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Stereo-EEG



EPILEPTOGENIC ZONE

Defined on the basis 
of anatomo-electro-
clinical correlations

Cortical area/areas:
• in which ictal discharges 

originate?
• whose removal cure the 

patient?
• anatomical lesion?
• symptomatogenic zone?
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Epilepsy Surgery: 
presurgical workflow
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Once upon a time…



Stereo-EEG 
Analysis and interpretation

Lesional Area: slow waves, 
background activity absent

Irritative Area: spikes, spikes and 
waves

Functional Area: electrical 
stimulations

Epileptogenic 
Area

Interictal paroxysms
Spontaneous seizures
Electrical stimulations
…………..



EZ and invasive recordings: how many regions?

EZ

LZ
IZ

AL

LZ
IZ

AL
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AL: anatomical lesion
LZ: lesional zone
IZ: irritative zone
EZ: epileptogenic zone



Indications and utilityof Stereo-EEG 

° discrepancies between: 

- anatomical and clinical data;

- anatomical and electrical data;

- electrical and clinical data;

° supposed bi- or multi-lobar ictal discharges;

° early ictal involvement of functional cortical areas (suggested by the 

clinical semiology);

1. Individually tailored surgical removal

2.THC: Thermocoagulation



Intracerebral
Electrodes 

Distance: 
1.5 mm

Contact: 
2.0 mm

Diameter
0.8 mm



Hitten P. Zaveri, Robert B. Duckrow, Susan S. Spencer

The source???





Brain 2019, Cardinale et al.



Brain 2019, Cardinale et al.

HS: hippocampal sclerosis
GT: glioneuronal tumors
FCD II: Focal Cortical Dysplasia Tipe II
FCD I: Focal Cortical Dysplasia Type I

FCD II

FCD I

MR Neg

HS

GT



What did we learn over 
the past 30 years?



1. Not all patients need invasive recordings (HS, FCD II, tumors)
2. The temporal lobe is different from all other lobes
3. Always look for the low voltage fast activity
4. Archicortex not able to produce LVFA (Hippocampus,Amygdala, Cingulum)
5. Better to think in terms of networks than cortical structures
6. Need to know the actual position of the electrodes
7. Intracerebral stimulations are essential for the mapping and definition of EZ
8. Some etiologies, however, require invasive recordings (PMG, PNH, scars)
9. Thermocoagulation is useful for healing but also for prognosis

HINTS





In the past…

The past
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PHYSIOLOGY



Orbita



Cingulate Genus



Precentral cingulate gyrus



Postcentral cingulate gyrus



Motor strip: raises L arm



Sensory strip: raises L arm



7 8 9 

FCD Type IIb



Intracerebral 
Stimulations



Epilepsy and the functional anatomy of the brain. (Penfield and Jasper, 1954).



Stereo-EEG in acuto



STIMULATIONS

Low Frequency

ü Frequency: 1-18 Hz

ü Pulse duration: 3 msec

ü Intensity: 0.1 - 10 mA

ü Mean duration 30-40 sec.

High Frequency

ü Frequency: 50 Hz

ü Pulse Duration: 1 msec

ü Intensity : 0.5 - 3 mA

ü Mean duration: 5 sec.

Neurophysiologcal mapping
Seizures

Neurophysiologal mapping
Seizures



M9-10 1 mA

M9-10 2 mA



Supplementary Motor Area



Supplementary Motor Area







Anterior cingulate
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Ictal semeiology
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Epilepsia. 2019 Mar 13
Clinical features of sleep-related hypermotor epilepsy in relation to the seizure-onset zone: A review
of 135 surgically treated cases.
Gibbs SA1,2, Proserpio P1, Francione S1, Mai R1, Cardinale F1, Sartori I1, Castana L1, Plazzi G3,4, Tinuper P3,4, Cossu
M1, Russo GL1,Tassi L1, Nobili L1,5.

Sleep-related hypermotor epilepsy (SHE) arises more frequently in the frontal lobe than in the extrafrontal regions.
We classified seizure semiology according to four semiology patterns (SPs)
1. elementary motor signs (SP1)
2. unnatural hypermotor movements (SP2)
3. integrated hypermotor movements (SP3)
4. gestural behaviors with high emotional content (SP4).

RESULTS:
Within the frontal lobe, SPs were organized in a posteroanterior gradient (SP1-4) with respect to the SOZ. In
temporal SHE, SP1 was rare and SP3-4 frequent, whereas in operculoinsular and posterior SHE, SP4 was absent.
Nonmotor manifestations were frequent (70%) and some could provide valuable localizing information.

https://www.ncbi.nlm.nih.gov/pubmed/30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibbs%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Proserpio%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Francione%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mai%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardinale%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sartori%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castana%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plazzi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tinuper%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cossu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Russo%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tassi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30866067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nobili%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30866067


Epilepsia. 2018 Sep;59(9):e130-e134. doi: 10.1111/epi.14517. Epub 2018 Jul 15.
Seizure duration and latency of hypermotor manifestations distinguish frontal from extrafrontal
onset in sleep-related hypermotor epilepsy.
Gibbs SA1,2, Proserpio P1, Francione S1, Mai R1, Cossu M1, Tassi L1, Nobili L1,3.

Sleep-related hypermotor epilepsy (SHE) is an epilepsy syndrome that is characterized by the occurrence of sleep-
related hypermotor seizures of variable complexity and duration. Seizures usually arise in the frontal lobe, but
extrafrontal seizure onset zones are well described.

We found that the mean duration of electrographic seizures and clinically observable ictal manifestations were
significantly shorter in frontal SHE compared to extrafrontal SHE.

The mean latency between electrographic seizure onset and the onset of hypermotor manifestations was also shorter
in frontal SHE. Accordingly, a latency > 5 seconds between the first video-detectable movement (eg, eye opening or a
minor motor event) and the onset of hypermotor manifestations yielded a sensitivity of 75% and a specificity of 90%
for an extrafrontal onset, thereby indicating that specific ictal features in SHE can provide clinically useful clues to
increase diagnostic accuracy in this syndrome.

1. Duration of EEG changes and symptoms shorter in FLE
2. Mean latency EEG à Clinic shorter in FLE
3. Latency EEG à Clinic >5 sec: extraFL origin

https://www.ncbi.nlm.nih.gov/pubmed/30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibbs%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Proserpio%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Francione%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mai%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cossu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tassi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30009443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nobili%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30009443


Epilepsia 2006

3 pts Ryvlin et al., 2006
1 pt Kaido et al., 2006 
1 pt Dobesberger et al., 2008      
1 pt Nguyen et al., 2009

Herman, et al
NEUROLOGY 2001;56:1453–1459



The ictal EEG



SEEG

VEEG









Frontal

Temporal











•Huge lobe, very well connected, mimicking semeiology.

•Ictal symptoms depend on etiology, localization, age.

•The localizing diagnosis is based on anatomo-electro-
clinical data.

•Clinical manifestations chronology is mandatory.

•Very difficult interictal and ictal EEG.

CONCLUSIONS
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