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RESUMO

A evoluc8o na qualidade e defini¢Zo dos exames de neuroimagem possibilitou o
diagnostico das malformacdes do desenvolvimento cortical (MDC) ainda in vivo. A
identificac@io dos diversos tipos de MDC, antes somente possivel nos exames post-morten
¢ 0 conseqiiente avango na classificagdo desses distirbios, proporcionou uma methor
compreensao da sua etiologia, quadro clinico e aspectos de neuroimagem. Entretanto,
ainda ha muito a ser esclarecido. Neste estudo avaliamos a contribuicfo dos fatores
genéticos ¢ ambientais para a génese das MDC, além dos aspectos clinicos e de
neuroimagem desta entidade.

O diagnostico das MDC fo1 baseado nos achados de ressonincia magnética de alta
resoluc@o e do resultado do pds-processamento das imagens. Os pacientes e familiares
foram entrevistados segundo um questiondrio semi-estruturado contendo mformaces
sobre historia familiar, epilepsia, idade da primeira crise e ocorréncia de eventos pré-
natais.

Para a andlise dos dados, dividimos as MDC em trés grupos conforme os trés
eventos fundamentais do desenvolvimento cortical: proliferagdo/apoptose celular
(hemimegalencefalia e displasia cortical focal), migracdo neuronal (lissencefalia,
heterotopia laminar subcortical e heterotopias nodulares) e organizacgao cortical
{(polimicrogiria e esquizencefalia).

Esta tese foi dividida em capitulos conforme os trés principais temas abordados.
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Concluimos que:

a) Sobre a influéncia de fatores genéticos e pré-natais na génese das MDC:

* MDC associadas a proliferacio/apoptose anormal estdo menos associadas a
influéncias genéticas ou ambientais;

* MDC associadas a migracfo neurcnal anormal estéio fregiientemente associadas a
predisposigio genética;

o MDC associadas a organizacfo cortical anormal apresentam maior associagio
com eventos pré-natais detectédveis, além de também apresentar predisposi¢do genética
Importante;

o A idade da primeira crise epiléptica ¢ antecipada quando hé historia familiar de
epilepsia;

b) Sobre o espectro clinico e eletrencefalografico das MDC:

» Apesar das MDC estarem muitas vezes presente em pacientes com
comprometimento neurolégico grave, este diagnostico deve ser considerado mesmo
quando o exame neurolégico e EEG forem normais, assim como na auséncia de epilepsia;

¢ A maioria dos pacientes com MDC associadas a proliferaco ou migragéio
anormais apresentam epilepsia refrataria;

e MDC associadas a organizagdo cortical anormal apresentam freqiiéncia menor de
epilepsia e, quando presentes, as crises epilépticas sdo mais facilmente controladas;

» Sindromes epilépticas secundariamente generalizadas (sindrome de West e
sindrome de Lennox-Gastaut) podem estar associadas a lesSes focais ou difusas,

entretanto, sdo mais freqiientes quando a MDC ¢ difusa;
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¢ Polimicrogiria parietal posterior representa um subtipo “benigno” da sindrome
perisylviana, caracterizando-se por atraso de fala ou disartria leve;

¢ Polimicrogiria € uma alteracdo estrutural freqiientemente associada a distirbio
especifico da lingnagem;

¢) Sobre os aspectos de neuroimagem das MDC:

e O avango das técnicas de neuroimagem permitiu a visualizagdo de aspectos
norﬁaais do cérebro, antes ndo observados nos exames de rotina. Desse modo
determinamos que uma linha isointensa ao cériex pode ser observada proxima ao trigono,
bilateralmente, nas imagens em T1. Este € um achado normal que nio deve ser confundido
com heterotopia laminar subcortical;

e Técnicas de poés-processamento da imagem (reconstrugdo multiplanar e
reformataco curvilinear) melhoram a identificacdo e locahzacdo de lesdes sutis,
normalmente nfio observadas na inspecio visual dos filmes de ressonancia magnética;

e Atrofia hipocampal estd presente em 14% dos pacientes com MDC focais.
Aumento do volume do hipocampo esta presente em 44% dos pacientes com MDC difusas.
Como a lesdo hipocampal sempre ¢ ipsilateral a lesfo displésica, acreditamos que em

alguns casos as duas lesGes apresentam a mesma etiologia.
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1. INTRODUCAO
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Apos o fechamento do tubo neural e da formac8o das vesiculas telencefalicas,
desenvolvimento cortical € o principal processo na formag&o do sistema nervoso central
(SNC; Barth, 1987). O desenvolvimento do cortex cerebral humano pode ser dividido em
trés estagios: a) proliferacio/apoptose das células precursoras e formacdo de neuroblastos
ou células da glia; b) migracfio neuronal desde a matriz germinal até o cortex em
desenvolvimento; e, ¢) organizacidio cortical em seis camadas (Barkovich ef al, 2001).

O processo de formagdo cortical € dindmico e mais de um estagio pode co-existir
simultaneamente. Como regra geral, o periodo de proliferacio ocorre da 5%/6° até a 16%/20°
semanas de gestacdo; migracdo a partir da 6°/7° até a 20°/24° semanas, e organizacfo da 16°
até aproximadamente a 24" semana gestacional (Rakic, 1988). Entretanto, existem
evidéncias que parte da migracio e organizacio podem ocorrer durante o terceiro frimestre
da gestacfio (Wyllie ef al, 1996; Inder ef al, 1999).

A evolucdo na qualidade e defini¢do dos exames de neurommagem possibilitou a
realizacfo do diagnéstico das malformagdes do desenvolvimento cortical (MDC) ainda in
vivo. Ressondncia magnética (RM) e, mais recentemente, técnicas de pds-processamento
da tmagem possibilitaram a identificac@o de alteracSes sutis da arquitetura cortical antes
ndo identificadas pelos exames de tomografia computadorizada ou mesmo pelos aparelhos
de RM de 0,5 e 1,0 Tesla.

A identificacdo dos pacientes com MDC proporcionou grande avanco no
entendimento da sua etiologia, assim como das suas caracteristicas clinicas e de

neuroimagem. FEntretanto, vérios aspectos ainda néo foram completamente elucidados.
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2. REVISAO DA LITERATURA
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CLASSIFICACAO

Consideramos a classificacfo proposta por Barkovich ef a/ (2001) baseada nos trés
eventos embriolégicos fundamentais para a formagio cortical: a) proliferagio/apoptose

celular; b) migracéo neuronal; e ¢) organizacfio cortical (Tabela 1).

Displasia cortical focal

Displasia cortical focal (DCF) € caracterizada por desorganizacao focal da
laminacdo cortical, associada a neurnios bizarros (neurdnios displasicos) e células com
volume aumentado ¢ citoplasma eosinofilico (células em baldo; Taylor et a/, 1971).

Podem ser evidenciadas por exames de neuroimagem como dreas de espessamento cortical,
borramento entre a substancia branca e cinzenta, atrofia focal e sinal hiperintenso nas
seqiiéncias T2/FLAIR. Sua etiologia ainda nfo foi esclarecida, e apesar de ndo haver casos
familiares de DCF descritos na literatura, este tipo de MDC pode estar associado a doengas
geneticamente determinadas como, por exemplo, esclerose tuberosa.

Estas lesdes displasicas apresentam epileptogenicidade intrinseca € os pacientes sdo
neurologicamente normais, exceto por apresentarem epilepsia parcial refrataria (Palmini et
al, 1991a; Palmini ef al, 1995).

Atualmente, DCF € dividida em 2 subtipos: DCF com celulas em baldo (tipo
Taylor) e DCF sem células em balfo (Barkovich ef af, 2001). Como ainda ha
controvérsias a respeito desta classificagfio optamos por classificar DCF como uma MDC

secundaria a proliferagdo/apoptose celular anormal.
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Hemimegalencefalia

Hemimegalencefalia representa a MDC que acomete um hemisfério cerebral. Ela é
visualizada nos exames de neuroimagem como hipertrofia hemisférica, muitas vezes
associada a dilatagfo ventricular. Além do aumento de volume hemisférico, pode-se
encontrar dreas de paquigiria, polimicrogiria, heterotopia e gliose da substéncia branca
subjacente (Townsend et al, 1975; Manz et al, 1979). Sua etiologia ainda ndo foi definida,
mas pode estar associada a sindromes neurocutaneas como neurofibromatose tipo I ¢
hipomelanose de Ito.

Clinicamente os pacientes apresentam epilepsia de dificil controle desde os primeiros
meses de vida, associada a retardo do desenvolvimento neuropsicomotor, com déficit
motor contralateral & les@o displasica. Apesar de um dos hemisférios ser sadio, o
"bombardeamento” continuo por descargas epilépticas provenientes do hemisfério doente

pode provocar disfungfo cerebral bilateral.

Heterotopia nodular periventricular

Heterotopia nedular periventricular € caracterizada por agrupamentos de neurdnios
heterotdpicos proximos & matriz germinal, na regifio periventricular. Constitui-se de
neurdnios maduros e células da glia, sem organizacfio laminar definida, formando massas
com protrusdo para a luz ventricular (Barth, 1987). Caracteriza-se, na maioria das vezes,
por nédulos periventriculares distribuidos de forma simétrica por toda a parede ventricular,

bilateralmente. Ocorre geralmente em familias, e predomina no sexo feminino. Seu padrio
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de heranca ja fo1 determinado com sendo ligado ao X; e recentemente, mutacdo no gene

FLN I foram encontradas em varios pacientes (Eksioglu ef al, 1996; Fox et al, 1998).

Heterotopia nodular unilateral

Heterotopia nodular unilateral caracteriza-se por nédulos de substéncia cinzenta
heterotopica, que podem variar em nimero e tamanho, geralmente na regifio peritrigonal
posterior (zona de fronteira vascular), podendo estender-se em direcdo a substéncia branca,
envolvendo o neocoértex adjacente. Acredita-se que ndo esteja associada a histéria familiar
ou predominio sexual, mas sim a eventos pré-natais que possam provocar injuria tecidual

por falha perfusional nas zonas de fronteira vascular (Raymond er al, 1994).

Lissencefalia (ou complexo agiria / paquigiria) e heterotopia laminar subcortical (ou
duplo cértex)

Lissencefalia e heterotopia laminar subcortical (HLS) representam extremos dentro do
espectro de uma mesma entidade.

Na lissencefalia o cérebro apresenta mimero reduzido de sulcos e giros, o que resulta
em sulcos rasos e giros grandes com cdrtex espessado. Existem varios graus de
lissencefalia, desde formas leves, onde o niimero de sulcos e giros, apesar de diminuido,
permite que o paciente apresente fungfio cognitiva e motora compativel com vida
independente, desde que supervisionada; até formas extremamente graves, com auséncia

completa de sulcos e giros, onde o paciente praticamente ndo contactua com o meio.
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A etiologia da lissencefalia j4 foi identificada em alguns casos como sendo resultado de
mutacio envolvendo os genes LIS I ou DCX (Dobyns ef al, 1993; Dobyns et al, 1996;
Gleeson et al, 1998; des Portes et al, 1998; Clark & Noebels, 1999). Mutagéo no gene
LISI provoca lissencefalia com predominio nas regiSes posteriores do cérebro. Nos casos
onde a mutagdo ocorre no gene DCX (com beranca ligada ao X)) ocorre predominio nas
regides anteriores do cérebro. Como a mutacéio no gene DCX acomete o cromossomo X,
as mulheres tendem a apresentar a forma mais leve da doenca, ou seja heterotopia laminar
subcortical, e os homens apresentam quadro mais grave, ou seja lissencefalia
(agiria/paquigiria) propriamente dita (des Portes et a/, 1998).

HLS caracteriza-se pela ocorréncia de neurdnios heterotopicos, dispostos na forma de
banda continua, ou semicontinua, abaixo do manto cortical, produzindo a aparéncia de um
cortex duplo (Palmini et al/, 1991b). Muitos casos estfo associados a mutagdes no gene
DCX e raramente no gene LIS] (des Portes ef al, 1998; Gleeson ef al, 1998).

Clinicamente caracteriza-se por epilepsia e déficit cognitivo em graus variados,
proporcional 4 espessura da banda. Quanto maior a banda heterotopica, mais grave sera o

comprometimento neurolégico (Palmini ef a/, 1991b).

Polimicrogiria
Polimicrogiria é uma anomalia do desenvolvimento cortical onde os neurdnios
atingem o cortex cerebral, mas estfo distribuidos de maneira anormal, resultando na

formacio de multiplos giros pequenos. Com base em estudos anatomopatolégicos, duas
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formas de polimicrogiria sfo reconhecidas: uma onde existe estratificagdo em quatro
camadas (four-layered) e outra sem esta estratificacéo (unlayered).

O tipo histolégico da polimicrogiria depende da época em que insulto ocorreu.
Polimicrogiria sem estratificacio em camadas (unlayered) provavelmente decorre de
faléncia circulatéria que ocorre mais precocemente durante a gestacéo do que a
polimicrogiria em quatro camadas (Barth, 1987; Van Bogaert et al, 1996). Os dois tipos
de polimicrogiria podem coexistir em 4reas contiguas corticais, indicando que esses dois
tipos de cértex podem fazer parte de um mesmo espectro (Shevell ef al, 1992; Guerrini &
Carrozzo, 2001).

Clinicamente as polimicrogirias podem estar associadas a déficit focal variavel,
conforme a 4rea cortical envolvida. Alguns pacientes podem ser praticamente
assintomaticos. Uma das formas classicas de polimicrogiria consiste no envolvimento
bilateral da regifio perisylviana, produzindo quadre pseudobulbar e distlrbios da fala,
caracterizando a sindrome perisylviana bilateral (Kuzniecky et a/, 1993) que pode recorrer

em familias (Guerrerro ef al, 2000).

Esquizencefalia

Esquizencefalia é caracterizada por uma fenda que comunica a superficie cortical com
a luz ventricular. Nas suas bordas existe tecido cortical anormal (polimicrogiria). Quando
suas bordas estdo justapostas denomina-se esquizencefalia de 1bios fechados; e quando

suas bordas estdo afastadas, denomina-se esquizencefalia de labios abertos.
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A etiologia das esquizencefalias ainda ndo foi totalmente esclarecida. Acredita-se que
um insulto vascular durante o desenvelvimento cortical, pode provocar o desenvolvimento
desta MDC. Barkovich & Kjos (1992) sugerem que a injaria cortical supertficial resultara
em polimicrogiria; e uma lesfo mais grave que se estende profundamente no hemisferio e
destréi completamente as fibras radiais gliais resultard em esquizencefalia. Ainda, a
destruicdo parcial das fibras radiais gliais resultard em invaginamento cortical e
polimicrogiria.

Surpreendentemente, estudos moleculares de casos com recorréncia familiar (além de
alguns casos isolados) demonstraram a presenca de alteragdes no gene homeobox EMAZ
em alguns pacientes (Granata et al, 1997).

O quadro clinico de pacientes com esquizencefalia pode ser variado, e muitas vezes

observa-se déficit motor focal contralateral a lesdo, além de epilepsia.
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GENETICA

Aspectos genéticos determinam a distribuicdo dos neuroblastos em camadas e
regifes especificas. Genes regulatérios “homeobox” (que controlam a formacéo de
compartimentos anatdmicos especificos) regulam os vérios estagios da formacio do SNC,
participando, por exemplo, da segmentagio do cérebro em prosencéfalo, mesencéfalo,
rombencéfalo ¢ seus constituintes. Outros regulam a sintese de proteinas de adesdo que
controlam o contato dos neuroblastos entre si e com as fibras radiais gliais ao longo do
processo de migracdo e formagio das sinapses (Palmini, 1996).

MDC podem estar associadas a doencas ou sindromes geneticamente determinadas
(Tabela 2; Barkovich, 1996b). Um exemplo é a ocorréncia de lissencefalia na sindrome de
Miller-Diecker (Reiner et al, 1993; Dobyns et al, 1996).

Um dos maiores avanc¢os na elucidagdo do mecanismo molecular associado as
MDC ocorreu no grupo das lesSes causadas por migracdo neuronal anormal (Tabela 3).
Apbs a descoberta de mutacdes nos genes LIS! e DCX, lissencefalia (complexo
agiria/paquigiria) ¢ HLS passaram a ser classificadas como extremos dentro do espectro de
uma mesma condi¢do (Reiner ef al, 1993; Dobyns et @/, 1993; Gleeson ef al, 1998; des
Portes et al, 1998; Clark ef al, 1999).

Pacientes com mutagdo no gene LIS/ podem apresentar fenétipo variado, com
lissencefalia difusa, paquigiria posterior ou HLS com predominio nas regies posteriores.
A muta¢fo no gene DCX produz fendtipo mais variado ainda, desde lissencefalia

(agiria/paquigiria) até HLS parcial (Barkovich ef a/, 2001).
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Formas familiares de heterotopia nodular periventricular bilateral também ja foram
descritas. MutagBes no gene FLN/ foram identificadas nesses pacientes, sendo que tal
gene ¢ ligado ao cromossomo X (Fox et al, 1998). A caracterizacdo genética destas
entidades é muito importante; pois, o espectro clinico destas patologias pode ser muito
heterogéneo entre diferentes individuos de uma mesma familia. Clinicamente os pacientes
podem apresentar desde comprometimento neurolégico grave com deficiéncia mental e
epilepsia de dificil controle, até epilepsia facilmente controlada por drogas antiepilépticas €
inteligéneia normal. O polimorfismo fenotipico dificulta a identificac@o dos pacientes
afetados e a triagem molecular pode ser utilizada como ferramenta importante na
investigacdo destes pacientes ¢ de seus familiares.

Mutagdo no gene EMX2 foi descrita em pacientes com esquizencefalia. Como
outros genes que codificam fatores de transcrigfo, o EMX2 atua como um gene regulatorio,
e o seu analogo em ratos € expresso especificamente em neuroblastos em prohiferacdo
(Brunelli et a/, 1996; Granata ef al, 1997). Entretanto, nem todos os pacientes com
esquizencefalia apresentam esta mutacio, € como estes achados ainda ndo foram
reproduzidos por outros grupos, existem controvérsias a respeito desse assunto. Nos casos
sem origem genética definida um insulto vascular local durante o desenvolvimento cortical
poderia estar envolvido na sua patogénese. Citomegalovirose também pode estar associada
a génese da esquizencefalia, através de falha perfusional seguida por vasculite,
instabilidade hemodindmica transitéria ou lesdo litica na regifo da matriz germinal

(Tannetti et al, 1998).
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Recentemente, 12 familias com mais de um individuo apresentando sindrome
perisylviana foram descritas (Guerreiro ef a/, 2000). Os achados sugerem heranca ligada ao
X na maioria das familias, enquanto em outras, a heranca parece ser autossémica
dominante.

Apesar de algumas familias apresentarem histéria familiar de MDC (sugerindo uma
forte determinacdo genetica), a determinaco do padrio de heranga genética ou mutacio

especifica ainda nfio foi estabelecida em todos os subtipos de MDC.
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FATORES AMBIENTAIS

Além da determinacio genética, fatores ambientais e intercorréncias gestacionais
parecem contribuir para a patogénese das MDC. Alguns estudos relatam a concomitancia
de eventos pré-natais que podem ter determinado, ¢ a ocorréncia de malformacdo cortical
(Landrieu & Lacroix, 1994; Palmini et al, 1994; Van Bogaert et a/, 1996). Entretanto,
existem poucos trabalthos que estudaram sistematicamente uma serie grande de pacientes.
Palmini ef al (1994) avaliaram a fregiiéncia de intercorréncias pré-natais em 40 pacientes
com MDC, comparando-0s a pacientes epilépticos sem MDC. Os autores concluiram que
eventos pré-natais potencialmente nocivos provavelmente participam da patogénese das
MDC. Kuzniecky ef al (1993) relatam a ocorréncia de gestacdo com intercorréncias em
apenas 6 pacientes de um grupo de 31 criangas com polimicrogiria perisylviana bilateral.
Entretanto, apesar da metodologia adequada, acreditamos que o questionamento ativo
durante o decorrer de mais de uma consulta, com interrogatdrio dirigido e sistematico
poderia revelar dados mais significativos.

A maioria dos outros estudos apresenta relatos aneddticos, entre eles, destaca-se a
ocorréncia de polimicrogiria em gémeo monozigético que havia sofrido transfusdo feto-
fetal durante a gestacdo. O gémeo sem intercorréncias clinicas pré-natais ndo apresentava
malformacio do SNC, portanto, fatores como hipotensdo arterial e hipovolemia podem ter
contribuido na fisiopatologia do quadro (Sugama & Kusano, 1994). Outro caso entre
gemelares monozigdticos mostra a ocorréncia de polimigrogiria perisylviana bilateral em

um dos gémeos, com morte do outro gemelar. Neste caso foi documentada isquemia
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intrauterina por transfusiio feto-fetal, com morte do gémeo doador entre a 16" ¢ 18°
semanas de gestacdo (Van Bogaert et al, 1996).

A alta incidéncia de lesdes displasicas bilaterais na regido perisylviana tem sido
usada como evidéncia de que provavelmente o mecanismo lesional envolva hipotensio
sistémica fetal com isquemia cortical bilateral, seja por acometimento do territdrio irrigado
pela artéria cerebral média, ou por isquemia localizada em zonas de fronteira vascular.

Esquizencefalia e polimicrogiria representam diferentes extremos dentro do
espectro de uma mesma entidade: quanto mais extenso o insulto vascular, mais intensa a
polimicrogiria eventualmente atingindo o epéndima ventricular, e portanto, constituindo
uma fenda (esquizencefalia). A lesdo cortical superficial resulta em polimicrogiria plana,
sem dobras corticais. LesGes mais graves, que se estendem mais profundamente nos
hemisférios e destroem as fibras radiais gliais (ou suas moléculas de superficie que
promovem a migra¢io neuronal), resultam em dobras corticais com polimicrogiria nas suas
bordas. Se a lesdo envolver toda a espessura do hemisfério, da pia-maéter até€ o epéndima,

forma-se a esquizencefalia (Barkovich & Kjos, 1992).




NEUROIMAGEM

O diagnostico in vivo das MDC s6 foi possivel ap6s o desenvolvimento de técnicas
de neuroimagem. Tomografia computadorizada pode identificar lesGes extensas,
entretanto, a RM € o método de escolha na investigagio das MDC. O aperfeicoamento da
RM com a melhora da resolucdo da imagem permitiu a visualizacdo de lesdes discretas,
muitas vezes imperceptiveis aos exames realizados em equipamento de 0,5 Tesla. Um
exemplo € a displasia cortical focal, a qual pode ser identificada apenas através de sinais
sutis como uma area de borramento entre a substancia branca e cinzenta, espessamento
cortical ou sinal hiperintenso nas seqiiéncias T2/FLAIR (Sisodiya ef al/, 1995; Barkovich ef
al, 1997; Liet al, 1998).

Algumas vezes as lesdes displésicas, entretanto, podem ser muito pequenas, quase
imperceptivess a analise visual convencional dos filmes de RM. Na tentativa de soluctonar
este problema, técnicas de pos-processamento da imagem foram desenvolvidas. Neste
estudo utilizamos trés metodos de pods-processamento da imagem: volumetria,
reformatacio multiplanar e reconstrucio curvilinear.

Volumetria € uma técnica que permite a analise quantitativa de regides pré-
determinadas. Sua comparacdo com os valores encontrados em controles normais permite
a identificaco de valores anormais, sejam eles acima ou abaixo do normal. Volumetria
hipocampal foi primeiramente realizada em pacientes com epilepsia do lobo temporal e
tem sido uma ferramenta importante na wdentificag@o de lesbes hipocampais sutis (Cascino

et al, 1991; Cendes et al, 1993a; Watson ef al, 1996).
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Reformatagdo multiplanar é um método interativo de anélise a partir de uma
aquisi¢do volumétrica. Esta técnica permite a visualizacfio de uma mesma regifio cerebral
em diferentes planos, simultaneamente. Nesse estudo, a reformatacéio multiplanar foi
realizada em uma estac@o de trabalho (O, Silicon Graphic) utilizando-se o software
Omnipro (Elscint Prestige, Haifa, Israel). Este programa permite a reconstrucdo rapida das
imagens de RM em qualquer plano desejado. Para melhor identificac8o das
anormalidades, imagens T1 e T2/FLAIR foram analisadas.

Reformatagdo curvilinear & uma técnica que permite a diferenciac@o entre lesdes
sutis e artefato de volume parcial. A técnica foi desenvolvida para evitar a impresséo de
espessamento cortical observada em imagens feitas com cortes grossos de RM, devido ao
plano de secgio obliquo em relacfio ao giro cerebral (Bastos ef al, 1999). Nesse estudo a
reformatacdio curvilinear foi realizada utilizando-se o software Brainsight (Rogue
Research, Montreal, Quebec, Canada). Esta técnica melhora a visualizacdo da estrutura

dos giros na convexidade hemisférica e evita a ocorréncia de resultados falso positivos.
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3. OBJETIVOS
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Nossos objetivos foram:

a) Avaliar a mfluéneia dos fatores genéticos ¢ pré-natais na génese das
malformacdes do desenvolvimento cortical.

b) Avaliar o espectro clinico e eletrencefalografico das malformagfes do
desenvolvimento cortical.

) Avaliar os aspectos de neuroimagem das malformacdes do desenvolvimento

cortical.
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4. CAPITULOS
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Capitulo 1

Aspectos historicos

Artigo 1 — Focal cortical dysplasia
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Focal Cortical Dysplasia
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Focal cortical dysplasia (FCD) is a type of malformation of cortical development
(MCD) that primarily affects areas of neocortex. It can be identified on conventionai MRI
as focal cortical thickening, abnormal gyration and blurring between gray and white
matter, many times associated with clusters of heterotopic neurons. FCD is one of the

most common entities associated with refractory epilepsy, especially in childhood.

FIRST DESCRIPTION

Taylor and colleagues ' wrote the first clear description of FCD in their report of

pathological findings of lobectomy specimens from epilepsy surgery.

“The most striking microscopic feature at low power was the localized
disruption of the normal cortical lamination by an excess of large aberrant
neurons scattered randomly through all but the first layer... The aberrant
nerve cells stood out partly because of their numbers and their inappropriate
size, which at times approached that of a giant Betz cell, and partly because

of their bizarre structure.'”

They acknowledged that the pathological appearance of FCD resembled Crome’s :
description of localized cerebral gliosis, characterized by giant nerve cells and disrupted
cortical lamination. In fact, Crome’s report might have been the first description of FCD,

14 years before Taylor’s work
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FORME FRUSTE OF TUBEROUS SCLEROSIS

Before Taylor, few authors had described epilepsy associated with giant nerve cells and
disrupted cortical architecture. Although these reports lacked evidence of multiple cerebral
lesions, periventricular nodules or multiple organ involvement, the pathological
resemblance to cellular changes in tuberous sclerosis was always mentioned .>* For many

decades, FCD was considered as a forme fruste of tuberous sclerosis.

“The lack of so many of the remarkably distinctive features of tuberous
sclerosis may, however, not rule out the condition, particularly as formes

frustes are known to occur occasionally...’”

Today, however, FCD is classified as an entity apart from tuberous sclerosis, and it is

interesting to note that, in 1957, Crome already stated that:
... {giant nerve cells) are a special and familiar feature of tuberous

sclerosis. They are, however, non-specific and known to be associated with

other conditions, such as pachygyria.””
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ETIOLOGY

Although more than 30 years have passed since Taylor’s report, little is known about
the etiology of FCD.

The updated classification of MCD * divides FCD into two different types, according
to the presence or absence of balloon cells. FCD with balloon cells (Taylor-type) is
considered an abnormality of neuronal and glial proliferation or apoptosis. Conversely,
FCD without balloon cells is now listed in the group of MCD due to abnormal cortical

organization.

“_..the absence of balloon cells suggests that the divergence from
normal development occurs after the period of cell proliferation. The
absence of heterotopia puts the timing after the period of neuronal

migration, as well.*”

However, because FCD has heterotopic neurons in the white matter and that cortical
development is a dynamic process where there is an overlap of one or more stages during
several weeks, it is likely that all three stages of cortical development — cellular
proliferation/apoptosis, neuronal migration and cortical organization — are involved in its

pathogenesis.
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ROLE OF HEREDITARY versus ENVIRONMENTAL PRECIPITANTS

There is no description of familial cases FCD, and its molecular basis has not been
defined. However, the fact that FCD can be associated with specific neurological
syndromes suggests that genetics probably play a role in its pathogenesis. FCD without

balloon cells may represent the result of localized prenatal cortical injury. 4

*...these cortical dysplasias (FCD without balloon cells) have the
appearance of a localized prenatal injury, suggesting that prenatal infarction
or infection after neuronal migration might alter the local effects on cell
maturation and result in the development of giant, dysplastic-appearing

cells.™”

CLINICAL SIGNS and EEG

In 1971, Taylor already linked the pathological findings directly to the clinical signs of

epilepsy:

“For the present, therefore, it would seem best to look on these
abnormalities as a particular form of localized cortical dysplasia in which
anomalous populations of neurons, and often of glia, underlie the electrical

and clinical manifestations of certain focal forms of epilepsy. '
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Patients with FCD are usually mtellectually normal, and with few exceptions, present
refractory epilepsy. One of the major advances in the history of FCD was the description
of its electroencephalographic pattern — characterized by very frequent, almost continuous.
epileptiform activity — as well as its unique property of intrinsic epileptogenicity >¢

(Figure).

DIAGNOSIS

In the past, the diagnosis of FCD was performed through pathological examination of
specimens resected, during electrocorticography-guided surgery, from patients with
refractory epilepsy. | Advances in peuroimaging enabled the in vivo diagnosis of
dysplastic areas. Magnetic resonance imaging (MRI) has been the most important tool for
the diagnosis of FCD.

Today, the neuroimaging characteristics of FCD are well established and its diagnosis
can be achieved with confidence based on imaging findings (Figure). MRI is more
sensitive than computerized tomography because of its better contrast between gray and
white matter’. More recently, positron emission tomography and image post-processing
techniques enabled the identification of subtle dysplastic lesions in patients with

“cryptogenic” epilepsy. ¥
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TREATMENT

Since its first description, FCD has been associated with refractory epilepsy. The
treatment should be aimed toward optimal seizure control, and the type of antiepileptic
drug depends on the seizure subtype, which may vary according to the patient’s age. When
treatment with antiepileptic drug fails, epilepsy surgery should be considered.

However, despite the development of new antiepileptic drugs and the improvement in
surgical techniques, seizure control remains a challenge in patients with FCD.

For several decades, epilepsy surgery has been the treatment of choice for refractory
epilepsy associated with defined lesions. From a historical perspective, whereas, FCD was
present in only 3% (10/300 patients) of Taylor’s surgical series,’ today, FCD is frequently
diagnosed and is one of the most common causes of refractory seizures that require
surgical treatment. In fact, in current reports, cortical malformation (mostly FCD) are
present in approximately 20%-30% of the specimens reported at epilepsy surgery. ontis

believed that, in children, these numbers may be even igher.
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Figure 1 — Upper row: A and B - Coronal T2 and T1-IR images showing ap area of

abnormal gyration, focal ¢ortical thickening, blurring between the gray and white

mater, and heterotopic neurons lining between the cortex and ventricular walls (box).

C - Curvilinear reformation at 12 mm from the cortical surface showing an area of
focal cortical dysplasia (box). Bottom row: scalp EEG from a patient with focal

cortical dysplasia showing very frequent, almost continuous epileptiform activity.
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Capitulo I1

Influéncia de fatores genéticos e pré-natais

na génese das MDC

Artigo 2 — Interrelationship of genetics and prenatal injury in the genesis of
malformations of cortical development
Artigo 3 — Family history of epilepsy is associated with earlier seizure onset

in patients with focal cortical dysplasia
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Interrelationship of Genetics and Prenatal Injury in the Genesis of Malformations of
Cortical Development

Arch Neurol 2002; 59:1147-1153.
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Contexk: Although the causes of some mallormations
of cortical development (MCD) have been established,
others remain unclear. There are several lines of evi-
dence supporting the theory of a complex mechanism that
involves genetic and environmental factors.

Objective: To investigate the interrelationship of ge-
netics and prenatal injury in the genesis of MCD.

Patients and Design: A series of 76 consecutive pa-
tients with MCD and their families were systematically
questioned about their family histories of epilepsy or other
neurological impairment and the occurrence of prena-
tal events. Whenever possible, magnetic resonance im-
aging was performed in other family members if MCD
was suspected or in the presence of any neurological im-
pairment. Patients were divided into 3 groups accord-
ing 10 the type of MCD. Patients in group 1 had focal cor-
tical dysplasia, group 2 had heterotopias (periventricular
or subcortical} or agyria-pachygyria, and group 3 had poly-
microgyria or schizencephaly. These findings were also
compared with a disease-control group of 40 consecu-
tive patients with epilepsy but without MCD.

Se#ting: Neurology clinic of a university hospital.

Reswults: Of the 76 patients with MCD, 21 (28%) had
focal cortical dysplasia, 19 {25%) had heterotopias or

agyria-pachygyria, and 36 {47%) had polymicrogyria or
schizencephaly. There were 39 men and 37 women,
aged 2 to 52 years (mean age, 13 years). In group 2, 6
patients (32%) had a family history of MCD, mental
retardation, or miscarriages, suggesting a genetic pre-
disposition. In group 3, farnily history of MCD was pres-
ent in 5 patients (14%). Prenatal events occurred in 28
patients with MCD (37%) and 2 controls (5%) and
were more frequent in patients with heterotopia or
agyria-pachygyria and polymicrogyria (P <.001). Con-
versely, epilepsy occurred in all patients in group 1, in
17 patients (89%) in group 2, and in 17 patients {47%)
in group 3. In group 3, epilepsy was less frequent
(P<.001) and alsc more easily controlled (P=.005)
than in other forms of MCD.

Conclusions: Qur findings support the idea of a spec-
trum among the different types of MCD. Focal cortical
dysplasia {(group 1) is associated with more frequent and
severe epilepsy and less important genetic and prenatal
events, heterotopias and agyria-pachygyria (group 2) are
frequently associated with genetic predisposition, and
polymicrogyria and schizencephaly (group 3) are less fre-
quently associated with epilepsy but have a stronger as-
sociation with genetic and detectable prenatal events.

Arch Neurol. 2002;59:1147-1153
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HE MIGRATION of neuro-

blasts from the periven-

tricular germinal matrix to

their final destination and

their organization within

the cortical mantle may be disturbed by

genetic or environmental factors."*” The

interrelationship of genetics and prenatal

events as contributors to malformations of

cortical development (MCD) has been re-

ported previously. However, few studies
of large series are available **

The objective of this study was to in-

vestigate the occurrence of genetic pre-

disposition and prenatal events and the in-

teraction between these factors in a large
series of patients with different types of
MCD. We believe that this study may
clarify the complex mechanisms in-
volved in nortnal and abnormal cortical de-
velopment.

— T —

DISEASE-CONTROL GROUP

Of 40 control subjects with epilepsy, 32
(80%) had temporal lobe epilepsy, 3 (8%)
had frontal lobe epilepsy, and in 3 {13%)
the localization was not established. The



PATIENTS AND METHODS

This study was conducted at the neurology clinic of a uni-
versity hospital. We evaluated 76 consecutive patients with
a diagnosis of MCD confirmed by high-resolution mag-
netic resenance imaging (MRI). All patients were exam-
ined by at least 1 of us, and, whenever possible, an MRI
was performed in other family members if cortical malde-
velopment was suspected. We systematically investigated
all patients and family members with any neurological dis-
turbarice, even when symptoms were mild, such as speech
delay in early childhood. All patients signed an informed
consent form approved by the ethics committee of the Uni-
versity of Campinas, Campinas, Brazil.

We used 2 semistructured questionnaire to ask pa-
tients and their families about family history of epilepsy or
other neurological impairment in first-degree, second-
degree, or third-degree relatives and the occurrence of any
prenatal event during the first 24 weeks of gestation. Sig-
nificant prenatal events included any abnormality re-
ported by the mother or family during the first 24 weeks
of gestation, such as a failed abortion attempt, drug addic-
tion, physical abuse, a fall with abdominal trauma, hyper-
tension, fever, skin rash, diabetes mellitus, exposure to x-
rays, twin gestation, cytomegalovirus infection, and tonic-
clonic seizure. Vaginal bleeding was not included as a
significant prenatal event in this study because it is diffi-
cult to establish if the bleeding had any repercussion that
led to vascular injury, such as in placental anomalies, or
was already the result of a major malformation. In addi-
tion, we did not inchude the use of over-the-counter medi-
cations as a risk factor because, even though they are of-
ten used in the first 24 weeks of gestation, these drugs have
not been associated with the pathogenesis of MCD. Be-
cauge the occurrence of a prenatal event was retrospec-
tively assessed, we directly interviewed the patients' moth-
ers and other available family members. In addition, we
reviewed the clinical files of all patients.

The diagnosis of MCD was established according to
MRI findings. The MRI was performed with 2 2.0 T scan-
ner (Elscint Prestige; Elscint Ltd, Haifa, Israel), using our

epilepsy protocol: (1) sagittal T1-weighted spin-eche, 6 mm
thick (repetition time [TR], 430; echo time {TE], 12) for
optimal orientation of the subsequent images; (2) coronal
T1 inversion recovery, 3 mm thick (flip angle, 200% TR,
2800-3000; TE, 14; inversion time {TI}, 840; matrix,
130 % 256; field of view [FOV], 16 X 18 cm); (3) coronal
T2-weighted fast spin-echo, 3 to 4 mm thick, ({lip angle,
120° TR, 4800; TE, 129; matrix, 252 X 320; FOV, 18X 18
cm); (4) axial images parallel to the long axis of the hip-
pocampus; T1 gradient echo, 3 mm thick (flip angle, 70°
TR, 200; TE, 5: matrix, 180X 232; FOV, 22X 22 cm); (3)
axial T2 fast spin-eche, 4 mm thick (tip angle, 120°, TR,
5800; TE, 129; matrix, 252X 328; FOV, 21 X 23 cm); and
(8) volumetric (3-dimensional} T1 gradient echo, a¢-
quired in the sagittal plane for multiplanar reconstruc-
fion, 1 to 1.5 mm thick (tip angle, 35% TR, 22, TE, 9. ma-
trix, 256 X 220: FOV, 23X 25 cm). We performed
multiplanar reconstruction and curvilinear reformatting in
all 3-dimensional MRIs.**

Patients were divided into 3 groups according to the
MEI findings of MCD. Patients in group 1 had focal cor-
tical dysplasia, group 2 had heterotopias {periventricular
or subcortical) or agyria-pachygyria, and group 3 had poly-
microgyria or schizencephaly (Figure 1).

We also assessed a disease-control group and per-
formed detailed interviews about the occurrence of prena-
tal events and family history of any neurological distur-
bance. The same semistructured questionnaire was used
for patients with MCD and controls. The disease-control
group consisted of 40 consecutive patients with epilepsy
seen prospectively at our epilepsy clinic (26 women; age
range, 6-54 years; mean age, 26.9 years} who underwent
neuroimaging evaluation according to our epilepsy proto-
col and whose MR findings excluded the presence of MCD.
We excluded patients with major destructive lesions, such
a5 porencephaly or hemispheric atrophy.

We used the ¥? test to analyze differences in the fre-
quency distribution of prenatal events, family history of epi-
lepsy, family history of neurological impairment, and oc-
currence of epilepsy ar<t seizure control among the different
groups of patients with MCD and the control group, when
appropriate. A P value of less than .05 was considered
significant.

cause of epilepsy according to MRI findings was hippo-
campal sclerosis in 16 patients {$0%), cavernous an-
gioma in 3 {8%), low-grade tumor in 3 (8%), gliosis in 2
(5%), and cysticercosis in 2 (3%); 14 patients had normal
findings on MRI. Family history of epilepsy was present
in 13 patients (33%), mental retardation in 1 patient {3%),
and history of miscarriage in 1 patient (3%). Two pa-
tients (5%) had a history of prenatal events during preg-
nancy. One teported fever in the first rimester of preg-
nancy, and the other reported amniotic bands, with multiple
finger amputation.

PATIENTS WITH MCD

We evaluated 76 patients, 39 men and 37 women,
whose ages ranged from 2 to 52 years (mean age, 13.8
years). Twenty-one patients (28%) had focal cortical
dysplasia (52% men), 19 patients (25%) had heteroto-

pias or agyria-pachygyria (26% men), and 36 patients
(47%) had polymicrogyria or schizencephaly (67%
men). Tables 1, 2, and 3 present the characteristics of
patienits in each group. Figure 2 shows the frequency
of prenatal events, epilepsy, family history of neurologi-
cal impairment, and family history of epilepsy, accord-
ing to each group.

Patients in group 1 (Table I; focal cortical dyspla-
sia) had a lower frequency of prenatal events (5 [24%])
and family history of neurological impairment (3 {14%])
than the other 2 groups of patients with MCD and the
disease-control group (P=.002). None of the patients in
group 1 had a family history of MCD.

In group 2 (heterotopias or agyria-pachygyria), 8 pa-
tients (42%) had a history of a prenatal event that may
have contributed to the pathogenesis of MCD (Table 2;
patients 1-4, 7, 8, 11, and 14). Six patients {32%) had
familial occurrence of MCD, mental retardarion, or mis-



carriages, suggesting a genetic predisposition (Table 2;
patients 1,7, 9, and 11-13).

In group 3 (polymicrogyria or schizencephaly), 15
patients (42%) had a history of a prenatal event (Table

Figure 1. A 2-dimensional curvilinear reconstruction (A) shows a focal
cortical dysplasia with thickening of the left postcentral gyrus and blurring
between gray and white matter (box; Table 1, patient 6). A coronal T1 image
(B) shows diffuse suhcortical band heterotopia/double cortex (Table 2,
patient 2). An axial T1 image (C) shows bilateral perisylvian polymicrogyria
(Table 3, patient 23). A curvilinear reconstruction of the same patient as in
Figure 1C (D) shows the extension of the polymicrogyria from the sylvian
fissure until the parieto-occipital regions.

3; patients 1-15). Five patients (14%) had a family his-
tory of MCD in a first-degree relative (Table 3; patients
1,18,19,27,and 33),and 8 (22%) had a family history
of mental retardation, developmental delay, or miscar-
riage (Table 3; patients 5, 9-11, 20, 21, 31, and 32).

Family history of epilepsy was present in all groups
of patients with MCD and in the disease-control group,
and no significant differences in the frequency of a fam-
ily history of epilepsy were detected among the groups
(P=.18). Sixteen family members underwent MRI, and
5 (31%) had MCD (group 2, patient 13; and group 3, pa-
tients 18, 19, 27, and 33).

Epilepsy occurred in all patients with focal cortical
dysplasia, and seizures were controlled with antiepileptic
drugs in only 4 patients (19%). In group 2 (heterotopias
or agyria-pachygyria), 17 patients (89%) had epilepsy, and
only 1 (5%) had her seizures controlled with antiepilep-
tic drugs. In group 3 (polymicrogyria or schizen-
cephaly), 17 patients (47%) had epilepsy, and 9 of these
(53%) were seizure-free after introduction of antiepilep-
tic drugs. The frequency of epilepsy was lower (P<.001)
and more easily controlled (P = .005) in group 3.

— BTN

The development of human cerebral cortex can be di-
vided into 3 overlapping stages: proliferation of stem cells
into neuroblasts or glial cells, migration from the peri-
ventricular germinal matrix toward the developing cor-
tex, and cortical organization within 6 layers associated
with synaptogenesis and apoptosis.®"® This is a dy-
namic process, and 1 or more stages may occur simul-

a (FCD; Group 1)*

" Daily seizures

ekl eizres

tCognitive status was assessed during neurological examination.

*MR indicates mental retardation; AED, antiepileptic drugs; and ellipses, not applicable.
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1Cognitive status was assessed during neurological examination.
$This patient aiso had neurofibromatosis 1.

taneously during several weeks. Asa general rule, the pro-
liferation stage ranges from the 5th or 6th until the 16th
or 20th gestational week; migration from the 6th or 7th
until the 20th or 24th gestational week, and organiza-
tion from the 16th until approximately the 24th gesta-
tional week.'® There is evidence that some migration and
organization could take place even during the third tri-
mester of pregnancy.t*2°

Normal cortical development depends on many
interacting components such as trophic factors, cell-
adhesion molecules, cell-cell contact-dependent signals,
and possibly other currently unrecognized factors.? Its
association with several genetically determined syn-
dromes, such as neurofibromatosis 1, tuberous sclero-
sis, hypomelanosis of Ito, Walker-Warburg, Aicardi,
Zellweger, Miller-Diecker, and many others, and the
occurrence of familial cases of MCD (X-linked lissen-
cephaly, subcortical-band heterotopia, schizencephaly,
periventricular nodular heterotopia, and congenital
bilateral perisylvian syndrome) strongly indicate a
genetic component in the processes leading to different
forms of MCD.***"# More recently, mutations in a few
genes, LIS-1 and DCX in lissencephaly and filamin 1 in
periventricular nodular heterotopia, have been shown
to cause some forms of MCD.**%#% The studies by des
Portes et al'® and Gleeson et al”® showed that some
forms of subcortical band heterotopia and agyria-
pachygyria (or lissencephaly) represent 2 different

extremes within the spectrum of the same disease,
which has an X-linked pattern of inheritance.

There are several reports indicating that harmful pre-
natal events are likely to be involved in the pathogen-
esis of some MCD >*/*15202+2 However, to our knowl-
edge, no study has systematically evaluated the influence
of genetic or prenatal events in each of the 3 different
stages of MCD.

The division of MCD into different groups is a
major challenge because many important aspects, such
as association with a specific genetic syndrome and
pathological and neuroimaging findings, should be con-
sidered.?>? In our study, the diagnosis of MCD was
based on well-established MRI findings, and the classifi-
cation of patients into 3 groups was consistent with
imaging findings. Heterotopias (subcortical or periven-
tricular) and agyria-pachygyria (group 2) and polymi-
crogyria and schizencephaly (group 3) were grouped
together because there is strong evidence that, in many
cases, these lesions represent different ends within the
spectrum of the same disease.”

In group 1 (focal cortical dysplasia), the frequency
of family history of neurological impairment (3 patients
[14%]) and the occurrence of a prenatal event (5 pa-
tients [24%]) were significantly lower compared with the
other forms of MCD. In addition, none of these patients
had a family history of MCD. To our knowledge, there
is no description of familial cases of focal cortical dys-
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plasia, other than those associated with specific syn-
dromes, such as tuberous sclerosis.

In group 2, 8 patients (42%) reported a prenatal event
that might have contributed to the pathogenesis of their
cortical malformation, and 6 (32%) had a family history
of neurological disturbances, suggesting a central ner-
vous system lesion. However, 3 of these patients (16%)
had a family history of neurological impairment and a
prenatal event. Although there are several reports cor-
relating prenatal events such as those reported by our pa-
tients and the occurrence of MCD because of abnormal
migration,'®* it is well established that the majority of
patients with the so-called migration disorders (bilat-

*(BPS indicates congenital bilateral perisylvian syndrome; MR, mental retardation; AED, antiepileptic drugs; NA, not available; and ellipses, not applicable.

eral periventricular nodular heterotopia, subcortical lami-
nar heterotopia, agyria-pachygyria, and lissencephaly)
have mutations in specific genes: LIS-1, DCX, and fila-
min 1.>7840-22 We believe that MCD because of abnor-
mal migration is mainly genetically determined, either
as a familial trait or a de novo mutation; however, pre-
natal events could be acting in conjunction with the ge-
netic predisposition to determine the final phenotype.
In group 3 (polymicrogyria and schizencephaly), 15
patients (42%) reported prenatal events, such as a failed
abortion attempt, drug addiction, and abdominal trauma
due to a fall during the first rimester of pregnancy. All of
those factors could have induced a vascular injury, which
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Figure 2. Frequency of epilepsy, prenatal events, and family history of
epilepsy or neurological impairment in each group of patients with MCD and
the disease-control group of patients with epilepsy. Asterisk indicates
statistical significance (P <.05).

may play an important role as a contributor to the genesis
of polymicrogyria and schizencephaly.?® The pathologic
finding of a necrotic layer in patients with layered polymi-
crogyria supports the traditional theory that, in many cases,
these abnormalities are a form of destructive lesion. " A
family history of neurological impairment, suggesting a cen-
tral nervous system lesion, was also relatively common in
this group (14 patients [39%]), including 5 patients (14%)
who had a first-degree relative with congenital bilateral peri-
sylvian syndrome. It is interesting to note that in this fam-
ily only 1 patient had a history of prenatal injury, and he
had a more severe phenotype.

Qur data clearly show that prenatal events are very
frequently linked to MCD. One possible limitation of this
finding is the fact that information on the occurrence of
prenatal events was ascertained retrospectively, and pre-
cise recollection of events that may have occurred many
years before is difficult. Prenatal events, such as placen-
tal dysfunction, may be asymptomatic in the mother,
which could cause a substantial underestimation of the
occurrence of this kind of event. Although difficult to per-
form, a prospective study on the association between pre-
natal events and MCD would be the best way to address
this issue.

We are well aware that MRI does not always detect
focal cortical dysplasia and that it may be associated with
other types of lesions. On the other hand, it is not known
if people without epilepsy may have focal cortical dys-
plasia that cannot be detected with MRL This is quite pos-
sible, judging from the fact that other types of MCD may
not be associated with epilepsy. We believe that a disease-
control group with epilepsy helped to differentiate fac-
tors that could be related to the seizure disorder itself and
not necessarily to MCD. For example, family history of
epilepsy was not significantly different among groups,
but family histories of neurological impairment and pre-
natal events were significantly less frequent in the disease-
control group. If the control group consisted of healthy
subjects, there would also be a significant difference for
family history of epilepsy.

Epilepsy due to MCD probably depends on many
factors such as size, localization, and type of MCD le-

sion. The frequency of epilepsy was significantly lower
and the disease was more easily controlled in group 3.
These findings are in agreement with previous studies
in which epilepsy was present in 57% to 87% of patients
with polymicrogyria or schizencephaly.*** In these stud-
ies, the epileptic spectrum was wide, and most patients
had their seizures controlled with antiepileptic drugs.

In conclusion, we believe that environmental fac-
tors, such as prenatal events, may act in conjunction with
genetic predisposition to determine the variable pheno-
types seen in the different forms of MCD. Our findings
support the idea of a clinical spectrum among the dif-
ferent types of MCD. Focal cortical dysplasia (group 1)
is associated with more frequent and severe epilepsy and
less important genetic and prenatal events, heterotopias
and agyria-pachygyria (group 2) are frequently associ-
ated with genetic predisposition, and polymicrogyria and
schizencephaly (group 3) are less frequently associated
with epilepsy but have a stronger association with ge-
netic and detectable prenatal events.
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® QObjective: To establish the contribution of family his-
tory of epilepsy to seizure onset in patients with focal
cortical dysplasia (FCD).

® Patients and Methods: From January 1998 to January
2001, we prospectively evaluated 19 consecutive patients
(10 male, 9 female) with a diagnosis of FCD based on
magnetic resonance imaging. All patients and at least 1
family member were directly interviewed by the same ob-
server after completion of a semistructured questionnaire.
Initially, we classified patients into 2 groups: presence or
absence of family history of epilepsy. Patients with a family
history of epilepsy were subdivided into 2 groups: patients
with a family history of epilepsy in first-degree relatives or
multiple relatives (n=5) and patients with a family history
of epilepsy in relatives who were not first-degree (n=4).
Statistical analysis was performed with use of the nonpara-
metric tests Kruskal-Wallis and Kaplan-Meier (survival
analysis). P=.05 was considered statistically significant.

® Results: The ages of the patients ranged from 3 to 41
years (mean, 15.6 years). All patients had similar type and
extent of cortical dysgenesis. Ages at seizure onset varied
from 1 month to 22 years, with a mean of 5.8 years. Nine
patients had a family history of epilepsy. The mean age at

ocal cortical dysplasia (FCD) was first described by
Taylor et al' as focal disruption of the normal cortical
lamination by an excess of large aberrant neurons scattered
randomly through all but the first cortical layer. Since this
description, FCD has been associated with refractory epi-
lepsy, and seizure characteristics may vary according to the
cortical area involved by the dysplastic lesion.>?
Advances in neuroimaging, especially magnetic reso-
nance imaging (MRI), allow noninvasive diagnosis of
FCD. On MRI, FCD can be identified as an area of focal
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the first seizure in patients with a family history of epi-
Iepsy was 2.6 years compared with 8.5 years in those with
no relatives having epilepsy (P=.02). When patients with a
family history of epilepsy were classified further, the mean
age at first seizure was 1.9 years for patients with a family
history of epilepsy in first-degree or multiple relatives and
3.9 years for patients with a family history of epilepsy
in relatives who were not first-degree compared with 8.5
years for patients with no family history of epilepsy
(P=.04).
® Conclusion: Our results show that a family history of
epilepsy is associated with an earlier age at seizure onset in
patients with FCD. Although this is a preliminary finding
and a larger sample is needed to confirm these results, we
believe these observations provide evidence that genetic
modifiers could become an important issue in the clinical
presentation of patients with dysplastic lesions.
Mayo Clin Proc. 2002;77:1291-1294

FCD = focal cortical dysplasia; FLAIR = fluid-attenuated
inversion recovery; FOV = field of view; MRI = magnetic
resonance imaging; TE = echo time; TI = inversion time; TR =
repetition time

cortical thickening, blurring between the gray and white
matter junction, and abnormal gyration and atrophy; some-
times it is associated with hyperintense signal on fluid-
attenuated inversion recovery (FLAIR) or T2-weighted im-
ages.** Occasionally, FCD is associated with a small trail
of heterotopic neurons at the subjacent white matter con-
necting the cortex and the ventricular walls (Figure 1).°

The clinical and electroencephalographic characteristics
of FCD, including its unique property of intrinsic epi-
leptogenicity, have been reported.?® However, why pa-
tients with similar lesions may experience their first seizure
at extremely different ages remains unclear.

In this preliminary study, we evaluated whether genetic
background influences the timing of the first seizure in
patients with FCD.

PATIENTS AND METHODS

This prospective study was conducted from January 1998
to January 2001 at the University Hospital at the University
of Campinas, Campinas, Brazil. Patients were selected
from adult and pediatric epilepsy clinics.



Figure 1. Clockwise from left upper comer: case 10,17, 9, and 3.
These images show focal cortical dysplasia characterized by areas
of cortical thickening, abnormal gyration, and blurring between
the gray and white matter (box). The image in the left upper
corner (case 10) shows a trail of heterotopic neurons at the subja-
cent white matter connecting the cortex and the ventricular walls.

We evaluated 19 consecutive patients (10 male and 9
female) in whom FCD was diagnosed on MRI. Lesion
location and size are important factors that influence the
severity and age at onset of recurrent seizures. To avoid this
confounding factor, we included only patients with FCD.
Patients with all other types of cortical dysgenesis were
excluded. The extent of FCD was restricted to 1 cerebral
lobe.

All patients and at least 1 family member were directly
interviewed by the same observer (M.A.M.) after comple-
tion of a semistructured questionnaire that contained spe-
cific questions about family history of epilepsy in first-,
second-, and third-degree relatives. The questionnaire in-
cluded (1) a family history of epilepsy; (2) relative who
presented with epilepsy; (3) characteristics of the seizure,
loss of consciousness, clonic movements, and need for
antiepileptic drug therapy; (4) history of alcoholism, drug
abuse, head trauma, brain tumor, metabolic derangements,
and systemic illness or fever producing the seizures; and
(5) whether the diagnosis was established by a physician.

A history of epilepsy was considered present only if the
diagnosis of epilepsy had been established by a physician.
Family members with seizures due to brain tumors, head
trauma, and toxic or metabolic injury were excluded. Pa-
tients signed an informed consent according to the Declara-
tion of Helsinki, and the protocol was approved by the
ethics committee of our institution.

Magnetic resonance imaging was performed with a 2.0
T scanner (Elscint Prestige, Haifa, Israel) using our epi-
lepsy protocol: (1) sagittal T1 spin-echo, 6 mm thick (rep-
etition time [TR], 430; echo time [TE], 12) for optimal
orientation of the subsequent images; (2) coronal T1 inver-
sion recovery, 3 mm thick (flip angle, 200°; TR, 2700; TE,
14; inversion time [TI], 840; matrix, 130 x 256; field of
view [FOV], 16 x 18 cm); (3) coronal T2-weighted “fast
spin-echo,” 3 to 4 mm thick (flip angle, 120°; TR, 4800;
TE, 129; matrix, 252 x 320; FOV, 18 x 18 cm); (4) axial
images paralle] to the long axis of the hippocampus, T1
gradient echo, 3 mm thick (flip angle, 70°; TR, 200; TE, 5;
matrix, 180 x 232; FOV, 22 x 22 cm); (5) axial T2 fast
spin-echo, 4 mm thick (tip angle, 120°; TR, 6800; TE, 129;
matrix, 252 x 328; FOV, 21 x 23 cm); (6) axial inversion
recovery fast spin-echo FLAIR, 5 mm thick (TR, 2550; TE,
90; matrix, 250 x 250; FOV, 24 x 24 cm); (7) volumetric
(3-dimensional) T1 gradient echo acquired in the sagittal
plane for multiplanar reconstruction, 1 to 1.5 mm thick (tip
angle, 35°; TR, 22; TE, 9; matrix, 256 x 220; FOV, 23 x 25
cm). We performed multiplanar reconstruction and curvi-
linear reformatting in all 3-dimensional MRIs.

The diagnosis of FCD was based on MRI findings of
areas of cortical thickening, abnormal gyration, blurring
between the gray and white matter junction, focal atro-
phy, and hyperintense signal on FLAIR or T2-weighted
images.

Initially, we classified patients into 2 groups: presence
or absence of family history of epilepsy. Then we subdi-
vided the patients with a family history of epilepsy into 2
different groups: patients with a family history of epilepsy
in first-degree or multiple relatives (n=5) and patients with
a family history of epilepsy in relatives who were not first-
degree (n=4).

Statistical analysis was performed with use of the
nonparametric tests Kruskal-Wallis and Kaplan-Meier
(survival analysis). P=.05 was considered statistically
significant.

RESULTS

The ages of the 19 patients ranged from 3 to 41 years
(mean, 15.6 years). There was no significant sex difference
between the 2 groups (P=.57, Kruskal-Wallis). The extent
of FCD was restricted to 1 cerebral lobe (Figure 1) and was
similar in all patients. All patients had FCD localized in the
frontal lobe, except for 1 who had FCD in the occipital
lobe.

All patients had partial seizures refractory to anti-
epileptic drugs. The 18 patients with FCD localized in the
frontal regions had seizure symptoms suggestive of frontal
lobe onset. The 4-year-old patient with occipital FCD did
not complain of visual symptoms, and seizures were de-



scribed as generalized tonic-clonic without idemtifiable
partial onset.

Ages at seizure onset varied from 1 month to 22 years,
with a mean of 5.8 years. Nine patients had a family history
of epilepsy (Table 1). The mean age at the first seizure in
patients with a family history of epilepsy was 2.6 years
compared with 8.5 years in those with no relatives having
epilepsy (P=.02, Kruskal-Wallis). Kaplan-Meier survival
analysis confirmed the difference between these 2 groups
(P=.02; Figure 2).

When patients with a family history of epilepsy were
classified further, the mean age at the first seizure was 1.9
years for patients with a family history of epilepsy in first-
degree or multiple relatives and 3.9 years for patients with
a family history of epilepsy in relatives who were not first-
degree compared with 8.5 years for patients with no family
history of epilepsy. Kaplan-Meier survival analysis showed
significant differences among groups (P=.04).

Magnetic resonance imaging was performed in only 1
family member who had epilepsy, and it showed no
abnormalities.

DISCUSSION
The underlying mechanism leading to FCD has not yet
been established; however, it is likely that all 3 funda-
mental stages of cortical development (proliferation-
apoptosis, migration, and organization) are involved in
FCD genesis.*

Patients with FCD are usually intellectually normal,
neurologic examination reveals no focal deficits, and epi-
lepsy may be the only clinical manifestation. However,
when seizures are refractory to antiepileptic drugs, surgical
resection of the dysplastic lesion is often the treatment of
choice.? Epilepsy due to FCD may begin in patients at
different ages, and the timing of the first seizure probably
depends on many factors, such as the size, localization, and
pathological characteristics of the lesion.

In the current study, all patients had similar type and
extent of cortical dysgenesis. We found that the subgroup
of patients with a family history of epilepsy had a signifi-
cantly earlier age at seizure onset compared with those
with no family history of epilepsy. In addition, the classi-
fication of the subgroup of patients with FCD and family
history of epilepsy into those with a family history of
epilepsy in first-degree or multiple relatives vs those with
a family history of epilepsy in second- or third-degree rel-
atives continued to show differences in mean age at sei-
zure onset.

Genetic predisposition may play an important role in
controlling seizure onset in patients with idiopathic and
cryptogenic epilepsies.” Moreover, in animal models of
cortical dysplasia, only those produced by genetic alter-

Table 1. Clinical Characteristics of 19 Patients
With Focal Cortical Dysplasia

Patient/ Family history Age at
age (y)/sex (No. of affected relatives) first seizure
1/3/F Epilepsy (1 third-degree) 1 mo
2/6/M Epilepsy (3 second-degree) 4 mo
31 Epilepsy (1 second-degree) 15y
4/19/F Epilepsy (1 first-degree) 6y
S/4/F Epilepsy (2 second-degree) 9 mo
6/25/F Epilepsy (1 second-degree) 2y
7/20/M Epilepsy (1 second-degree) 12y
8/4/M Epilepsy (2 second-degree, 2y
2 third-degree)
9/10/M Epilepsy (1 second-degree 7mo
and 3 third-degree)
10/13/M None 6y
11/29/F None 14y
12/16/M None 9y
13/7M None . 2y
14/24/F None 10y
15/19/M None 16y
16/4/F None 2y
17/41/F None 15y
18/38'M None 22y
19/9/F None 3y

ations have documented spontaneous seizures.® Our find-
ings suggest that in patients with genetic predisposition to
epilepsy, determined by the presence of a family history of
epilepsy, seizure onset may be anticipated in the setting of
FCD.

We acknowledge that pathological verification in all 19
patients would have better validated our findings. How-
ever, we also believe that the neuroimaging characteristics
of FCD are well established and that FCD can be diag-
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Figure 2. Survival plot (Kaplan-Meier) analysis of the age of
patient at first seizure in patients with (FH+) vs those without
(FH-) a family history of epilepsy (P=.02).



nosed with confidence based only on imaging findings
when clinical and electroencephalographic data indicate
that the epileptogenic region is colocalized with the lesion.’

Magnetic resonance imaging was performed in only 1
family member with epilepsy and showed no abnormali-
ties. Identifying FCD in family members without epilepsy
would be difficult because lesions are usually subtle, and
clinical correlation is a valuable aid in diagnosing FCD. To
our knowledge, no familial cases of FCD have been de-
scribed, except when associated with specific syndromes,
such as tuberous sclerosis.

Another issue that should be considered is the fact that
prior experience with epileptic seizures may lead to earlier
recognition of more subtle or partial seizures in probands
with a family history of epilepsy. However, in our study,
careful interviews with the mothers and patients allowed
retrospective determination of the timing of the first sei-
zure, even in families without a history of epilepsy.

SUMMARY

QOur study showed that a family history of epilepsy is
associated with an earlier age at seizure onset in patients
with FCD, thus suggesting that the clinical presentation in
these patients is influenced by genetic predisposition. Al-
though this is a preliminary finding and a larger sample
must be assessed to confirm these resuits, we believe that
these observations provide evidence that genetic modifiers

could become an important issue in determining the clini-
cal presentation of patients with dysplastic lesions.

REFERENCES

1. Taylor DC, Falconer MA, Bruton CJ, Corsellis JA. Focal dysplasia of
the cerebral cortex in epilepsy. J Neurol Neurosurg Psychiarry. 1971,
34:369-387.

2. Palmini A, Andermann F, Olivier A, et al. Focal neuronal migration
disorders and intractable partial epilepsy: a study of 30 patients. Ann
Neurol. 1991;30:741-749.

3. Palmini A, Andermann F, Olivier A, et al. Neuronal migration dis-
orders: a contribution of modern neuroimaging to the etiologic
diagnosis of epilepsy. Can J Neurol Sci. 1991;18(4, suppl):580-587.

4. Barkovich AJ, Kuzniecky RI, Dobyns WB. Radiologic classification
of malformations of cortical development. Curr Opin Neurol. 2001;
14:145-149.

5. Barkovich AJ, Kuzniecky RI, Bollen AW, Grant PE. Focal trans-
mantle dysplasia: a specific malformation of cortical development.
Neurology. 1997;49:1148-1152.

6. Dubeau F, Palmini A, Fish D, et al. The significance of electro-
corticographic findings in focal cortical dysplasia: a review of their
clinical, electrophysiological and neurochemical characteristics.
Electroencephalogr Clin Neurophysiol Suppl. 1998;48:77-96.

7. OttmanR, Lee JH, Risch N, Hauser WA, Susser M. Clinical indica-
tors of genetic susceptibility to epilepsy. Epilepsia. 1996;37:353-
361.

8. Chevassus-au-Louis N, Baraban SC, Gaiarsa J1., Ben-Ari Y. Cortical
malformations and epilepsy: new insights from animal models.
Epilepsia. 1999:40:811-821.

9. Barkovich AJ, Kuzniecky RI, Jackson GD, Guerrini R, Dobyns WB.
Classification system for malformations of cortical development:
update 2001. Neurology. 2001;57:2168-2178.



Capitulo 111
Espectro clinico e eletrencefalografico das

malformacdes do desenvolvimento cortical

Artigo 4 - Bilateral posterior parietal polymicrogyria: a mild form of
congenital bilateral perisylvian syndrome?

Artigo 5 - Developmental language disorder associated with polymicrogyria
Artigo 6 - Variable presentation and severity of epilepsy in the different types

of malformations of cortical development

58




Bilateral Posterior Parietal Polymicrogyria: A Mild Form of Congenital Bilateral

Perisylvian Syndrome?

Epilepsia 2001, 42: 845-849.

59




Epilepsia. 42(7):845-849, 2001
Blackwell Science, Inc.
« International League Against Epilepsy

Bilateral Posterior Parietal Polymicrogyria: A Mild Form of
Congenital Bilateral Perisylvian Syndrome?
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Summary: Purpose: The main features of congenital bilateral
perisylvian syndrome (CBPS) are pseudobulbar palsy, cogni-
tive deficits, epilepsy, and perisylvian abnormalities on imag-
ing studies, however, the clinical spectrum of this syndrome is
much wider than previously believed and may vary from minor
speech difficulties to severely disabled patients. The objective
of this study was to present the different imaging and clinical
findings of 17 patients with CBPS, their genetic background,
and the occurrence of prenatal injury during their pregnancies.
Methods: We evaluated 17 consecutive patients with CBPS
and divided them into two groups according to the imaging
findings: (a) diffuse polymicrogyria around the sylvian fissure
and {b) posterior polymicrogyria at the posterior parietal re-
gions. They were systematically interviewed regarding history
of prenatal events during their pregnancies, family history of
speech difficulties, epilepsy, or other neurologic abnormality.
Resulis: There were seven women, ages ranging from 3 to 41

years (mean, 11.5; median, 7 years). Seven patients had bilat-
eral posterior parietal polymicrogyria (BPPP), and 10 had dif-
fuse bilateral perisylvian polymicrogyria. All seven patients
with BPPP had only minor speech difficulties, none had epi-
lepsy, and all but one had a family history of epilepsy or cor-
tical dysgenesis. In contrast, 10 patients with diffuse bilateral
perisylvian polymicrogyria had pseudobulbar palsy, four had
epilepsy, eight had a history of a major prenatal event, and only
four had a family history of epilepsy or developmental delay.

Conclusions: These findings suggest that diffuse bilateral
perisylvian polymicrogyria appears to be more related to inju-
ries caused by environmental factors. whereas BPPP has a
stronger genetic predisposition. In addition, BPPP appears to
have a wider clinical spectrum than previously believed, and
may represent a milder extreme within the spectrum of CBPS,
Key Words: Perisylvian polymicrogyria—Cortical dysgen-
esis—DPrenatal events.

The main features of congenital bilateral perisylvian
syndrome {(CBPS) are pscudobulbar palsy, cognitive
deficits, epilepsy, and perisylvian abnormalities on im-
aging studies (1,2). The cortical abnormality seen in the
perisylvian region is consistent with polymicrogyria and
is usually symmetric but varies in extent among patients
(2,3). Guerrini et al. (4) reported that sometimes the
polymicrogyria may involve only the anterior portion of
the sylvian fissure; it can be restricted to the posterior
regions (parietooccipital cortex) or both, extending pos-
teriorly from the sylvian fissure across the entire hemi-
spheric convexity. They suggest a malformative pattern
bordering a line passing through the sylvian fissure and
directed posteriorly and upward to the mesial aspect of
the hemispheric convexity (4).

Guerreiro et al. (1) recently described the familial oc-
currence of CBPS in 12 pedigrees, showing that the neu-
roimaging and clinical spectrum of this syndrome is
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much wider than previously believed. The systematic
investigation of family members of patients with the
classic clinical presentation of CBPS led to the identifi-
cation of almost asymptomatic individuals with neuro-
imaging investigation showing bilateral posterior parietal
polymicrogyria (BPPP), most of them only with a pre-
vious history of speech delay or mild dysarthria.

The objective of this study was to present the different
imaging and clinical findings of 17 patients with CBPS
seen at our university hospital, their genetic background,
and the association with prenatal events that occurred in
the first two trimesters of their pregnancies.

METHODS

We evaluated all patients with the diagnosis of peri-
sylvian polymicrogyria, confirmed by magnetic reso-
nance imaging (MR1) {(n = 16) or computed tomography
(CT) scan (n = 1), seen consecutively at our university
hospital from January 1998 to June 2000. MR1 was per-
formed in a 2.0-T scanner (Elscint Prestige, Haifa, Is-
rael}, using our epilepsy protocol: (a) sagittal T, spin-
echo, 6-mm thick (TR = 430, TE = 12} for optimal



FIG. 1. Patient 5: Sagittal, axial, and coronal gradient-echo sequences showing posterior parietal polymicrogyria (arrows).

orientation of the subsequent images; (b} coronal T, in-
version recovery, 3-mm thick (flip angle = 200 degrees;
TR = 2.800-3,000, TE = 14, inversion time T, = 840,
matrix = 130 x 256, FOV = 16 x 18 cm); (¢) coronal
T,-weighted “fast spin echo” (FSE), 3- to 4-mm thick,
(flip angle = 120 degrees; TR = 4,800, TE = 129,
matrix = 252 = 320, FOV = 18 x 18 cm), (d) axial
images parallel to the long axis of the hippocampi; T,
gradient echo (GRE), 3 mm thick (flip angle = 70 de-
grees, TR = 200, TE = 5, matrix = 180 x 232, FOV =
22 x 22 cm); (e) axial T, FSE, 4 mm thick, (tip angle 120
degrees, TR = 6,800, TE = 129, matrix 252 x 328,
FOV = 21 x 23 cm); () Volumetic (3D) T, GRE,
acquired in the sagittal plane for multiplanar reconstruc-
tion (MPR), 1-1.5 mm thick (TA = 35 degrees, TR =
22, TE = 9, matrix = 256 x 220, FOV = 23 x 25 cm).
We performed MPR and curvilinear reformatting in all
3D MRIs (5).

Patients and families were interviewed and specifi-
cally questioned about family history of epilepsy or any
neurologic abnormality and the occurrence of prenatal
events during the first two trimesters of their pregnan-
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cies. All patients were seen and examined by at least one
of us.

We systematically investigated family members of pa-
tients with the classic clinical presentation of CBPS and
any patient with language disturbances. MRI was per-
formed in five additional family members because of the
presence of language disturbances or family history of
speech delay, and four of them showed cortical abnor-
malities consistent with BPPP. These four patients were
included in this study (patients 1, 2, 3, and 6).

Patients were divided into two groups according to
neuroimaging findings: (a) diffuse polymicrogyria
around the entire extent of the sylvian fissure, including
its extension posteriorly to the parietooccipital regions,
and (b) polymicrogyria restricted to the posterior aspects
of the parietooccipital regions (BPPP), without any cor-
tical abnormality at the anterior two thirds of the sylvian
fissure.

RESULTS

Seventeen patients with the diagnosis of CBPS were
included, seven women (Table 1). Ages ranged from 3 to

FIG. 2. Curvilinear reconstruction at 12
mm of depth from the cortical surface
showing (A) patient 10: diffuse perisyl-
vian polymicrogyria; and (B) patient 5:
posterior parietal polymicrogyria (box).



TABLE 1. Characteristics of the 17 patients with congenital bilateral perisylvian syndrome

Localization
Age Prenatal Age at first Seizure Neurologic of MRI
Patient (yr‘gender)  Family history events Epilepsy seizure frequency findings abnormalities
1# oM cBps e Mild dysarthria Posterior parietal
2% M CBPS Speech delay Posterior parietal
3 32/F cBPS e Mild dysarthria Posterior parietal
4> 6/F Epilepsy, speech  Comsanguinity - Speech delay Posterior parietal
delay, CBPS
5 M Epilepsy, speech - em Speech delay Posterior parietal
delay
6° 27F Epilepsy, speech - ee Asympiomatic Posterior parietal
delay, CBPS
7 &M Abortion atternpt e e Speech delay, PBP Diffuse
8 5/F NA Abortion attempt, Partial seizures 3yr Conmrolled with Tetraparesis, PBP Diffuse
adopted AED
9 5iF Developmental  Fall between 12 and  Partial seizures 4yr Controlled with Mild left Diffuse
delay 16 gestational wk AED herniparesis
10 oM e Consanguinity Lennox-Gastant 4 mo Daily seizures Terraparesis, PBP Diftuse
syndrome
11 41/F Epilepsy and Partial seizures 14 yr One seizure/mo Temaparesis, worse  Diffuse
developmental on the right side
delay and PBP
12* 13M CBPS High biood pressure e PBP Diffuse
13 &M Drug addiction e e PBP and mild right  Diffuse
hemiparesis
14 1M Exposure 10 X-ray - e e PBP Diffuse
15 S/F Fever at gestational - e Dysarthria and PBP  Diffuse
wk 24
16 ™ e e Speech apraxia Posterior parietal
17 6:M Developmental  Twin pregnancy -~ e Speech delay and Diffuse
delay mild PBP

“5Patients belong w the same family.

NA. not available; AED, antiepileptic drug; CBPS, congenital bilateral perisylvian syndrome; PBP, pseudobulbar palsy.

4] years (mean, 11.5; median, 7 years). Ten patients had
a family history of neurologic abnormalities, including
CBPS, epilepsy, or speech or developmental delay. Two
patients had consanguineous parents. In eight patients, a
history of a major prenatal event was reported: abortion
~ attempt in two patients, a fall between gestational weeks
12 and 16, exposure to x-rays, drug addiction, twin preg-
nancy, and fever or maternal high blood pressure during
pregnancy requiring hospitalization in one patient each.

MRI (n = 16) or CT scan (n = 1) showed BPPP in
seven and diffuse perisylvian polymicrogyria in 10 pa-
tients. All patients had bilateral perisylvian abnormali-
ties, which were asymmetric in three (patients 9, 11, and
13). Patients with imaging abnormalities restricted to the
posterior parietal region had normal neurologic exami-
nations except for speech delay in early infancy (patients
2, 4, 5, and 16) or mild dysarthria later in life (patients ]
and 3). Patients with more diffuse polymicrogyria,
throughout most of the perisylvian fissure, had more se-
vere symptoms, characterized by pseudobulbar palsy
(patient 7, 12, 14, 15, and 17) and/or motor involvement
(patients §, 9, 10, 11, and 13). Eight of the 10 patients
with diffuse polymicrogyria (7, 8, 9. 12, 13, 14, 15, and
17) bad a history of a major prenatal injury.

Four patients with diffuse bilateral perisylvian poly-
microgyria had epilepsy. Patient 10 reported daily sei-
zures, and EEGs showed features of Lennox-Gastaut
syndrome; the other three patients had partial seizures,
which were easily controlled with antiepileptic drugs

(AEDs) in two (patients 8 and 9). None of the patients
with BPPP had epilepsy.

DISCUSSION

Polymicrogyria is an anomaly of cortical development
in which neurons reach the cortex but are abnormally
distributed, resulting in the formation of multiple small
gyri (6). Two patterns of polymicrogyria are recognized,
layered and unlayered. In layered polymicrogyria, in-
stead of the six layers usually present in the normal cor-
tex, only four are seen: molecular, outer cellular, cell
sparse (necrotic), and inner cellular (7). These findings
support the traditional theory that in many cases, these
abnormalities represent a form of destructive lesion,
probably due to an early vascular injury (7,8). Barkovich
and Kjos (8) suggested that a superficial cortical injury
will result in flat polymicrogyria without cortical infold-
ing; a more severe injure, that extends deeply into the
hemisphere and destroy completely the radial glial fibers,
results in schizencephaly, and a partial destruction of the
radial glial fibers will result in cortical infolding. Guer-
rini et al. (9) described nine patients with parietooccipital
polymicrogyria associated with epilepsy and cognitive
slowing, and proposed that its location in a watershed
area between anterior and posterior cerebral arteries sug-
gests a postmigration perfusion failure as the underlying
cause. However, they did not report any family history of
neurologic abnormalities or etiologic factors.
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Since the description of familial cases of CBPS in 12
pedigrees, the neuroimaging and clinical spectrum of this
syndrome was proven to be much wider than previously
believed (1). However, patients with polymicrogyria re-
stricted to the posterior portion of the sylvian fissure at
the parietooccipital regions are difficult to diagnose be-
cause the lack of neurologic signs, relatively late seizure
onset, difficulty in localizing seizure onset, and inability
to recognize the cortical abnommality on CT scans 9).
Our systematic investigation of family members of pa-
tients with the classic clinical presentation of CBPS led
to the identification of almost asymptomatic individuals
with neuroimaging findings showing BPPP, most of
them only with a history of speech delay in early child-
hood or mild dysarthria.

Our patients with CBPS had a very interesting distri-
bution: patients with a milder form (BPPP) had a strong
family history of CBPS or speech delay, and patients
with the diffuse form reported major early prenatal
events, such as an abortion attempt that may have in-
duced a vascular injury during cortical development. Be-
cause the fetal sulci appear in an orderly sequence, and
the primitive sylvian fissure (the earliest fetal sulcus)
appears during the fifth gestational month and is fol-
lowed by the rolandic (central), interparietal, and supe-
rior temporal sulci, which appear toward the end of the
sixth and beginning of the seventh gestational months
(10), we believe that a perfusional failure involving the
middle cerebral artery circulation in early stages of ce-
rebral sulci development produces the diffuse form of
CBPS. By contrast, a less severe or later event that may
compromise only the watershed areas might produce the
milder (posterior parietoocipital) form of CBPS, as sug-
gested by Guerrini et al. (9).

Patients with lesions of the supplementary motor or
posterior parietal association cortices have apraxia,
which is characterized by inability to perform complex
acts requiring sequences of muscle contractions or a
planned strategy, despite the absence of weakness or sen-
sory loss (11). Clinically, our patients with BPPP did not
have pseudobulbar palsy or other motor deficits, but only
speech delay or minor speech difficulties, particularly
during stress, which may represent speech dyspraxia.
This is in keeping with their imaging findings, in which
the cortical abnormality spares the motor cortex and
opercular regions. It is important to emphasize that all
seven patients with BPPP do not have epilepsy and were
identified due to the systematic neuroimaging investiga-
tion of patients with language disturbances.

Epilepsy associated with CBPS has a wide spectrum.
Seizures may be easily controlled with AEDs, but some
patients may have severe epileptic encephalopathies such
as West syndrome (1). We believe that because most of
the reports about localized polymicrogyria come from
surgical series, the frequency of patients with epilepsy is
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probably overestimated. Patients with only mild speech
delay or dysarthria usually are not investigated with
high-resolution MRI unless they have epilepsy.

The description of familial cases of polymicrogyria,
particularly CBPS, brings a new perspective to its etiol-
ogy (1). In this study. patients 1, 2, 3, and 12 are part of
the same family that exhibits a wide clinical presenta-
tion: three patients nearly asymptomatic, without abnor-
mal tongue movements (patients 1, 2, and 3), and one
(patient 12) with pseudobulbar palsy and history of a
prenatal event (maternal high blood pressure). Patient 12
was the only one in this family with the diffuse perisy-
lvian form, demonstrating that a major prenatal event in
an already genetically predisposed individual may result
in a more diffuse lesion and, consequently, a more severe
phenotype. These findings are also in agreement with the
study of Barkovich et al. (12), which suggests that when
the area of polymicrogyria is extensive, it appears to be
the addition of more than one affected cortical region. A
fifth family member with mental retardation and epilepsy
was not included in this study because imaging studies
were unavailable [this family has already been described
in detail elsewhere] (1).

Our findings suggest that BPPP has a broader spec-
trum than previously believed and may be a milder ex-
treme within the spectrum of CBPS. BPPP appears to be
associated with a genetic predisposition, whereas the dif-
fuse and more severe form appears to occur more often
in individuals with major prenatal events. These envi-
ronmental factors may act in conjunction with genetic
predisposition to determinate the different phenotypes
seen in familial forms of polymicrogyria.
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Developmental language disorder
associated with polymicrogyria

M.M. Guerreiro, MD, PhD; S.R.V. Hage, PhD; C.A. Guimaraes, BSc; D.V. Abramides, BSc;
W. Fernandes, MD; P.S. Pacheco, MD; A.M.S.G. Piovesana, MD, PhD; M.A. Montenegro, MD; and
F. Cendes, MD, PhD

Abstract—Background: Subtle disorders of neuronal migration occur in the brains of some dyslexic patients who pre-
sented developmental language disorder (DLD) during early childhood. Objective: To investigate a possible neuroanatomi-
cal substrate based on neuroimaging evaluation in children with DLD. Methods: The authors obtained psychological
assessment, language evaluation, neurologic examination, and neuroimaging investigation. Inclusion criteria were as
follows: children should be at least 4 years of age; primary complaint of language delay; normal hearing; 1Q >70; and an
sinformed consent form signed by parents or guardians. Exclusion criteria were severe motor and cognitive handicap.
Results: Fifteen children met all inclusion criteria. Ages ranged from 4 to 14 years and 11 were boys. Six patients
presented diffuse polymicrogyria (PMG) around the entire extent of the sylvian fissure on MRI, and they had severe
clinical manifestation of DLD: they did not speak at all or had mixed phonologic-syntactic deficit syndrome. Six children
presented PMG restricted to the posterior aspects of the parietal regions, and they had a milder form of DLD: mainly
phonologic programming deficit syndrome. The other three children had different imaging findings. Conclusions: Develop-
mental language disorder can be associated with polymicrogyria and the clinical manifestation varies according to the
extension of cortical abnormality. A subtle form of posterior parietal polymicrogyria presenting as developmental language

disorder is a mild form of perisylvian syndrome.
NEUROLOGY 2002;59:245-250

Developmental language disorder (DLD), also known
as developmental language impairment or develop-
mental dysphasia, refers to inadequate language acqui-
sition at the expected age in children with otherwise
ostensibly normal development.! DLD encompasses
deficits in comprehension, production, and use of lan-
guage that is not in keeping with a child’s mental age.
Nonverbal cognitive skills are usually normal or near
pnormal. Children with mental deficiency and autism
have problems with communication, but language defi-
cit is part of a much broader scenario. Therefore, DLD
is applied when specific conditions invelving exclu-
sively or mainly the language domain are considered.

Subtle disorders of neuronal migration were found
in the brains of some dyslexic patients who pre-
sented DLD during early childhood.?® Despite these
results, there is no consistent structural abnormality
underlying DLD.*5 It is also a current belief that
imaging techniques have no place in the routine in-
vestigation of dysphasic children.!

We investigated a group of children with DLD to
determine if there are neuroimaging abnormalities.

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the July 23 issue to find the title link for this article.

Patients and methods. We prospectively studied every
child presenting with language delay seen at our Child
Neurology Outpatient Clinic between January 1998 and
January 2000. Qur examination included the following:
psychological assessment, language evaluation, neurologic
examination, and neuroimaging investigation. Inclusion
criteria were as follows: children should be at least 4 years
of age; primary complaint of language delay; normal hear-
ing by audiometry; IQ >70; and an informed consent form
signed by parents or guardians giving permission for their
children to take part in this research. Exclusion criteria
were severe motor or cognitive handicap. The protocol and
the informed consent were approved by the ethical cormmit-
tee of our university hospital.

Psychological assessment. Intellectual ability was as-
sessed by the Wechsler Intelligence Scale for Children~111
(WISC-III) or the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI). Because language delay was a re-
quirement to enter the study, our patients usually had
verbal IQ much lower than performance 1Q. Full-scale was
jeopardized by low verbal scores. We decided to take into
account only the performance IQ because it better repre-
sents the cognitive ability of this type of patient.

Language evaluation. We used the Peabody Picture
Vocabulary Test-revised (PPVT), Brazilian standardiza-
tion by Capovilla and Capovilla® to evaluate auditory-
receptive vocabulary.
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Nonstandardized protocol. Spontaneous language was
recorded on VIIS video during a l-hour play session. We
systematically evaluated, according to a semistructured
protocol, free conversation, repetition, and the following
aspects of language: phonologic, syntactic, semantic, prag-
matic, and lexical.

Phonologic production: Type of phonologic alterations in-
cluded delayed (phonologic simplifications no longer
expected at the chronologic age; however, observed in
the normal language); deviant (phonologic simplifica-
tions mot found in the normal language development);
and inaccurate (wide variation in the articulation of
words and incresse in the amount of syllable reduc-
tions as word extension increases).

Morphosyntactic production (syntax): Sentence struec-
ture; nominal and verbal concordance.

Semantic-lexical production: Predominant form of access
to lexicon: access using the appropriate lexicon (even
with a few words); access using idiosyncrasies; access
using periphrases (the use of two or more words in-
stead of an inflected word to express the same gram-
matic function, e.g., “that’s to eat” instead of “spoon™;
and deictics.

Pragmatic evaluation: Conversational abilities (ample,
restricted) and communicative functions (ample,
restricted).

Comprehension evaluation: Understanding of at least 10
short enunciations (example: “get the pencil”), and 10
long enunciations (example: “get the pencil and put it
on the table” with words that have lexical and gram-
matic meaning.

For children that did not speak or who spoke with re-
strictions (scattered words and phrases) the language eval-
uation used the following analysis criteria: intentionality,
functionality, engaging in dialogue activities, means of
communication, and level of comprehension.

Language evaluation was performed by a child speech
therapist (S.R.V.H.) who specialized in language develop-
ment. The aim was to categorize abnormal language findings
according to the classification proposed by Allen et al.™

Excessive use of jargons: Children are fluent but lack
intelligibility; comprehension is adequate; sentence
structure is generally good, but grammatical markers
may be omitted. This has been referred to as a “phono-
logic programming deficit” by Allen et al.”

Verbal dyspraxia: Children are severely dysfluent, with
very impaired speech articulation but good
comprehension.

Phonologic-syntactic deficit: Children are dysfluent and
speak in simplified sentences; they may omit syntactic
markers; speech articulation is deficient; comprehen-
sion is variable.

Verbal auditory agnosia: Children understand little or
nothing of what they hear because they are unable to
decode language at the level phonology; speech is ab-
sent or very limited.

Lexical-syntactic deficit: children have word-finding
problems and difficulty in formulating connected lan-
guage; syntax is immature rather than deviant; pho-

nology is intact; comprehension of complex sentences
is poor.

Semantic-pragmatic deficit: Children are fluent and of-
ten verbose, but the content of language is bizarre and
they may be echolalic or use overlearned scripts; ade-
quate articulation.

Some children could not be adequately classified be-
cause the limited utterance did not allow a precise differ-
entiation among the multiple subtypes of DLD. Because
they showed impairment of both comprehension and ex-
pression, we classified them under “global disorder.”

Neurologic examination. A detailed neurologic exami-
nation was performed and signs of pseudobulbar palsy
were specifically investigated. Tongue movements (protru-
sion, lateral, and upward movements) were examined, and
the presence of dysarthric speech, abnormal gag reflex,
brisk jaw jerk and automatic~voluntary dissociation of fa-
cial movements was specifically noted.

Children with mild motor development delay (gait ac-
quisition between 18 and 24 months of age) were included
in the study as long as language developmental delay was
the primary complaint.

Parents or guardians were specifically questioned about
a history of drooling, choking, feeding difficulties in the
neonatal period, swallowing and sucking problems, and
current difficalty in whistling or blowing. The family his-
tory was carefully searched.

MRI. Neuroimaging investigation was performed in a
2.0 T scanner (Elscint Prestige) using the following proto-
col: 1) sagittal T1-weighted spin-echo, 6-mm-thick (repeti-
tion time [TR] = 430, echo time [TE] = 12), for optimal
orientation of the subsequent images; 2) coronal T1-
weighted inversion recovery, 3-mm-thick {flip angle =
200°; TR = 2,800 to 3,000, TE = 14, inversion time [TI] =
840, matrix = 130 X 256, field of view [FOV] = 16 X 18
cm); 3) coronal T2-weighted fast spin-echo (FSE), 3- to
4-mm-thick (flip angle = 120°; TR = 4,800, TE = 129,
matrix = 252 X 320, FOV = 18 X 18 cm); 4) axial images

ric (three-dimensional) T1 GRE, acquired in the sagittal
plane for multiplanar reconstruction (MPR), 1-mm-thick
(Rip angle = 35°, TR = 22, TE = 9, matrix = 256 X 220,
FOV = 23 X 25 ¢cm). We performed MPR and curvilinear
reformatting in all three-dimensional MRI scans.®

Results. From January 1998 to January 2001, 29 consec-
utive children with primary complaint of language delay
were evaluated. Fourteen were excluded because of a
global developmental delay, psychological evaluation re-
vealed IQ <70, or because they did not complete all steps
of the protocol. The remaining 15 children met all inclu-
sion criteria and are the subjects of this study.

Ages ranged from 4 to 14 years (mean = 6.8) and 11
were boys. Demographic data, psychological evaluation (IQ
and handedness), history of pseudobulbar difficulties, fam-
ily history of developmental language delay, motor devel-
opment, results of neurologic examination including the
careful search for pseudobulbar signs, and neuroimaging
findings are presented in table 1. Regarding imaging ab-



Table 1 Summary data of 15 patients with developmental language disorder (DLD)

History of Family  Motor development

Patient no/  Performance pseudeobulbar  history Neurologic Pseudobulbar

age, y/sex 1Q/verbal 1Q  Handedness difficulties of DLD Normal Mild delay examination® signs MRI?

14/ SO0/NA R + + Normal Bilateral Posterior
Paristal PMG

24N 100/100 R - -+ - - Normal - Bilaieral Postertor
Parietal PMG

3/6/M 1077779 R - + - + Normal - Bilateral Posterior
Parietal PMG

4/6/M 126/110 R - + + - Normal - Bilateral Posterior
Parietal PMG

5/7/M 88/56 R - + - + Normal - Bilateral Posterior
Parietal PMG

6/1M 88/66 R + - - + Normal + Bilateral Posterior
Parietal PMG

TI4F S0/NA - R + + - + Normal + Diffuse Bilateral
PS PMG

8/4/F 77/60 R + + + Normal + Diffuse Bilateral
PS PMG

98/ 100/79 R o+ + Normal + Diffuse Bilateral
PS PMG

10/A/M 75/46 L. + - - + Normal + Diffuse Bilateral
PS PMG

11/14/M 83/11 R + + + - Normal + Diffuse Bilateral
PS PMG

12/5/M B8/NA L + - - 4 Mild R hemiparesis + Diffuse Bilateral
PS PMG

13/8/F 79/50 R + - - 4+ Normal + R Frontal PMG

14/12/M 83/50 L - - - + Normal - Hypogenesis of CC
+ Chiari I

15/4/F 80/NA R - - + - Normal - Bilateral Frontal
Parietal
atrophy

# Refers to strength. deep tendon reflexes, sensory system, cranial nerves, and coordination.
 Representative samples of MRI for Patients 1 through 10 can be accessed on the supplementary data on the Neurclogy Web site. Figures 1 and 2 illus-

trate MRI findings of Patients 11 and 12.

NA = not applicable; ~ = absent: + = present: PMG = polymicrogyria; PS = perisylvian; CC = corpus callosum.

normalities, the term diffuse polymicrogyria (PMG) was
used when the cortical abnormality occurred around the
entire extent of the sylvian fissure, including the parietal
region {figure 1), whereas the term posterior parietal PMG
was used when PMG was restricted to the posterior as-
pects of the parietal regions, without MRI abnormality at
the anterior two-thirds of the sylvian fissure. Only two
children (Patients 6 and 9) showed asymmetry of polymi-
crogyric cortex, which predominated on the left. All other
children with PMG presented symmetrical bilateral PMG
(figure 2). Additional figures with representative samples
of imaging abnormalities can be found in the supplemen-
tary information on the Neurology Web site (go to www.
neurology.org and scroll down the Table of Contents to find
the title link for this article).

Table 2 shows the results of the language assessment.

The analysis of the results presented in both tables
prompted a further division of the findings according to the
extent of the polymicrogyric cortex and the severity of the
clinical manifestation: patients with posterior parietal cor-

tical involvement tended to present with a milder form of
DLD (Patients 1 through 6), while diffuse polymicrogyric
perisylvian cortex involving precentral and frontal regions
usually was seen in patients who presented with a severe
clinical manifestation (Patients 7 through 12). The other
three children had different imaging findings: one child
had right frontal PMG on MRI (Patient 13), one had hypo-
genesis of the corpus callosum and Chiari I (Patient 14),
and one had bilateral frontoparietal atrophy (Patient 15).

Discussion. Studies have shown nonspecific MRI
findings*® in patients with developmental language
disorder (DLD); however, there have been no definite
structural brain abnormalities associated with
DLD.! In the current study, we described clear-cut
MRI abnormalities in cortical areas involved in lan-
guage processing in a group of 15 consecutive pa-
tients with DLD. All but three patients had PMG in
variable degrees involving perisylvian regions or



Figure 1. (Patient 11). Axial, coronal and sagittal T1-
weighted images showing polymicrogyria around the syl-
vian fissure.

temporoparietal areas. The MRI diagnosis was based
on detailed visual analysis of thin slices (3 mm or
less) of high-resolution MRI, including techniques of
image postprocessing such as multiplanar recon-
struction and curvilinear reformatting. These tech-
niques have been shown to improve the visual
display of subtle lesions on MRL® Gyral abnormali-
ties on MRI are not an “all or none” phenomenon and
require expertise and optimal images. Thick MRI
slices would miss most of the abnormalities de-
scribed here. The in vivo diagnosis of these cortical
abnormalities casts new light on the physiopathology
of DLD.

Many patients with DLD will end up having de-
velopmental dyslexia (DD), which implies difficulty
in learning how to read and write despite normal
intelligence, emotional stability, and adequate fam-
ily and educational opportunities.?® Dyslexia can be
viewed as lying within a continuum of DLD.® Neuro-
pathologic studies of the brains of two patients with

Figure 2. (Patient 12). Curvilinear reformatting from 12
mm of depth from the cortical surface and coronal T1/IR
image (thickness = 3 mm) showing diffuse polymicrogyria
around the perisylvian fissure. Note that thin slices and
image postprocessing technigues improve the visual dis-
play of subtle lesions on. MEL

DD and history of speech delay or language difficulty
showed PMG involving the perisylvian region and
left inferior frontal and superior temporal gyri.® This
anatomical distribution coincides with our findings
and corroborates that a cortical anomaly involving
the perisylvian region plays an important role in the
pathogenesis of DD and DLD.

Most of our patients presented with bilateral and
symmetric cortical abnormalities, and only three
children had asymmetrical lesions: two had bilateral
perisylvian PMG with predominance in the left
hemisphere, and one had unilateral PMG in the
right frontal lobe. Our findings suggest that left-
sided predominance of the lesions is not necessarily
the rule in DLD, as has been proposed by others.®*
Indeed, most of our patients presented with symmet-
rical cortical abnormalities.

Our findings may represent a step further in the



Table 2 Summary data of language assessment

Lexical reception
(comprehension of
sentences)

Pragmatics

Subtype

Peabody: 60; short and

Peabody: 110; normal
Peabody: 110; normal

Peabody: 84; normal

sentences: difficulty

sentences: difficulty

Peahbody: 85; short and

Peabody: 80; short and

sentences: difficulty
Peabody: 55; short and

Peabody: 70; short and

Peabody: 55; short and

sentences: difficulty

sentences: difficulty
Peabody: 80; short and

Type of Semantics
Patient  phonologic (vocabulary and
no. alteration Syntax evocation)
1 NA NA NA
long sentences:
difficulty
2 Delayed Normal Adequate
vocabulary
3 Delayed Normal Adequate
vocabulary
4 Delayed Abnormal  Adequate
vocabulary
5 Delayed Abnormal  Restricted Peabody: 73; long
Deviant vocabulary
6 Delayed Abnormal  Restricted Peabody: 93; long
vocabulary;
difficulty of
evocation; use
of periphrases
7 Inaccurate Abnormal Restricted
vocabulary long sentences:
difficulty
8 NA NA NA
long sentences:
difficulty
9 Inaccurate  Abnormal  Restricted Peabody: 78; long
vocabulary
10 NA NA NA
long sentences:
difficulty
11 Inaccurate Abnormal Restricted
vocabulary long sentences:
difficalty
12 NA NA NA
long sentences:
difficulty
13 Inaccurate Abnormal Restricted Peabody: 70; long
vocabulary
14 Delayed Abnormal  Restricted Peabody: 72; long
vocabulary
15 Delayed Abnormal  Restricted
vocabulary long sentences:

difficulty

Limited communicative
ability

Normal
Normal
Normal

Limited communicative
ability

Limited communicative
ability; prominent
word-finding
difficulty

Limited communicative
ability

Good communicative
ability with RG

Limited communicative
ability

Good communicative
ability with RG

Limited communicative
ability

Limited communicative
ability

Limited communicative
ability

Limited communicative
ability

Limited communicative
ability

Global disorder

Phonologic
programming disorder

Phonologic
programming disorder

Phonologic
programming disorder

Phonologic—syntactic
disorder

Lexical-syntactic
disorder

Phonologic-syntactic
disorder

Global disorder

Phonologic-syntactic
disorder

Global disorder

Phonologic-syntactic
disorder

Global disorder

Phonologic-syntactic
disorder

Phonologic-syntactic
disorder

Phonologic-syntactic
disorder

NA = not applicable (no speech}; RG = representative gesture.

understanding of the anatomical distribution of the
cortical abnormalities in DLD. Patients with diffuse
PMG around the entire sylvian fissure extending to
the inferior frontal regions had a more severe clinical
manifestation of DLD: they did not speak at all or
had severe dysarthria. Conversely, those children
whose PMG was limited to the posterior aspects of
the parietal regions, without involvement of the an-
terior two-thirds of the sylvian fissure and frontal
lobe, had milder or no dysarthria.

Children with language delay and pseudobulbar
signs tend to fail at answering simple questions, and
sometimes even drool. It is extremely important that

the correct diagnosis of DLD be adequately applied
because many patients may be perceived as mentally
retarded. The wrong label and the stigma may im-
pair their quality of life and may prevent them from
attending regular schools.

The male predominance in our patients is a com-
mon finding*!! in DLD series. In one study that de-
scribed 12 kindreds with familial perisylvian PMG,
the authors concluded that this entity appears to be
genetically heterogeneous.’? However, most of the
families provided evidence suggestive of or compati-
ble with X-linked transmission, and this may be the
explanation of the male predominance. Family his-



tory was a common finding in this study and this
supports the belief that DLD may be genetically
determined.}*1®

The finding that eight of our patients presented
mild motor delay and one had mild hemiparesis does
not rule out DLD, as this term is applied when spe-
cific conditions involving mainly the language do-
main are considered. It is noteworthy that parents of
our patients looked for medical assistance because of
language delay and not for any other reason.

The complete clinical picture of perisylvian syn-
drome comprehends pseudobulbar palsy, cognitive
deficits, epilepsy, and perisylvian abnormalities on
imaging studies.’”** DLD has long been considered a
manifestation of pseudobulbar paresis since the first
descriptions of congenital suprabulbar paresis by
Worster—-Drought,®?! who presented a classification
of speech disorders in children. Cognitive deficit is
part of the syndrome, but in this study we included
only individuals with normal or borderline cognitive
function; otherwise, they could not be classified as
having a specific developmental delay.

Epilepsy is considered to be a frequent symptom
in patients with perisylvian PMG.># Seizures oc-
curred in 87% of 31 patients with congenital bilat-
eral perisylvian syndrome (CBPS),” which probably
reflected a selective referral bias of patients seen at
epilepsy surgery centers. In another series,' epi-
lepsy occurred in 43% of patients; this series reflects
a broader inclusion criteria. In the current study,
although epilepsy was not an exclusion criterion,
none of the patients had epilepsy. It is not unlikely,
however, that a number of our patients may develop
epilepsy in the future. The absence of seizures may
be related to the fact that more than half of our
children were 6 years old or younger. Patients with
malformations of cortical development may not de-
velop epilepsy until the second half of the first de-
cade or even the second decade of life.”

We believe that when CBPS was first described,
only patients presenting its severe form could be
identified, and they indeed frequently presented epi-
lepsy and cognitive disturbances. However, more re-
cently, the advances in neuroimaging, especially
high-resolution MRI and its postprocessing tech-
niques, have enabled the diagnosis of more subtle
forms of cortical abnormalities around the sylvian
fissure. This reflects a much broader clinical picture
of perisylvian syndrome than previously thought.
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ABSTRACT

Rationale: Malformations of cortical development (MCD) usually manifest in childhood
with epilepsy, developmental delay and focal neurological abnormalities. However, some
patients may have near-normal cognitive function and no seizures. The objective of this
study is to evaluate the variable presentation and severity of epilepsy in the different types
of MCD.

Methods: We evaluated 100 consecutive patients with neuroimaging diagnosis of MCD.
We assessed the occurrence of epilepsy, neurological examination and EEG findings. For
analysis of the data, patients were divided into groups according to the type of MCD: focal
cortical dysplasia, hemimegalencephaly, lissencephaly (agyria-pachygyria), subcortical
laminar heterotopia, unilateral heterotopia, bilateral periventricular heterotopia,
polymicrogyria and schizencephaly.

Results: There were 55 women, with ages ranging from 5 months to 71 years old
(mean=15.2 years). All patients with hemimegalencephaly, unilateral periventricular
heterotopia, subcortical laminar heterotopia and lissencephaly (agyria-pachygyria) had
epilepsy. Epilepsy occurred also in 27/28 (96.5%) patients with focal cortical dysplasia, in
4/5 (80%) with bilateral periventricular nodular heterotopia, in 10/16 (62.5%) with
schizencephaly, and in 13/28 (46.5%) with polymicrogyria. In patients with
polymicrogyria and schizencephaly, seizures were less frequent (p<0.001) and more easily
controlled by antiepileptic drugs (p<0.001). Regarding the type of epileptic syndrome,
secondary generalized epilepsy occurred in 20% of the patients, especially when the lesion

was diffuse (p<0.001). All of these 20 patients had their first seizure before 6 years-old.
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The type of epileptiform abnormality varied according to the patient’s age, depending on
the degree of cerebral maturation

Conclusion: In a group of patients with MCD, the frequency of epilepsy is lower and
seizures are more easily controlled in the setting of polymicrogyria and schizencephaly.
Patients with MCD frequently present secondary generalized epilepsy early in childhood,

especially when the lesion is diffuse.
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Malformations of cortical development (MCD) can be defined as derangements in
the development of the neocortex associated with a range of morphologic features and with
multiple putative etiologic factors, including genetic and environmental influences ! The
different types of MCDs are the result of abnormalities that occurred at different stages of
cortical development *.

The first dysplastic lesions described were anatomopathological findings, and only
severely disabled patients could be identified 3. With the improvement in neuroimaging
techniques, smaller lesions have been described +5  This led to the identification of
patients presenting less severe symptoms than previously described.

Although MCD usually manifest in childhood with epilepsy, developmental delay
and focal neurologic signs, some patients may have normal or near-normal cognitive
function and no seizures . Moreover, the identification of familial cases of MCD 78 and
the understanding of its molecular basis *18 proved that the clinical spectrum of MCD is
much wider than previously suspected.

The objective of this study is to describe the frequency of epilepsy, seizure control
with antiepileptic drugs, and type of epileptic syndrome associated with the different forms

of MCD.

METHODS
We evaluated 100 consecutive patients with neuroimaging diagnosis of MCD. They
were identified through a systematic investigation of patients seen at the neurology clinic

of a tertiary hospital, at University of Campinas. Patients were evaluated even when
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symptoms were mild, such as speech delay in childhood. All patients signed an informed
consent obtained according to the declaration of Helsinki, and the protocol was approved
by the ethical committee of our institution.

All patients were seen and examined by at least one of us. Clinical information was
collected prospectively on follow-up visits, and by review of clinical notes. Investigation
included neuroimaging evaluation, neurological examination, serial electroencephalograms
(EEG) and long term video-EEG monitoring when appropriate.

We used a semi-structured questionnaire to assess the occurrence epilepsy, seizure
control and age of first seizure. We also reviewed the clinical files of all patients.

For analysis of the data, patients were divided into groups according to the type of
MCD: focal cortical dysplasia, hemimegalencephaly, unilateral periventricular heterotopia,
bilateral periventricular nodular heterotopia, lissencephaly (agyria-pachygyria), subcortical
laminar heterotopia, polymicrogyria, and schizencephaly.

We used the chi-square test to analyze the occurrence of epilepsy and seizure

control among the different types of MCD. We considered the significance level of 0.05.

MRI

The diagnosis of MCD was established according to MRI findings. MRI was
performed in a 2T scanner (Elscint Prestige, Haifa, Israel) using our epilepsy protocol: (@)
sagittal T1 spin-echo, 6mm thick (TR=430, TE=12) for optimal orientation of the
subsequent images; (b) coronal Tl inversion recovery, 3mm thick (flip angle=200°;

TR=2800-3000, TE=14, inversion time TI=840, matrix=130X256, FOV=16X18 cm); (¢)
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coronal T2-weighted “fast spin echo” (FSE), 3-4mm thick, (flip angle=120°; TR=4800,
TE=129, matrix=252X320, FOV=18X18cm), (d) axial images parallel to the long axis of
the hippocampus; T1 gradient echo (GRE), 3mm thick (flip angle=70°, TR=200, TE=5,
matrix=180X232, FOV=22X22 cm); (e) axial T2 FSE, 4mm thick, (flip angle- 120°,
TR=6800, TE=129, matrix 252X328, FOV=21X23cm); (f) volumetric (3D) T1 GRE,
acquired in the sagittal plane for multiplanar reconstruction (MPR), 1 - 1.5mm thick
(TA=35°, TR=22, TE=9, matrix=256X220, FOV=23X25cm). We performed MPR and

curvilinear reformatting in all 3D MRL

EEG

EEG recordings were performed routinely, using the International 10-20 system for
electrode placement. EEG findings were classified as normal or abnormal. Only
epileptiform abnormalities were considered, and could be focal or generalized.

We evaluated the type of EEG abnormalities according to the patient’s age. For this
purpose we considered only epileptiform abnormalities. The epileptiform abnormalities
were classified in four types: a) high amplitude polyspikes and burst-suppression, or
hypsarrthythmia, b) slow, <2.5Hz, spike-and-wave complexes (Lennox-Gastaut syndrome),
¢) focal, and d) generalized. Non-epileptiform abnormalities or EEG within normal limits
were not included in this analysis. According to the patient’s age, the type of EEG

abnormality was plotted in a box plot graph.
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Type of epileptic syndrome
The type of epileptic syndrome was classified according to the criteria proposed by

the International League Against Epilepsy .

In order to evaluate if the extension of the
MCD favored the occurrence of age-related secondary generalized epilepsy (West and
Lennox-Gastaut syndromes), we evaluated the occurrence of secondary generalized
epilepsy according to the type of lesion. For this analysis, patients were divided into
groups according to the extension of lesion: diffuse (lissencephaly, subcortical laminar
heterotopia, hemimegalencephaly) or focal (schizencephaly, polymicrogyria, focal cortical
dysplasia, focal subcortical heterotopias).
Secondary generalized epilepsies are seen mostly in children due to their immature

brain. In order to assess the profile of this type of epileptic syndromes in childhood, we

performed a separate analysis of the patients in whom seizures started before 6 years of

age.

RESULTS

There were 55 women, with ages ranging from 5 months to 71 years old
(mean=15.2 years). Twenty-eight patients had focal cortical dysplasia, 28 polymicrogyria,
16 schizencephaly, nine lissencephaly (agyria-pachygyria), five subcortical laminar
heterotopia, five unilateral heterotopia, five bilateral periventricular nodular heterotopia,

and four hemimegalencephaly.
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Frequency of epilepsy

All patients with hemimegalencephaly, unilateral periventricular heterotopia,
subcortical laminar heterotopia and lissencephaly (agyria-pachygyria) had epilepsy.
Epilepsy occurred also in 27/28 (96.5%) of the patients with focal cortical dysplasia, in 4/5
(80%) with bilateral periventricular nodular heterotopia, in 10/16 (62.5%) with
schizencephaly, and in 13/28 (46.5%) with polymicrogyria. Epilepsy was less frequent n

patients with polymicrogyria and schizencephaly (p<0.001).

Seizure control with AED

No patient with subcortical laminar heterotopia and hemimegalencephaly had their
seizures controlled with antiepileptic drugs (AED). Seizures were controlled in 1/28 (3%)
of patients with focal cortical dysplasia, in 1/9 (11%) with lissencephaly (agyria-
pachygyria), in 1/5 (20%) with unilateral heterotopia, in 1/5 (20%) with bilateral
periventricular nodular heterotopia, in 5 /13 with (38.5%) with polymicrogyria and in 7/10
(70%) with schizencephaly. Patients with schizencephaly and polymicrogyria had their

seizures more easily controlled by AED (p<0.001).

Type of epileptic syndrome
From the group of 100 patients, 78 presented epilepsy. Sixty-one had partial
epileptic syndromes, 13 secondary generalized syndromes, and in 3 the type of epileptic

syndrome could not be established.
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Twenty patients presented secondary generalized epilepsy during the first decade of
life. Every patient with secondary generalized epilepsy presented their first seizure before
6 years of age. Seven patients with secondary generalized epilepsy developed partial
seizures in the second decade of life, characterizing a partial epileptic syndrome. No
patient with partial epilepsy developed a secondary generalized epileptic syndrome.

Among the 20 patients who presented a secondary generalized epileptic syndrome,
6/9 had lissencephaly (agyria-pachygyria), 2/2 had subcortical laminar heterotopia, 3/4 had
hemimegalencephaly, 2/19 had focal cortical dysplasia, 4/3 had schizencephaly, 1/4 had
focal heterotopias and 2/8 had polymicrogyria.

Figure 1 shows the type of epileptic syndrome according to the type of MCD: focal
or diffuse. Secondary generalized epilepsy was more frequently seen in patients with
diffuse MCD (hemimegalencephaly, lissencephaly and subcortical laminar heterotopia,

[p=0.004]).

Type of epileptic syndrome when seizures started before 6 years of age.

Fifty-four patients presented their first seizure before six years-old. Among them,
20 (37%) presented a secondary generalized epileptic syndrome. Fifteen had diffuse and 39
focal MCD.

According to the extension of the lesion, 73% (1 1/15) of the patients with diffuse
lesion (lissencephaly, subcortical laminar heterotopia and hemimegalencephaly) presented

secondary generalized epilepsy, as opposed to only 23% (9/39) in the group with focal
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lesion (focal cortical dysplasia, periventricular nodular heterotopia, unilateral heterotopias,
polymicrogyria and schizencephaly; [p<0.001]).
EEG and neurological examination

Type of seizure, age of the first seizure, EEG characteristics, and the findings of
neurological examination are shown on table 1 and 2. Itis interesting to note that in 22%
of the patients the EEG was normal and 38% had normal neurological examination.

Electroencephalographic evaluation was performed (1to 5 recordings) in all but
one patient with schizencephaly, one with periventricular nodular heterotopia and 10
patients with polymicrogyria. These patients without EEG evaluation did not have
epilepsy.

Figure 2 shows the type of EEG abnormality according to the patient’s age. A total

of 134 abnormal EEG recordings were included in this analysis.

EEG in patients without epilepsy
Twenty-one patients never had seizures. EEG was performed in 12 patients without
epilepsy (six with polymicrogyria and six schizencephaly). EEG was normal in seven

patients, and presented epileptiform abnormalities in five.
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DISCUSSION

The diagnosis of MCD is usually considered in severely disabled patients,
especially in the setting of refractory epilepsy. However, some patients have normal, or
near normal, cognitive function and no seizures ¢ Although many patients with MCD
presenting in childhood have often more severe clinical manifestations >, we found a
normal neurological examination in 33% of the patients (table 2). These patients were
identified through a systematic investigation where a MRI was performed even when
symptoms were mild.

Epilepsy is frequently seen in patients with MCD and a characteristic EEG pattern
consisting of rhythmic epileptiform activity has been described *'. It is important to note
that although focal cortical dysplasia has intrinsic epileptogenecity 222 normal EEG
findings should not preclude the diagnosis of MCD in patients with epilepsy. We found
22% of the patients with normal EEG findings, including 2/28 (7%) with focal cortical
dysplasia.

The type of seizure associated to MCD can be variable, and the patient’s age is one
of the most import aspects in the determination of the epileptic syndrome. Epileptic
syndromes in the first three months of life are characterized by burst-suppression, which
reflects the dysfunction of thalamo-cortical connections. West syndrome is characterized
by infantile spasms, hypsarrthymia and developmental delay, and is seen mainly from the
forth to the seventh months of life. The age range of expression of hypsarrhythmia

correlates with the differentiation of the intracortical synchronizing mechanism provided
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by intrinsically bursting neurons. In the second year of life there is sufficient degree of
maturation to support sustained rhythmic discharges of spikes and waves. Lennox-Gastaut
syndrome is the clinical expression of this age 24 The electroencephalographic evaluation
of our patients showed that the pattern of EEG abnormalities present in patients with MCD
reflects clearly these three main stages of cerebral maturation (figure 2). Hypsarrhythmia
occurred in the first year of life. Generalized epileptiform activity characterized by slow,
<2.5Hz, spike-and-wave complexes were seen mainly in the first decade of life. Focal and
generalized epileptiform activities were seen throughout life.

EEG findings of patients with MCD are often stable over time and some patients
may development slow waves or interictal spikes when followed serially for several
years”. However, our data shows that, in childhood, the type of EEG finding depends
mostly on the patient’s age; that is, the type of epileptiform abnormality changes according
to degree of cerebral maturation (myelinization and synaptogenesis).

It is interesting to note that, although most patients with epilepsy due to MCD show
interictal spikes 25 e found epileptiform abnormalities in 42% (5/12) of the patients
without epilepsy.

Secondary generalized epilepsy occurred in 20% of patients with MCD, especially
when the dysplastic lesion was diffuse (p=0.004). MCD is the most common cause of
partial seizures in childhood 26 However, it is interesting to note that 23% (9/39) of the
children with a focal lesion presented secondary generalized epilepsy. One of our patients
with focal cortical dysplasia presented West syndrome in the first months of life and

became seizure free after AED treatment. Motor and cognitive developments were normal.
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His seizures restarted at age nine and at this time were partial, delineating the age
dependent expression of the epileptic syndrome.

The frequency of epilepsy was lower (p<0.001) and seizures were more easily
controlled (p<0.001) in patients with polymicrogyria and schizencephaly. These findings
are in agreement with previous studies in which epilepsy was present in 57% to 87% of
patients with polymicrogyria or schizencephaly 27311t is also in keeping with our
previous findings from a smaller series 32 In these studies the epileptic spectrum was wide
and most patients had a good seizure outcome. It should be noted that, because MCD are
frequently associated with refractory epilepsy, most data about epilepsy and MCD comes
from epilepsy centers. In order to avoid this bias, we performed a systematic
neuroimaging evaluation of patients seen at our neurology clinic, and it enabled the
identification of a higher number of patients with MCD that did not present epilepsy.
However, we believe that the frequency of epilepsy in patients with MCD is still
underestimated, because nearly asymptomatic patients with MCD can not be identified
because they will not seek medical help.

We conclude that in a group of patients with MDC, the frequency of epilepsy is
lower and seizures are more easily controlled in patients with polymicrogyria and
schizencephaly. Patients with MCD frequently present secondary generalized epilepsy

early in childhood (before six years of age), especially when the lesion is diffuse.

85




REFERENCES

1. Mischel PS, Nguyen LP, Vinters HV. Cerebral cortical dysplasia associated with
pediatric epilepsy. Review of neuropathologic features and proposal for a grading
system. J Neuropathol Exp Neurol 1995; 54: 137-153.

2. Barkovich AJ, Kuzniechy R, Jackson GD, et al. Classification system for
malformations of cortical development. Neurology 2001; 57: 2168-2178.

3. Taylor DC, Falconer MA, Bruton CJ, Corsellis JAN. Focal dysplasia of the
cerebral cortex in epilepsy. J Neurol Neurosurg Psychiat 1971; 34: 369-387.

4. Barkovich AJ, Rowley HA, Andermann F. MR in partial epilepsy: value of high
resolution techniques. AJNR 1995; 16: 339-343.

5. Bastos AC, Comeau RM, Andermann F, et al. Diagnosis of subtle focal dysplastic
lesions: curvilinear reformatting from three-dimensional magnetic resonance
imaging. Ann Neurol 1999; 46: 88-94.

6. Whiting S, Duchowny M. Clinical spectrum of cortical dysplasia in childhood:
diagnosis and treatment issues. J Child Neurol 1999;1412: 75 9-71.

7. Guerreirto MM, Andermann E, Guerrini R, et al. Familial perisylvian
polymicrogyria: a new familial syndrome of cortical maldevelopment. Ann Neurol
2000; 48: 39-48.

8. Toyama J, Kasuya H, Higuchi S, et al. Familial neuronal migration disorder:
subcortical laminar heterotopia in a mother and pachygyria in the son. Am J Med

Genet 1998; 75:481-484.

86




10.

11.

12.

13.

14.

16.

Dobyns WB, Ledbetter DH. Clinical and molecular studies in 62 patients with type
I lissencephaly. Ann Neurol 1990; 28: 440.

Dobyns WB, Reiner O, Carrozzo R, Ledbetter DH. Lissencephaly: a human brain
malformation associated with a deletion in the LIS1 gene located at chromosome
17p13. JAMA 1993; 27: 2838-2842.

Granata T, Farina L, Faiella A, et al. Familial schizencephaly associated with
EMX2 mutation. Neurology 1997; 48:1403-1406.

Gleeson JG, Minnerath SR, Fox JW, et al. Characterization of mutations in the
gene doublecortin in patients with double cortex syndrome. Ann Neurol 1999;
45:146-153.

Gleeson JG, Allen KM, Fox JW, et al. Doublecortin, a brain-specific gene mutated
in human X-linked lissencephaly and double cortex syndrome, encodes a putative
signaling protein. Cell 1998; 92:63-72.

Dobyns WB, Anderman E, Andermann F, et al. X-linked malformations of

neuronal migration. Neurology 1996; 47:331-339.

. Porters V, Pinard JM, Billuart P, et al. A novel CNS gene required for neuronal

migration and involved in X-linked subcortical laminar heterotopia and
lissencephaly syndrome. Cell 1998; 92:51-61.

Fox JW, Lamperti Ed, Eksioglu YZ, et al. Mutations in filamin 1 prevent
migration of cerebral cortical neurons in human periventricular heterotopia.

Neuron. 1998;21:1315-25.

87




17. Clark G, Noebels JL. Cortin disaster: lissencephaly genes spell double trouble for
the developing brain. Ann Neurol 1999; 45:141-142.

18. Eksioglu YZ, Scheffer IE, Cardenas P, et al. Periventricular heterotopia: an X-
linked dominant epilepsy locus causing aberrant cerebral cortical development.
Neuron 1996; 16: 77-87.

19. Comission on Classification and Terminology of the International League Against
Epilepsy. Proposal for revised classification of epilepsies and epileptic syndrome.
Epilepsia 1989; 30: 389-399.

20. Leventer RJ, Phelan EM, Coleman LT, et al. Harvey AS. Clinical and imaging
features of cortical malformations in childhood. Neurology 1999; 53:715-722.

21. Gambardella A, Palmini A, Dubeau F, et al. The significance of
electrocorticographic findings in focal cortical dysplasia: a review of their clinical,
electrophysiological and neurochemical characteristics. Electroencephalogr Clin
Neurophysiol Suppl. 1998; 48:77-96.

22. Palmini A, Anderman F, Olivier A, et al. Focal neuronal migration disorders and
intractable epilepsy: results of surgical treatment. Ann Neurol 1991; 30: 750-757.

23. Mattia D, Olivier A, Avoli M. Seizure-like discharges recorded in human
dysplastic neocortex maintained in vitro. Neurology 1995; 45: 1391-1395.

24. Avanzini G, Sancini G, Canafoglia L, Franceschetti S. Maturation of cortical
physiological properties relevant to epilepto genesis. In: Abnormal Cortical
Development and Epilepsy. Spreafico R, Avanzini G, Andermann F (eds).

London: John-Libbey and Company; 1999: 63-75.

88




25.

26.

27.

28.

29.

30.

31.

32.

Raymond AA, Fish DR. EEG features of focal malformations of cortical
development. J Clin Neurophysiol 1996; 13: 495-506.

Blume WT. Clinical profile of partial seizures beginning at less than four years of
age. Epilepsia 1989; 30: 813-819.

Packard AM, Miller VS, Delgado MR. Schizencephaly: correlation of clinical and
radiologic features. Neurology 1997; 48:1427-1434.

Kuzniecky R, Andermann F, Guerrini R, and the CBPS Multicenter Collaborative
Study. Congenital bilateral perisylvian syndrome: study of 31 patients. Lancet
1993; 34:608-612.

Guerrini R, Dravet C, Raybaud C, et al. Neurological findings and seizure outcome
in children with bilateral opercular macrogyric-like changes detected by MRI. Dev
Med Child Neurol 1992; 34: 694-705.

Groupman AL, Barkovich AJ, Vezina LG, et al. Pediatric congenital bilateral
perisylvian syndrome: clinical and MRI features in 12 patients. Neuropediatrics
1997; 28: 198-203.

Cho WH, Seidenwurm D, Barkovich AJ. Adult-onset neurolo gic dysfunction
associated with cortical malformations. AJNR 1999; 20: 1037-43.

Montenegro MA, Guerreiro MM, Lopes-Cendes I, et al. Interrelationship of
genetics and prenatal injury in the genesis of malformations of cortical

development. Arch Neurology 2002; 59:1147-1 153.

89



Table 1 - Characteristics of epilepsy according to the different types of

malformations of cortical development.

Type of MCD Epilepsy Seizures Mean age of  Type of seizure®
controlled first seizure
with AED

Focal cortical dysplasia ~ 27/28 (96.5%) 1/27 (3%) 4.6 years Partial - 100%
(n=28)
Hemimegalencephaly 4/4 (100%) None 2 months Partial- 100%
(n=4) Generalized - 25%
Bilateral periventricular ~ 4/5 (80%) 1/4 (25%) 13.2 years Partial - 75%
nodular heterotopia Generalized - 25%
(0=5)
Unilateral 5/5 (100%) 1/5 (20%) 13.1 years Partial - 100%
periventricular
heterotopia (n=5)
Subcortical laminar 5/5 (100%) None 8.4 years Partial - 75%
heterotopia (n=5) Generalized - 25%
Agyria-pachigyria (n=9)  9/9 (100%) 1/9 (11%) 6 months Partial - 33%

Generalized - 55.5%
Polymicrogyria (n=28)  13/28 (46.5%) 5/13 (38.5%)  R.8 years Partial - 54%

Generalized - 15%
Schizencephaly (n=16)  10/16 (62.5%) 7/10 (70%) 4 years Partial - 70%

Generalized - 30%

AED = antiepileptic drugs. * Some patients presented more than on type of seizure,
neurological abnormality or EEG finding.
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Table 2 - Clinical characteristics and EEG findings, according to the different types

of malformations of cortical development.

Type of MCD Neurological examination* EEG findings*

Focal cortical dysplasia Normal - 75% Focal - 21

(n=27) MR - 10% /128 (75%)
Hemianopsia - 7% Generalized — 7/28
MD - 3% (25%)

Normal — 2/28 (7%)
RED -9 (32%)

Hemimegalencephaly MD - 100% Focal — 4/4 (100%)

(n=4) MR - 100% RED -1/4 (25%)

Bilateral periventricular Normal - 80% Focal - 1/4 (25%)

nodular heterotopia (n=5) MR - 20% Generalized — 1/4
(25%)

Normal — 2/4 (50%)

Unilateral periventricular Normal - 80% Focal — 1/4 (25%)
heterotopia (n=5) MR - 20% Generalized — 2/4
(50%)
Normal — 2/4 (50%)
Subcortical laminar Normal - 40% Focal — 5/5 (100%)
heterotopia (n=5) MR - 40% Generalized — 2/5
MD - 20% (40%)
Agyria-pachigyria (n=9) MD - 55.5% Focal — 5/9 (55%)
MR - 55% Generalized — 7/9
Hypotonia - 33% (78%)
VA -22% Normal — 1/9 (11%)

Microcephaly- 11%

MD = motor deficit; MR = mental retardation; VA= visual abnormalities; RED = rhythmic
epileptiform discharge. * Some patients presented more than on type of seizure,
neurological abnormality or EEG finding.
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Table 2 - Continued

Type of MCD Neurological examination*® EEG findings*
Polymicrogyria (n=28) PBP- 36% Focal — 6/16 (37.5%)
Speech delay - 28.5% Generalized — 3/16
MD - 28.5% (19%)
Normal - 25% Normal - 10/16
MR - 7% (62.5%)

Hypotonia - 3%
Microcephaly - 3%

Schizencephaly (n=16) MD - 50% Focal — 11/15 (73%)
MR - 50% Generalized —4/15
VA -20% (27%)
PBP - 10% Normal — 5/15 (30%)

Microcephaly - 10%

PBP = Pseudobulbar palsy, MD = motor deficit; MR = mental retardation; VA= visual
abnormalities; RED = rhythmic epileptiform discharge. * Some patients presented more
than on type of seizure, neurological abnormality or EEG finding.
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FIGURES

Figure 1 - Type of epileptic syndrome according to the type of MCD:

focal or diffuse.
100 patients
with MCD
Focal Diffuse
MCD* MCD*
Partial /\ Gemj:ralized Partial /\ Generalized
epilepsy epilepsy epilepsy epilepsy
53 (90%) 5 (8.5%) 8 (44%) 3 (44%)

Obs. In three patients (one with focal and two with diffuse MCD) the type of epileptic syndrome could not
be established.

* Focal cortical dysplasia, nodular heterotopia, polymicrogyria or schizencephaly.

# L issencephaly, subcortical laminar heterotopia and hemimegalencephaly.




o
60
=
40
30+
L
O
<
20+
10+ T
0 == 1 il ]
0 1 2 3 4

Type of EEG abndrmality

Figure 2 - Epileptiform abnormalities according to the patient’s age. Type of EEG
abnormality: 1-Hypsarrhythmia; 2-Slow spike-and-wave complexes, <2.5Hz; 3-Focal
epileptiform abnormality; 4-Generalized epileptiform abnormality. Note that
hypsarrhythmia occurs mostly in the first year of life, and slow spike-and-wave complexes

predominate in the first decade.
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Figure 3 — (A) Coronal T1-IR image showing area of cortical thickening and blurring
between the gray and white matter in a patient with focal cortical dysplasia (box). (B)
Coronal T1-IR image showing hemispheric enlargement with abnormal gyration, cortical
thickening and abnormal white matter signal in a patient with hemimegalencephaly. (C)

Coronal T1-IR image showing nodules around the ventricular wall, bilaterally, in a patient
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with periventricular nodular heterotopia (arrows). (D) Coronal T1-IR image showing
pachigyria and subcortical laminar heterotopia (arrows). (E) Coronal T1-IR image
showing bilateral clefts in a patient with schizencephaly. (F) Sagittal T1 image showing

polymicrogyria at the right frontal lobe.
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Aspectos de neuroimagem das malformacoes do

desenvolvimento cortical

Artigo 7 — Neuroimaging characteristics of pseudo-subcortical laminar
heterotopia

Artigo 8 — Focal cortical dysplasia: improving diagnosis and localization with
MRI curvilinear and multiplanar recosntruction

Artigo 9 — Patterns of hippocampal abnormalities in malformations of cortical

development
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ABSTRACT

Subcortical laminar heterotopia (SLH) is a subtype of malforma-
tion of cortical development characterized by laminar gray mat-
ter between the cortex and ventricles, which can vary in thick-
ness and may be continuous or discontinuous. The objective of
this study is to describe anormal finding of high-resolution mag-
netic resonance imaging that may simulate an SLH. SlH is
isointense to cortex on both T1- and T2-weighted/FLAIR
images, usually both anteriorly and posteriorly in location. Con-
versely, pseudo-SLH is anormal variant present only at the pos-
terior aspect of the brain, and with dark signal on both T1- and
T2-weighted/FLAIR images.

Key words: Subcortical laminar heterotopia, normal variant,
epilepsy, magnetic resonance imaging.
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Neuroimaging characteristics of
pseudosubcortical laminar heterotopia.
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The advent of magnetic resonance imaging (MRI) has
enabled the in vivo display of lesions, such as malforma-
tions of cortical development (MCDs), that in the past
could only be seen in pathological examinations.’”
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MCDs constitute a group of heterogeneous lesions with
presumed distinct underlying pathophysiology. Sub-
cortical laminar heterotopia (SLH) is a subtype of MCD
characterized as laminar gray matter between the cortex
and ventricles, which can vary in thickness and may be
continuous or discontinuous (Fig 1).

High-resolution MRI provides high contrast and ana-
tomical definition of brain structures, and some normal
aspects that were not usually seen on conventional images
can be identified. On Tl-weighted images, a thin layer
isointense to gray matter may be observed, bilaterally,
next to the trigone, and sometimes this may resemble
SLH.

The objective of this study is to describe a normal find-
ing of high-resolution MRI that may simulate an SLH.

Methods

We analyzed high-resolution MRI and multiplanar recon-
struction (MPR) of 20 normal controls and 4 patients with
SLH. We were aware of whether the films belonged to
controls or patients at the time of the analysis. MRI was
performed on a 2.0-T scanner (Elscint Prestige) using our
epilepsy protocol: (1) sagittal T1 spin echo, 6 mm thick
(TR =430, TE = 12), for optimal orientation of the subse-
quent images; (2) coronal T1 inversion recovery, 3 mm
thick (flip angle = 200°, TR = 2800-3000, TE=14,Tl=
840, 130 x 256 matrix size, field of view = 16 x 18 cm); (3)
coronal T2-weighted fast spin echo, 3 to 4 mm thick (flip
angle=120°, TR=4800, TE =129, 252 x 320 matrix size,
field of view = 18 x 18 cm); (4) axial images parallel to the
long axis of the hippocampi, T1 gradient echo, 3 mm
thick (flip angle=70°, TR=200, TE=5, 180 x 232 matrix
size, field of view = 22 x 22 cm); (5) axial T2 FSE, 4 mm
thick (tip angle 120°, TR =6800, TE=129, 252 % 328 ma-
trix size, field of view =21 x 23 cm); and (6) volumetric (3-
dimensional) T1 GRE, acquired in the sagittal plane for



blurring between gray and white matter, and cortical
thickening or infoidingf*'5

SLH is characterized as a layer of gray matter observed
in the centrum semi ovale, which extends to anterior
regions of brain, at times associated with pachygyria.
Patients with SLH usually present cognitive impairment
and epilepsy, depending on the band thickness.’ Pseudo-
SLH cannot be seen in the anterior regions of the brain
and is relatively thinner and closer to the Jateral ventricles
when compared to the actual SLH. An important aspectis
that in FLAIR and T2-weighted sequences, only the truly
abnormal SLH has a signal similar to cortex.

Psendo-SLH, a normal subcortical structure, appears
isointense to the cortex on Tl-weighted sequences and
may be misinterpreted as abnormal. This normal variant
is due to the fact that the axons of the optic radiation are
darker than other subcortical structures due to the pres-
ence of iron, which attenuates the MRI signal.” Optic
radiation takes an indirect course from the lateral
geniculate nucleus (around the lateral ventricle) to reach
the primary visual cortex in the occipital lobe, and the
improvement of MRI resolution enabled its clear visual-
jzation, giving the impression of pseudo-SLH.

We conclude that the diagnosis of SLH requires the
observation of MRI signal isointense to cortex on both
T1- and T2-weighted/FLAIR images, usually both anteri-
orly and posteriorly in location. Conversely, pseudo-SLH
is a normal variant present only at the posterior aspect of

the brain, with a dark signal on both T1-weighted and T2-
weighted/FLAIR images.
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ABSTRACT

Ohjective. To establish the contribution of muttiplanar recon-
sruction (MPR) and curviiinear reformatting {CR! to the MRI
investigation of focal cortical dysplasia (FCD), Methods. From a
group of patients with intractable frontal fobe epilepsy, we
selected patients with neuroimaging diegnosis of FCD. The
diagnosis of FCD was based on the neuroimaging findings after
a three step evaluation, always in the same order: (&) plain MRl
fims, (b} MPR, and {c) CR. After the selection of patients, the
process of reviewing all theimages in the three stages descriped
above was performed by one of us, who did not take part on the
selection of patients nor on the initial evaiuation, and wha was
hiind te the clinical and EES findings of the patients. For data
analysis, we first assessed the contribution of the additional
findings of MPR analysis compared to the results of the evalua-
tion using only plain MRI fiims, as is usually done in routine prac-
tice. Secand. we assessed the contribution of CR to the findings
of plain MRi fims plus MPR. After completing the multistep eval-
Lation, we afl went back to review the plain MR! films with know!-
edge of lesion topography, in order 1o identify possible subtle
features associated with FCD. Results. Seventeen patients met
the inglusion criteria. Twelve had imaging diagnosis of FCD and
were included in the second step cf this project. Plain fiims of
high resclution MRI showed the lesion in 6 (50%) of the 12
patients. By adding MPR to the plain MR fiims, we identified
lesions in &ll 12 patients. Furthermore, we found that MPR pro-
vided a better lesion iocalization and ascertalnment of its refa-
tionship to other cerebral structures in 5 of 6 {83%) patients who
had & lesion identified on piain fims. By adding CR o the plain
MRI fims plus MPR analysis, we observed that &) CR also
allowed the identification of the dysplastic lesion in ail patients,
(b) CR mproved lesion focalization in one patient, and (¢} CR
provided a better visualization of the lesion extent in 4 patients
{33%,), showed a larger lesicn in 3, and demonstrated that part
ofthe area suspected as abnormal was more likely voume aver-
aging in 2. Conclusion. MPR and CR analysis add to the
neuraimaging evaiuation of FCD by improving the lesion diagno-
sis and localization, CR helps to establish the extent of the lesion
more precisely, allowing the visualization of some areas not
shown on high resolution MR and MPR. These techriques are

complementary and do not replace the conventional wisdom of
MRI analysis,

Key words: Curvilinear reformating, multiplanar reconstruc-
tion, focal cortical dysplasia, frontal lobe epilepsy.
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localization with magnetic resonance imaging
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Focal cortical dysplasia {FCD) can be identified on con-
ventional magnetic resonance imaging (MRI) as areas of
abnormatl gyration, blurring between gray and white mat-
ter, and cortical thickening or infolding that may be asso-
ciated with clusters of heterotopic neurons in the white
matter.”™ However, sulcal and cortical morphologic
abnormalities are particularly difficult to diagnose unless
a high index of suspicion is maintained.® At times, FCD
may be very small and subtle, which makes it difficult to
be detected on plain MRI films.®’ For this reason, high-
resolution MRI and image-postprocessing techniques,
such as multiplanar reconstruction (MPR) and curvilinear
reformatting {CR), were develaped.®*

MPR is an interactive analysis of a volumnetric acquisi-
tion that enables the observation in detail of specific cere-
bral regions in different orientations of plane of section.
Rarkovich et al’ used 3-dimensional (3D) Fourier trans-
form volumetric MRI examinations with thin (1 to 1.3
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mmy) slices to evaluate 15 patients with previously normal
neuroimaging evaluation and identified focal cortical
abnormalities in 8 of these patients.

CR is an elegant approach that can easily distinguish
subtle lesions from volume-averaging effect. CR is
designed to avoid the impression of cortical thickening
that can be seen in thick MRI slices. This artifact is due to
the obligunity of the plane of section in relation to the
gyrus, causing volume averaging,”

The objective of this study was to establish the contri-
bution of MPR and CR to the MRI investigation of FCD
and establish the degree of concordance among results
from plain MR, MPR, and CR with regard to the diagno-
sis, ascertainment of anatomical location, and extent of
FCD.

Patients and Methods

Selection of Patients

From January 1998 to January 2000, we selected patients
with clinical and electroencephalogram (EEG) diagnosis
of frontal lobe epilepsy refractory to medical treatment,
and with no evidence of progressive metabolic disorder.
Patients with tumors, inflammatory or destructive lesions,
and other types of cortical dysgenesis were excluded. All
patients had high-resolution MRI following a specific
protocol, detaiied below.

Patients went through a complete neuroimaging evalu-
ation that included the analysis of plain MRI, MPR, and
CR. Plain MRI included 6 mm sagittal T1, 3 mm coronal
IR and T2, and 3 mm axial T1 gradient echo (GRE), T2,
and FLAIR images, followed by MFR and CR on volu-
metric T1 1 to 1.5 mm isotropic voxel acquisition.

In the first step of the project, patients with FCD were
identified. The diagnosis of FCD was made in the Light of
seizure semiology, neurophysiology, and neuroimaging
findings.

Neuroimaging Evaluation of Fatients With FCD

After the first selection of patients, the patients with FCD
were reevaluated by one of the authors, who did not take
part in the selection of patients and was blind to the clini-
cal and EEG findings. The entire process of reviewing all
the images was performed in the same 3 stages: (1) plain
MRI, (2) MPR, and (3} CR.

MRI. MRI was performed in a 2.0-T scanner (Elscint
Prestige, Haifa, Israel} using our epilepsy protocol: (1)
sagittal T'1 spin echo 6 mm thick (TR = 430, TE = 12, 1
NEX, 16 slices} for optimal orientation of the subsequent

images; (2) coronal T1 inversion recovery 3 mm thick
{flip angle = 200°, TR = 2800-3000, TE = 14, T = 8440,

matrix = 130 x 256, FOV = 16 x 18 emn, 1 NEX, 30 slices);
{3) coronal T2-weighted fast spin echo (FSE) 3 to 4 mm
thick (fiip angle = 120°, TR = 4800, TE = 129, matrix =
252x320,FOV =18x 18 cm, 1 NEX, 24 slices); (4) axial
images paralle] to the long axis of the hippocampi, T1
GRE 3 mm thick {lip angle = 70°, TR = 200, TE = 5,
matrix = 180x 232, FOV = 22 x 22 cm, 4 NEX, 24 slices):
{5) axiai T2 FSE 4 mm thick {flip angle = 120°, TR = 6800,
TE = 129, matrix 252 x 328, FOV =21 x23em, 1 NEX,
24 slices); {6) axial IRFSE-FLAIR 5 mm thick (TR =
2550, TE = 80, matrix = 250 x250,FOV =24 x 24 ¢cm, 1
NEX, 24 slices); and (7) volumetric (3D) T1 GRE,
acquired in the sagittal plane for MPR 1 to 1.5 mm thick
{flip angle = 35°, TR = 22, TE = 9, matrix = 256 x 220,
FOV =23x25em, 1 NEX, 170 to 200 slices according to
the size of the patient’s head). Total scanning time was 45
to 60 minutes.

MPR. MPR was performed in a workstation (Q2 Sili-
con Graphic) using Omnipro sofiware {Elscine Prestige,
Haifa, Israel}, which allowed a fast reconstruction of MRI
in any plane. Both T1- and TZ2-weighted images were
loaded in the workstation fo assist in the detection of
abnormalities.

CR. CR of 3D volumetric images was performed in a
Power MacIntosh using Brainsight software {(Rogue
Research, Montreal, Quebec, Canada). This is a method
that improves the anatomical display of the gyral struc-
ture of the hemispheric convexities. It also reduces the
asymmetric samnpling of gray-white matter that may lead
to false-positive resulfs,

Analysis of the Data

We analyzed the results in 2 stages. First, we assessed the
contribution of additional findings of MPR analysis com-
pared to the resulis of the evaluation using only plain
MR], as is usually done inroutine practice. Second, we as-
sessed the contribution of CR to the findings of plain MRI
plus MPR. For comparison of the extent of FCD between
MPR and CR results, the leston shown by MPR was man-
ually delineated and then compared directly to the 3D
curvilinear image In an interactive manner, using the cur-
sor of CR software (Fig 1). The same investigator per-
formed all 3 steps of the analysis, always in the same
order—(1) plain MR, {2) MPR, and (3) CR—in the same
way it was performed in the first step of the project when
patients diagnosed with FCD were selected.

After completing the multistep evaluation, we went
back to review the plain MRI with knowledge of lesion
topography in order 1o identify possible subtle features
associated to FCD. These features could be helpful as
clues in the routine evaluation of patients with partial

epilepsy.



Fig 1.

{A) Curvilinear reformatting at 16 mm of depth from the cortical surface shows a dysplastic lesion (within the box}. The

dot indicates the limit of the dysplastic lesion on the curvilinear reformatting image. (B} Axial T1-weighted image shows the
dyspiastic lesion in the right frontal region, and the limits of the lesion are contoured in black. Note that the cross-lines, which cor-
respond to the exact position of the dot in (A}, fall outside the lmits of multiplanar reconstruction-defined lesion.

Results

Initially, 17 patients met the inclusion criteria of clinical-
EEG diagnosis of frontal lobe epilepsy refractory to medi-
cal treatment. After the first systematic MRI analysis, the
diagnosis was unceriain in 5 patients, and 12 had imaging
diagnosis of FCD. These 12 patients were included in the
second step of the project in order to determine the contri-
bution of each postprocessing MRI technique for the di-
agnosis of FCD.

Apesranged from 2 to 41 years (mean = 13}. Neurologi-
ral examination was normal in all but 3 patients, who pre-
sented with only mild abnormalities such as asymmetry of
nasolabial foids {patients 1 and 7) and lower facial weak-
ness and speech delay {patent 10). All patients had sei-
zures suggesting frontal lobe involvement. EEG showed
focal epileptiform abnormatities in 8 patients, generalized
epileptiform abnormalities in 2 patients, and focal plus
generalized epileptiform abnormalities in 2 patients.
Seven patiems presented with focal rhythmic epilepti-
form discharges in their EEGs (Table 1).

The time required to perform MPR is variable, and
may last up to 2 hours. CR is faster—the time required
to delineate the brain surface is approximately 5 min-
utes and the generation and display of curves takes
about 8 to 10 minutes.'® The analysis of the results, how-

ever, varies from patient to patient, and in our study it
required approximately 20 to 30 minutes for each
patient.

In the first analysis of plain MRI, we found a lesion
with confidence in only 6 of the 12 patients included in the
second step of the study. By adding MPR to the plain films
of conventional high-resolution MRI, we identified
lesions in all 12 patients. Furthermore, we found that
MPR provided a better lesion localization and ascertain-
ment of its relationship to other cerebral structuresin 5 of
6 (83%) patients who had a lesion identified on plain films.
The possibility of changing the plane of section with dif-
ferent angulations and the ability to observe the influence
of these changes simultaneousiy in 3 or more planes of
section is extremely heipful to rule out volume averaging
in MPR {Fig 2}.

When the results of the CR analysis were compared to
the findings of plain MR! plus MPR analysis, we
observed that {1) CR aiso allowed for the identification of
the dysplastic lesion in all patients; (2) CR improved
lesion localization in 1 patient; and (3) CR provided a
better visualization of the lesion extent in 4 patients (33%),
showed a larger lesion in 3 patients {patients 4, 5, and 6}
{Fig 1}, and demonstrated that part of the area suspected
as abnormal was more likely volume averaging in 2
{patients § and 7} (Fig 3).



Table 1. Characteristics of Electroencephalogram (EEG), Seizure Semiology, and Neuroimaging Findings of Patients With Focal

Cortical Dysplasia
Seizure Location of Focal
ID AgelSex EEG Semiology Cortical Dysplasia
1 7/M  Rhythmic epileptiform discharges Paresthesia on the right hand, Left posteentral gyrus”
at left frontal region followed by tonic posture of right
arm and lip protrusion
2 21/F  Generalized spike and wave Tonic posture of arms followed by Right middie frontal
complex partial seizure gyrus
3 12/M Rhythmic epileptiform discharges Clonic movemenits of right lower Left superior and
at right frontal region face, followed by complex partial middle frontal gyrus”
seizure
4 4/F Bilateral spikes at frontotemporal Right eye blink followed by Right precentral gyrus
regions complex partial seizure
5 10/M  Focal spikes at right frontocentral Complex partial seizure characterized Right middle frontal
regions by staring and automatisms gyrus’
6 41/F  Frontal spikes at right frontal region  Loss of consciousness followed by Right middls frontal
and generalized spike and wave bizarre movements and tonic gyrus’
posture of arms
7 8/F Rhythmic epileptiform discharges Tonic deviation of right side of lower  Left precentral gyrus®
at left frontal region face and tonic posture of right arm
8 3/F Rhythmic eplleptiform discharges Clonic movements of right arm Left precentral gyrus
at left frontal region ‘
9 4/F Rhythmic epileptiform discharges Clonic movement of left arm and leg  Right precentral gyrus
at right frontocentral regions and
generalized spike and wave
10 2/M  Rhythmic epileptiform discharges Bilateral eve blinking with loss of Right middle and
at frontotemporal regions consciousness, followed by inferior frontal and
generalized tonic-clonic seizure superior termnporal
gyrus’
11 14/M  Generalized spike and wave Postural seizure (extension of 4 imbs) Right middle frontal
gyTus
12 26/F  Focal spikes at right frontal region Loss of consciousness followed by Left middte frontal

generalized tonic-clonic seizure gyrus

a. Focal cortical dysplasia was visible with confidence in plain magnetic resonance imaging.

A retrospective analysis of plain MRI previously con-
sidered as normal revealed some specific features that
were present in all 12 patients.

*

An area of possible focal cortical thickening that can be
seen in at least 3 sequentdal thin slices {£ 3 mm) in plane,
which was present in all patients;

A suspicious area seen In both coronal and axial se-
quences (present in 11 of 12 patienss);

Focal tissue loss (present in 10 of 12 patients);

A suieus that is deeper or straighter than usual {present in
9 of 12 patients};

Focal hyperintense signal on T2-weighted or FLAIR im-
ages (present in 5 of 12 patents} (Figs 4, 5).

.

Fig2. Coronal T1-weighted images of a normal subject
show the effect of the change in orientation of the planes of
section. {A) Area of artifactual cortical thickening (arow) due
to volume averaging. (B) The artifact disappears in a different
orientation of the plane of section, as shown by the scout
sagittal image in the upper left-hand comer.



Fig 3. Patient 12. T1-weighted images show the same le-
ston in different planes (boxes). (A, B) Axial images in different
planes of section, {C) coronal, and (D) curvilinear reformatting
at 16 mm of depth from the cortical surface show the
dysplastic lesion in the left frontal lobe (box). Note the cortical
thickening, blurring between gray and white matter, and focal
atrophy adjacent to the lesion, which can be identified on dif-
ferent planes (A, B, and C), suggesting that the cortical thick-
ening is not the resutt of an oblique plane of section in relation
to the gyrus or volume averaging.

Discussion

Image-postprocessing techniques, particularly MPR and
CR, play an important role in the neuroimaging evalua-
tion of patients with refractory partiai epilepsy, especialiy
in the diagnosis of dysplastic lesions. We identified FCD

in 12 of 17 selected patients with medically refractory
frontal iobe epilepsy without gross structural lesions on
MRI. In contrast, the analysis using only plain MRI (as
routinely performed) detected the iesion in 6 of these 12
patients.

MPR and CR demonstrated a similar sensitivity in
lesion localization. However, the use of CR led to a more
precise delineation of the extent of the lesionin 4 of the 12
patients, nat only by showing that the cortical dysplasia
extended to the normal-appearing areas defined by plain
MRI but also by demonstrating that a portion of the area
suspected as abnormal was indeed volume averaging in 2
patients. A limitation of CR is the fact that it only provides
a contour of the hemispheric convexities, allowing better
visualization of lesions localized in the cortical convexity.
Therefore, lesions in the mesial frontal, mesial temporal,
insular, and orbitofrontal regions are not represented in
the CR display.”® Although the analysis of CR was per-
formed with prior knowledge of the results obtained with
plain MRI and MPR, we believe that this approach
reflects better the stepwise clinical practice in the investi-
gation of subtle dysplastic lesions; therefore, we feel that
CR should be used in addition to the conventional tech-
nigues, not in isolation.

It is important to note that although the investigator
enrolled in the second step of the project was aware that
the 12 selected patients had FCD, and that thin plain MRI
included T1 GRE and inversion recovery (sequences
both considered ideal for the detection of FCD)," he could
not identify the lesion on plain MRI in 50% of the
patients. However, after a retrospective analysis, subtle
but well-characterized features suggestive of FCD could
be identified on plain MRI of all patients. Subtle abnor-

Fig 4. Patient 1. Clackwise from upperleft-hand comer: axial T1-weighted images show that despite the change in the plane of
section, the blurring between the gray and white mater (arrow) does not disappear, indicating that it does notrepresent volume av-
eraging; axial T2-weighted image shows the hypersignal in the lesion (arrow); curvilinear reformation at 15 mm of depth from the
cortical surface shows the dysplastic area in the left postcentral gyrus (box); and sequence of thin (2 mm) coronal T1-weighted
images shows the dysplastic area (arrow} in 3 consecutive slices in plane.



MRI Films
Diagnosis 6/12 {50%)

Step 1

| MRI Films + MPR
| Diagnosis 12/12 {100%)
| Improved localization 5/6 (83%}

g

Step 2

MRI Fiims + MPR + CR ;
Diagnosis 12/12 (100%) |
Improved localization 1/12 (8%) |
. Improved lesion extension 4/12 (33%)

Step 3

Fig 5. Multiplanar reconstruction (MPR) and curvilinear re-
construction {CR): contribution to diagnosis, lesion localiza-
tion, and extension. MR = magnetic resonance imaging.

malities associated with focal dvsplastic lesions have been
described," which assist in the identification of small cor-
tical lesions on high-resolution MRL This includes an
area of cortical thickening on at least 3 sequential slices
(thickness = 3 mm) in plane or in both coronal and axial
planes associated with at least 1 of the following: {1) 2
sulcus deeper or straighter than usual, (2) focal tissue loss
characterizing a cerebrospinal fluid cleft with cortical
dimple,*" or (3) focal hyperintense signal on T2 -weighted
or FLAIR images. Although these subtle signs may not be
sufficient to establish the diagnosis of FCD, these areas
should be considered as possibly abnormal and investi-
gated further. We believe that these are the patients in
whom MRI postprocessing techniques were most helpful.
In patients with FCD already shown by plain MRI, MRI
postprocessing can assist in better defining the anatomical
tocation and extent of FCD for surgical planning, as the
borders of the lesion shown by plain M RI are usually not
well delineated and part of the abnormality may be
missed.

Because FCD is usually a subtle lesion, clinical and
EEG correlations are mandatory in order to validate the
imaging findings. Although 2 of our patients did not pres-
ent with epileptiform activity in the frontal lobe, they had
generalized epileptiform activity, which isfrequently seen
in patients with frontal lobe epilepsy. Rhythmic interictal
epileptiform discharges were recorded in 7 patients. This
EEG pattern is frequently associated with dysplastic
lesions.” All patients had seizure semiology indicating
frontal lobe onset (Table 1). It is interesting to note thar 1
patient presented eye blinking ipsilateral to the dysplastic

lesion. This is one of the few instances in which motor
signs can be seen ipsilateral to the epileptic focus.”

Although we initially assessed 17 patients with clinical
and EEG diagnosis of frontal lobe epilepsy, only 12 had
imaging abnormalities compatible with FCD. In 3 of
these patients, the lesion was surgically removed, and
pathological examination revealed FCD. We understand
that pathological verification of all 12 patients would
better validate our findings. However, we also believe that
the neuroimaging characteristics of FCD are well estab-
lished and the diagnosis of FCD can be achieved with
confidence based only on imaging findings when clinical
and EEG findings support this diagnosis.”

In this study, we assessed the contribution of MPR and
CR to the MR] investigation of FCD); however, this arti-
cle provides no information about the specificity of these
technigues. This is a preliminary finding, and a blinded
analysis of a larger sample using both techniques in nor-
mal volunteers and other disease states needs to be
assessed in order to confirm the results.

We conclude that MPR and CR analysis adds to the
neuroimaging evaluation of FCD by improving the lesion
diagnosis and localization. CR helps to establish more
precisely the extent of the lesion, allowing the visualiza-
tion of some areas not shown on high-resolution MRI and
MPR. These techniques are complementary and do not
replace the conventional wisdom of MRI analysis.

Study supported by FAPESP, SP, Brazil.
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ABSTRACT

Rationale - Malformations of cortical development (MCD) can be associated with
hippocampal abnormalities. Our objective was to assess whether different hippocampal
abnormalities are associated with a particular class of MCD.

Metheds - We evaluated 83 consecutive patients with MRI diagnosis of MCD (37 men,
ages ranging from 2 to 58 years; mean=18.5). High resolution MRI was performed in a

2 0T scanner. Volumetric measurements were performed manually on 3mm thick T1-IR
coronal slices, perpendicular to the long axis of the hippocampus. Hippocampal volumes
were corrected for intracranial volumes and compared to the values of a normal control
group of 20 healthy volunteers. Values below or above 2 SD from the mean of the control
group were considered abnormal.

Results - Twenty-five patients had focal cortical dysplasia, four hemimegalencephaly, five
unilateral nodular heterotopia, four bilateral periventricular nodular heterotopia, one
transmantle heterotopia, four subcortical laminar heterotopia, five lissencephaly (agyria-
pachigyria), five schizencephaly and 30 polymicrogyria. Enlarged hippocampus was
present in 44% of patients with MCD due to diffuse migration disorders (2/5 lissencephaly
and 2/4 subcortical laminar heterotopia). Conversely, hippocampal atrophy was present in
14% of patients with focal MCD (2/25 focal cortical dysplasia, 3/30 polymicrogyria, 3/5
schizencephaly, 2/5 unilateral nodular heterotopia, and in none with periventricular nodular
heterotopia or transmantle heterotopia). Patients with hemimegalencephaly presented both

atrophy (n=1/4) or enlargement (n=2/4) of the hippocampus. The hippocampal abnormality
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was always ipsilateral to the lesion. Two patients with hippocampal atrophy never
presented seizures.

Conclusion - We found hippocampal volume abnormalities in 17 (20%) patients with

MCD. The pattern of hippocampal abnormality varied according to the type of MCD:

enlarged hippocampi in diffuse migration disorders and hippocampal atrophy in focal
MCD. Two patients with hippocampal atrophy never presented seizures and the
hippocampal abnormality was always ipsilateral to the dysplastic lesion suggesting a

common physiopathology for the hippocampal lesion and MCD.
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Malformations of cortical development (MCD) are congenital anomalies that may
affect different stages of brain development, resulting in various types of cortical
abnormalities '.

There have been reports of hippocampal abnormalities associated with MCD 210
however; no special pattern of hippocampal abnormality has been connected to a specific
type of dysplastic lesion. Volumetric measurements enabled the identification of subtle
hippocampal abnormalities that were usually missed by routine visual mspection 2

The objectives of this study were to assess i) the frequency of hippocampal
abnormalities associated with MCD, ii) whether a particular type of hippocampal
abnormality (atrophy or enlargement) is associated with the different forms of MCD, and

iii) whether hippocampal abnormalities are restricted to particular segments of the

hippocampus.

PATIENTS AND METHODS

We evaluated, prospectively, 83 consecutive patients with MRI diagnosis of MCD,

seen at the neurology clinics of our university hospital. All patients were seen and
examined by at least one of us. We systematically investigated all patients with any
neurological disturbance, even when symptoms were mild, such as speech delay in early

childhood.

2



To classify the MCD we used the neuroimaging system proposed by Barkovich et
al': a) MCD due to abnormal cellular proliferation/apoptosis (focal cortical dysplasia,
hemimegalencephaly); b) MCD due to abnormal neuronal migration (subcortical laminar
heterotopia, lissencephaly (agyria-pachigyria), transmantle heterotopia, bilateral
periventricular nodular heterotopia, unilateral subcortical heterotopia), and ¢) MCD due to
abnormal cortical organization (polymicrogyria and schizencephaly).

All patients signed an informed consent obtained according to the declaration of
Helsinki, and the protocol was approved by the Ethical Committee of our Institution.

MRI was performed in a 2.0 T scanner (Elscint Prestige), using our epilepsy
protocol: (@) sagittal T1 spin-echo, 6mm thick (TR=430, TE=12) for optimal orientation
of the subsequent images; (b) coronal T1 inversion recovery, 3mm thick (flip angle=200°;
TR=2800, TE=14, inversion time TI=840, matrix=130X256, FOV=16X18 cm); (¢)
coronal T2-weighted “fast spin echo” (FSE), 3-4mm thick, (flip angle= 120°; TR=4800,
TE=129, matrix=252X320, FOV=18X18cm), (d) axial images parallel to the long axis of
the hippocampi; T1 gradient echo (GRE), 3mm thick (flip angle=70°, TR=200, TE=3,
matrix=180X232, FOV=22X22 cm); (e) axial T2 FSE, 4mm thick, (tip angle- 120°,
TR=6800, TE=129, matrix 252X328, FOV=21X23cm); (f) volumetric (3D) T1 GRE,
acquired in the sagittal plane for multiplanar reconstruction (MPR), 1 - 1.5mm thick
(TA=35°, TR=22, TE=9, matrix=256X220, FOV=23X25cm).

Volumetric measurements were performed on 3mm thick coronal T1-IR images
using an interactive, semiautomatic software program developed by NIH (NIH-image).

The regions of interest were outlined using a manual contouring editing function. Once the
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outline had been defined, the slice volume was calculated automatically by the computer
program. The individual variance of the hippocampal volume was corrected using the

following formula:

Corrected HV =BV x Hy

IBV

Where: MBV is the mean brain volume in the control group (which is a constant), HV is
the individual hippocampal volume, and IBV is the individual brain volume.

Hippocampal volumes of each patient were obtained and compared with the values
from a normal control group of 20 healthy volunteers. Values < or > 2 standard deviations
(SD) from the mean of the control group were considered abnormal.

We analyzed the occurrence of hippocampal abnormality according to each group
of MCD: a) abnormal cellular proliferation/apoptosis, b) abnormal neuronal migration, and
¢) abnormal cortical organization.

Moreover, in order to assess the profile of the hippocampal abnormality, the mean
hippocampal volume of each hippocampal slice was plotted in a graphic with the mean
volume, and the SD, of the correspondent hippocampal slice of the control group. The

individual variance of each slice was corrected according to the intracranial volume of




each patient. The analysis of the graphics was divided into two parts: individual patients
and each type of MCD, as a group.
We used the chi-square and Fischer exact test to examine differences in the

proportion of hippocampal volume abnormalities in each group of MCD.

RESULTS

There was 37 men and 46 women with ages ranging from 2 to 38 years
(mean=18.5). Twenty-five patients had focal cortical dysplasia, four hemimegalencephaly,
five lissencephaly (agyria-pachigyria), four subcortical laminar heterotopia, five unilateral
nodular heterotopia, four bilateral periventricular nodular heterotopia, one transmantle
heterotopia, five schizencephaly and 30 polymicrogyria.

Hippocampal atrophy (figure 1) was present in 2/25 patients with focal cortical
dysplasia, 1/4 of hemimegalencephaly, 2/5 of unilateral nodular heterotopia, 3/5 of
schizencephaly, and 3/30 of polymicrogyria. Although hippocampal atrophy was present
in all three groups of MCD, it occurred only in patients with focal MCD.

Conversely, an enlarged hippocampal (figure 2) was present only in patients with
MCD due to diffuse abnormal migration (lissencephaly, subcortical laminar heterotopia):
2/5 of patients with lissencephaly (agyria-pachigyria), 2/4 of subcortical laminar
heterotopia and 2/4 of hemimegalencephaly. Table 1 shows the charactenistics of the
patients with hippocampal abnormalities. Abnormalities in the internal structure of the

hippocampus were present in 6 patients and hyperintense signal on T2 or FLAIR images in

116




3 (table 2). Table 3 shows the analysis of the hippocampal abnormality according to each
group of MCD.

Overall, the frequency of hippocampal abnormalities in patients with MCD was
20%. Tt occurred in 14% of patients with focal MCD and in 44% of patients with diffuse
MCD.

When the volume of each hippocampal slice was plotted in a graphic, we found that
patients with lissencephaly (agyria-pachigyria) and subcortical laminar heterotopia not
only had an enlarged, but also a shorter hippocampus (figure 3).

The analysis of the graphics showed that, individually, the hippocampal
abnormality could be more severe in a particular segment of the hippocampus; however,
we did not identify any specific pattern of predominance in any type of MCD.

Sixty-four patients (77%) presented epilepsy. All patients with abnormally
enlarged hippocampus had epilepsy. Among the 11 patients with hippocampal atrophy,
nine had epilepsy and two never presented seizures (table 1). Only one patient presented
febrile seizure during childhood. This patient has focal cortical dysplasia, and normal

hippocampal volume.

DISCUSSION

Volumetric measurements of hippocampal formation is an important research tool
because it provides numerical data that can be compared to other variables and validated

by statistics, including the degree of post-operative pathological abnormalities HE
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Dual pathology has been defined by hippocampal atrophy associated with an extra-
hippocampal lesion. The most common type of extra-hippocampal lesion found m dual
pathology has been MCD 5:6.9.14  MCD was found to be associated with hippocampal
atrophy in 25% of the patients and in patients with epilepsy, both the atrophic
hippocampus as well as the extra-hippocampal lesions are likely to be involved in seizure
generation > 6:8:14  This brought a new perspective in the neuroimaging evaluation of
patients with MCD, since one should consider as surgical target not only the focal cortical
lesion, but also the temporal mesial structures whenever possible ®. Inthese patients a
more extensive EEG and neuroimaging investigation should be considered.

In this study, hippocampal atrophy was present in 14% of patients with focal MCD. The
etiology of hippocampal atrophy has not been established yet. Complex febrile seizures,

status epilepticus and genetic predisposition are most likely etiological factors '**°.

The issue of prolonged febrile seizures early in life leading to hippocampal atrophy
and temporal lobe epilepsy still remains controversial. A subtle pre-existing hippocampal
malformation may facilitate febrile convulsions and contribute to the development of
subsequent hippocampal atrophy 4 However, only one of our patients studied here
presented febrile seizure during childhood. She has a fo cal cortical dysplasia in the frontal
lobe, and normal hippocampal volume.

Status epilepticus is a well documented cause of hippocampal atrophy, however 1t
is still unclear if habitual brief partial seizures can cause progressive hippocampal atrophy
in patients with intractable temporal lobe epilepsy, or if they play a role in the progression

of hippocampal pathology 1517.22 1n rat pups with MCD produced by the in utero
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exposure of methylazoxymethanol acetate (MAM), seizures produce a lowered after
discharge threshold and more rapid hippocampal kindling . Multiple seizures or status
epilepticus may explain the occurrence of hippocampal atrophy in some patients, however,
the more recent findings of hippocampal atrophy in individuals who had only a few
seizures in life is a strong indicator that partial seizures alone may not be sufficient to
induce hippocampal atrophy '> 7% %,

A vascular injury is likely to be involved in the pathogenesis of some forms of
MCD *% Unilateral periventricular nodular heterotopia usually involves watershed areas
in the frontal and occipital-temporal regions, and sometimes these lesions are associated
with hippocampal atrophy in the same side of the heterotopia (figure 1). This raises the
possibility that, in such patients, both lesions are caused by vascular injury in early
development °.

Moreover, the finding of a necrotic cortical layer in patients with polymicrogyria
supports the traditional theory that these abnormalities represent a form of destructive
lesion, probably due to an early vascular mjury 26,27 Since two of our patients with
bilateral focal polymicrogyria (perisylvian syndrome) and hippocampal atrophy never had
seizures, we may suggest that a vascular injury (or other type of pre-natal injury) may have
caused both the hippocampal atrophy and focal MCD.

A proportionally enlarged hippocampus was present in 44% of patients with MDC
due to diffuse abnormal neuronal migration. The hippocampal enlargement was bilateral
in these patients. The pathogenesis of the abnormally enlarged hippocampi is still unclear.

Modified cell death has been proposed as having a role in the genesis of MCD due to
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abnormal cellular proliferation/apoptosis and neuronal migration L2 One may speculate
that the hippocampal enlargement and the diffuse dysplastic lesion (lissencephaly and
subcortical laminar) share the same pathogenesis. In this case, abnormal programmed cell
death would result in an excess of neurons, and consequently an enlarged hippocampus.
Unfortunately, we were not able to assess the pathology of these abnormally enlarged
hippocampi.

It is interesting to note that although the hippocampus can be proportionally
enlarged in patients with diffuse MCD, it can be missed by visual inspection because the
temporal horn of the lateral ventricles are usually also enlarged, giving the appearance ofa
small hippocampus ».

We could not establish a constant pattern of abnormality affecting a particular
hippocampal segment. That is probably because the hippocampal abnormality
predominated according to the region of the brain where the MCD was more severe:
anterior or posterior. Thisis a préliminaiy finding, and a larger sample is needed to
confirm these results. The visual analysis of the MRI characteristics of the hippocampal
abnormality showed the atrophy present in our patients did not always correlate with the
findings commonly seen in patients with classic hippocampal sclerosis. We found
abnormalities in the internal structure of the hippocampal in only 5/11 patients with
hippocampal atrophy, and hyperintense signal on T2 or FLAIR images in only 2.
Moreover, it is interesting to note that all but one patient (patient 3, presenting

hemimegalencephaly) with enlarged hippocampi had normal internal structure and signal.
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Regarding the hippocampal shape and rotation, either atrophic or enlarged hippocampus
presented abnormalities (table 2, figure 4).

Tt should be clarified that hemimegalencephaly was associated with either small or
enlarged hippocampus. It can be explained by the fact that this MCD results from
abnormalities during all three fundamental stages of cortical development: cellular
proliferation/apoptosis, neuronal migration and cortical organization ', When
abnormalities of proliferation/apoptosis or migration predominated in the temporal lobe,
the hippocampus was enlarged (figure 5). Conversely, when cortical organization
abnormalities predominated in the temporal lobe, we found a small hippocampus.

We conclude that developmental abnormalities of the hippocampus are frequently
present in patients with MCD (20%). Hippocampal atrophy is associated with focal MCD
(polymicrogyria, schizencephaly, focal cortical dysplasia, unilateral nodular heterotopia
and hemimegalencephaly). Abnormally enlarged hippocampus is associated to diffuse
MCD due to abnormal neuronal migration (lissencephaly and subcortical laminar
heterotopia). The hippocampal abnormality was always ipsilateral to the dysplastic lesion

suggesting a common physiopathology for both the hippocampal lesion and MCD.
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