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Our Summary
Need: 

Why:  

Questions: 

Tools and Techniques: 

Discovery:  

Implications:

What do clinicians want to know from brain imaging.
Where is the epileptogenic zone!

Can we predict the best location to perform a surgical 
resect that will provide an optimum outcome for each patient.

The hypothesis is that highly coherent brain regions are 
more probably the epileptogenic zone in patients with epilepsy.

Noninvasive MEG, 148 magnetometers, 
Filter 3-50Hz, clean the 10 minute resting state data. Identify the areas in 
the brain that are communicating with each other with Coherence then 
apply Granger Causality to determine direction of information flow. 

We find that the patients with epilepsy have a very well 
connected brain that is highly communicative (synchronized).

Do we just take the senders or do we need to 
identify the receivers and take both?  What happens with plasticity of 
the brain if we did not remove all the epileptogenic activity?



Neuronal Synchrony

What do we mean by synchrony

http://www.mind.ilstu.edu/curriculum/neural_synchrony/neural_synchrony.php?modGU

Start
video



Tools and Techniques
• Archival review of 57 presurgical patients with MEG coherence source imaging 

(CSI) studies from 10 minutes of spontaneous brain activity.
• Location of most Persistent cortical site, Sending and Receiving brain regions 

determined by Granger causality analysis of the MEG-CSI solution. 
• Compared to surgically resected brain areas. 
• ILAE and Engel outcome classifications were assessed using nonparametric 

tests. 
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Source space MEG results will provide specific anatomical 
locations of the abnormal activity.  

Subject #1:  Left temporal resection Subject #7 Left temporal resection
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Subject #11:  Right temporal resection

Elisevich et al, Epilepsia, 2011

• Increased coherence (presurgical) was correctly localized to the
concordant hemisphere of resection in 23/30 (77%) epilepsy cases.   

• Coherence had a sensitivity of 73% with a positive predictive value of 
70% for a Engels class 1a outcome. ECD had a sensitivity of 41% and 
a predictive value of 56% (due to 11 indeterminate cases (i.e. no spikes))

Coherence networks in 
Epilepsy Patients



Discovery: Outcomes by
RECEIVER resected status

Variable Response No resection 
(N= 16)

Resection
(N= 9)

p-value

Outcome ILAE 1 12 ( 75%) 3 ( 33%)

2 4 ( 25%) 2 ( 22%)

4 0 (  0%) 3 ( 33%)

5 0 (  0%) 1 ( 11%)

Mean± S.D.
Median (Range) 

1.25 ± 0.45
1 (1 to 2)

2.67 ± 1.58
2 (1 to 5)

0.023

Outcome Engel 1 16 (100%) 5 ( 56%)

3 0 (  0%) 3 ( 33%)

4 0 (  0%) 1 ( 11%)

Mean± S.D.
Median (Range)

1.00 
1

2.00 ± 1.22
1 (1 to 4)

0.010

Patients with any receiver resection had on average worse outcomes when 
compared to patients with no receiver resection.  (Pairwise comparisons ) 



Discovery: Outcomes by 
SENDER resected status

Variable Response No resection
(N= 16)

Resection 
(N= 9)

p-value

Outcome ILAE 1 9 ( 56%) 6 ( 67%)

2 5 ( 31%) 1 ( 11%)

4 2 ( 13%) 1 ( 11%)

5 0 (  0%) 1 ( 11%)

Mean± S.D.
Median (Range) 

1.69 ± 1.01
1 ( 1 to 4)

1.89 ± 1.54
1 ( 1 to 5)

0.898

Outcome Engel 1 14 ( 88%) 7 ( 78%)

3 2 ( 13%) 1 ( 11%)

4 0 (  0%) 1 ( 11%)

Mean± S.D.
Median (Range)

1.25 ± 0.68
1 (1 to 3)

1.56 ± 1.13
1 (1 to 4)

0.512

Patients with any sender resection had no significantly worse outcomes when 
compared to patients with no sender  resection (Pairwise comparisons).  Presence 
or absence of MRI lesion did not make any significant difference in outcome.



Engel 1a outcome

2861 MS
COH sending removed and doing well.
Location of resection- Left angular gyrus
Engle outcome  - 1a
ILEA outcome  - 1



Engel 1a MEG ECD results



Engel 1a MEG CSI results
Coherence rest state run2 



Engel 1a MEG CSI results
Persistence rest state run2



Engel 1a MEG CSI results
Difference Connectivity rest state run2



Engel 1a MEG CSI results
Difference Connectivity rest state run2—Top sender



Engel 1a MEG CSI results
Difference Connectivity rest state run2—Top Receiver



The areas of the most seizure 
activity (contact 11) and 
initial spread (5, 6, 12, 17 
and 18) were marked with a cut 
number. The perirolandic grid 
was removed. A new 4 contact 
strip was placed over the cortex 
perpendicular to the central 
sulcus. SSEPs were used to 
localize the central sulcus with 
N20-P20 phase reversal. The 
postcentral gyrus was 
localized anteriorly, with its 
posterior portion under the 
anterior portion of contacts 5 
and 6, indicating that the 
epileptogenic zone was safe 
to resect.

Consistently reproducible somatosensory evoked 
responses were obtained and the N20-P20 phase 
reversal was easily identified. The N20-P20 phase 
reversal consistently took place between contacts 3 
and 4, localizing the postcental gyrus anterior 
to the site of the primary seizure focus 
(contact #5 of the subdural grid), with its 
posterior portion under the anterior portion of 
contacts # 5 and 6 of the subdural grid.

Engel 1a IEEG Results



2842 ZA
COH sending and receiving ablated was 
doing well.
Location of Visualase treatment (thermal 
laser ablation)- Left inferior temporal gyrus
Engle outcome  - 1a  now a 2
ILEA outcome  - 1 now a 2

Engel 2 outcome



Engel 2 MEG CSI results
Coherence rest state run1 



Engel 2 MEG CSI results
Persistence rest state run1 



Engel 2 MEG CSI results
Difference Connectivity rest state run1



Engel 2 MEG CSI results
Difference Connectivity rest state run1—Top sender



Engel 2 MEG CSI results
Difference Connectivity rest state run1—Top Receiver



Coverage

A’ - Anterior 
hippocampus/amygdala

B’ - Mid-hippocampus

C’ - Posterior 
hippocampus

D’ - Transfrontal anterior 
insula

E’ - Lateral oblique 
posterior insula 

Engel 2 SEEG



2637 LO
COH sending removed and doing poor.
Location of resection- Right temporal lobe 
Engle outcome  - 4b
ILEA outcome  - 5

Engel 4b outcome



Engel 4b MEG CSI results
Coherence rest state run4 



Engel 4b MEG CSI results
Persistence rest state run4 



Engel 4b MEG CSI results
Difference Connectivity rest state run4



Engel 4b MEG CSI results
Difference Connectivity rest state run1—Top sender



Engel 4b MEG CSI results
Difference Connectivity rest state run1—Top Receiver



Conclusions

• We used MEG to determine the network properties in patients with
epilepsy to identify the flow of information in the epileptic network. 

• The MEG results from coherence source imaging (CSI) can provide 
information on the location of brain regions that are dominant and the 
direction and level of communication between brain regions. 

• Our study found that resection of high coherent areas that were 
receivers as opposed to a sender appeared to result in a worse 
outcome.  

• This may be due to the nature of a receiving area in the brain being 
the regions where the epilepsy propagated to, as opposed to the 
location where the epilepsy initiated.  

• We hypothesize that the epileptic network is very dynamic and highly 
plastic and therefore may be able to change the direction of 
information flow.  
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