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A 11ª. Escola Latino-Americana de Verão em Epilepsia (LAS-

SE) é uma atividade educacional da International League 

against Epilepsy (ILAE) e da Academia latino-Americana de 

Epilepsia (ALADE) com o apoio da Liga Brasileira de Epilepsia (LBE).

Com início em 2002, as “Escolas de verão em epilepsia”, organizadas 

pela ILAE tornaram-se uma referência como experiência didática. 

Como professores e alunos permanecem em contato próximo por 

cerca de 10 dias consecutivos, este tipo de Escola tem facilitado a 

integração entre pesquisadores básicos, clínicos, cirurgiões na área 

de epilepsia e alunos permitindo uma melhor compreensão das 

novas descobertas para o benefício das pessoas com epilepsia. A 

11ª. Escola Latino-Americana de Verão em Epilepsia (LASSE) reali-

zada em Cabuçu, Serra da Cantareira, São Paulo entre 02 e 11 de 

março de 2017 aborda o tema Malformações do Desenvolvimento 

Cortical e Epilepsia e inaugura sua segunda década de atividades 

em prol da epileptologia latino-americana.

Agradecendo aos professores e tutores que de forma tão generosa 

abandonam seus afazeres e nos oferecem seu tempo damos as 

boas-vindas aos alunos da LASSE-XI, razão maior do nosso trabalho.
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Developmental Tumors
1. Gangliocytoma and ganglioglioma

Well-differentiated, slow-growing neuroepithelial tumors 
composed of isolated dysplastic ganglion-like cells (gan-
gliocytoma) or associated with neoplastic glial cells (gan-
glioglioma). These are the tumors most frequently associated 
with chronic epilepsy in children and young adults. 

Gangliocytoma and ganglioglioma together account for 
0.4% of tumors of the nervous system and 1.3% of brain tu-
mors. Age at presentation and mean age at diagnosis widely 
vary (2 months to 70 years and 8 to 25 years, respectively). 
Males and females are affected with approximately equal 
frequency, with slight variations among series of cases. Any 
region of the central nervous system (CNS) may be affected. 
Particularly, around 70% of all gangliogliomas occur in 
the temporal lobes and, in decreasing order, in the frontal, 
parietal and occipital lobes.

Clinical features depend on tumor localization and size. 
Brain lesions are classically associated with long history of 
focal seizures (from years to decades).

On neuroimaging analyses, classic features are cortical cysts 
with	 a	mural	 nodule,	which	 can	 show	calcifications	 on	
computed tomography (CT). Magnetic resonance imaging 
(MRI) shows circumscribed lesions, hypointense in T1- and, 
hyperintense in T2-weighted scans. Contrast enhancement 
is variable. Mass effect and perilesional edema are not 

common, since the tumors grow very slow. Grossly, both 
tumors may present as well-circumscribed cystic or solid 
lesions.	Calcification	and	hemorrhage	may	be	observed.

Microscopically, gangliocytomas are composed of groups 
of frequently dysplastic multipolar neurons. Gangliogliomas 
present neural and glial neoplastic elements with striking 
heterogeneity. Dysplastic neurons are large, with predomi-
nant perimembranous distribution of Nissl substance and 
may exhibit binucleation. They tend to be arranged in 
groups without cytoarchitectural organization. The glial 
component is the proliferative population and may show 
astrocytic	 or	 oligodendroglial	 features.	Calcification	 and	
perivascular	lymphoid	infiltrates	are	commonly	observed.	
Adjacent cortex - not containing tumor cells - may show 
focal	cortical	dysplasia	(FCD),	which	is	then	classified	as	
FCD Type IIIb according to the International League Against 
Epilepsy	 (ILAE)	 classification.	Gangliogliomas	 that	 show	
glial component with increased cellularity, pleomorphism, 
elevated number of mitosis, vascular proliferation and ne-
crosis are designated as anaplastic. Immunostainings for 
neuronal proteins (chromogranin-A, synaptophysin, neu-
rofilament	and	MAP2)	 identify	 the	neuronal	counterpart.	
Antibody	 to	 an	 astrocytic	 protein	 -	 glial	 fibrillary	 acidic	
protein (GFAP) - highlights the proliferative glial component 
in ganglioglioma, which is also positive for S100 protein 
and vimentin. Immunopositivity for the oncofetal marker 
CD34 is detected in 70-80% of gangliogliomas and helps 
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to identify satellite lesions in adjacent cortex. Ki-67/MIB1 
index is used to estimate cellular proliferation (mean values 
range from <1 - 3%).

Both gangliocytoma and ganglioglioma have favorable prog-
nosis, thus corresponding histologically to WHO grade I. 
Anaplastic gangliogliomas show a more reserved prognosis 
and are WHO grade III lesions.

2. Dysembryoplastic neuroepithelial tumor (DNT)

DNT is a benign glioneuronal neoplasm typically located 
in the temporal lobe of children or young adults with early-
onset epilepsy. Frequency ranges from around 1.0 to 25% of 
the lesions removed in epilepsy surgery centers. Mean age at 
presentation and mean age at surgery are 15 and 25.8 years, 
respectively. Predominance is slightly higher in males. DNT 
may occur in any supratentorial cortical region, mainly the 
temporal and frontal lobes. Chronic (until decades) drug-
resistant focal seizures, with or without secondary seizure 
generalization is the most common clinical setting. 

On CT the tumor is hypodense, well-demarcated and located 
in	the	cortex.	Calcifications	and	deformity	of	the	bone	adjacent	
to exophytic lesions may occur. On MRI, the lesion is intracor-
tical, hypo-/isointense in T1 and hyperintense in T2, without 
edema. Contrast enhancement may be observed in ~30% of 
the cases. Macroscopically, the lesion is mainly intracortical, 
(multi)nodular	and	its	consistency	varies	from	viscous	to	firm.

Histologically,	the	“specific	glioneuronal	element”,	which	
spans the entire cortical thickness, is a hallmark. This tissue 
has characteristic columnar appearance, the columns being 
oriented perpendicular to the cortical surface and formed 
by bundles of axons, lined by small glial cells, positive for 
S100 protein and OLIG2 and negative for GFAP. Among the 
columns,	normal	neurons	seem	to	float	in	a	mucoid	inter-
stitial	fluid,	palely	eosinophilic	(floating	neurons).	GFAP-
positive	astrocytes	are	also	identified.	Dysplastic	ganglion	
cells are not detected. CD34 protein expression is variable. 
Areas	adjacent	to	the	specific	glio-neuronal	element	may	
show focal cortical dysplasia. ILAE FCD Type IIIb should be 
diagnosed only when no neoplastic cells are observed. Ki-
67/MIB1 index varies from 0% to 8%. DNT has a favorable 
diagnosis and corresponds histologically to WHO grade I.

3. Angiocentric glioma (monomorphous angiocentric 
glioma, angiocentric neuroepithelial tumor)

Angiocentric glioma is an epilepsy-associated, stable or 
slow-growing cerebral tumor primarily affecting children 
and young adults. This lesion is uncommon, its real fre-

quency being still undetermined. Males and females seem 
to	be	equally	affected.	The	superficial	 topography	 in	 the	
cerebral cortex (frontal, parietal or temporal) is typical. 
Clinically, this neoplasm is associated with chronic epilepsy 
lasting for years. On MRI, angiocentric gliomas present as 
solid and well-circumscribed cortical thickening, extending 
to the white matter. They are hyperintense in T2 and FLAIR 
and are not enhanced by contrast in T1 images. Blurring of 
the gray matter/white matter boundary has been described 
as	a	gross	finding.	Histological	evaluation	shows	an	angio-
centric pattern of growth, monomorphous bipolar cells, 
and features of ependymal differentiation. Cells may be 
isolated or arranged in cords/palisades, nests or sheets in 
subpial and/or intraparenchymatous regions, occasionally 
forming a trabecular pattern with clefts. Tumor cells are 
immunopositive for GFAP, vimentin and S100 protein, but 
not for neuronal antigens (synaptophysin, chromogranin-A 
or NeuN). Ependymal features are noted as EMA-positive 
small cytoplasmic spots. Ki-67 index varies from <1% to 
5%. Angiocentric gliomas seem to be stable tumors and 
correspond histologically to WHO grade I.

Tuberous sclerosis
Tuberous sclerosis is a group of autosomal dominant disorders 
caused by an inactivating mutation in TSC1 or TSC2 genes, 
which lead to production of hamartin or tuberin proteins, 
respectively. Most tuberous sclerosis cases (approximately 
60%) are sporadic, suggesting the occurrence of a high rate of 
de novo mutations. Under physiological conditions, hamartin 
and tuberin interact and form a complex that integrates growth 
factor signals from the PI3K/AKT pathway to coordinate cellular 
processes, including proliferation and cell size. The complex 
negatively regulates the mTOR pathway. Disruption of the tu-
berin-hamartin complex, as determined by genetic mutations, 
leads to upregulation of the mTOR pathway and increase in 
proliferation and cell growth. Consequently, tuberous sclerosis 
is characterized by hamartomas and neoplastic lesions that af-
fect not only the CNS but also various non-neural tissues (such 
as skin, lungs, heart, kidneys and digestive system). Around 
2 million individuals are affected worldwide, the estimated 
prevalence being 1:6000 - 1:10000 live births. The diagnosis 
is performed primarily according to clinical features. Genetics 
tests	are	particularly	helpful	when	clinical	criteria	for	a	definite	
diagnosis are not found.

In the CNS, tuberous sclerosis causes cortical hamartomas 
(tubers), subependymal nodules and subependymal gi-
ant cell astrocytoma. Neurologic manifestations include 
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chronic seizures, cognitive/behavioral disorders and raised 
intracranial pressure. 

Cortical tubers resemble sporadic cortical malformations 
on neuroimaging. MRI scans show blurring of the grey 
matter/white matter boundary on T1- and subcortical 
hypersignal on FLAIR and T2-weighted images. Micro-
scopically, tubers consist of dysmorphic neurons, giant 
cells,	gliosis	and	calcification.	Particularly,	dysmorphic	
neurons present with abnormal lamination (extending 
from the meningeal surface to the white matter), irregular 
shape, cytoplasmic vacuolation and perikarial accumu-
lation	of	fibrils.	Giant	cells	show	prominent	nucleolus,	
eosinophilic glassy cytoplasm and may be arranged in 
groups. The adjacent white matter exhibits loss of myelin, 
heterotopic neurons and giant cells. 

Subependymal hamartomas are nodular periventricular 
lesions that frequently calcify. Histologically, they are in-
distinguishable from cortical tubers.

Subependymal giant cell astrocytoma (SEGA) is the most 
common CNS tumor in tuberous sclerosis patients. Its inci-
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History

1. Up to the 1990’s surgery was usually discarded in cases of TSC “because that 
condition was notoriously diffuse”(Erba & Duchowny, 1990). 

2. Occasionally a single tuber was unexpectedly found (so called “formes frustes”) f.i in 
2% of 503 consecutive cases at the MNI (Mathieson, 1975) or 2,3% in the UCLA 
series of 129 temp lobectomies (Babb & Brown, 1987).

3. At the Mayo Clinic 9 patients w TSC were operated between 1986 and 1990 and 6 
cases became sz free (Bebin et al, 1993).

4. After 1986 the UCLA started a program considering possible candidates for surgery 
children with Infantile Spasms including TSC

5. In the Miami Children’s Hospital 3 cases of TSC were reported as “cortical resection 
with excellent results”in spite of “unequivocal evidence of neuro-imaging of multiples 
areas of signal abnormalities” (Erba & Duchwony, 1990).

6. Between 1981 and 1993 six patients w TSC underwent resective surgery at the 
Cleveland Clinic, five after invasive monitoring with subdural grids.Five patients 
remained sz free (Acharya et al, 1995; Kotagal & Tuxhorn, 1997).

Hélio Rubens Machado
5

Pediatric Neurol 2007

TSC surgery: focal surgery indicated for apparent multifocal or 
generalized epilepsy

■ ARBAR, 3 yo. Sz free

Hélio Rubens Machado

Tuberous Sclerosis Complex
■ Multi-system genetic disease: benign tumors in brain, skin, heart, eyes, lungs, kidneys
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between 9 - 20 w of human gestation (Glenn & Barkovich, 2006)
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■ Neurological Manifestations of TSC
❑ Cortical tubers are collections of
dysmorphic neurons, large astrocytes
and giant cells

❑ Epilepsy occurs in over 90% of
patients and is associated with the 
presence of cortical tubers

❑ Behavioral and cognitive 
impairments are common in children
with TSC including such disorders as 
ASD(17%-68%) or ADHD(>50%)

ADHD – attention deficit- hyperactivity disorder
ASD- autism spectrum disorder
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■ Epilepsy in Tuberous Sclerosis Complex
❑ Present in >90% of TSC patients  (many seizure types, 

many intractable)
❑ >70% have focal or multifocal epileptiform EEG 

abnormalities

❑ The tuberal / perituberal region of the cortex is the focus of 
seizures

❑ AED may not be successful; epilepsy surgery is effective in 
many patients
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■ Epilepsy in Tuberous Sclerosis Complex
❑ 63% of patients experience seizure onset in the 1st year of life

❑ 38% have infantile spasms
❑ Focal seizures may precede, coexist with or evolve into 

infantile spasms

❑ The likelihood of developing epilepsy after a first seizure is 
100%

❑ Vigabatrin is the drug of choice in TSC-related Infantile
spasms
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Tuberous Sclerosis Complex - Pathology

■ SENs - subependymal nodules
❑ Found in approximately 90% of cases

❑ Sen often contain calcifications and are composed of glial cells
❑ Small usually multiple, benign proliferative lesions lining the ventricular

system that are believed to develop in fetal life and to be asymptomatic
❑ Sen may grow and develop into SEGAs

■ SEGAs - subependymal giant cell astrocytomas
❑ Low-grade, slow-growing tumors that arise from the periventricular

region and can cause obstructive hydrocephalus, frequently located

at the foramen of Monro. Associated with morbidity and mortality

❑ Found in 15% of cases.

Sarnat HB & Blumcke I: Malformations of cortical development. In: 
Surgical Neuropathology of focal epilepsies. 2015
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■ CORTICAL TUBERS
❑ Focal developmental malformations detected as single or multiple lesions in more

than 80% of patients (Orlova & Crino, 2010)

❑ Tubers display cortical dyslamination with cell types including dysmorphic neurons,

reactive astrocyte and giant cells

❑ No difference between dysmorphic neurons observed in tubers and in patients w

FCD II a/b or HME. Similarly the giant cells in TSC are histologically identical to
balloon cells detected in FCD IIb

❑ Tubers are not static lesions, but are dynamic exhibiting evolving features overtime

❑ Perituberal cortex, histologically normal, may show dysregulation of mTOR signaling
and aberrant synaptic connectivity enabling intrinsic epileptogenicity (Philippe

Major et al, 2009; Ruppe et al, 2014)

Sarnat HB & Blumcke I: Malformations of cortical development. In: 
Surgical Neuropathology of focal epilepsies. 2015
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■ Clinical characteristics

❑ Symptomatic etiologies 

Pathology

Cortical Dysplasia 181
Tumor                              73
Gliosis 70

Mesial temporal sclerosis 65

Rasmussen encephalitis 42

Tuberous sclerosis 21
Porencephaly 21
Difuse atrophy 20 
MR normal 11
Sturge-Weber 10 
AVM 3 

(other 59)     Total 576

CIREP  Children – Ribeirão Preto
UNIVERSIDADE DE SÃO PAULO
BRASIL

1996  
to

2016
Children    576

7.  Specific etiology

TSC CHILDREN EVALUATED
total  : 44 children

selected for surgery: 21 children
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Age at surgery – 20 patients

DEFINING THE TARGET OF SURGERY
• Main objective identify epileptogenic tuber and evaluate benefits 

and risks of resection as early as possible

■ tuber
■ perituberal cortex
■ SEGA
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Epilepsy Surgery - different approaches

Noninvasive
FDG PET/ MRI
MEG
Intraop ECoG

UCLA
Toronto

Invasive
Phased surgery
Intracranial 
GRIDS/ STRIPS

NYU

AMT PET

GRIDS
WAYNE STATE

SPECT + MEG
GRIDS
Intraop ECoG
SEEG

CCF
Miami
Netherlands

Hélio Rubens Machado

Patient management

Pharmacoresistance? Clinical evaluation
Localization hypothesis ? MR screening

INVASIVE EVALUATION

SPEC interictal / ictal
FDG PET / (AMP-PET)

subdural / depth recordings

SURGERY
ECoG Invasive none

8 10 3

1. Temporal lobe
2. Hemispheric
3. VNS 
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■ UCLA – ictal video EEG localized to 
a quadrant in 39%, hemisphere in 
36 %

■ All patients FDG-PET and MRI + 
MSI

■ 67% Sz free after surgery

Hélio Rubens Machado

■ AMT PET detects dysplasia around tubers
■ AMT PET a tracer of tryptophan metabolism, can differentiate between 

epileptogenic and nonepileptogenic tubers interictally in two-thirds of TSC 
patients with intractable epilepsy

■ UCLA – ictal video EEG localized to 
a quadrant in 39%, hemisphere in 
36 %

■ All patients FDG-PET and MRI + 
MSI

■ 67% Sz free after surgery

Hélio Rubens Machado

■ ASRPF, 2 yo, sz since 6 mo old w eye blink and at 8 mo w head fall. TSC 
complex was diagnosed. Infantile spasms  started at 11 mo age. Video-
monitoring and invasive monitoring demonstrated sz starting at R insula

Tuberous Sclerosis

■ Surgery: Resection of the tuber

■ Outcome: Seizure free. Mild L deficit (cleared 6 mo after surgery)
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■ PLT, 4 yo, TSC, submitted to surgery elsewhere, sz persisted.

Invasive monitoring- grid and depth electrode. Engel I (4 y postop)
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■ FAFC, 7 yo. sz since 2 mo , Infantile Spasms

Siscom

■ 1st surgery – Lesionectomy . Sz persisted 

• 2 nd surgery – Engel I (7y)
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Video EEG – Sz 
starting in the L frontal 
region. Spike-wave 
FP1, F7, max activity 
F3

Ictal Spect – inj at 
34 sec –
hyperperfusion R 
frontal 
Hypoperfusion L

Invasive monitoring – L frontal 

10  y fu – SEGA  R Frontal

■ JLBN, 1 year 5 mo, sz since 3 mo old, Infantile Spasms, developmental delay. Video-EEG : L frontal. Ictal 
SPECT: hiperperfusion L Frontal. Surgery:L  Frontal lobectomy + resection of SEGA. Engel I (10 y fu).
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■ JJBCF, 5 y old, sz since 6 mo age, refractory to AED, mild cognitive 
delay, TSC.

R Frontal 
Disconnection + 
resection of tuber
Engel I
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• FAPS,10 mo old, Infantile spasms, TSC 
(hemimegalencephaly). Engel I

postop
• Vertical hemispherotomy 
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■ TSC Natural History Database Project: Epilepsy 
Surgery (Nakagawa J, AES,2009)
❑ 28% surgery (173 incl SEGA, VNS); 72% medical

❑ Brain surgery (multiple procedures)

■ VNS 51%

■ Resective Surgery 49%

❑ 28 % lesionectomies; multilobar resections 20%; 

hemispherectomy 2%

❑ corpus callosotomy 7,5%

❑ SEGA resection 22%
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