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INTRODUCCION

Extenso y heterogéneo grupo patologico > por alteraciéon en el desarrollo
normal SNC > consecuencia de alteraciones genéticas, infecciosas, vasculares o
metabodlicas

Amplia gama de fenotipos anatomicos y funcionales

Acuden a NRX: Edad infantil :
- Retraso del desarrollo
- Déficit motor/paresias
- Epilepsia

Edad adulta:
- Epilepsia
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> Introduccion del término

> Clasificacion inicial: basada en la fases del desarrollo cortical:
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> |Introduccion del término

> Clasificacion inicial: basada en la fases del desarrollo cortical:
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A Classification Scheme for Malformations of Cortical
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Malformations of the cerebral cortex are
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Malformations of the cerebral cortex are a class
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disorders (2, 3, 4, 5, 6, 7, 8, 11, 19, 20, 23, 34, 37, 42, 43,
44, 51). However, the nomenclature for these is not
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Abstract

Malformations of the cerebral cortex are
more {requently as a cause of epilepsy,
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fication system of these malformations, based upon state-of-
the art knowledge derived from genetics, embryology, imag-
ing, and pathology, has not been devised. In this manuscript,
‘we propose such a classification system. Moreover, we have
constructed the system such that both the framework and
the classifications thernselves are flexible and can be adapted
as our knowledge of the embryology, genetics, imaging, md‘
pathology of these disorders advances. We believe that the
molmuda‘aﬁraha\sys(unwlﬂl’dpbo(hclmmand
and think about these disorders
andlhu.rumubdlu In tum, we hope that this improved

and pathologic examination. In this manuscript, we propose a
rational dmﬁabm\ system for these malformations, based on
fundamental embryologic and genetic principles and a combs.
nation of neuroimaging, gross pathologic, and histologic cn-
teria. Through the use of this classification system, we believe
most presently known malformations of cortical development
can be uniquely classified; moreover, this classification provides
a framework for the classification of disorders that are not yet
described. Finally, this classification provides the practicing
clinician with a logical framework for thinking about these
disorders and classifying his or her patients

Theoretical basis for the clawification

The classification (Table 1) is based on three
fundamental embryologic events of cortical formation: (1) cel-
lular prolferation in the germinal ones; (IT) migration of cells

cal and hor-
th the estab-
e., organiza-
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Malformations of the cerebral cortex are a class
nlhmnammhamalmhanuwmdmmdm
frequently as a cause of epilepsy and neurodevelopmental
disorders (2, 3,4, 5, 6,7, 8, 11, 19, 20, 23, 34, 37, 42, 43,
44, 51). However, the nomenclature for these disorders is not
uniform, and no standard system for their classification has
been established. As a result, confusion exists regarding proper
nomenclature and different names are sometimes used for
malflormations that appear identical on clinical, radiologic,

Recerved October 31, 1985, revised, sccepted January 8, 1996

of this class-
in it, we have

_. __lories to pro-
Iferation, migration, and organization aithough we recognize
that other processes, such as apoplosis, may become important
mﬂtmlmnmlvmd:drulbnmdﬂdopmmpm
We have also made relatively major assuraptions about the
pathogeneses of specific disorders in order to place them within
the framework that we have created. We wish to make it clear
that the framework is, in effect, separate from the disorders.
Our philosophy is thal the specific placement of the disorders is
a Dexble entity; it will evolve as our knowledge of genetics and
embryology evolves. We envision our classification framework
as a challenge to more specifically define developroental events
in order to dasufy specific maliormations mote rigarously and
definitively
Some of the malformations in our classification
have in many steps of cortical devel

Neuropediatrics 27 (1996) 59-63
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identified abnormal step. We recognize that this is a rather
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fication system of these malformations, based upon state-of-
the art knowledge derived from genetics, embryology, imag-
ing, and pathology, has not been devised. In this manuscript,
‘we propose such a classification system. Moreover, we have
constructed the system such that both the framework and
the classifications thernselves are flexible and can be adapted

researchers
and their causes better. In tum, we hope that this improved
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and pathologic examination. In this manuscript, we propose a
rational classification system for these malformations, based on
fundamental ¢ and genetic principles and a combi-
nation of neuroimaging, gross pathologic, and histologic cni-
teria. Through the use of this classification system, we believe
most presently known malformations of cortical development
can be uniquely classified; moreover, this classification provides
hmklmutdzmﬁnnmﬂmmi‘mmyq

described. Finally, this classification provides the practicing
chinician with a logical framework for thinking about these
disorders and classifying his or her patients

basis for the classification

The classification (Table 1) is based on three
fundamental embryologic events of cortical formation: () cel-
lular proliferation in the germinal zones; (1) migration of cells
ical and hor-
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Malformations of the cerebral cortex are a class
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uniform, and no standard system for their classification has
been established. As a result, confusion exists regarding proper
nomenclature and different names are sometimes used for
malformations that appear identical on clinical, radiologic,
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of this classi-
in it, we have

_. ___lories to pro-
va.mn manum mdumuumnlwwexmu
that other processes, such as apoplosis, may become important
in the future as our knowledge of brain development progresses.
We have also made relatively major assuraptions about the
pathogeneses of specific disorders in order to place them within
the framework that we have created. We wish to make it clear

disorders.

a Dexble entity; it will evolve as our knowledge of genetics and
embryology evolves. We envision our classification framework
as a challenge to more specifically define developroental events
in order 1o dlassify specific malformations more rigarously and
definitively

Some of the malformations in our classification
have in many steps of cortical devel
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A developmental and genetic
classification for malformations of
cortical development

ALl Barkovich, MDy; RI. Kuzniecky, MD; G.I). Jackson, MD); R. Guerrini, MI¥;, and W.B. Dobyns, MD

Abstract—Increasing recognition of malformations of cortical development and continuing improvements in imaging
techniques, molecular biologic techniques, and knowledge of ‘haniams of brain dewvel hawve resulted in continual
improvement of the und ding of these disorders. The anthors propose a revised classification based on the stage of
development (cell proliferation, nenronal migration, cortical organization) at which cortical development was first affected.
The categories are based on known developmental ateps, known pathelogic features, known genetics (when possible), and,
when necessary, neurcimaging features. In those eases in which the preeise developmental and genetic features are
uncertain, claseification is based on known relationshipe among the genetics, patholegic features, and neurcimaging
featurea. The major change gince the prior clazsification haa been a shift to using genotype, rather than phenotype, as the
hasis for classifying disorders wherever the genotype—phenotype relationship is adequately understood. Other substantial
changes include more detailed classification of eongenital microcephalies, particularly those in which the genes have been
mapped or identified, and revised classification of congenital muscular dystrophies and polymicrogyrias. Information on
genetic teating is also included. This classification allows a better conceptual understanding of the disorders, and the use
of neuroimaging characteristics allows it to be applied to all patients without necessitating brain hiopay, as in pathology-
baged classifications.

NEURDLOGY 2005:65: 18731587

Malformata of cortical develop t are more com-
mon than was recognized in the era before MREI and
the recent increase in the treatment of neocortical
epilepsy by surgery.’” They are common causes of
epilepsy and developmental delay.* They are impor-

edge advanced. This classification system has proved
useful in helping those physicians who diagnose and
treat patients with malformations of cortical devel-
opment and has been adopted by many individuals
in the field. At the time of the 2001 revision, it was

tant in the study of developmental neurcscience, as
an understanding of the causative genes and their
protein products gives insights into the processes of
cerebral cortical development.

In 1996, a classification scheme for malformations
of cortical development, based on the first develop-
mental step (cell proliferation, neuronal migration,
cortical organization) at which the developmental
process was disturbed, was proposed;” this classifica-
tion was updated in 2001.% At that time, the authors
noted that the classification was not final, but that it
provided a framework for classification of both
known and as yet undescribed malformations and
that it would continue to be modified as our knowl-

noted that substantial new information had accumu-
lated concerning both normal and abnormal cortical
development, particularly regarding the genetic ba-
sis and imaging features of many malformations of
cortical development and that such advances were
likely to continue. Since that revision, several new
genes and new mutations of known genes for disorders
with microcephaly,™# lissencephaly *#%* eobblestone
cortex,'** heterotopia,* and polymicrogyria®* have
been mapped or cloned (table 1). These genetic studies
have revealed that the type of mutation is often as
impaortant as which gene has been mutated in deter-
mining the cinical and imaging phenotypes of the af-
fected patients.**'*=** In addition, new malformations

Thia artlcle seas previously published in electronde farmat ws an Expedited E-Pub on Septensher 25, 2005, af www._neurclogy.org.
From the Departments of Radiology (Nowroradislogy) (Dr. Barkovich), University of Califorsia, San Fraseisen; NY1I Comprobonsive Epilopsy Contar (Dir.
Kamiocky, Department of Neurology. New York Usiversicy, New York: Brain Rosoarch Institute and Austin and Ropatriation Medieal Contre (D Jacksan),

L"nmﬂﬂllf of Malk

, Australis; Deovel

mant (Dr. Guerrisl), Usivorsity of Pisa, and [RCCS Stalla Maris Institute (Dr.

Dispart
Guerrini), Pisa, Haly; and Dopartmands oI'Hunnr\E"n'.Mbm Neuralagy, and Pedlatrics (Dr. Dobyns), University of Chicagn, IL.

Iselssure: The authars ropart i sonflicts of intorase.
Rocpived Juse 16, 2006 Ascoptoed in final form August 17. 3605,
Addross eorespendence aed roprist requosts ts Dn
jim harkovichiradiology. uest.oda

NEUROLOGY 2005:65:1873- 1887
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fication system of these malformations, based upon state-of-
the art knowledge derived from genetics, embryology, imag-
1ng, and pathology, has not been devised. In this manuscript,
‘we propose such a classification system. Moreover, we have

and

and their causes better. In tum, we hope that this improved

and pathologic examination. In this manuscript, we propose a
rational classification system for these malformations, based on
fundamental embryologic and genetsc prnciples and a combi-
nation of neuroimaging, gross pathologic, and histologic cni-
tenia. Through the use of this classification system, we believe
most presently known malformations of cortical development
can be uniquely classified; moreover, this classification provides
a framework for the classification of disorders that are not yet

Finally, this classification provides the practicing
chinician with a logical framework for thinking about these
disorders and classifying his or her patients

e the clamification

The classification (Table 1) is based on three
fundamental embryologic events of cortical formation: () cel-
lular proliferation in the germinal zones; (II) migration of cells
ical and

Rlecurvedt Ortober 31, 1995, revised, sccepted Jaraary 8, 1906 e

MNeuropediatrics 27 (1996) 58-63
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Malformations of the cerebral cortex are a class
of brain anomalies that are being recognized more and more
frequently as a cause of epiepsy and
disorders (2, 3,4, 5, 6,7, 8, 11, 19, 20, 23, 34, 37, 42, 43,

malformations that appear identical on clinical, radiologic,
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a Dexble entity; it will evolve as our knowledge of genetics and
embryology evolves. We envision our classification framework
as a challenge to more specifically define developroental events
in order 1o dlassify specific malformations more rigarously and
definitively

Some of the malformations in our classification
have in many steps of cortical devel
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© Hippolaates Verlag Stuttgan

opment. We have chosen o classify these based upon the first
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Abstract—Increasing recognition of malformations of
technigues, molecular biologic techniques, and knowled
improvement of the understanding of these disorders. '
development (cell proliferation, neuronal migration, corl
The eategories are based an known developmental steps
when necessary, neurcimaging features. In those cas
uncertain, classification is based on known relations]
features. The major change since the prior classificatior
basis for classifying disorders wherever the genotype—p
changes include more detailed classifiention of congenit
mapped or identified, and revised classification of cong
genetic testing is also included. This elassification allov
of neuraimaging eharacteristics allows it to be applied 1
based elassifications.
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the recent increase in the treatment of neocorti
epilepsy by surgery.' They are common causes
epilepsy and developmental delay * They are imp
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tant in the study of
an understanding of the causative genes and th
protein products gives insights into the processes
cerebral cortical development.

In 1996, a classification scheme for malformatic
of cortical development, based on the first devel
mental step (cell proliferation, neuronal migrati

NEURODLOGY 2005

known and as yet undescribed malformations ¢
that it would continue to be modified as our kno

This article was previously published in elecironic format s an Espeds
Brom the Dogarimencs of Raiclogy (ounurnilogy) (. Barkavieh

 oportman of Neuelogy: Now Yok Unbrsty, N ok
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of cerebral cortical development include a wide range of devel | disorders that are causes of
develop | delay and epilepsy. In addition, study of these disorders oon!rlhu!es greatly to the understanding of normal
brain develop and its p: The rapid recent of molecular biology, g and has din
an explosive increase in our kmwladga of cerebral cortex development and in the number and types of mal'ormatlons of cortical
development that have been reported. These ad: ti to modify our perception of these malf ti This review
dd recent changes in our percep of these disorders and p a modified classification based upon updates in our

knowledge of cerebral cortical development.

Keywords: cerebral cortex; malft ion of cortical develop
Abbreviations: FCD = focal cortical dysplasia

microcephaly; cortical dysplasia; polymicrogyria

i tion of cortical development was introduced to designate a col-
IntrOdUCtlon lectively common :onup of disorders in chigltl:l‘ren with
Malf; jons of cortical develop have been of interest to developmental delay and young people with epilepsy; a classifica-
clinicians and neuroscentists for many decades (Friede, 1989; tion scheme was introduced, based upon the earliest developmen-
Sarnat, 1992; Norman et al., 1995). In 1996, the term malforma- tal step at which the developmental process was disturbed

Received July 20, 2011. Revised November 14, 2011. Accepted December 5, 2011. Advance Access publication March 16, 2012
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Malformations of Cortical Development

Rahul S. Desikan, MD, PhD and A. James Barkovich, MD

Malt of contical de

aaamaibaal

(MCOy) comp

& diverss range of daceders that ww common cases of

| detay and epikepry. With imoroved imaging

wd gerat mathodologus, the underlying mokcy

Wi and pathobologed charactmristicn of vaversl MCDy hive boen recuntly shcdsted Iy tha review, we dincun
genetic and moleodar slterations that darupt noemal cortical development, with emphass on recont discoveries, and
provide detalled radological features of the most common and mportant MCOs.

he term  malformation of cortical development
(MCD) was first introduced in 1996 1o describe a
group of disorders that result from disturbances of the
normal developmental processes of the buman cerebral
comtex and cause 4 wide range of developmental disorders
of the corex that are common causes of neurodevelop-
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Malformations of cortical development are a group of rare disorders ¢ ly manifesting with develog | delay, cerebral palsy
or seizures. The neurlogical owtcome is extremely variable depending on the type, extent and severity of the malformation and the
involved genetic pathways of brain development. Neuroimaging plays an essential role in the diagnosis of these malformations, but sev-
eral issues regarding malformations of cortical development definitions and dassification remain unclear. The purpose of this consensus
statement is to provide standardized malformations of cortical development terminology and classification for neuroradiological pattern
imﬂ]:mation. A commiteee of i | experts in paedi diology prepared systematic literature reviews and formulated
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malformations of cortical development diagnosis and imaging interpretation worldwide.
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Introduction

Malformations-of corticaldevelopment-have been of interest to
clinicians and neuroscentists for many decades (Friede, 1989;
Sarnat, 1992; Norman et al., 1995). In 1996, the term malforma-

tion of cortical development was introduced to designate a col-
lectively common group of disorders in children with
developmental delay and young people with epilepsy; a classifica-
tion scheme was introduced, based upon the earliest developmen-
tal step at which the developmental process was disturbed
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INTRODUCCION

MCD classification

MDC Type

Definition

Major mechanism/ Genetic pathways/ Genes

Group |

Primary microcephaly/Micrencephaly (microcefalia vera)

Decrease of brain parenchymal volume at birth

MPCH: ANKLE2, ASPM, CASC5, CDK5RAP2, CENPJ, CIT, COPB 2,
CEP135, CEP152, CDK6, CENPE, KIF14, MAP11, MCPH1...

Altered

Brain overgrowth spectrum (MEG, HMEG total HMEG, partial
HMEG, Bi-HMEG, dysplastic MEG)

Increase of brain parenchymal volume

PI3KCA, AKT3, CCND2, PIK3R2, AKT1, PTEN,
MTOR, RHEB, STRADA, TSC1, TSC2, PTCH1, KIF7, GLI3 ...

proliferation or
excess apoptosis

FCD type lla
FCD type lIb/Cortical tubers

Disruption of cortical lamination with presence of dysmorphic neurons

(FCD lla) and balloon cells (FCD llb/cortical tubers)

AKT3, DEPDCS, MTOR, NPRL2, NPRL3,
PI3KCA, RHEB, TSC1, TSC2...

Clusters of normal neurons in abnormal locations:

AKT3, APC2, ARGEF2, C6orf70, CENPJ, COL18A1, CRB2, DCHS1,

postmigrational

FCD type | and FCD type lll

Group Il Heterotopia - Periventricular heterotopia EML1, FAT4, FLNA, GPSM2, KATNB1, INTS8, MAP1B, MCPH1,
- Subcortical (non-band) heterotopia MOB2, NEDDA4L, OFD1, PLEKHGS6, RAI1, TUBB...
LIS (Agyria-pach ria spectrum and - Uhadeeiie) @oriiens ductl el el s el s i sk Tubulins, Actins and actin-related MAPs, Microtubule MAPs/motor
Ab norma I ( 8y p ey P . (absent gyration/complete LIS) to pachygyria (reduced gyration/partial ’ ’ /
subcortical band heterotopla; LIS) proteins, Reelin signaling, Transcriptional factors, Caspase-
LIS type | mediated apoptosis
neurona | ypP ) - Subcortical band heterotopia ety
H t Cobblestone Irregular, pebbled external and internal cortical surfaces resembling Dystroglycanopathies: B3GALNT2, BAGAT1, B3GNT2, DAGL, DOLK,
migration DPM1, DPM2, DPM3, FKTN, FKRP, GMPPB...
(L|S type ||) the morphology of a cobblestone
PMG Excessive number of abnormally small cerebral gyri Genetic defects and In utero infections (teratogens, traumatic and
ischemic events), metabolic disorders...
. Cleft lined by polymicrogyric grey matter and/or heterotopia
Schlzencephaly extending the full thickness of cerebral hemispheres from ventricular In utero infections, teratogens, traumatic and ischemic events.
surface (ependyma) to periphery (pial surface) Genetic defects
G | | | Dysgyria Cortex with regular thickness and inner/outer surfaces but with minor ACTA2, FGFR3, FGFR2, Tubulins (e.g. TUBB2B, TUBB3)
rou p abnormalities of sulcal depth and orientation
Ab norma | Abnormal lamination (Ill: adjacent to other principal lesion post-translational protein modification/glycosylation: SLC35A2

development

Secondary Microcephaly/Micrencephaly

Decreased brain parenchymal volume with onset after birth

ANKLE2, CASK, CDKL5, CREBBP, EGP5, EIF2AK3, IER3IP1, EP300,
ERCC6, ERCC8, FOXG1, MECP2, PYCR2, RAB3GAP1, RAB3GAP2,
RAB18, SLC1A4, SLCO9A6, SMPD4, TBC1D20, TCF4, TMX2, UBE3A

Definitions and classification of malformations of cortical development: practical guidelines. Severino M et al. Brain. 2020




INTRODUCCION

- CLASIFICACIONES NO SON RIGIDAS: descubrimiento de nuevos genes, proteinasy
vias/rutas

- Terminologia comun y una clasificacion genotipos-fenotipos actualizada : mejor
comunicacion interdisciplinar

- NEUROIMAGEN > INFORMES > Mejores descripciones, mas especificas, patrones de
alteracion de neuroimagen

a) pueden mejorar la tasa de diagndstico > mejor orientacion clinica y demanda pruebas
genéticas dirigidas > tratamiento

b) facilitar el descubrimiento de nuevas correlaciones genotipo-fenotipo



~— DIAGNOSTICO POR IMAGEN: TECNICAS/PROTOCOLOS

- DEFINITIVO: HISTOLOGICO
- FENOTIPO, GENOTIPO

-12 > APROXIMACION > HALLAZGOS DE NEUROIMAGEN

TECNICAS DE NEUROIMAGEN:

ECOGRAFIA
PERIODO PRENATAL
RETO DIAGNOSTICO
Alteraciones aberrantes de la sulcacién
Microcefalia y Megalencefalia (O)

A , il u :
SI SOSPECHA: ECO Y RM POSTNATAL

TOMOGRAFIA COMPUTERIZADA
RADIOPROTECCION
PRUEBA “AUXILIAR”:

- calcificaciones (CMV)

- contraindicacion de RM

RESONANCIA MAGNETICA
PRUEBA DE ELECCION
3TESLA>1,5T

PROTOCOLQOS OPTIMIZADOS

(mejor resolucion espacial/contraste)

PROTOLOCOS ADAPTADQS POR EDAD

(mielinizacién)

INFORMACION CLINICA

(caracteristicas sindrémicas, tamafio cabeza, epilepsia)




— DIAGNOSTICO POR IMAGEN: TECNICAS/PROTOCOLOS

PROTOCOLO RM

ADULTOS

Harmonized Neuroimaging of Epilepsy Structural Sequences >
“HARNESS-MRI protocol” ILAE 2019

(Recommendations for the use of structural magnetic resonance imaging in the care of patients with epilepsy:
A consensus report from the International League Against Epilepsy Neuroimaging Task Force. Bernasconi A et
al. Epilepsia. 2019;60(6):1054-1068. doi:10.1111/epi.15612)

EPILEPSY PROTOCOL — 3D MRI

3D T1-weighted
Seq. type: gradient echo, isotropic voxel (1x1x1 mm), no gap

3D FLAIR
Seq type: turbo spin echo, isotropic voxel (1x1x1 mm), no gap

2D Coronal T2-weighted
Seq type: turbo spin echo, voxel (0.4x0.4x2 mm
no interslice gap

Alternative 3D FLAIR 2D FLAIR-TSE Axial/Coronal (2-3 mm)

PEDIATRIA

CONSIDERACION > PROCESO DE MADURACION Y MIELINIZACION CEREBRAL:
- Contraste entre cortex y s. blanca es maximo antes de comienzo de mielinizacion
- Durante proceso mielinizacién > este contraste disminuye y aumenta progresivamente grosor cortical
- Periodo “isointensidad T2” entre 8-12 meses (enmascara algunas MDC)
}
1. PROTOCOLOS ADAPTADOS POR EDAD
2. PERIODO DE PRESENTACION CLINICA DE MDC FRECUENTE DURANTE 12 ANO

(NECESARIO REPETIR RM TRAS PERIODO DE MIELINIZACION )

RECIEN NACIDOS e INFANTES:
3D T1-weighted
Seq. type: gradient echo, isotropic voxel (1x1x1 mm), no gap
3D-FLAIR
2D T2-weighted 3 PLANES




— DIAGNOSTICO POR IMAGEN: TECNICAS/PROTOCOLOS
PROTOCOLO RM

APARIENCIA CAMBIANTE DE SG Y SB EN PERIODO DE MIELINIZACION Y MADURACION

DCF: neonato 8 meses > 2 ahos PMG: neonatoy 18 meses

Definitions and classification of malformations of cortical development: practical guidelines. Severino M et al. Brain. 2020
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HALLAZGOS DE NEUROIMAGEN DE
MDC



MICROCEFALIA

GRUPO |

Clinicamente: al nacimiento circunferencia cefalica < 3SD
M. PRIMARIA/GENETICA (M-MERA)

Congénita (en la neurogénesis: “in Utero”/al nacimiento) > mutacién gen (conocida solo aprox. 60%: SINDROMICAS/NO SINDROMICAS)

M. SECUNDARIA/ADQUIRIDA

Adquirida tras “insulto” perinatal (post- neurogénesis) (infeccion, vascular)

RM:

Disminucion vol. cerebro (ventriculomegalia por | sustancia blanca)
Patron giral simplificado grosor cortex normal

M. asociado a Lisencefalia

M. asociada a PMG o Heterotopia

Asociacion otras alteraciones™: otras MDC, calcificaciones, alteracion SB



MICROCEFALIA

Microcefalias asociadas a distintos patrones girales/corticales

Severino M et al. Definitions and classification of malformations of cortical development: practical guidelines. Brain. 2020;143(10):2874-2894

Microcefalia asociada a mutacion TUBA1A

Malformations of Cortical Development. Ann Neurol. 2016. Rahul S. Desikan and A. James Barkovich



MEGALENCEFALIA jespectro sobrecrecimiento cerebra

GRUPO |
MEGALENCEFALIA # MACROCEFALIA (Clinicamente > no necesariamente macrocefalia)

Espectro de diferentes desdrdenes que producen aumento tamafio encefalico: distintos genes y mutaciones de la via mTOR

Megalencefalia displastica (DMEG)
SD. Megalencefalia-polimicrogiria-polidactilia-hidrocefalia
Megalencefalia-malformacion capilar

RM:

Focal/lobar/hemisférico aumento del volumen cerebral (MOSAICISMQS)
Raramente tronco del encéfalo y cerebelo

Alteracion del patrén giral: variable (polimicrogiria, paquigiria, lisencefalia)

Otros haIIazgos: pérdida diferenciacion cortico-subcortical, aumento de tamafo ganglios de la base...

* Ventriculomegalia asimétrica* (en hemisferio mas afectado)
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MEGALENCEFALIA

Megalencefalia-malformacion capilar

Nifa 5 afnos. Macrocefalia +7 desviaciones estandar.
Hemihipertrofia hemicara y EE Derechas.
Malformacion vascular cutanea difusa

Cortesia Dr. Muchart




HETEROTOPIA

GRUPO I

Conglomerados de SG en localizaciones heterotépicas (ISOSENAL con SG)

Segun Localizacion y Morfologia > subtipos y alteracion genética subyacente
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NEURORRADIOLOGIA

HETEROTOPIA NODULAR PERIVENTRICULAR

GRUPO II

- Nodulos de SG recubriendo superficie ventricular:
variable en Namero y Localizacion

- La + FRECUENTE.

- Puede asociarse a otras alteraciones

- Dco. Dif: nédulos subependimarios de Esclerosis
Tuberosa (hiperintensos, Ca, captacion cte.)

Mujer 32
a. con ERT



HETEROTOPIA SUBCORTICAL

GRUPO I

- Conglomerados irregulares SG > extension puramente subcortical o desde superficie
ventricular al cortex (cortex adyacente alterado: adelgazado, surcos poco profundos)

- AMPLIO ESPECTRO IMAGENES: no totalmente establecida su terminologia/subclasificacion:

* H. “transmantle”: de ZV a Cortex

* ”Curvilinea”: conglomerados subcorticales “arremolinados”
* “Lobulo dentro de un l6bulo”: todo un |ébulo

* “Ribbon-like heterotopia”: SG heterotdpica aspecto polimicrogirico, bilateral y simétrica,

- Si es muy importante: pseudomasas, distorsion ventricular, distorsion de ganglios de la base

- Lobulo afectado mas pequeno: | volumen de SB.



HETEROTOPIA SUBCORTICAL

H.S. Curvilinea
en paciente de
26 anos con ERT

Severino M et al. Definitions and classification of malformations of cortical development: practical guidelines. Brain. 2020;143(10):2874-2894




HETEROTOPIA SUBCORTICAL EN BANDA
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o 4 1

Forma parte del Espectro de la Lisencefalia (= etiologia y alteracion genética)

Banda isointensa de SG a nivel subcortical :

> bilateral y simétrica

> completa o incompleta ( ANT/POST)

> Fina (<7 mm): yuxta-corticales o Gruesa (> 7 mm): profundas a fondo de surco
> Cortex NORMAL / ENGROSADO-SURCOS POCO PROFUNDOS / PAQUIGIRCO

* Todos estos aspectos: indicados en informe (> implicaciones de severidad clinica y mutaciones genéticas)



Severino M
etal.
Definitions
and
classificatio
n of
malformati
ons of
cortical
developme
nt:
practical
guidelines.
Brain.
2020;143(1
0):2874-
2894

Cortes finos 1 mm (T13D)




—— LISENCEFALIA

Cortex grueso asociado a disminucion de girificacion

Distintas variantes:

- Severidad (agiria/oligiria) - Grosor de cortex (grueso/fino)

- Gradiente (Ant/Post) - Asociacion de otras malformaciones

Dependiente de estas > subtipo genético
“Heterotopia subcortical en banda” > forma mas leve del espectro

- Unidn cortico-subcortical: LISA, bien definida (Dco. Dif. Con la PMC)
- Secundariamente: | volumen sustancia blanca | tamafo surcos y ventriculomegalia

Nifio de 9 aflos con espasmos
infantiles: Lisencefalia LIS1

Cortesia Dr. Muchart
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COMPLEJO EMPEDRADO “COBBLESTONE”

GRUPO I

Varias mutaciones > via de glicosilacion > alteracion de la membrana basal (“glial limitans”) > migracién neuronal terminal andmala >
“sobremigracion”

Hallazgos de RM variables o o
Memerans basslglEl '..'_'_'_ - gap pequefio / neuronas: RM NORMAL
(multiples fenotipos) crtex w:':.n. B gap mediano / neuronas < RM ALTERADA
Unidn cortico-subcortical =

- Alteraciones bilaterales y simétricas / Afectacion todo el cerebro-grandes areas / Anterior o Posterior
- Superficie cerebral irregular (“empedrado”), cértex engrosado, unién cértico-subcortical IRREGULAR (estrias verticales)
- Hipersenal de SG (por SB intracortical) y de la SB subcortical (puede normalizarse con la edad)

- Asociacion de alteraciones en fosa posterior (hendiduras del tronco encefalico y microquistes cerebelosos)

Severino M et al. Definitions and classification of malformations of cortical development: practical guidelines. Brain. 2020;143(10):2874-2894



> GRUPO I POLIMICROGIRIA

* Estudios histopatoldgicos recientes > defectos en la zona limitante membrana pial y meninges > SOBREMIGRACION > heterotopia leptomeningea

* Malformacién heterogénea: Genética (12; varios genes relacionados) y No Genética (22) (infeccidn, isquemia, teratogenia)
* Variabilidad de topografia y extensiéon: Focal/Unilateral/Bilateral/Generalizada Simétrica/No simétrica Bilateral simétrica/Bilateral asimétrica

* Se han descrito varios subtipos *PERISILVIANA (bilateral)

RM

> Multiples pequefos giros densamente empaquetados

> Cortes finos > T13D (-paguigiria-)

> Unidn cortico-subcortical irregular/ondulada > clave para diferenciar de paquigiria

> Cortex sefial normal

> Sustancia blanca: sefial normal o hiperintensa (T2/FLAIR), en relacidon con espacios perivasculares dilatados.

> Ocasionalmente (<5%) calcificacion (infeccidon congénita)

DIAGNOSTICO DIFERENCIAL : poligiria, microgiria, ulegiria, complejo empedrado “cobblestone”



Cortes finos 1 mm (T13D)

Mujer 44 . ERT

Hombre 19 a. con ERT




> GRUPO Il ESQUIZENCEFALIA

Variante severa de PMG (retraso mental, déficit motor, epilepsia)

Ausencia cuidado prenatal , consumo —OH y sustancias > (genética) agresion perinatal temprana

HALLAZGOS RM:

- Hendidura tapizada de SG > superficie ventricular (epéndimo) a > superficie cortical (superficie pial)
- SG que tapiza o esta adyacente a la hendidura > PMG

- Hendidura: * sin LCR (E. labio cerrado) * con LCR (E. labio abierto) * vasos sanguineos (menos frec.)

- Muesca en la superficie ependimaria ventricular (crucial utilizar secuencias de RM de alta resolucion para identificar hendiduras sutiles y/u hoyuelos ventriculares que pueden indicar

la presencia de esquizencefalia)

- Mdltiples, 1/3 Bilateral - Coexistencia de otras alteraciones (férnix y septum pellucidum: displasia septo-éptica plus)

Dco. Dif > porencefalia o lesiones cicatriciales: hendidura recubierta de SB y/o gliosis




NAL DE
OOOOOO

GRUPOQO Il

Recientemente descrita: malformacion no especifica en |la que la corteza cerebral

es dismorfica

DISGIRIA

Primaria (alteracidon genética: genes tubulina) o Secundaria

Difusa o Focal (zonas especificas, simétricas)

RM

GROSOR CORTICAL NORMAL, PERO CON ALTERACION EN PATRON GIRAL >

PROFUNDIDAD Y ORIENTACION

I(I

- considerarlo-'@\-> apariencia cortica
paquigiria o un patrén de giros simplificado)

* Dco. Dificil dada la variabilidad de la girificacion intra e inter-individual

rara” (no tipica de polimicrogiria,

S. Subramanian et al. AJNR 2022, 43 (1) 146-150
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DISPLASIA CORTICAL FOCAL

GRUPO /11l

ERT: 12 causa de en edad pediatrica y 22 casusa en adultos

TABLE 1 The histopathology-based FCD classification update (new categories highlighted in gray)

FCDI* FCDIla abundant microcolumns FCDIb abnormal FCDlc vertical and horizontal abnormalities
layering
FCDIT* FCDIla dvsmorphic neurons FCDIIb dysmorphic neurons and balloon cells
FCDIII® FCDIIIa cortical dyslamination FCDIIIb cortical FCDIIIc cortical dyslamination FCDIIId cortical dyslamination adjacent
associated with hippocampal dyslamination adjacent to vascular malformation to lesion acquired during early life, e.g.
sclerosis adjacent to brain stroke
tumor
White Matter® mMCD" with excessive heterotopic neurons® mMCD with oligodendroglial hyperplasia in epilepsy (MOGHE)"

No definite FCD on histopathology® Abnormality of cortical organization remains ambiguous and histopathological findings not compatible with FCDI, 11 or I11¢

“The ILAE consensus classification of focal cortical dysplasia 2022” Najm | et al. Epilepsia. 2022

MCD classification MDC Type

Group | Primary microcephaly/Micrencephaly {microcefalia vera)
Reduced Brain overzrowth spectrum (MEG, HMEG total HMEG, partial
proliferation or L MEGHR L MEGRO Pl EREG]
FCD type lla

excess apoptosis Fep Wmﬁ tuber

Entidades diferentes?? p— o

Abnormal LIS {Agyriz-pachyeyria spectrum and

subcortical band heterctopia;
neuronal Uis type 1)
migration e
migraron, (LIS type 1)

PMG
Schizencephaly

Group Il eeals
Abnormal FCD type 1 and FCD type Il

postmigrational
development Secondary Microcephaly/Micrencephaly




DISPLASIA CORTICAL FOCAL

GRUPO /11l

Las DCF > dificiles de visualizar en neuroimagen > su deteccion sigue siendo un desafio:

Combinacion de varios signos radioldgicos (no todos deben estar presentes, ninguno
especifico)



DISPLASIA CORTICAL FOCAL: TIPO |

La RM es normal en la mayoria de los pacientes con FCD tipo |

LOBULO TEMPORAL

Hallazgos sutiles/no totalmente bien establecidos:

- hipoplasia o atrofia lobar/sublobar
- pérdida de volumen de la SB subcortical
- leve borramiento de la unién SB/SG con espesor cortical normal

- aumento sutil de la sefial en T2/FLAIR en SB subcortical

TIPO Il > asociado a otra lesién:

Esclerosis hipocampal / Lesién tumoral / Malformacién vascular






DISPLASIA CORTICAL FOCAL: TIPO 1l

Mutacion > via mTOR

LOBULO FRONTAL

- aumento de senal en T2/FLAIR en SB subcortical/cortex

- aumento del grosor / pseudoengrosamiento cortical

- borramiento de la union cortico-subcortical

- Patrones anormales de giros/surcos

- signo de “transmantle”: disminucién gradual de la alteracién de la sefial de SB hacia el ventriculo (1IB)

- “displasia de fondo del surco”



DISPLASIA CORTICAL FOCAL: TIPO 1l




DISPLASIA CORTICAL FOCAL: TIPO 1l




NEUROIMAGEN: PERSPECTIVAS DE FUTURO

EQUIPOS DE RM 7 TESLA

POST-PROCESADO RM/MACHING LEARNING/DEEP LEARNING

- Surface-based morphometry (SBM): indices de morfologia cortical > volumen, grosor, area y girificacion

- Voxel-based morphometry (VBM): indices de grosor cortical, borramiento de unién cortico-subcortical y profundidad de surcos > MAP program “mapas z-score”: Thickness, Junction, Extension

RM 7 TESLA SURFACE BASED MORPHOMETRY

4 A. Cortical Thickness
4 _6.5mm

v

2011;6(2):e16
430



NEUROIMAGEN: MEJORIA DETECCION

POST-PROCESADO RM : VOXEL BASED MORPHOMETRY

MAP program mapas z-score (Thickness, Junction, Extension)




NEUROIMAGEN: MEJORIA DETECCION

POST-PROCESADO RM : VOXEL BASED MORPHOMETRY
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NEUROIMAGEN: MEJORIA DETECCION

POST-PROCESADO RM : VOXEL BASED MORPHOMETRY

SURGERY > AP: FCD TYPE IIb




NEUROIMAGEN: MEJORIA DETECCION

POST-PROCESADO RM : VOXEL BASED MORPHOMETRY

Heterotopia subcortical en Banda

o

Mujer 45 a. ERT temporal con manifestaciones visuales

MAP: Juntcion




CONCLUSIONES NEUROIMAGEN DE LAS MDC

» ESTAR FAMILIARIZADO CON LAS CLASIFICACIONES Y ULTIMAS ACTUALIZACIONES

- ESTUDIO Y PROTOCOLO ADECUADO SEGUN EDAD

- DESCRIPCIONES DETALLADAS Y ESPECIFICAS > mejorar el diagndstico
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CONCLUSIONES

BRAIN SIZE

DECREASED
(OFC: N or <25D)

VARIABLY ASSOCIATED FEATURES:

- CALCIFICATIONS

NORMAL INCREASED
(OFC: M) [OFC: N or »250)
| ERAIN
OVERGROWTH o tLDC;f‘LT‘_’I';"E | FOCAL GENERALIZED
WHITE MATTER CORTEX ) DISORDERS fatar jLntaters [OFC: 1) (OFC: <25D)
MORPHOLOGY / SIGNAL INTENSITY MORPHOLOGY / SIGNAL INTENSITY Focal/Generalized
’—L WHITE MATTER MICROCEPHALY
—‘ SIGMAL ALTERATIONS |
C5F-cleft from the Transmantle sign, ABNORMAL MORPHO"LHG'E ;ﬁ:"fl':m"sm CORTEX F
ventricular surface &M in abnormal blurred white/gray See Table 2 ! MORPHOLOGY / SIGKAL INTENSITY
to the cortex lined location matter junction
by abnormal GM | FCD | WHITE MATTER CORTEX
MORPHOLOGY / SIGNAL INTERSITY MORPHOLOGY f SIGRAL INTENSITY
| PMG ’7—‘ —|
COBBLESTOME
SCHIZENCEPHALY GM HETEROTOPIA FCD lib/ TUBER: LISSENCEPHALY SIGNAL ALTERATIONS | | GM HETEROTOPIA MORMAL ABNORMAL
DYSGYRIA focal or confluent or See Table2
FCD llb/TUBER normal normnal '|nu'éa.=.ed Other
SIGNAL ALTERATIONS GM HETEROTOPIA thickness and thickness and thickness and abnormalities
PMG focal or confiuent or gyration reduced reduced (52 Table 2)
DYSPLASTIC COBBLESTONE SCHIZENCEPHALY gyration gyration
MEGALENCEPHALY LISSENCEFHALY |
DYSEYRIA
MICRO WITH MICRO WITH MICRO MICRO
NORMA] SIMPLIFIED WITH WITH PMG or
DYSPLASTIC CORTEX GYRAL LISSENCEPHALY DYSGYRIA
MEGALENCERHALY PATTERN

- BASAL GANGLIA MALFORMATIONS
- VENTRICULAR SHAPE ABNORMALITIES
ERAINSTEM & CEREBELLAR MALFORMATIONS
- CEREBELLAR CY5TS
- CALLOSAL ABNORMALITIES
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