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Epileptogenic zone

• The definition of the epileptogenic zone, as proposed by Talairach
and Bancaud, is an ictal electro-clinical definition based on the 
results of SEEG recordings. It takes into account not only the 
anatomical location of the site of the beginning and of the primary 
organization” of the epileptic discharge, but also how this discharge 
gives rise to the accompanying clinical symptoms. 

• This definition is different from the North American view since, for 
the French authors, the epileptogenic zone is not synonymous with 
what can be called the “what-to-remove area”. In fact, it is above all a 
conceptual definition which emphasizes the importance of studying 
the spatio-temporal dynamics of seizure discharges, and not only 
their starting point (Kahane et al 2006).









Eilepsy Surgery in Children



Disadvantage of Intraoperative ECoG

• MRI negative epilepsy
• Against the principal of resective epilepsy surgery --- Resection of 

“epileptogenic zone”, not “irritative zone (interictal epileptiform discharges)”

• Effect of general anesthesia

• Short duration of observation

• Rare capturing of ictal EEG activity

• Deep-seated epileptogenic zone

• “Bottom-of-the-sulcus” FCD
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Extraoperative Intracranial EEG Monitoring: 
Indications

• MRI – negative epilepsy

• Discordance of anatomical location (MRI lesion or definite PET 
hypometabolism, SPECT hyperperfusion, MEG) with the electro-
clinical features
• Deep-seated lesions such as “Bottom of-a-sulcus” FCD, insula 
• The spatial distribution of IEDs is usually more extensive than the structural 

abnormality 

• Two or more anatomical lesions 
• Location of at least one of them being discordant with the electro-clinical 

hypothesis
• Both lesions are located within the same functional network and it is 

unclear if one (or both) of them is (are) epileptic.

• The generated anatomo-electro-clinical hypothesis involves a 
potentially highly functional cortex. 

(Najm et al., 2014)



Subdural EEG vs SEEG



Subdural EEG

• For >30 years, subdural EEG was a gold standard of extraoperative 
invasive monitoring techniques in the US (Engel et al., 1990; Silberbusch et al., 1998; 

Najm et al., 2002; Widdess-Walsh et al., 2007). 

• Despite its efficacy and spatial accuracy in mapping the superficial cortex, 
invasive monitoring using the subdural methodology has limitations. 

• Disadvantages:
• Relatively high surgical morbidity

• Limitations in accessing deep or bilateral cortical structures

• MRI-negative epilepsy

• Electroclinical features suggestive of functional network involvement such as 
temporal-perisylvian-insular regions (Hamer et al., 2002; Onal et al., 2003; Simon et al., 
2003; Johnston et al., 2006; Widdess-Walsh et al., 2007). 



SEEG

• MRI-negative epilepsy

• Deep-seated or Difficult to cover region(s) by SDG:
• Bottom-of-a-sulcus FCD

• Mesial temporal lobe (hippocampus, amygdala, entorhinal)

• Operculo-insular cortex 

• Cingulate cortex

• Interhemispheric regions

• Posterior orbitofrontal cortex

• Failure of a previous subdural EEG monitoring

• Bi-hemispheric exploration in 
• Bi-temporal lesions or SOZ

• Multilobar, bi-hemispheric lesions or SOZ

• Anatomo- functional network involvement (e.g., limbic system) in the 
setting of a normal MRI. 

(Gonzalez-Martinez et al., 2013)





Commentary: Understanding 
Stereoelectroencephalography: What’s Next?

SEEG is distinct in that its appropriate application inextricably depends 
on that establishment of an individualized anatomo-electro-clinical 
hypothesis. Thus, SEEG is not only the technique of percutaneous 
intracerebral electrode implantation, but also a comprehensive 
methodology that depends on the multidisciplinary effort of 
specialized epileptologists and neurosurgeons to craft an anatomo-
electro-clinical hypothesis and plan a concomitant SEEG exploration 
strategy that enables the seizure onset and propagation to be analyzed 
in 4 dimensions (spatially and temporally). 

The purpose of SEEG is to test an anatomoelectroclinical hypothesis 
that is individualized based on clinical history, semiology, preoperative 
imaging, and video EEG data for each specific patient.

In this paradigm, the goal of intracerebral recording is to understand 
the spatial and temporal dynamics of the seizure itself (ie, where the 
seizure starts and when and where it spreads). (Chabardes et al., 2017)



Commentary: Understanding 
Stereoelectroencephalography: What’s Next?

“In conclusion, the next mandatory step is to understand that SEEG is 
not only a surgical technique for the implantation of percutaneous 
intracerebral electrodes, but rather part of a comprehensive 
methodology for the identification of the EZ. SEEG-like implantation of 
intracerebral electrodes, without a proper anatamo-electro-clinical 
hypothesis (ie, the true SEEG methodology), is not enough, and may 
result in inadequate characterization of the epileptic network and, 
more importantly, lower rates of postresection seizure freedom. 
Therefore, we encourage centers adopting SEEG to apply their 
implantation strategies based on rigorously established anatomo-
electro-clinical hypotheses to ensure that SEEG is as efficacious as 
possible for identifying the EZ” (Chabardes et al., 2017)





SEEG helps looking beyond the cortical
surface
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The preimplantation “anatomo-electro-clinical” hypotheses formulation is the single 
most important element in the process of planning the placement of SEEG electrodes. If 
the preimplantation hypotheses are incorrect, the placement of the depth electrodes 
will be inadequate and the interpretation of the SEEG recordings will not give access to 
the definition of the Epileptogenic Zone.



















MRI-Negative Epilepsy

• Current practice in epilepsy resective surgery generally relies heavily on the 
identification of radiologically visible lesions considered likely to be 
responsible for the epilepsy (Polkey, 2004). 

• The absence of a lesion visualized by MRI has been previously shown to 
relate to poorer prognosis in resective epilepsy surgery, both for temporal 
(Berkovich et al., 1995) and extratemporal cases (Zentner et al., 1996; Smith et al., 
1997; Mosewich et al., 2000; Jeha et al., 2007). 

• Despite major advances in neuroimaging, MRI-negative cases still account 
for up to a quarter of all those presenting for presurgical evaluation (Berg et 
al., 2003). 

• It is increasingly recognized that certain MRI-negative cases, while among 
the most challenging in terms of presurgical assessment, are indeed 
surgically treatable with satisfactory and sometimes excellent outcomes 
(Alarcon et al., 2006). This has been highlighted in a number of recent series 
(Cukiert et al., 2001; Siegel et al., 2001; Hong et al., 2002; Chapman et al., 2005; Cohen-
Gadol et al., 2005; Lee et al., 2005; Alarcon et al., 2006). 





Epilepsy surgery of NLE is not rare and tends to increase

Blumcke et al. 2017

Diagnosis N° (%)

Jehi et al. 2015

MTS surgeries

NLsurgeries



Bien et al. 2009

Surgery is less efficient than for MRI+ cases



A number of NLE cases need an invasiveEEG



+ MRI
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EEG-fMRI

Repeated MRI

- MRI Video-EEG monitoring MRI post-processing PET

DECISIONAL TREE IN NLE

• Ictal EEG better localize than PET or SPECT 1, 2

• Ictal patterns predictive of favourable outcome

• TL cases : anterior T rythmic theta 3

• FL cases : focal beta discharge 4

• FDG-PET has a greater localizing value in neocxTLE 5, 6  Helps to 
identify surgery candidates in catastrophic Epi 7  Helps for the 
placement of intracranial electrodes 8  Helps to avoid IEEG in 
MRI- FCD 9

• Ictal SPECT has a lower localizing value than PET 1, 2

• Is better in TLE than in extraTL cases 1

(1) Hong 2002; (2) Lee 2005; (3) Sylaja 2004; (4) Worrel 2002; (5) Carnel 2004; (6) Lee 2005; (7)

Chugani 2010; (8)Asano 2001; (9) Chassoux2010;
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Perisylvian-Temporal Lobe Epilepsy

SEEG investigations may be needed in patients in whom the 
epileptogenic area, though probably involving the temporal lobe, is 
suspected to extend also to extratemporal areas. In these cases, the 
main implantation patterns point to disclose a preferential spread of 
the discharge to:

• Insulo-opercular complex

• Temporo-parieto-occipital junction

• Anterior frontal cortex 





SEEG in Mesial Temporal Lobe 
Epilepsy Network







Insular Epilepsy





SEEG-Guided 
Radiofrequency Thermo-

coagualation and Laser Ablation 



















50% seizure freedom 
No permanent neurologic deficits













CONCLUSION: The preliminary experience with the described method shows the feasibility of a 
unique combination of the SEEG methodology with laser thermocoagulation in patients with 
neocortical MRI-negative pharmacoresistant focal epilepsy.







SEEG Interpretation
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The concept of epileptogenic networks in focal epilepsies is illustrated. The cerebral regions are represented 
by letters (A, B, etc). The scheme proposes a hierarchical organization in terms of epileptogenicity in the 
epileptic brain. The EZ includes different brain regions that are able to generate seizures, in particular, fast 
activities, defining the EZ Network (labeled A, B, C, and D). A represents a region with putative (visible or 
not) lesion. The EZ Net- work is also characterized by a pattern of synchrony–desynchrony. A second set of 
regions are less epileptogenic, are triggered in seizures by the EZ, and are within the “propagation zone 
network” (E, F, SC, and H). SC schematizes the involvement of subcortical (thalamus for instance) regions. 
Activity recorded in these regions is generally of lower frequency and more synchronized than in the EZ. 
Some regions are not involved during seizure propagation (NIN, noninvolved network, G, H).









Biomarker of Epileptogenic Zone (EZ)

EZ is characterized by combination of 3 biomarkers observed at seizure 
onset:

• Fast activity at 80–120 Hz or higher

• Slow DC shift (Very slow transient polarizing shift)

• Voltage depression (flattening). 







The pre-ictal spike(s) would 
correspond to a progressive 
synchronization of pyramidal cells 
(slow component) activating 
disinhibited fast somatic inhibitory 
interneurons (fast component). 
Successive bursts of fast interneuron 
activities would then merge into a 
sustained discharge (multiband fast 
activity) leading to pyramidal 
silencing (suppression). The last part 
of the seizure (end of suppression 
coinciding with fast activity 
decrease) could be due to local and 
remote post-inhibitory rebound 
bursting pyramidal neurons activity






