the

main menu.

5. You will be prompted to create and save an
file, which will be used to store all
coregistration information necessary for the
interaction between BESA Research and
BESA MRI.
BESA Research will automatically suggest
the filename of the current subject plus the
extension .sfh. Change the file name to
, then

pressing Save.

6. BESA MRI will open. Press Accept in the

welcome screen.

7. A new coregistration project is started.
Check the check boxes for generate FEM
EEG leadfield.

Press Next on the bottom right (or hit the

space bar).

8. Press Select Input Project in the interaction

window.

9. Choose the project MRI_T1 of subject P001.

Press Open.

10. Mark Nasion on the segmented skin
surfaces as indicated in the head scheme.

Press Next to continue.

11. Mark LPA (left preauricular point), then

press Next to continue.

12. Mark RPA (right preauricular point), then

press Next to continue.

13. All fiducials are now positioned. Press Next

to continue.

BESA Workshop - Tutorial
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B Write surface points for coregistration

iy « Spikes > Temporal Basal...

| Organize +  New folder

18 Pictures » Name

@ Music » MRI

O videos » [) Temporal_Basal+Polar.sth
} Shorteuts » [) Temperal_Basal-Polar_av.sth
| [7) Temporal_Basal+Polar_prep.sfh

> @ OneDrive

| ~ Il ThisPC

|+ 2= nem

(SO N Temporal Basal+Polar Test.sfh)

Save astype: Sfh Files (".sfh)

| - Hide Folders

Steps for coregistration

ooo0oseoag

1 seet

Skip electrode and fiducial fit
Place 10-10 electrode system
Generate FEM EEG leadfield
Generate FEM MEG leadfield
Generate BEM EEG leadfield
Generate BEM MEG leadfield

Salact input Project

o Dais Moddod |
wwwwwww & M 2230611 7.08 FH|

vig|
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5. BESA MRI: Co-registration of EEG and MRI data and individual

head modeling

14. Press Select Coregistration File to load the
Temporal_Basal+Polar_Test.sfh file we

saved earlier. Press Open.

15. The electrode coordinates are loaded to
BESA MRI.

16. Press Run Surface Point Fit and then

press Next.

17. Press Run Leadfield Computation to start
FEM and BEM leadfield computation.

Note: This process may take a while.

18. Press the Finish, button to save it.

19. A popup window for saving will be displayed.
Press the Save button to save the
coregistration project with the suggested
name. After saving the coregistration

workflow will be closed.

20. Close BESA MRI.

BESA Workshop - Tutorial
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5. BESA MRI: Co-registration of EEG and MRI data and individual

head modeling

21. Return to BESA Research.
All coregistration information containing

surfaces and transformations has

automatically been sent to BESA Research.

A green arrow indicates that all necessary
information is available. Press OK.

22. Press V to view the surface point and
electrode cloud (i.e., fiducials, electrodes,
etc.).

Close the Surface points window.

Coregistration with MRI X

Coregistration files

Mo coregistration file (=.sfh) defined! Besa MRI
Select MRI prog
Surface coregistration file (%.sfh, *bhm):
\ . \Temporal_Basal+Polar_Test.sfh Browse.
Talairach coordinates (=.tal)
[ Read from sfh fle Browse...
Talairach-transformed MRI file (=.vmr)
[ C:\UsersiPublic\Document=BESA MRIProjects\BESA Tutorial_130101 0K Browse...
Talairach-transformed head surface mesh (%.srf)
[ € \sers\Public\Docments\BESA MRI Projects\BESA_Tutorial_190101 ok T
Talairach-transformed brain surface mesh (%.srf)
[ €:\sers\Public\Documents\BESA MRI Projects|BESA_Tutorial_190101 0K Browse...

FEM/BEM
Individual FEM for EEG defined.
Mo individual FEM for MEG defined.

Individual BEM for EEG defined.
Mo individual BEM for MEG defined.

Coordinate information
Talairach coordinates defined

[5] surface points. X

Center (mm): 1.3-0.2 415 [using head coords; ovenide: \Temporal_Basal+Polar_Test.sfh]
Head radius (mm): 88.34
Electrode thickness [mm}: 0.00

Label FidNz
Device (mm) 00 892 00
Head (mm) 00 892 00

Sphere (unit] 003 18 -0.25
10-10 name:  L17; th=102.0 ph=88.5

Creating electrode coordinates on the individual scalp surface by following the 10-10 EEG

placement rule

We can co-register the EEG data with an MRI image by following the 10-10 EEG placement rule if

individually digitized electrodes information is not available. When “Place 10-10 electrode system”

option is selected in the Set Project Targets workflow step in the coregistration project, electrode

coordinates can be automatically generated on the subject’s scalp surface by following 10-10 placement
rules in BESA MRI. Please see Chapter 6 of BESA Research 7.1 — Tutorial for more details.
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6. Finding and averaging spikes by pattern search

6. Finding and averaging spikes by pattern search

The Search Average View (SAV) function allows for a quick and automatized pattern search and

averaging with predefined parameters. The pattern to be used in the search needs to be marked in the

BESA Research main window before the SAV button is pressed.

6.1.

Single channel and spatio-temporal pattern search

Open the EEG file
if it is not
already open.

Press the F3 function key to set for standard

spike review.

Press the G key, then select the event TL
pol at +00:20:20. Press OK to move to this
event in the EEG.

Click onto the spike and adjust to peak
using the mouse scroll wheel while
inspecting the 3D map.

Press SAV (Search-Average-view) from the
control ribbon to open the Search Average

View dialog.

For the first pattern search, we will use all
preset settings, i.e., the channel having the

largest marked pattern is used (F9_a10).

| BAT |ERP | Tpv | IcA | DSA | TFC | E

ot @ 5D Mapping: EEG - Voliage

—FRHC I E

St [ Rec [ wir | Src [Der Opt [EdM | LF | HF [ NF
@
wlfiffeE

x

To better view the map, reduce scale by pressing the

button "# on the right in the Map window.

| Search Average View x|

Select Tag Buffer

1 2 (3

Cancel

Channels

* F3_aln - Al

Filters

(+ Default: 2-35Hz " Current: 2-35Hz

Default filters and block width will be used Buffer Width
. . . o . (¥ -250: 150 ms " Current: -250 : 150 ms
with a high correlation threshold (85%) in |
. Threshold
single channel search. 5 8500 % [ B
PreSS O K Detection for SMR. > |no threshold j
After the search terminates, the detected epochs are Search Range
. . ) . {+ Whole File " Between Markers
displayed in Selected View (menu View | Select...;
shortcut: S) for inspection and deletion of bad epochs. Template
(¥ Marked Event )
Here, we skip checking each single channel detection
Options
to perform a spatio-temporal search using all ™ Query ¥ Selected View after Search

channels in the Av33 montage. W Restore filters after search ¥ Selected view 300.0 % width

[™ Zero template baseline ¥ Zero mean
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6. Finding and averaging spikes by pattern search

7. Select View | Original Data (shortcut: E) to
return to the EEG view. The previously

marked spike block appears again.

8. Click onto the same spike and adjust to
peak using the mouse scroll wheel while

inspecting the 3D map.

9. We will use the whole spatio-temporal
pattern in the AV33 montage.

Press SAV. Detections now go into buffer 2.

10. « Select the All check box.

* Correlation threshold is set to 60% for the
search using all channels. Search will be
more selective if set higher, e.g. to 65% or
70%.

* By selecting the Query check box and then
pressing OK, you can decide after each
detection, whether the signal is clear enough
and not contaminated in the preceding
epoch.

» Use the keys Y and N to decide in the
Average dialog.

* After some detections, press the button
Stop Asking in this tutorial to complete the

search.

This pattern search will be more selective and the
number of detections smaller because the same
pattern must be present across all channels. By this
spatio-temporal search, only spikes with similar

topography and propagation are detected.
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i~ Select Tag Buffer

(@] @ 2

197

Lo |
_Cancl |

" Selected “ Al

(+ Default: 2-35Hz

€ Current: 2-35Hz

r~Buffer Width

(+ -250: 150 ms

¢ Current: -250 : 150 ms

~ Threshold

I ¥ 60.00 % I

Detection for SNR >

[75% |

Im threshold ;I

—Search Range
@ Whole File

" Between Markers

~Template
{+ Marked Event

" Averaged Tags

I¥ Restore fiters after seardh [V Selected view 300.0 % width
™ Zero template baseline

¥ selected View after Search

¥ Zero mean

.

Avera.. X |

Accept
to
average?

| Stop Asking | |

Cancel

or
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6. Finding and averaging spikes by pattern search

6.2. Inspection of detections and averaging

1. After the search is completed, Selected
View presents the detected epochs (Pattern
2, red, and Pattern 1, blue). You will observe
that most epochs have also been detected
by the single channel search (Tag1, blue).
Press the Home key to go to the first
detection (or drag the scroll button in the

time bar at the bottom to the left).

2. You can now page through the detections
using the paging buttons or <Space>,
B(ack), and N(ext).

3. If an epoch is contaminated, click into it
near the middle of an epoch, then press D
or <Del> key to delete.

4. After completing the visual check in
Selected View, press F6 to run the

prepared batch function

* This batch converts the pattern tags 1-5
into triggers codes 41-45 and creates an
average file with up to 5 spike averages
labeled Sp1-Sp5.

» The batch opens with the 2 buffers we
have used and the file

( ) contains
the spike averages Sp1 from the single
channel search (~195 spikes averaged) and
Sp2 from the search using all channels
(~130).

5. Press the button —F to the left in the button

bar to return to the continuous EEG file.
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6. Finding and averaging spikes by pattern search

6. Uncheck Options | Display | Show Internal
Trigger Names Instead of Codes menu
entry.

Note that the tags 1-2 have been converted
into triggers 41-42 by the batch associated
with F6.

Tip: The trigger events can be saved as an event file
( ) using the ERP | Save Events As... menu item.

7. Pressing <Tab> takes you from one
detected event to the next (<Shift> + <Tab>
to previous events).

For this, the All (events) menu entry must be

tick marked in the Tags menu.

6.3.

1. Press the F3 function key to reset filters to

2—-35 Hz for spike review and averaging.

2. Press Src, then select TR_Temporal
Region to set the temporal lobe source

montage (or shortcut F11).

3. Type G and select the event TL bas at time
+00:03:09 (or Select Goto | Time to go to
00:03:08).

4. Click onto the basal spike and adjust to

peak.

There is a pronounced spike at the left temporal
basal (1st trace) at comment TL bas. This basal
spike has not been detected, because it was not
accompanied by polar activity (2nd trace) and
showed only little lateral activity (3rd and 4th traces).
Therefore, we want to use this specific spatio-
temporal pattern of the 4 left temporal lobe traces to

search for more left basal spikes.
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6. Finding and averaging spikes by pattern search

5. Hold the <Ctrl> key and click onto the [—— W G i

PR ble ) Mot aa
channel labels of the first 4 channels to

mark this combined selection. )] A

PL e b

6. Press SAV to perform a pattern search Search Average View X
using the selected channels. [ | |
g CAN G ¢ 3 NIRRT lL
« Select Tag Buffer 3 to avoid overwriting i
triggers 41 and 42. =
* In Channels mark Selected. C B | ' Selected | ca
* Click onto the threshold drop down list s
(+ Default: 2 - 35 Hz " Current: 2 -35Hz
and select 80% for higher detection
r~Buffer Width
similarity (default 65%). = 250: 150ms  Current: -250 ; 150 ms
* Further below, check the box Query. r
eso0% - |
7. Press OK to start searching using the et oS [ro treshad =]
selected combination of source channels. ek R
During query, accept only spikes with basal <ot bie LD
lead and predominance. [rnzss
(+ Marked Event € Averaged Tags
After some detections, press the button =
Stop Asking in this tutorial to complete the M Query [ Selected View after Search
search [V Restore filters after search ¥ Selected view 300.0 % width
. [T Zero template baseline ¥ Zero mean
8. After completing, press F6 to average.

ource TR_Temporal Region ry

9. Exercise: Repeat a similar search using

the clear polar pattern prior to the TL pol
marker in EEG (00:18:50) as seen in
TR_Temporal Region montage.

* Mark the first 3 source montage channels.
* In the SAV dialog, select Tag Buffer 4 to
avoid overwriting the other triggers, and set
threshold to 70%.

* Press OK to start search

* In selected view, press F6 to average.
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7. Work steps to localize spikes

7.Work steps to localize spikes

7.1. Prepare data for source localization

The following steps are needed to prepare data for source localization.

o Define a sufficient default epoch around the spike to obtain a standard view onto the spike and
the preceding background signal (suggested: -250 ms to +150 ms around spike peak).

e Mark this epoch in the average data and center around spike peak.

e Set appropriate filters, i.e. a forward low cutoff (5 Hz or event 10 Hz) and a smoothing high
cutoff filter (40 Hz).

1. Open the averaged EEG file oo X
if it is not e i | B
I T e e st A RS2 5 o o ot ez et
already open. — ‘
Please enter electrode thickness.
. . Yes No File name found
2. Select File | Surface Points and Sensors | e e = e e
. . Ifngmdheadnrﬁczpﬂ'\ls(',sfp,',eps)mdnhds(" ) '
Load Coordinate Files... (shortcut: Ctrl + I — L [ D
. e [ mladhe [Goca Browse... Edit
L) from the main menu. T Bt e o <formes o -0 0 i ectoce tutmess iy, [o30 |
. 7l
3. Inthe “Coregistration file (*.sfh) or head e
" . . wfmmr:mnm(-.w.-.;u ol
center (*.cot)” section, press Browse... and
Clear DB Clear Events.

then select the sfh file

( ) we @urce TR_Temporal Region

saved. Press OK.

Top View of Data
Whole Segment =

4. Press Src, then select TR_Temporal

Region to set the temporal lobe source

qembificar Corrciation, o —

montage (or press F11).

Source Analysis

&

Define as Epoch
Define as Artifact

5. Select Edit | Default Block Epoch to set
pre- and post-cursor intervals to -250 ms

Write Segment
Copy to Buffer > -

and 150 ms, then set the low and high cutoff Define Artifact Topography

Time-Frequency Plot —

filters as follows:

 Low cutoff filter: 5 Hz, forward, 6 dB/oct
* High cutoff filter: 40 Hz, zero phase, 12
dB/oct

(or press F5).

PHDHOHDHD

6. Click on the peak in the Sp1 average. Use
the mouse scroll wheel or arrow keys to

adjust the cursor.

7. Right click into the marked block and select

Source Analysis in the context menu.
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7. Work steps to localize spikes

8. In the pop-up box, set the low and high

cutoff filters as below:

» Low cutoff filter: 5 Hz, forward, 6 dB/oct
* High cutoff filter: 40 Hz, zero phase, 12

dB/oct.

» Keep the custom definition of the block size

(post interval is adjusted to the nearest

sampling point).

9. Press the Source Analysis button.

10. Click OK in the Starting Source Analysis

dialog.

Block Size and Position —— [-Fiter Settings
€ Whole Segment Low Cutoff Status [ Enabled
it enr Erequency[5 [z Skpe [6dbjoci -] Type[fornard -]

= m High Cutoff Status [ Enabled
o d S Rl T R T |
[T139:0 (ms) post-Event

The Source Analysis window is subdivided into six main parts (boxes):

| ¥ BESA - SE POGTF 01.01.1200 - CA\PolarTemporal_ Basal+Polarfsg - Spk: 63 avs, Filters: 5 - 40 Hz. -260 .. + 136 ms - Source analysis

Fde Condition | _Sobution 1 _Fit e Ogptions

a_Besidual BOA.Oata J5 o4

| Loe: 0.00,000, 000 (Car/V5) | FitIntervak 4000 800 ms |

The 3D window will not normally appear automatically (unless specified in the Options | Preferences

menu), and the head box will take up more space if the 3D window is not displayed.

7.2. Localize a single dipole in the onset-to-peak interval.

We will first proceed manually to observe each step in detail. Later, we will be using the more convenient

semi-automated batch functions.
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7. Work steps to localize spikes

1. Right click into the head scheme window
and select Display MRI (Shortcut: A) to

show the 3D window (= MRI window).

2. Select menu item Options and click onto
Default Source Type: Reg. Src. to change
the default source type to dipole source.

If already showing Default Source Type:

Dipole, go to the next step.

3. In the Parameter box, select Individual FEM
(EEG) head model.

4. Double click into the middle of the left head

scheme to create a dipole.

5. If the spike peak in the source waveform
near 0 ms is pointing downward, Right click
on it and select Invert Orientation.
(shortcut: I).

Consistent with spike physiology, we want dipole
currents to be cortex negative in order to reflect
current flowing from the cortical surface into the brain
(dipole arrow indicates positive current direction, if the
0 ms peak in the source waveform is positive).

6. Use the Scale buttons at the lower right of

the source waveform window to scale.
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7. Work steps to localize spikes

7. Click the red line in the Channel box (or
select Condition 1 | Set Baseline: -256.00
... 0.00 ms from the menu), then set the
baseline interval from -256 ms to -140 ms

using the Set baseline dialog.

In the upper part of the Channel box, a butterfly plot of
the scalp waveforms is displayed. The red waveforms
indicate the residual, which is unexplained data.

You can toggle the button Order to see data and/or
residual waveforms in the sequence as recorded
(Order) or sorted by the magnitude of the data (Il
Data Il) or residual (Il Res. II).

8. Drag the mouse over the onset-to-peak
phase of the source waveform to mark an
interval from about -40 ms to -8 ms for the

fitting of the dipole.

9. Press P.C.A. (principal component analysis)
on the Channel box to analyze the number
of components in the marked onset-to-peak
interval.

The waveforms on the left only display one

relevant independent component.

Components may be considered relevant if their
variance is large, depending on the noise level in the
pre-spike interval.

You may drag the dipole to a different location or
modify its orientation by dragging it at the tip of the
bar. Observe how the source waveform and residual
variance (R.V.) are immediately recalculated with

each change of the dipole parameters.
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7. Work steps to localize spikes

10. Press Start Fit to fit the dipole (Shortcut: F).

11. Scale the source waveform in the Source

box.

12. Toggle the MRI view to Multiple view (by
pressing ]|: in the toolbar of the 3D
window), then scale the dipole size in the

3D window.

The fitting procedure in BESA Research scans the
whole brain in gross steps using a regional source for
the best starting point and then performs a single
dipole fit initiated at this point. Thus, the dipole is not
likely to get trapped in a local minimum.

Tip: By toggling the MRI view (:H: ) in the 3D window,

multiple MR slices can be viewed in the Slice View.

A more physiological approach is to create a model
where the onset activity is allowed to continue into
and beyond the peak interval of the spike. This is
done by keeping the onset dipole fixed in the model
and fitting a 2nd dipole to the peak interval. We will
follow this approach now.

13. Double click into one of the head schemes
to add another dipole. This creates a blue
dipole (if a regional source has been created
with 3 dipoles, press C on the keyboard to

convert into a single dipole).

14. Toggle the Data button to show only the
residual waveforms.

Mark an interval of about -16 to +8 ms
(from the onset to the peak of the first PCA
waveform) for the fitting of the dipole.

Note that the blue dipole switches into status
Fit and the red onset dipole into status No

Fit, thus becoming fixed during the next fit.

@ Individual MRI O X

8] Al 2)elel Blelels e| o]
Tra

© Individual MRI o

L8 2T 0 | ] & eldl -fIJ

Cor

L

| Data | Model | Residual _ Order | P.CA EEG
5-40Hz

v SpT: 69 avs Filters:
Org| [:25600ms . +136.00 ms|

B

.....

| On
ot

On

Fit
==
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7. Work steps to localize spikes

15. Press Start Fit to fit the blue dipole

(Shortcut: F) while the red dipole remains in

the model to separate the onset activity.

16. Maximize the 3D window, then adjust source

plot size using *d| "¢ on the toolbar to
check the confidence ellipsoids of the

dipoles.

To understand the limitations, especially in accuracy,
of the modeling, it is useful to investigate the
confidence limits (95% confidence interval).
Confidence limits are only available for co-registered
MRI data.

17. Press & | on the toolbar to turn on brain
atlas overlay (shortcut: Shift + A).
A brain atlas can be overlaid on the MRI in
the 3D window.

Note that brain atlases were created using either
averaged data or post-mortem data from a single
subject and may not fully correspond to the individual
subject’s MRI data.

18. Press w | on the toolbar to display the

cortex surface in the 3D window.
19. Minimize the 3D window.

Tip: The Source Analysis and window can be saved
as a bitmap image using File | Save Source
Analysis window as Bitmap... or File | Save 3D

Window as Bitmap... menu item.
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7. Work steps to localize spikes

20.

21.

22.

23.

24,

25.

7.3.

Select File | Save Solution for BESA MRI
from the main menu of Source Analysis

window.

Start BESA MRI, then press Accept on the

welcome screen.

Press the Open Segmentation Project

button in the interaction window.

Select the segmentation project saved

previously, then press Open.

Press the Load sources button in the

Interaction window.

Select the saved solution file ( ) in the
MRI project folder (e.g.,
C:\Users\Public\Documents\BESA
MRI\Projects\P001_19010101\

).

The dipoles and their confidence areas are
displayed in the ACPC coordinate system of
the subject’'s MRI.

File | Condition1 Solution1 Fit Image

Open Solution...
Append Solution...
Save Sclution

Save Solution As...

I Save Solution for BESA MR I

Start New Segmentation

Start Mew Coregistration

Open Segmentation Project

Open Coregistration Project

Selection of displayed data

o

Talairach Transformed Data

FEM suraces (ACPC space)

2 @ ¢ o

Displayed FEM volume outines
{ACPC)

To mody the propect,
Press the Close button fo close the poject

Hints: Drag to rotate the 30 surace image. Move / Zoom the 30 surface image by dragging while holding 8 Erorim

Compare the dipole solution with CLARA and Cortical CLARA

images

We will now compare the solution obtained by onset and peak dipoles with CLARA image (Jordanov et

al., 2014; Kovac et al., 2014), an iterative application of the LORETA method that assumes a smoothed

current distribution in the brain volume (or cortical surface for Cortical CLARA).
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7. Work steps to localize spikes

1. Double click onto the red source waveform loff Anfit| Stanf]|  CLARA _ [[v[  ecowue 1 =
to set a cursor at the onset peak at -8 ms. B o n
i LAURA W
2. Press the image button (next after Start Fit) -
swLORETA

that should show CLARA (otherwise use the
dropdown arrow button to select CLARA).

sSLOFO

User-defined Image

Cortical LORETA Ctrl+L
Cortical CLARA
\M7|m-Nnrm (Syrface) CtrleM
3. The first maximum of the CLARA image can @ ctara-source Model o x

B Qb (98 w| w2 & 6]¢l |

be checked by clicking on the wilF| button in

the toolbar of the 3D window.

4. Double click onto the blue source waveform | © max 1of5- CLARA - Source Model - Val: 53.85 (100.0%) X

B Qb (08 - = ElE e & ol «I_I

Sag Cor

to set a cursor at the onset peak at +8 ms.

5. Press CLARA to image at this latency.

Since the CLARA image is not using a cortical

constraint, the images of superficial sources may
appear deeper in the brain. 2 S5 5l
3D CLARA +8.00ms Tra

|

50

25i

o
smiom’ R |
6. Set a cursor at -8 ms and select Cortical s aatal 8] 8P G ol Sl il i

CLARA using the dropdown arrow button.
The reconstructed activity at -8 ms shows

near the red dipole.

7. Set a cursor at +8 ms, then press Cortical M
CLARA.
BESA Workshop - Tutorial Page 43 of 58

Copyright © 2023
BESA GmbH, Freihamer Str. 18, 82166 Grafelfing, Germany



7. Work steps to localize spikes

7.4. Use the batch for source localization

We will localize the second segment Sp2 of the file using the batch,
. It performs the following steps with user interactions (we did

most steps manually before):

1. Spike epoch: Set from -250 ms to +150 ms

Filters: Set low cutoff filter 5 Hz (forward) and high filter 40 Hz.
Load segment into the Source Analysis window.

Load and display MRI.

User interaction 1: Select head model.

Fit a regional source into a tentative onset-peak epoch.

Calculate and display PCA over this epoch (giving first estimate of no. of components).

©® N o g M w0 DN

User interaction 2: Drag the boundaries of the marked epoch to optimize onset epoch with one
major PCA component.

9. Fit a regional source into the onset epoch, orient and retain the first dipole (red onset dipole).
10. Fit a regional source into the peak epoch, orient and retain first dipole (blue peak dipole).

11. Fit a regional source combined with the fixed onset dipole, orient and retain (green peak
dipole).

12. Store solution as

13. Fit a regional source to the whole epoch, orient by the user-defined onset epoch and store
solution as (blue, 3 dipole source waveforms).

14. User interaction 3: Press CLARA (and Cortical CLARA) to create images at onset and peak.
Compare with dipoles.

15. User interaction 4: Switch dipole 3 on and dipole 2 off to check for propagation. Compare
multiple dipole solution(s) with regional source solution.

The user first needs to select an adequate head model and define the onset epoch visually. At the end,
the pop-up boxes of the batch process serve only as reminders to the user how to evaluate and compare
the calculated solutions and images.

1. Close the Source Analysis window and ) Losd Btch x
. Look in Epileps hd g
make sure that the averaged file |5 S . - ==
| ra Name Date modified T
|S Open H Beamformer 2022-04-11 12:27 PM Flf
: o Export & Concatenate 2022-04-11122TPM Fil
‘ LORETA 2022-04-11 12:27 PM Fil
: " Deskim MEG & HD-EEG 2022-04-11 12:27 PM Fil
2. Type R to run the batch function 3 . ] 1_EEG_Fit-Averaged-Spike_Sp1.bbat 2014-09-30 1200PM  BE
. . i| ]2 EEG Fit-Averaged-Spike Sp2.bbat 2014-09-30 12:28 PM BE
(|n \Batch\EpI/epsy\) Libraries "] 3_EEG_Fit-Averaged-Spike_Sp3.bbat 2014-09-300 12:28 PM BE
z D 4_EEG_Fit-Averaged-Spike Spd.bbat 2014-08-30 12:28 PM BE
This batch will load Segment 2 with — [ 5_EEG_Fit-Averaged-Spike_Sp3.bbat 2014-08-301228PM  BE
UBRE [ Average-All-BESA-Epilepsy-Spikes.bbat 2013-03-26 8:49 AM B
adequate spike filtering into SA Wl Do CheckSESh fplepsy Spikesto-Cr 14000 T02PM
Network
. . . File name |2_EEG_Fr-Averaged-Spike_Sp2bbat | Open
Tip: The same batch function has been provided for e I 3 —
all spike types Sp1...Sp5. F7 can be used as fast Drectories [ =

shortcut for Sp1 localization.
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7. Work steps to localize spikes

3. When the first pop-up box is displayed by
the batch function, select the Individual
FEM (EEG) from the dropdown list. Then,

press Continue in the batch box.

Tip: If you press Single Step, you can see the effect
of each step that is performed by the batch file. Press
Continue at any time to get to the next user

interaction.

4. The PCA waveforms are displayed in the
Channel box. We want to isolate the onset
component by changing the fit interval of -40
: -8 ms.

The 1st PCA component almost completely
explains the onset, while the 2nd has

become quite small.

5. Click the red line in the Channel box, then
set the baseline interval from -248 ms to -
140 ms.

6. With this onset definition, we can now
continue the automated fitting. Press

Continue in the batch box.

Note: If the following warning message is shown,
press OK: “Warning: Sources # and # were lying
outside the brain volume of the current head. They
were moved to the closest inside locations.”

7. User interaction 3 suggests creating a
CLARA image manually at the peak of the
onset period. Press Continue in the batch
box.

8. The batch terminates after user interaction 4
suggesting to check for propagation. Press
Continue in the batch box.

Tip: When the batch box shows ‘Set Cursor to onset
maximum and press CLARA to image’, automated
fitting is completed. Thus, you may stop the batch by
pressing Cancel, since the next and last user
interaction is the suggestion to switch dipole 3 on and

2 off to check for propagation.

BESA Workshop - Tutorial
Copyright © 2023

BESA GmbH, Freihamer Str. 18, 82166 Grafelfing, Germany

Pause (file 1, line 12)

Mext:

Continue

Please checklselect head model to match age

Stop

H
Single Step

| Pause (file 1, line 24)

Please use PCA to mark onset fit interval

| MNext:

i
Single Step

Continue

Stop

Model

| Pause (file 1, line 82)

esidual

Il Data |

J

ped

Set Cursor to onset maximum and press CLARA to image or

Continue

Continue

| Mext: Pause(Switch dipole 3 on - and 2 off - to chedk for...

Stop

| Pause (file 1, line 83)

Switch dipole 3 on - and 2 off - to check for propagation

| Mext: Next file...

Single Step

Continue

Stop

Page 45 of 58



7. Work steps to localize spikes

9. First, we will inspect the dipoles. The red

(onset epoch) and blue (peak epoch) dipoles

are close together but exhibit slightly
different orientations. Thus, the activity

appears to rotate slightly.

10. Switch Off dipole 2, and switch On dipole 3.

In this solution, the blue dipole was fitted for

the peak epoch. On the other hand, the
green dipole (peak epoch) was fitted in the

presence of red dipole to account for the —_—

overlap of the continuing onset activity. as |
The red dipole explains most of activity, but

the green dipole only a small additional

activity. Thus, the green dipole can be seen

as fitted to the small residual. ] b

11. Switch Off the dipole 3, then toggle the Data ;™
button in the Channel box to show only the .

el
residual waveforms. ‘ [

12. Double click into one of the head schemes
to add another dipole (pink). If a regional =

source has been created with 3 dipoles,

press C to convert into a single dipole.
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7. Work steps to localize spikes

13. Mark an interval of about -24 to +23 ms for

the fitting of the dipole.

14. Press Start Fit to fit the pink dipole
(Shortcut: F) while the red dipole remains in
the model to separate the onset activity.
The red (onset epoch) and pink (peak
epoch) dipoles are close together but exhibit

slightly different orientations.

15. Toggle the Data button in the Channel box

to show the data waveforms again.

16. Next, we will inspect the regional source ’I[%%JjTemporal_BasauPolar_sz_Onwkzbsa (modified)
solution. Press the left arrow button at the
upper left in the Head box to obtain the

regional source solution that was fitted to the

/

whole preset onset interval -60 : 0 ms.

17. Switch Off the dipole 3 because it explains
only a small additional activity.
The waveforms and orientations of the
remained dipoles are similar to the dipole in

the previous source solution.

18. Press the right arrow button at the upper =

left in the Head box to obtain the previous
source solution.
Note: If the data are noisy (e.g., with few averages or
close tangential and superficial activities), a more
robust localization can be obtained using a regional
source, a source at an equivalent center location with

orientations in all 3-dimensions to model both fissural

and superficial cortex.

19. Next, as suggested in the User interaction 3, we will inspect the CLARA and Cortical CLARA

images. Set the cursor at -12 ms and press CLARA to obtain the onset image (press ﬁ]to go to

the first maxima).
20. Press Cortical CLARA to obtain the onset image on cortex surface.

21. Set the cursor at +12 ms and repeat the previous two steps to obtain the CLARA and Cortical
CLARA images.

Tip: Press Dl in the toolbar of the 3D window to show the 3D mapping at -12 ms.
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7. Work steps to localize spikes

3D mapping Cortical CLARA

-12 ms

+12 ms

These images also demonstrate the difficulty in precise estimation of the depth of EEG sources. Depth
depends on many factors: source extent (cannot be estimated by EEG, only amplitude is a certain
indicator), tissue thickness (scalp, bone and CSF cannot be precisely segmented using T1-weighted
MRI), tissue conductivities (not know sufficiently in individuals), head model assumptions, smoothing
parameters in imaging method, electrode placement etc. Therefore, depth needs to be interpreted with
caution and the combination of two different methods (e.g., dipoles and CLARA) illustrates the region of
spike origin together with the limits of EEG source localization. Thus, over-interpretation by visual bias

inherent in images using the individual brain can be avoided.
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8. Seizure onset analysis

8. Seizure onset analysis

This chapter is intended to show how to use the BESA Research software to find the earliest oscillatory
activity of seizure and to localize the zone of onset using the oscillatory activity (Beniczky et al., 2016b;
Kovac et al., 2014; Scherg et al., 2002).

The earliest rhythmic activity at seizure onset can be used to localize the zone of onset, if certain criteria
are fulfilled:

1. An oscillatory activity must be present and recognizable using appropriate montage and filters.
2. The earliest activity must be identifiable prior to propagation.

3. EEG background must not contain too large artifacts or rhythmic activities confounding the
onset.

8.1. Find seizure onset by DSA

The Density Spectral Arrays (DSA) module displays a compressed two-dimensional time-frequency
display of the activity in the data file. It focuses on the frequency range of 1—25 Hz which includes the
commonly observed oscillatory rhythms in the human brain. This allows for a quick overview of the
sections where events of interest occur, e.g., in the analysis of epileptic seizures or in sleep research.

.y

1. Close the Source Analysis window, and (@ seecbaFies X
N . ok in: eizures - i EE
select File | Close All from the main menu. | "1 ° . o ema '
FaN MName Date modified Type |
. . Home D Seizure-Bilateral-Temporal foc 2010-10-18 5:09 PM FOC|I
2. From the main menu, select File I Open [] Seizure-Right-Temporalfoc 2003-09-121255PM  FOC|
' ‘ D Seizure-Right-Temporal.fsg 2003-09-18 5:46 PM FSGF ¢
menu item. In the Select Data Files dialog, Desktop [ Seizure-Right-Temporal_Intracranial+ Scalpf... 1998-07-15 5:48 AM FoC|
Select. Libraries
* Files of type: BESA Binary Files T
* Folders: Examples Folder La
Network
C:\Users\Public\Documents\BESA\Research_7_1\Exam Fome [Seizure-Right-Temporalfoc = Open
ples | Files of type: [current Fie Type (“foc., “feq, * besa) ~| Cancel ||

Folders: Examples Folder

4

3. Select folder “.\Epilepsy\Seizures”, then open
file

4. Press Usr, then select LBip, the traditional
clinical longitudinal montage.

CA ERP Anifact_Search_ Togs

5. Press DSA from the control ribbon to obtain e e ws s skr e | v iex] o | ve | es | e | v | 5 ] oo o

the density spectral arrays of the left and PP e ][ (o] [0 5| [l | [ 5] wrseas-zmnst] mlf
Lo | ’m" Helfy ‘_
. . . 2 o .

right hemispheric sources. o I S L T B A, |
Pr.o1 = :‘ ! ‘A—

(19 R |
Fp2F8 — - ‘" " -~ il 1

DT Py TR VU TP . T AR P T T et~ U

FRTR X = ;
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8. Seizure onset analysis

6. Press the TL button in the DSA window to (& @|z=] BrITL !"’ISG! [0 B] &8[[% | alal &

. Powei
compare right and left temporal lobe spectral sl ':: ) 8
10% L i
activity over the 14-minute recording. | bt (I
7. Click onto the chirp just left of the middle of -
. e e 0%
the DSA window (initial frequency 8.1 Hz).
This chirp is clearly lateralized to the right
side
(or select Goto | Time and enter 00:02:04 to
be exactly at this position).
8. Close the DSA window.
9. Press the F3 function key to set: r‘=+|ms\ snv\ am-| ERP\ -rpv\ icA [ nsa| TFC| Esl \ Rec | Vir | Sro | Usr _Opt | H
virtual Avid
FO_all s Sar sl e e A A A, '\,'\,\/v W o BNV B
» Av33 montage, the standard average nan J;t“,@fﬁ% L:;\M’Mmm?:;{;}\ﬁu}? ’;ﬂ:‘;myw;nﬁﬂ -
reference montage e b NPIY 40 WP Y
TH0_810 A phandfdt W\«;wn’w\ RTINS [ At il NN i w‘m/\”wv\/"‘

« filter settings optimized for spike review and  |"* | r"fwmwd ﬁf,j{”'u!‘ww*“4l“-’uw'wfv\ﬂ P Jﬂ‘.ﬁ‘k" «fw sl

Fp1_a10 am,.«- e e N W

FTaM s MAc ettty L s v A

A AP s «\,..1/:”\”,»\,,- (CNPR LSS

pattern search — 2—35 Hz (zero-phase-shift FCS a1 o s M P P e P 0
810 -t/ | My AR A A ANUNAMA A Py M A Aoy «Nmmmvr\,m
ot CPS5_ a0 sy e Vi A A e U A A St Ao PR Ao A PSP
CharaCterIStlc) P7_alo w—"\vm\m JAJ’IWA"INJLVVFﬂu'rf-\/"’\-l'ml\w\\f\\lv‘h'yd\ .

AP b2 Jm,wﬁ *’\-N\-WJ‘. ey
oy : =

01,810 o o™y

* a default epoch from -250 ms to +150 ms 2ot -

g al0 -~

FCB_atd ..

around the cursor e P P P

Note that the muscle activity is not completely
suppressed. The Av33 montage shows an earlier
seizure rhythm at F10.

10. Press the F8 function key (shortcut for

seizure settings: filters 3-20 Hz, TR-Temporal

Region source montage, 1 second epoch).

Now, the narrower filters show a clear seizure onset
already in the 1st second of the displayed screen
emerging in the right temporal basal channel (5th

trace). wbiall

11. Click onto the earliest oscillation and adjust
to peak to see the vertical right basal

temporal map.
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8. Seizure onset analysis

12. Mark a few seconds of the oscillation, then
press F to obtain the FFT.

13. Click onto the peak value of 10.00 Hz in the
right temporal basal channel (5th trace) to
see the map of spectral amplitude. The right

basal temporal region is more active.

14. Press Esc to remove the cursor and close

the windows.

15. Select Goto | Time and enter 00:02:12 (to go i_.;_u_;:,_v_w i ——————
further into the seizure). Click onto the EEG A i

and adjust to a peak to see the map.

Tk
A A AR AR
AR A

16. Mark a few seconds of the oscillation, then
press F to obtain the FFT.

17. Click onto the 6.67 Hz in the right temporal

basal channel (5th trace). The polar and

I T i ——— - =

lateral regions are more active. This is a sign
of increased propagation, but still within the

right temporal lobe.

18. Press Esc to remove the cursor and close

the windows.

8.2. Localize seizure onset using averaged cycles

The basic idea is to mark the seizure onset cycles manually and use the average function. Make sure
to mark only the earliest cycles before propagation sets in and frequency changes.

1. Select Goto | Time, then enter 00:02:04. e M L ‘ .
mage § i
. L . L — A Epoch Start L A P
2. Before the earliest oscillation, right click into Auitact Star 5 ;
Y T s MW/\/WWW
the data and select Marker to add a marker. comment % | :
Pattern 1
AN Pattern 2 A \—\]\/-M/\/\A.-/\«wz’\f\mvl\/\/vww
Pattern 3 : H
L Pattern 4 L WWWWW

Pattern 5

momrA TimeFrequency Plot | NN NP S

Marker
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. Seizure onset analysis

3. Add another Marker after 9 s.

Select the right temporal basal channel (5th

trace).

5. Drag the data with the left mouse button
over the oscillation, then adjust the cursor to

the peak using the mouse wheel.

6. Press SAV to perform a pattern search
using the selected channels.
* In Channels, mark Selected.
* In Filters, mark Current.
* In Buffer Width, mark Current.
* Click onto the threshold drop down list and
select 65%.
* In Search Range, mark Between Markers.
* Further below, mark Query, and unmark

Selected View after Search.

7. Press OK to start searching the peaks

between the inserted markers.

Tip: The peaks can be manually tagged by pressing a
number key 1 (1-5) at each peak instead of using
the Search Average View mode.

Note: If the number of averages is small and the
signals are noisy, localization is less reliable as
compared to spikes.

8. Press E (View | Original Data) to see the
original data.

9. Press the F6 function key to average the

cycles using the batch.

10. Press F+ from the control ribbon to see the

averaged data ( ).

11. Press F3, then F5 to change the montage
and filter settings.
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8. Seizure onset analysis

12. Press the F7 function key to run the batch T R T T J e
: Sp1 48 ava Filters: 5 ;;ﬂ::

function for source analysis.

13. User interaction 1: In the Parameter box,
select Age-appropriate Template Models,
Age 20 to 24y Omo

Press Continue.

14. User interaction 2: Drag the mouse over the
onset-to-peak phase.

Press Continue.

15. User interaction 3: Double click at the peak,
then compute CLARA and Cortical CLARA

images.

Press Continue.

16. User interaction 4: Switch dipole 3 on and
dipole 2 off to check for propagation.

* The red and blue dipoles are very close

together but exhibit slightly different

orientations. Thus, the activity appears to
rotate slightly but does not propagate.

* The red dipole explains most of activity, but
the green dipole only a small additional
activity.

Press Continue.
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10. Appendix

10. Appendix

10.1. Function keys

Batches and montages can be assigned to function keys on the keyboard.

e Function keys F2 — F8 can be used to store batches.

e Function keys F9 — F12 can be used to store montages that are frequently used. The
assignment is user specific.

e To set a batch, press Shift + <Function key>. A selector box opens from which the batch of
choice can be selected.

For clinical use, function keys for batches and montages can be automatically set by following these
steps: From the main menu, choose Options | Open “Reset Settings” Dialog..., then select the
checkbox “Set Options for EEG Review” and click the OK button in the dialog.

. . Set default block
Key Set montage / Action Set filter
around cursor
F2 BiHL — bipolar mixed Low cutoff filter: 0.53 Hz, forward (time -250 ms : +150 ms

constant: 0.3 s)

F3 Av33 — average ref. a10 Low Cutoff Filter: 2 Hz, zero phase -250 ms : +150 ms
High Cutoff Filter: 35 Hz, zero phase
(narrow-band filters for spikes)

F4 Low Cutoff Filter: 4 Hz, zero phase -150 ms : +90 ms
High Cutoff Filter: 30 Hz, zero phase

F5 Low Cutoff Filter: 5 Hz, forward -250 ms : +150 ms
- High Cutoff Filter: 40 Hz, zero phase
(optimized filtering for spike onset)

F6 Action: Convert tags to
triggers 41-45 and average

F7 Action: Fit sources to 1st

spike onset & peak (Sp1)

F8 TR_Temporal Region Low Cutoff Filter: 3 Hz, forward -500 ms : +500 ms

High Cutoff Filter: 20 Hz, zero phase (for seizure analysis)

F9 AV33 — average ref. a10 - -

F10 BiHL — bipolar mixed - -

F11 TR_Temporal Region - -

F12 FR_Frontal Region - -

BESA Workshop - Tutorial Page 55 of 58
Copyright © 2023
BESA GmbH, Freihamer Str. 18, 82166 Grafelfing, Germany



10. Appendix

10.2. Keyboard shortcuts

Review window

Paging and navigation

A Turn on / off automatic paging

B/N Page a half page back / forward

Space Page to next screen, Start/ stop of automatic paging if it is on.
Backspace Page a whole page back

Tab Go to next event (type as defined in Tab menu)

Shift + Tab Go to previous event (type as defined in Tab menu)

File

Ctrl +L Load coordinate files

w Write data (export data)

Event handling and viewing

T

Tag and event (if cursor set)

Ctrl + D or Delete

Delete the current event (if cursor set)

S Show the selected view (select trigger or tag to view epochs)

E Return to the EEG view (around cursor)

1-5 Define tag # (if cursor set)

6 Define marker (if cursor or epoch set)

7 Define an artifact epoch (if epoch set) or start / end of artifact epoch (if cursor set)
8 Define an epoch (if epoch set) or start / end of epoch (if cursor set)
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10. Appendix

Data analysis and viewing

Ctrl + E Toggle artifact correction on / off
F Calculate FFT spectrum of the marked data block
R Run a batch on the current file
Ctrl +R Run last-used batch on the current file
\' View coordinates of sensors
Shift +V View coordinates of sensors including MEG
Mapping
Click onto EEG 3D map center view shown automatically

(or M if cursor set)

Scroll wheel shift cursor easy to find peak and remap at cursor
Arrow keys: Left / Right shift cursor 3D map rotates automatically

Arrow keys: Up / Down scale amplitudes up / down

ESC remove cursor and close map & top view windows

Shift + S save as save the Map window to a bitmap image file

(in the Map window)
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10.3. Useful links

BESA Homepage (https://www.besa.de)

Subscribe to the BESA newsletter: https://www.besa.de/contact/subscribe-to-newsletter/

Support page: https://www.besa.de/support/support-page/

Trial order form : https://www.besa.de/contact/trial-order-form/

BESA Research 7.1 - Download: https://www.besa.de/products/besa-research/downloads/

BESA MRI 3.0 - Download: https://www.besa.de/products/besa-mri/downloads/

Useful documents

BESA Research 7.1 - Getting started: https://www.besa.de/wp-content/uploads/2014/05/BESA-
Research-7.1-Getting-Started.pdf

BESA Research 7.1 - Tutorial: https://www.besa.de/wp-content/uploads/2021/11/BESA-
Research-7.1-Tutorial.pdf

Quick Guide on 3D Maps: https://www.besa.de/wp-content/uploads/2014/05/BESA-Quick-
Guide-on-3D-Maps.pdf

Recommendations for MRI Data in BESA MRI: https://www.besa.de/wp-
content/uploads/2014/05/BESA-MRI-3.0-MRI-Data-Recommendations.pdf

BESA Wiki (http://wiki.besa.de/)

BESA file extensions: http://wiki.besa.de/index.php?title=BESA files extensions

Supported Data Formats: http://wiki.besa.de/index.php?title=Supported Data_Formats

BESA YouTube channel (https://www.youtube.com/@BESAGmbH)
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