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History of “Epilepsy” surgery

Trepanation:
To relieve the brain from 

demons
To decrease pressure from 

depressed 
skull fractures

The skull was found in a dolmen in France by Pruniéres (Wellcome Library, London)



Transition from skull surgery to 
Epilepsy surgery

Late 1800’s

The transition from skull surgery to modern brain surgery was 
prompted by:
1) An increasingly critical view of trepanation

2) The emerging localization theories of the brain

3) The introduction of antisepsis and better pain treatment. 



Late 19th Century: 
Resection of cortical lesion

Sir Victor Horsley:

Successful cortical resections with
significant reduction in epileptic seizures in 
3 patients (Horsley,1886)



?first association of epilepsy 
localization and “etiology” for the 

success of epilepsy surgery 

“…local commencement of the fit 
suggests that the disease causing them 
is at the surface of the brain…”

Sir William Gowers, 1881



Late 19th Century:
Pathology (lesion) a possible cause of Epilepsy 

as a clinical “disease”
Pathology 

(lesion)

Epilepsy 
Surgery

Sir Victor Horsley, J.H. Jackson and D. 
Ferrier: Macroscopic lesion (pathology)
and/or cortex area which, on stimulation, 
reproduced the initial symptoms of the 
clinical seizure (semiology).

Direct 
cortical 

stimulation

Seizure 
Semiology



Mid 20th Century:
Pathology a possible cause of Epilepsy as 

an electrical “disease”

Pathology 
(lesion)

Epilepsy 
Surgery

Electro-
corticographic

recordings



Second half of 20th Century:
Epilepsy Surgery helped in the microscopic 

characterization of Epileptic pathologies

Pathology 
(lesion)

Epilepsy 
Surgery

Hippocampal
Sclerosis
Cortical 

Dysplasia

Tumors

Trauma



Pathology of Temporal lobe 
Epilepsy

Penfield reported “incisural sclerosis” in 
100 out 157 patients he operated on for 
temporal lobe epilepsy.
He called the lesion probably ischemic 
and involving at times the anterior part 
of the “first temporal convolution”
In the remaining 57cases: tumors or 
the sequelae of head injury or infection. 



Hippocampal
Sclerosis



Taylor et al, 1971 

Main features:
1. Architectural 
disorganization
2. Dysmorphic cells
3. Giant cells in white matter 
and cortex
4. Gliosis

Cortical 
Dysplasia



Late 20th Century:
Epilepsy Surgery helped in microscopic sub-

characterization of Epileptic pathologies
Pathology 

(lesion)
Epilepsy 
Surgery

Hippocampal
Sclerosis subtypes

FCD subtypes

Tumor subtypes

Dual pathologies

Blümcke et al, Epilepsia. 2013 

Blümcke et al, Epilepsia. 2011 

Blümcke et al, Acta N., 2014

Palmini et al, Neurology. 2004 



Late 20th Century:
Pathology helped in imaging characterization of 

epileptic lesions
Pathology 

(lesion)
Epilepsy 
Surgery

Hippocampal
Sclerosis subtypes

FCD subtypes

Tumor subtypes

Dual pathologies



Localization of the epileptic region in the 21st Century

SCALP EEG

MRI

FDG-PET

ICTAL SPECT

MEG

INVASIVE



EEG does not adequately localize the Epileptic region

Ristic et al, Epileptic Disorders, 
2012



MRI in Epilepsy

…but up to 25% of patients with medically intractable epilepsy do not show ”lesions’ on MRI!



FDG-PET scan:
High sensitivity, low specificity, not a good predictor of pathology



Ictal SPECT:
Maps network of ictal activation
HS+ Insular FCD2A BOS FCD

…but does not point to the epileptogenic zone



MEG may localize the 
interictal focus and its 
spread

Wang et al, Hum Brain Mapp. 2012  

…but does not always accurately localize the Epileptogenic Zone or may be negative 



Invasive evaluations with SEEG or Subdural grids fail to 
localize the ictal onset in up to 15% of the cases



Localization of the epileptic region in the 21st Century

SCALP EEG

MRI

FDG-PET

ICTAL SPECT

MEG

INVASIVE

Regionalizes… but
may mislocalize Epilepsy

Identifies most lesions, predicts 
pathology… but may be negative

Identifies areas of dysfunction… 
but is non specific

Maps networks of ictal activation

Localizes some epilepsies (convexity,
perisylvian…)... But may be negative

Invasive, expansive… high failure rates 
in MRI negative epilepsies





Why do we fail?

1886-1936



Pathology-based outcome after Epilepsy Surgery

Najm et al, 2013

Focal lesions (when completely resected) have best outcome
HS failures: early and late
FCD type1 and TS have the worst outcome
Hemimegalencephaly and Rasmussen’s encephalitis fail early



The role of genetics in Epilepsy 
Surgery

• Predict the pathology before 
surgery

• Predict the outcome
• Highlight opportunities for 

preventing failures



Can Genetics Predict Epileptic 
Pathologies?



Why predicting pathology?
Hippocampal sclerosis

• Large number of patients with pathologically 
confirmed HS have normal MRI

• Early Detection of hippocampal sclerosis 
increases the likelihood of surgical 
intervention and improved seizure freedom 

• Patients with HS continue to fail over time



Why predicting pathology?
Hippocampal sclerosis

Age of 
onset

Epilepsy 
Duration

SEEG Indication SEEG seizure onset

5 17 Normal MRI Hippocampus

14 17 Basal occipital encephalomalacia (s/p Ganglioglioma resection, new 
seizures)

Hippocampus

13 8 Frontal encephalomalacia (s/p LGG resection F2/F3/opercularis, new 
seizures)

Hippocampus

32 11 Parietal lesion (IPL, post-traumatic lesion) Hippocampus/Amygdala

47 3 Visual and auditory auras Hippocampus/entorhinal gyrus/Temporal pole

25 29 Normal MRI Hippocampus/Amygdala

35 10 Left HS and Right temporal seizures Hippocampus

16 33 Bilateral HS on MRI Hippocampus

10 20 MRI abnormality anterior insula and posterior perisylvian semiology Hippocampus/Amygdala/Temporal pole

15 18 Bilateral hip atrophy on MRI Hippocampus/PHG

4 15 Hemispheric congenital abnormalities Hippocampus

In a large number of patients,MRI does not uncover HS or may point to other pathologies



Genetics of Hippocampal sclerosis

…but why patients with HS exhibit seizure recurrence years after successful epilepsy surgery



Why predicting pathology?
Malformations of cortical development

• Surgical outcomes depend on the type and 
subtype of FCD: The type of FCD is confirmed 
after surgical resection… no presurgical 
diagnosis

• A large number of patients with FCDs have 
normal MRIs: This leads to surgical resection 
for some patients who could have been 
excellent candidates



Outcome of surgery with patients with FCD 
following invasive implantation

Outcome of surgery with patients with FCD 
following invasive implantation

• 139 patients (1999-2011)

• Baseline characteristics:
- Mean age at onset: 11 y (0.1-55 y, median: 9 y)

- Mean age at surgery: 27 y (4-66 y, median: 25 y)

- Mean duration of epilepsy: 16 years ( 0-55 y)

- Mean follow-up: 2 y (0.5-13, median 1 y)

- MRI: Non lesional in 40% of patients

Pinheiro Martins et al, In Preparation



Four Predictors of Early Surgical 
Failures

Multivariate analysis
(whole model logrank test <0.0001)

Pinheiro Martins et al, In Preparation

Predictor Risk Ratio 95% CI Adjusted p-Value

Pathology: FCD type I or IIA 3.99 1.52-12.97 0.004

Semiology: More than one 
type

2.35 1.07-5.07 0.036

Size of the ictal onset zone 2.17 1.04-4.61 0.04

Function: Overlap with 
eloquent cortex

2.74 1.09-6.60 0.03



Pathological Subtype:
FCD Type IIB and Type III have the best Outcome

Pathological Subtype:
FCD Type IIB and Type III have the best Outcome

FCD I or IIA

Other (FCD IIB or FCD III)

p=0,004

Pinheiro Martins et al, In Preparation





80 children subjected to surgery for the treatment 
of drug-resistant epilepsy at the Rothschild 
Foundation Hospital (Paris, France) between 2015 
and 2018



Why predicting pathology?
Glioneuronal tumors

Glioneuronal tumors: gangliogliomas 
(GGs) and dysembryoplastic
neuroepithelial tumors (DNTs), 
represent a well-recognized cause of 
intractable epilepsy.
Histologically, they are characterized by 
mixed neuroepithelial cell types, 
including aberrantly shaped neuronal 
cells and glial elements, in coexistence 
with cortical dysplasia
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The presence of BRAF is a predictor of worse post 
resection outcome in patients with glioneuronal tumors



Can Genetics Predict Surgical 
Outcomes?



Meta-analysis of 24 articles of 82 
patients who underwent surgical 
resection for medically intractable 
epilepsy and had genetic studies:

Three types of gene mutations were 
reported:
1. Channel function and synapses
2. mTOR pathway
3. Other genetic mutations 



Meta-analysis of 24 articles of 82 
patients who underwent surgical 
resection for medically intractable 
epilepsy and had genetic studies:

Three types of gene mutations were 
reported:
1. Channel function and synapses
2. mTOR pathway
3. Other genetic mutations 



Long Term Seizure Freedom in Adult and Pediatric 
Patients Following Epilepsy Surgery

Cleveland Clinic (N = 1,594)
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Can genetics play a role in some epilepsy 
surgery failures?

Early recurrences are due to failure in 
epilepsy localization

Late recurrences are due to failure to 
understanding epileptogenesis

Najm et al, 2013 
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Genetic 
Susceptibility 

for seizure 
recurrence?



Conclusion
• Recent genetic observations show promise 

in the presurgical diagnosis of various 
epileptic pathologies, and in the possible 
prediction of surgical outcome

• There is a need for large 
multicenter/multinational studies to address 
the challenges through the inclusion of 
large number of patients 




