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 BESA:  Reliable pipeline to analyze interictal spikes and seizure onset 

BESA Epilepsy 

Find spike clusters 

BESA Research 

Find and average  

interictal spikes. 
 

Map spike and  

seizure onsets. 
 

Localize sources     

in individual MRI. 

Detect seizures by 

DSA scan or go to 

marked seizures 

Automated spike 

detection in EEG. 

BESA MRI 

Create FEM Model 

T1/T2: segment head 

tissues and surfaces. 

Decide on clusters. 

Spike event markers. 

Optimize montages 

& filters. Find spikes 

using pattern search. 

Register electrodes 

with head surface. 

Create FEM model 

and MRI data sets. 

Inspect events. 

Average spikes. 

Map spike onset. 

Localize spike onset. 

Check for propagation 

by dipoles and images. 

Check onset cycles. 

Spectral analysis. 

Average cycles. 

Localize seizure onset 

using phase maps and 

averaged cycles. 

Oct. 2014 

LTM – EEG  
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 BESA:  Reliable pipeline to analyze interictal spikes and seizure onset 

BESA Research 

Optimize MEG data 

BESA Research 

Find and average  

interictal spikes. 
 

Map spike and  

seizure onsets. 
 

Localize sources     

in individual MRI. 

Use source channels 

and pattern search to 

find similar spikes. 

Read and convert 

original MEG data. 

BESA MRI 

Create FEM Model 

T1/T2: segment head 

tissues and surfaces. 

Concatenate to one 

continuous file. 

Average MKG 

artifact. Auto-scan to 

find bad channels. 

Register electrodes 

with head surface. 

Create FEM model 

and MRI data for MEG. 

Create 58 channel 

source montage 

without MKG artifact. 

Localize spike onset. 

Check for propagation 

by dipoles and images. 

Inspect events. 

Average spikes. 

Map spike onset. 

Oct. 2014 

MEG  



www.besa.de 

Worksteps 1-2:  Prepare MRI & FEM and prepare compact MEEG data 

BESA MRI 

Create FEM Model 

T1/T2: segment head 

tissues and surfaces. 
Obtain individual 

MRI project files 

1 

2 

Oct. 2014 

BESA Research 

Optimize MEEG data 

Downsample and 

compress data. 

Concatenate to one 

continuous BESA file 
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Workstep 2: Speeding up by downsampling and concatenating to 1 file 

Neuromag 

TSSS correction 

across all   

sequential files  

Recording 1 

250 Hz sampling 

~ 75 MB 

Recording 1 

385 channels 

20 min. 

2 KHz sampling 

2 GB 

Oct. 2014 

Recording 2 

385 channels 

20 min. 

2 KHz sampling 

2 GB 

Recording 3 

385 channels 

20 min. 

2 KHz sampling 

2 GB 

BESA 

Downsample 

and compress data 

Recording 2 

250 Hz sampling 

~ 75 MB 

Recording 3 

250 Hz sampling 

~ 75 MB 

Recording all – one file 

250 Hz sampling 

~ 225 MB 

BESA 

Concatenate 

into one file 

Spike energy is mostly within 5 - 40 Hz. A 4 ms sampling interval with a bandwidth of 

80 Hz is sufficient for detection, event marking and localization.  

2 

2 
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Workstep 3:  Register sensors with MRI and calculate FEM model 

BESA Research 

 

Start registration of 

electrodes on the 

individual head. 

 

Obtain all data 

required for fitting 

with MRI & FEM 

 

BESA MRI 

Create FEM Model 

Fit all surface points 

to the head surface 

Get surface points, 

electrode, MEG coil 

and sensor positions. 

Check fiducials and 

adjust manually 

Head coordinates 

for all electrodes 

and MEG sensors. 
 

Obtain paths to MRI 

and FEM files 

3 

Calculate FEM 

leadfields for MEEG 

File: %name%.sfh 

Oct. 2014 

Concatenated    

spike / seizure file 
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Workstep 4:  Use MKG for artifact correction and bad channel rejection 

BESA Research 

 

 Use pattern search 

to create EKG 

triggers. 

 

Artifact scan to find 

bad channels 

between R-waves. 

 

Retain ~ 120 clean 

epochs to create 

MKG average for 

artifact correction. 
 

Mark EKG R-wave or 

MKG-artifact in MEG 

Oct. 2014 

Concatenated        

MEEG file 

Create EKG  

triggers 

Run batch 4-… to 

reject bad channels 

4 

Averaged EKG file  

%name%_EKG.fsg 

and trigger file 

A convenient batch function is available to check the epochs between R-waves.  

The BESA artifact rejection tool is used to identify bad MAG or GRA channels. 
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Workstep 5:  Create artifact-corrected MEG source montage for easy scan 

BESA Research 

 

Create MEG source 

montage covering 29 

regions of the brain. 
 

MKG is added 

as additional source 

and removed. 
 

Spike recognition is 

improved by using  

the 58-channels of  

this montage.    
 

 Scan is more easy 

and needs less time.  
 

Oct. 2014 

Averaged         

EKG file 

5 

Convenient batch functions are used to create the 29-regional MEG source montage 

from either the magnetometer or gradiometer channels: M29K.mtg or G29K.mtg. 

Run batch 5-… to 

create MEG sources 

Edit montage M29K 

to remove MKG  

Switch to original 

MEEG and set M29K 
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Workstep 6:  Scan MEG source & standard EEG montages for spikes 

BESA Research 

 

Set special filters for 

visual spike review. 
 

 Use optimized 

montages to scan 

MEG and EEG 

independently for 

spikes. 
 

Use convenient 

batches to create 

MEG and EEG spike 

averages as first 

templates. 
 

Press F3 to set Av33 

montage and filters 

Oct. 2014 

Concatenated        

MEEG file 

Visual scan to mark 

EEG spikes 

Batch 6_EEG... to 

average EEG spikes 

6 

Average template by 

Visual EEG Scan 

%xxx%_VS-EEG.fsg 

Average template by 

Visual MEG Scan 

%xxx%_VS-MEG.fsg 

Press F3 and F4 to 

set MEG spike filters 

Only 58 MEG source 

channels to review 

Visual scan to mark 

MEG spikes 

Batch 6_MEG…. to 

average MEG spikes 

Press Usr to select 

M29K source mont. 
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Worksteps 7 (optional):  Optimized source channel for spike pattern search 

BESA Research 

 

Use spike template 

Sp1 or Sp2… 

 to create source 

montage with 1-2 

channels 
 

Use as additional 

channels montage 

for pattern search 

together with 

selected M29K 

source channels or 

EEG channels. 
 

Run batch 7-MAG… 

to get source chan. 

Oct. 2014 

Spike template file        

from MEG or EEG 

Automated correction 

of MKG artifact 

Montage Editor: 

Store as Add chan. 

7 Press Add to have 

optimzed source 

channels at bottom 

Switch to the 

concatenated    

MEEG file 
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Workstep 8:  Use EEG and/or MEG spike templates for pattern search 

BESA Research 

 

Use average 

template or a good 

spike template 

 for pattern search.  
 

Run pattern search. 
 

After the average is 

stored with 5 triggers, 

you may run the 

delete trigger batch 

to obtain alternative 

averages from other 

templates. 

Set filters and copy 

template to buffer 

Oct. 2014 

Switch to MEEG file. 

Set the same filters. 
 

Check for optimal 

montage / channels. 

Function keys and convenient batch functions are used to set filters and average after  

pattern search is completed and spike detections have been check in Selected View.  

Spike template file        

from MEG or EEG 

View average buffers 

and mark spike peak. 
 

Or, use a good single 

spike template. 

Press SAV to initiate 

pattern search. 
 

Select pattern 1-5 & 

current filters etc. 
 

Press OK to start 

Inspect detections. 

Delete bad epochs. 
 

Run batches 8_....   

to average and store 

trigger files. 
 

Averaged spike files 

by Pattern Search: 

%xxx%_PS-EEG.fsg 

%xxx%_PS-MEG.fsg 

%xxx%_PS-sel.fsg 

etc. 
 

8 
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Workstep 9:  Localize and image spike onset automatically with indiv. MRI 

BESA Research 
 

Use batches for 

optimized, automated 

localization 
 

Open averaged files 

with segments Sp1… 

9 

Oct. 2014 

User interaction 1: 

Set Indiv. FEM model 

Type R to select fit 

batch for Sp1, Sp2,,, 

User interaction 2: 

Mark onset interval 

In the batch control 

box press continue. 

User interaction 3: 

Image and interpret 
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 BESA:  Reliable pipeline to analyze interictal spikes and seizure onset 

BESA Research 

Optimize MEG data 

BESA Research 

Find and average  

interictal spikes. 
 

Map spike and  

seizure onsets. 
 

Localize sources     

in individual MRI. 

Use source channels 

and pattern search to 

find similar spikes. 

Read and convert 

original MEG data. 

BESA MRI 

Create FEM Model 

T1/T2: segment head 

tissues and surfaces. 

Concatenate to one 

continuous file. 

Average MKG 

artifact. Auto-scan to 

find bad channels 

Register electrodes 

with head surface. 

Create FEM model 

and MRI data for MEG. 

Create 58 channel 

source montage 

without MKG artifact 

Localize spike onset. 

Check for propagation 

by dipoles and images. 

Inspect events. 

Average spikes. 

Map spike onset. 
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MEG  


