
 

Dynamic brain networks measured by using phase
synchronization across different seizure patterns
Citation for published version (APA):
Wang, L., Long, X., Arends, J. B. A. M., van Dijk, J., & Aarts, R. M. (2017). Dynamic brain networks measured
by using phase synchronization across different seizure patterns. Poster session presented at 6th Dutch Bio-
Medical Engineering Conference (BME 2017) January 26-27, 2017, Egmond aan Zee, The Netherlands,
Egmond aan Zee, Netherlands.

Document status and date:
Published: 01/01/2017

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 17. Nov. 2023

https://research.tue.nl/en/publications/8345ddd4-cde0-43ef-a986-3d70ba26ccb3


Background
 Typical recurrent waveforms (as in Fig. 1) often exist in seizure EEG signals. 
Such morphological EEG seizure patterns are related to clinical seizure types [1]. 

• Fast spikes exist in most tonic seizures; 
• Spike-wave patterns occur during absence-like seizures, or at the end of tonic-clonic seizures; 
• Slow waves may present during focal seizures, and rhythmic delta/theta seizures; 
• Seizure-related EMG can exist in most tonic, tonic-clonic and myoclonic seizures. 

EEG seizure patterns may also correspond to different functional connectivity networks 
(FCNs) [2] of brain systems.
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Data & Methods 

Results & Conclusion

Figure 1. The four major EEG seizure patterns.

 Intellectual disability is one of the 
most common secondary 
disabilities in people with epilepsy. 

 The 24-channel scalp EEG signals 
from 8 epilepsy patients with 
intellectual disability.

 EEG epochs of 24 seizure events 
(1414 seconds in total) and 1-min 
interictal EEG segments before 
each seizure onset were used in 
this study.

Correlation between probabilities of recurrence (CPR):

CPR is a nonlinear recurrence 
measure of the phase 
synchronization (PS) 
of chaotic systems [3]:
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Figure 3a. The spike-wave seizure with seizure onset at 0 sec. Figure 3b. The CPR and PLI-based FCNs (2-sec epoch). Figure 3c. Average connecting strength (CS) in each 
FCN based on CPR and PLI. (onset at 0 sec) 

Seizure pattern No. of 
seizure 
events

Accumulated time (sec) 
of EEG epochs

t test of difference 
between sez and non-sez

Non-seizure 
(1 min before)

Seizure CPR 
difference*

PLI 
difference*

A (spike) 8 480 88 -0.17 +0.09
B (spike-wave) 6 360 114 +0.14 #
C (wave) 6 360 747 +0.05 #
D (EMG) 4 240 465 -0.46 +0.16

Table 1. Statistical results of average CS on the EEG epochs from 8 subjects.

* denotes there is statistical difference between the non-seizure and seizure epochs in the column 
except that denoted by #. P value is smaller than 0.00001. 
# denotes no statistical difference between the non-seizure and seizure epochs.

‘+/ -’ denote normalized [-1 +1] increase/decrease from baseline (i.e., 1 min EEG before seizure).

Figure 4. The wave seizure with seizure onset at 0 sec (above), 
and the average connecting strength (CS) in each FCN based 
on CPR and PLI. (onset at 0 sec) (down).

FCNs measured by using CPR outperform that by using PLI, and CPR-based FCNs show 
statistical difference before and during seizures in all seizure patterns.

Phase lock index (PLI) [4]:
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Seizure pattern CPR (change after onset) PLI (change after onset)

A (fast spike) Decline (significantly) and return back Increase 

B (spike-wave) Further increase (based on a high level) No significant change

C (wave) Increase slightly  No significant change

D (EMG) Decline (significantly) and return back Increase

Table 2. Statistical results agree with observations.

[4] F. Mormann, et, al., “Mean phase coherence as a measure for phase synchronization and its 
application to the EEG of epilepsy patients,” Physica D: Nonlinear Phenomena, vol. 144, 2000.
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