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EEG physiology









Good

Bad









EEG-fMRI recording

• EEG-recording outside scanner 20 mins
• Patients in scanner with EEG electrodes
• Scan 2 EPI ( 20 mins each) 
• EEG heavily contaminated by MRI artifact



EEG-fMRI analysis
• Remove artifacts from EEG
• Mark Spike from EEG
• Determine the brain regions that show a 

significant BOLD change at the time of spike
• Superpose voxels with significant change on 

anatomical MRI









• Patients having EEG-fMRI study
Surgery 12 months F/U

• Co-register post-op MRI with pre-op BOLD



Predicting surgical outcome from 
interictal EEG-fMRI

• Four groups of patients according to 
concordance between BOLD response and 
resection

Full discordance          11     

Full concordance        10
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Irritative Zone
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Is there a region where spikes originate and from which 
they propagate?   



Irritative Zone



Irritative Zone

EEG-fMRI from any 
scalp spikes

Maximum BOLD 
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Is the Spike Onset Zone a good 
indicator of the Seizure Onset Zone?



Is the Spike Onset Zone a good 
indicator of the Seizure Onset Zone?

• In patient who had an EEG-fMRI study 
followed by electrode implantation

• Assess the correspondence between the 
region of maximum BOLD(Spike Onset Zone) 
and the Seizure Onset Zone

• Superimpose the pre-implantation BOLD map 
and the electrode position

• Defined “concordance” if contacts of seizure 
onset are within 2 cm of the peak BOLD



Spike Onset Zone defined by 
Maximum BOLD vs Seizure Onset Zone
• In 77% of 31 patients a Spike Onset Zone 

corresponds to the Seizure onset Zone
• In about a third of patients, with specific BOLD 

patterns, the Spike Onset Zone determines 
with almost certainty(93%) the Seizure Onset 
Zone















30 Pts undergoing pre-surgical evaluation with EEG-fMRI and  30 Pts undergoing pre-surgical evaluation with EEG-fMRI and 
proceed to TL resection

 Result of BOLD change was overlying on Post surgical MRI  
16 concordance 13 good outcome (81%)
14 discordance 3 good outcome (21%)

PPV = 81% NPV = 79%









Limitation of EEG-fMRI

• Inside scanner spike require
• Temporal lobe epilepsy the EEG-fMRI result is 

better than extra temporal lobe epilepsy
• In Frontal lobe epilepsy : Result of BOLD 

change in unilateral spike is better than 
bilateral spike

• MRI and Cardioballistic artifact should be 
removed well.




