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Resumo

Introducdo: A recorréncia de crises epiléticas poOs cirurgia para tratamento da
epilepsia do lobo temporal tem sido classificada como precoce ou tardia dependendo do
tempo da primeira crise depois do procedimento. Contudo, este tempo de recorréncia €

variado, sendo arbitrariamente definido nos artigos cientificos.

Objetivos: Nos desenvolvemos um modelo matematico que pode identificar pacientes
com chance de recorréncia de crises pos-operatdrias precoces ou tardias. Apos, analisamos 0s
dois grupos para identificar as diferencas clinicas, eletrofisiologicas e de neuroimagem entre

estes pacientes.

Metodos: Uma coorte historica com 247 pacientes tratados com cirurgia para
epilepsia do lobo temporal foi estudada. Dentre os paciente onde as crises epiléticas
retornaram, utilizamos o tempo de recorréncia em uma curva ROC para avaliar com maior
acuracia o melhor periodo para predizer o prognéstico cirargico a longo prazo. Com isto,
dividimos os pacientes em dois grupos: os de recorréncia precoce e 0s de recorréncia tardia.

Ap0s, nds analisamos as diferencas clinicas e radioldgicas entre estes pacientes.

Resultados: As crises epiléticas retornaram em 107 (48.9%) pacientes. A curva ROC
mostrou que 6 meses era 0 tempo onde o0 progndstico a longo prazo poderia ser determinado
com maior acuracia (AUC = 0.761; sensibilidade = 78.8%; especificidade = 72.1%). NGs
observamos que nos pacientes onde a recorréncia ocorreu nos primeiros 6 meses apos a
cirurgia, a epilepsia comegou mais precocemente (OR: 6.034; CI95%: 1.056-11.013;
p=0.018), estes pacientes possuiam um pior prognostico (6.849;2.538-18.518;p=0.001),

necessitaram de maior nimero de medicagdo anti-epilética apds o procedimento (2.07;1.162—



9.345;p=0.013) e mais freqiientemente foram submetidos a uma nova cirurgia para controle
de crises (9.592;1.181-77.877;p=0.021). Nos pacientes com recorréncia tardia, as crises
epiléticas eram mais comumente associadas a fatores desencadeantes (9.615;3.521-

26.315;p<001).

Conclusdo: Pacientes com recorréncias de crises epiléticas precoces ou tardias
possuem diferentes caracteristicas que podem estar relacionadas a diferencas entre os tipos de
zonas epileptogénicas, eficacia dos procedimentos cirdrgicos ou mesmo a propria
epileptogenicidade. A existéncia de tais disparidades podem ajudar a explicar os diferentes
padrdes de recorréncia de crises pos cirurgia para epilepsia, auxiliando no planejamento do

tratamento destes pacientes a longo prazo.

PALAVRAS-CHAVE: epilepsia do lobo temporal; cirurgia; recorréncia; precoce;

tardia.



Abstract

Background: Recurrence of seizures after surgery for epilepsy has been generally
classified as either early or late depending on the time between surgery and seizure
recurrence. However, the time of seizure recurrence is variable and it has been arbitrarily

defined in the literatures.

Objective: Here we establish a statistical-based model for discriminating patients with
early or late seizure recurrence and examine the clinical, electrophysiological, and

neuroimaging differences between these two groups of patients.

Methods: A historical cohort of 247 patients treated surgically for temporal lobe
epilepsy was identified. In those patients who recurred, the post-operative time until seizure
recurrence was examined using an ROC curve to discriminate with greater accuracy the best
period for predicting the long-term prognosis of patients. This approach divided patients in
two groups, those with early and those with late seizure recurrence. Following this division,
we compared differences between these groups in terms of a number of clinical and

radiological variables.

Results: Seizures recurred in 107 (48.9%) patients. The ROC curve showed that 6
months was the time when long-term surgical outcome could be determined with best
accuracy, (AUC = 0.761; sensitivity = 78.8%; specificity = 72.1%). We observed that patients
with seizure recurrence during first 6 months after surgery started seizing at younger age (OR:
6.034; C195%: 1.056-11.013; p=0.018), had a worse outcome (6.849;2.538-18.518;p=0.001),
needed a higher number of antiepileptic medications after surgery (2.07;1.162—

9.345;p=0.013) and were more frequently submitted to reoperations (9.592;1.181-



77.877;p=0.021). Patients with late relapse more frequently had seizures associated with

trigger events (9.615;3.521-26.315;p<001).

Conclusion: Patients with early or late recurrence of seizures have different
characteristics that might reflect diversity in the epileptogenic zone and epileptogenicity itself.
These disparities might help to explain variable patterns of seizures recurrence after epilepsy

surgery.

KEYWORDS: temporal lobe epilepsy, surgery, recurrence, early, late.
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1 Introducéo

Crise epiléptica € a manifestacéo clinica da descarga excessiva e sincronizada de uma
populacédo de neurdnios. Epilepsia € a denominacdo dada a um amplo conjunto de condigdes
neuroldgicas cuja caracteristica principal é a presenca de crises epiléticas recorrentes e ndo

provocadas (1, 2).

Estima-se que a incidéncia anual de epilepsia para a populacdo em geral encontra-se
entre 24 a 64 novos casos entre 100.000 pessoas (3-5). A etiologia é muito variada e todas as
faixas etarias podem estar envolvidas. Acredita-se que 1 em cada 10 pessoas tera pelo menos

uma crise epilética durante a vida (6).

De todos os pacientes diagnosticados como epiléticos e tratados com uma medicacao
anticonvulsiva pela primeira vez, apenas 47% ficardo livres de crises. Se trocarmos por uma
segunda droga antiepilética, apenas outros 13% terdo controle de crises. Isto significa que
40% dos pacientes diagnosticados como portadores de epilepsia serdo classificados como

refratarios, tornando-se possiveis candidatos a avaliacao cirdrgica (7, 8).

Quando as crises epiléticas tém inicio em alguma regido do lobo temporal, a sindrome
pode ser chamada de epilepsia do lobo temporal. Esta é a forma mais comum de epilepsia no
adulto, e também a forma mais presente na refratariedade ao tratamento medicamentoso.
Acredita-se que 58 a 92% destes pacientes permanecerdo com crises mesmo apos diferentes

esquemas terapéuticos (9).

A epilepsia do lobo temporal, na maioria das vezes, inicia-se proxima as estruturas

mesiais, podendo estar associada a esclerose hipocampal. Porém, muitos pacientes podem nédo
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apresentar qualquer alteracdo estrutural nos estudos de neuroimagem. A associagdo da historia
clinica com diferentes técnicas diagndsticas, como por exemplo o video-eletroencefalograma
(video-EEG), a ressonancia nuclear magnética (RNM) e estudos neuropsicoldgicos, ajudam a
localizar com maior precisdo a area encefalica responsavel pelas descargas neuronais
anormais. Pessoas portadoras de epilepsia do lobo temporal que sejam refratarias ao

tratamento clinico podem se beneficiar da resseccédo das estruturas geradoras das crises.

O numero de pacientes com epilepsia do lobo temporal livres de crises apds o
tratamento cirargico varia entre 50 a 78% nos primeiros 2 anos, e entre 48 a 74% ap0s 5 anos
de acompanhamento, dependendo do centro de tratamento, da patologia base e da técnica
cirurgia empregada (10-13). Observam-se melhores taxas entre as pessoas com lesdes
cerebrais diagnosticadas por método de imagem, tanto tumores quanto esclerose das

estruturas mesiais temporais, comparadas as pessoas sem lesdes evidentes (14-19).

Analisando a recorréncia de crises epiléticas apo6s tratamento cirdrgico,
aproximadamente em 55% das vezes ela ocorre nos primeiros 6 meses, em 62 a 82% no
primeiro ano, e em 93% até os primeiros 2 anos apés a cirurgia (20). Ou seja, as pessoas que
permanecem livres de crises nos primeiros 2 anos pos procedimento possuem boas chances de
assim permanecerem. J& as crises ocorridas nas primeiras semanas pos cirurgia tendem a ter
uma relevancia menor no prognostico, uma vez que ndo se observou diferenca entre estas e o
controle tardio da epilepsia (21, 22). Porém, este assunto ainda é controverso e rebatido por

muitos pesquisadores (23, 24).

A recorréncia de ataques epiléticos sdo classificadas arbitrariamente em precoces,
ocorridas antes de 2 anos, e tardias, quando iniciadas entre 2 e 5 anos apds a resseccéao (20).
Mas esta definicdo ndo é unanime, sendo o periodo de um e cinco anos também utilizados

como marcadores por alguns autores (25, 26). A diferenga parece ndo estar somente ligada ao
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fator tempo como também ao prognostico. Pacientes com maior laténcia livres de crises pds
cirurgia apresentam melhor controle da epilepsia com menor nimero de eventos debilitantes
(25, 27-31). Acredita-se que diferentes mecanismos sejam responsaveis por estas recorréncias
(32). As crises precoces tém sido atribuidas a incompleta resseccéo da area epileptogénica. Ja

as crises tardias a possiveis anormalidades funcionais, moleculares ou celulares difusas (33).

Um fendmeno interessante é o chamado running down phenomenon, descrito por
Rassmussen (34), onde pacientes inicialmente sem resposta adequada ao tratamento cirdrgico
teriam gradativamente o numero de crises epilépticas diminuidas, para entdo finalmente
ficarem livres de crises. Este fendmeno ocorre entre 3.2 a 20% dos casos descritos (17, 35-

37).

A reoperagdo pode ser uma opcao terapéutica para 0s pacientes que permanecem com
crises convulsivas apds lobectomia temporal (38) desde que os estudos complementares
mostrem um possivel beneficio adicional. Pesquisas demonstram que 48 a 81% destes
pacientes podem atingir um controle adequado de suas crises convulsivas com uma nova

resseccao (39, 40).

Mostra-se muito simplista a classificacdo da presenca de crise epilética no poés
operatdrio apenas como insucesso. Existem evidéncias que, de alguma forma, a cirurgia para
resseccao do lobo temporal foi benéfica para muitos pacientes, seja deixando-0s sem crise por
algum tempo, diminuindo o ndmero dos ataques, limitando as crises debilitantes ou até
mesmo reduzindo a quantidade de anticonvulsivantes. Por isso, devemos entender mais sobre
a recorréncia das crises, estudando as alteracOes eletroencefalograficas e radioldgicas, suas
caracteristicas clinicas e seu prognostico. Atualmente, procura-se entdo, melhor definicéo
entre recorréncia precoce e tardia, tratando-as de forma distinta quanto sua fisiopatologia e

terapéutica, E ainda, uma vez identificadas estas diferencas, quando no tempo elas estariam
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presentes. Responder a estas questdes e fundamental para entender as epilepsias refratarias e

desenvolver melhores tratamentos no futuro.
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2 Revisao da Literatura

2.1. Fisiologia da membrana neuronal

A membrana neuronal é formada por bi-camadas lipidicas e proteinas, formadoras de
canais permeaveis as diferentes substancias idnicas. Durante o repouso, 0 sodio é colocado
para fora da célula e o potassio para dentro através da bomba de sodio e potassio, um
mecanismo que envolve gasto de energia. Os ions de potassio possuem maior permeabilidade
durante este periodo, ocorrendo sua saida por processo passivo. Com isso, estabelece-se um

equilibrio eletroquimico na membrana onde o0 Seu interior possui carga negativa (41, 42).

A despolarizacdo de um segmento neuronal ird abrir os canais de sédio, ocorrendo
entrada deste ion. Isto resultara na despolarizacdo de um segmento adjacente, a chamada
conducéo eletrénica. A abertura dos canais de sodio da-se de forma voltagem dependente, e
seu fechamento de maneira tempo dependente. Apos, ha um breve intervalo em que os canais

ndo poderdo mais ser abertos, intervalo este conhecido como periodo refratério (43).

A abertura ou fechamento destes canais ocorrera inicialmente devido ao potencial
gerado pelos neurotransmissores localizados na membrana neuronal, os potenciais pds-
sinapticos. Neurotransmissores excitatorios irdo abrir os canais de sodio ou célcio, gerando 0s
potenciais excitatorios pés-sindpticos. Exemplos sdo a acetilcolina e o glutamato. Ja os
neurotransmissores inibitérios irdo abrir os canais de potassio ou cloro, resultando na
hiperpolarizacdo da membrana, dificultando assim a conducdo eletrdnica, também chamada
de potencial inibitorio poés-sindptico. Uma substdncia muito comum é o é&cido gama-

aminobutirico, ou GABA.
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A atividade elétrica na membrana neuronal é captada pelo eletroencefalograma (EEG).
O que é observado € as somas dos potenciais excitatorios e inibitorios pos-sinapticos. Eles
possuem tempo suficiente para serem captados pelos aparelhos utilizados. Os potenciais de
acdo, resultado destas alteracdes, possuem tempo muito pequeno para serem registrados em

avaliacdes clinicas de rotina.

2.2. Fisiopatologia da epilepsia

Epilepsia € uma sindrome onde ocorrem crises epiléticas recorrentes. Embora a
epilepsia possua diferentes causas, a principal caracteristica em comum dos pacientes € a
tendéncia para a hiper-excitabilidade de uma ou mais regibes do cortex cerebral. Esta
excitabilidade pode ser proveniente de alteracdes nos portdes voltagem dependentes ou canais
ibnicos. Quando este processo € transmitido para 0s demais neurbnios vizinhos, a crise
convulsiva pode ocorrer. Da mesma forma, quando 0os mecanismos responsaveis pela inibicéo
dos neurdnios ndo estdo funcionantes, pode ocorrer processo semelhante a hiper-

excitabilidade (41, 42, 44).

A atividade epileptiforme envolve a ativacdo anormal e sincronizada de um grupo de
neurbnios. Esta acdo localizada na célula corresponde a uma onda de despolarizacdo
sustentada, conhecida por PDS (do inglés paroxysmal depolarization shift). O PDS representa
o elemento fundamental da atividade epileptiforme focal (41). Durante este periodo ocorre a

ativacao de diversos potenciais de a¢do, seguidos por uma onda de repolarizagéo.

Quando a despolarizacdo sustentada ocorre em um anico neurénio, ela ndo sera capaz

de gerar sintomas e também ndo sera captada pelo EEG de superficie. Porém, se houver uma
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ativacdo sincronizada de diversos neurénios, ela sera interpretada como ponta e onda-aguda.
Esta atividade, geralmente interictal, poderd ser ciclica se possuir energia suficiente para

despolarizar neurdnios adjacentes, produzindo uma crise epilética.

2.3. Zona sintomatogénica

Historicamente, antes da invencdo do EEG, a localizacéo cortical de lesdes cerebrais
ou de inicio das crises convulsivas baseava-se apenas na observacdo dos déficits funcionais
ou nos primeiros sintomas descritos pelo paciente. Tinhamos a chamada era sintomatogénica
(45, 46). Atualmente a zona sintomatogénica € definida como a area do cortex cerebral que
quando ativada pela atividade elétrica anormal ira gerar os primeiros sintomas clinicos ictais.
Para a sua localizacdo € necessaria uma historia detalhada da crise juntamente com a

realizacdo de EEG, ou mais precisamente, video-EEG (46, 47).

Com a utilizagcdo de eletrodos implantados no espago subdural em contato com o
cortex cerebral, esta localizacdo se torna mais precisa. Além da observacdo das crises
convulsivas, pode-se também ativamente estimular ativamente e de maneira segura diversas
regides do cdrtex afim de encontrar sinais ou sintomas também observados ou descritos pelo

paciente durante suas crises (48-51).

Se a zona epileptogénica, area essencial para a geracdo de crises convulsivas, estiver
localizada dentro da zona sintomatogénica, sua remocao eliminard os ataques epiléticos.
Porém, isto pode acontecer em uma area elogliente do cérebro, e sua remoc¢do ou desconexdo

pode ndo ser indicada devido a sequelas ndo desejaveis.



21

Em muitos casos, a ativacdo da zona epileptogénica ndo € a responsavel direta pelo
aparecimento de sinais ou sintomas neurologicos, mas sim a propagacdo da despolarizacao

neuronal para areas adjacentes (52).

2.4. Zona irritativa

Define-se como zona irritativa a area cortical responsavel pela geracdo de descargas
epileptiformes no periodo interictal. Basicamente sua presenca € verificada com uso do EEG
ou do magnetoencefalograma. O uso desta informacdo ird limitar a area cerebral que
possivelmente serd a zona epileptogénica, e também poderd definir o tipo de sindrome

epilética que o paciente possui, diferenciando entre epilepsia focal e generalizada (46, 53, 54).

Acredita-se que as descargas epileptiformes focais poderiam gerar crises epilépticas se
aumentassem sua poténcia de propagacdo, atingindo éarea corticais eloqgiientes. Elas
funcionariam como mini-crises epilépticas. Exemplo disto seriam as atividades mioclénicas
associadas a alteracdes eletroencefalograficas vistas na &rea motora. Também, sugere-se que a
diminuicdo ou o controle destas atividades epileptiformes por meio de medicacdo

anticonvulsiva poderia melhorar a capacidade psicofuncional de pacientes epilépticos (55).

Alguns fatores podem influenciar na intensidade e no diagnostico das descargas
epileptiformes interictais. A implantacdo de eletrodos intracranianos para monitorizagcdo do
EEG aumentaria a sensibilidade e especificidade do exame. O sono ndo REM (do inglés rapid
eyes movement) elevaria a freqliéncia destas descargas, tanto em criangas como em adultos. Ja

a diminuicdo focal da temperatura cerebral seria capaz de até mesmo de anular a zona
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irritativa (56). O uso de medicagédo antiepilética também esta relacionado com a diminuicéo

das descargas interictais.

2.5. Zona de inicio ictal

O conceito de zona de inicio ictal da crise epilética aplica-se a area cortical cerebral
onde ocorrem as primeiras alteracdes eletroecefalograficas ou funcionais durante um ataque
epilético com manifestacGes clinicas (46, 57). Para isto, necessita-se de monitorizagdo com
video-EEG (58, 59), localizando-se a regido cerebral que apresenta as primeira manifestacdes
de descarga anormal, ou de tomografia por emissédo de féton Unico (SPECT, do inglés single-
photon emission computed tomography) e RNM funcional, evidenciando o aumento
localizado do fluxo sanguineo durante a crise. A presenca de manifestacdes epiléticas no EEG
sem repercussao clinica, as chamadas crises subclinicas, por definicdo nao representam a zona
de inicio de crise epilética, porém auxiliam de forma importante a localizacdo da zona

epileptogénica (46, 60).

Pode ainda existir uma zona potencial de inicio de crise epilética, que ficaria
“silenciosa” ou inibida pela zona atual. ApoGs sua remocao, esta area se tornaria ativa, o que
em alguns casos explicaria o retorno de crises convulsiva em pacientes inicialmente livres de

ataques epiléticos pds cirurgia.
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2.6. Zona de déficit funcional

A éarea cerebral responsavel por uma deficiéncia neuroldgica durante o periodo
interictal chama-se zona de déficit funcional. Esta regido pode ser o resultado de uma leséo
expansiva intracerebral, de lesdo destrutiva do tecido cortical ou de interferéncia anormal na
descarga neuronal. Ela pode ser aferida por meios diretos, como exame clinico neurologico ou
teste neuropsicologico, ou por meios indiretos, como EEG, tomografia por emissdao de
positrons (PET, do inglés positron emission tomography) e RNM funcional (46, 61).
Diferentemente das outras zonas mencionadas, a zona de deficit funcional nédo teria relagcdo
direta com a crise epiléptica, porém poderia demonstrar a presenca de uma possivel lesao
responsavel tanto pelas crises como pelo déficit neuroldgico. Ou ainda, poderia ser causada

pela nocividade da atividade epilética cronica e repetitiva.

Quando considerado o tratamento cirargico das epilepsias, a presenca da zona de
déficit ajudaria a lateralizar o hemisfério cerebral ou a localizar o lobo cerebral envolvido nas
crises. A delimitagdo exata da regido a ser operada ficaria a cargo de outros exames
complementares. O papel mais importante de sua pesquisa seria a comparacdo pré- e pos-

operatoria dos resultados encontrados.

2.7. Zona epileptogénica

Define-se zona epileptogénica como sendo a &rea cerebral indispensavel para a
geracdo de crises epiléticas. E um conceito tedrico e atualmente ndo existe método
diagnostico capaz de localizar com precisdo esta regido. Sabe-se que a zona epileptogénica de

um determinado paciente foi completamente removida ou desconectada quando apés cirurgia
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de resseccdo para tratamento da epilepsia o paciente permanece livre de crises (46, 62). Com
isto, conclui-se que a zona epileptogénica estava localizada em alguma parte dentro da area

removida.

A remocdo ou desconexdo da zona epileptogénica poupando regides funcionalmente
eloquentes é o objetivo primordial de qualquer cirurgia para epilepsia. Utiliza-se de métodos
indiretos para afericdo da zona epileptogénica. Quando apos a investigacdo as demais zonas
cerebrais (sintomatogénica, irritativa, de inicio ictal e de déficit funcional) convergem para
um mesmo caminho, as chances de envolver a zona epileptogénica durante a cirurgia séo

maiores.

2.8. Classificacao das crises e sindromes epiléticas

Diversas nomenclaturas foram criadas com o intuito de organizar as variadas formas
de crises epiléticas. A classificacdo atualmente mais aceita foi criada pela Liga Internacional
contra Epilepsia (ILAE, do inglés international league against epilepsy) com base nas
caracteristicas semioldgicas e eletroencefalograficas dos ataques (63). Nela diferenciam-se
basicamente as crises com preservacdo do nivel de consciéncia, as chamadas crises focais ou

parciais, e as crises com perda da consciéncia, ou crises generalizadas.

As crises parciais geralmente sdo causadas por leses ou disturbios focais no cérebro,
com representacdo também focal no EEG. Elas se subdividem em parciais simples, onde néo
hé alteracdo no estado de consciéncia, e em parciais complexas, onde mesmo com o paciente

acordado, suas respostas ao meio externo mostram-se prejudicadas.
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No caso das crises generalizadas, as alteragdes no EEG mostram-se em ambos 0s
hemisférios cerebrais, e clinicamente o paciente apresenta-se inicialmente com alteragdo da
consciéncia. Nestes casos, elas podem ser classificadas ainda em auséncias, mioclonicas,
tonicas, clonicas, atbnicas e tonico-clonicas. Em muitos pacientes as crises podem iniciar
como parciais simples e evoluirem para parciais complexas e secundariamente generalizadas.
Nos casos onde ndo exista a possibilidade de descricdo, utiliza-se a terminacdo néo

classificados.

As sindromes epiléticas, por sua vez, podem ser classificadas de acordo com sua causa
etiologica (idiopatica, criptogénica ou sintomatica) ou sua localizacdo anatdmica, de acordo
com a ILAE (63). Idiopatica séo as crises onde a causa & desconhecida, porém possuem uma
forte sugestdo genética. Criptogénica sdo as crises de origem incerta. Os ataques que possuem
causa conhecida, geralmente lesdes no sistema nervoso central, sdo classificadas como
sintomaticas. Quando associadas a anatomia da area epileptogénica, diferenciam-se entre as
generalizadas e as relacionadas a um local especifico (temporal, frontal, parietal, occipital ou
multilobar). H& ainda as crises classificadas de acordo com situages especificas, como é o

caso das crises convulsivas febris, status epilepticus ou secundarias a doencas metabolicas.

2.9. Refratariedade das crises epiléticas

O impacto pessoal e social da refratariedade da epilepsia na vida dos pacientes torna-
se dificil de ser estimado. Reduc¢do na qualidade de vida, rejeicdo social, desemprego, morte
subita, sdo apenas algumas das graves consequéncias. O conceito de refratariedade

medicamentosa caracteriza-se pela recorréncia de crises epiléticas apds dois ou trés anos de
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tratamento com um epileptologista experiente (63). Embora nédo exista uma definicdo exata
sobre o assunto, a maioria dos autores considera que pelo menos dois farmacos anti-
convulsivos sejam utilizados em doses maximas toleradas pelo paciente durante um periodo
adequado (64, 65). Se a monoterapia ndo for satisfatoria no controle das crises, utiliza-se uma

segunda medicacao. A associacao de farmacos seria 0 proximo passo no tratamento.

O motivo pelo qual um paciente é refratario ao tratamento medicamentoso ainda nédo
estd totalmente definido. Diversas hipoteses foram criadas para explicar este acontecimento,
entre elas, a baixa penetracdo da substancia anti-epilética na barreira hematoencefalica, a
insensibilidade dos receptores a medicacao anti-convulsiva (66) e a diminuicao da capacidade

de recaptacdo do glutamato nas areas epileptogénicas (67).

Quando um paciente epiléptico é refratario ao tratamento medicamento ele torna-se
um potencial candidato ao tratamento cirargico. A avaliacdo pré-cirdrgica deve entdo ser
individualizada. Um paciente com crises catastroficas pode necessitar de associacdo
medicamentosa desde o inicio de seu tratamento. Também, o tempo de espera de dois ou trés
anos para configuracédo de refratariedade ndo seria utilizado. O mesmo ocorre com a presenca
de lesBes intracranianas altamente sugestivas como geradoras de crises epiléticas, onde sua

ressec¢é@o poderia ser o tratamento definitivo dos ataques (68).

2.10. Epilepsia do lobo temporal

Conforme discutido anteriormente, as sindromes epiléticas podem ser classificadas de
acordo com sua provavel area epileptogénica, recebendo a denominacdo do lobo cerebral

envolvido. No caso da epilepsia do lobo temporal, podemos classificar a epilepsia como de
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origem neocortical ou de origem mesial, sendo esta Ultima a forma mais comum de epilepsia

refrataria ao tratamento medicamentoso.

As estruturas mesiais do lobo temporal (hipocampo, giro parahipocampal, amigdala,
cortex temporal inferior) possuem alta epileptogenicidade devido a maior fragilidade de suas
células a insultos, entre elas as células musgosas, que sdo responsaveis pela inibicdo dos
estimulos de feedback que entram no hipocampo, e a ramificacdo das células granulares, estas
com funcdo excitatoria hipocampal (69). A lesdo destas estruturas leva a uma sindrome
caracteristica reconhecida por esclerose mesial hipocampal. Os achados de RNM sao
virtualmente patognomonicos e seu diagnostico definitivo € feito pelo estudo histopatologico

(70).

As alteracdes vistas no EEG interictal estdo presentes em aproximadamente 50% dos
pacientes durante o primeiro exame. No entanto, em torno de 10% dos pacientes apresentaréo
EEG normal mesmo apo0s a repeticdo deste. Encontram-se anormalidades na forma de pontas
e ondas agudas, altamente sugestivas de epilepsia, embora estas sejam inespecificas (69, 71).
LentificacOes focais delta e teta também podem estar presentes. Devido a distancia entre as
estruturas corticais e os eletrodos de superficie, muitas vezes o EEG ictal ndo tem a acurécia
necessaria para definir o inicio ictal com precisdo. Nestes casos é fundamental a implantacdo
de eletrodos intracranianos, posicionados dentro do cérebro ou nos espagos subdurais (49,

50).

Semiologicamente as crises do lobo temporal possuem auras caracteristicas, tais como
sensacgdes epigastricas ascendentes ou outras alteragcdes autondmicas ou entdo auras psiquicas
como o déja vu. Alteragdes ou alucinaces auditivas estdo mais relacionadas com crises
temporais neocorticais. Durante a fase parcial complexa aparecem manifestacbes motoras

como automatismos oroalimentares, posturas distonicas, desvio da cabeca e afasia. No pos-
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ictal o paciente pode ainda apresentar afasia global, tosse, movimento de cocar o nariz e

urgéncia miccional (69, 71).

2.11. Cirurgia do lobo temporal

O objetivo da cirurgia para epilepsia € a resseccdo completa da area cerebral essencial
para geracdo das crises convulsivas preservando cortex eloquente. Para isto, utiliza-se da
integracdo entre diversos profissionais da saude, auxiliados por estudos eletrofisiologicos,
técnicas de neuroimagem e testes funcionais (45, 46, 50). A resseccao do lobo temporal para
controle da epilepsia € uma das cirurgias mais comumente realizadas nos centros
especializados. O controle das crises pds lobectomia temporal esta relacionado com a
diminuicdo na mortalidade, melhores taxas de qualidade de vida e integracéo social (19, 72,

73).

A lobectomia temporal classica para tratamento da epilepsia envolve a retirada das
estruturas neocorticais e mesiais através da craniotomia temporal. . O procedimento comeca
com a exposicdo da éarea neocortical e demarcagdo dos limites a serem retirados
Aproximadamente 5,5 cm do lobo ndo dominante e 4,5 cm do lobo dominante s&o ressecados
usualmente (74). Se a cirurgia for realizada no lado dominante, podera ser utilizada sedacéo e
blogueio anestésico local, possibilitando a estimulacdo cortical e demarcacdo das &reas
cerebrais eloqiientes. Com o auxilio de lupas neurocirdrgicas inicia-se a ressec¢do subpial
superior, que podera incluir o giro temporal superior ou o giro temporal médio. Apds, segue a
desconexao posterior e inferior. O ventriculo temporal é aberto, visualizando-se o hipocampo

e 0 plexo cordide. Conclui-se entdo a retirada da parte neocortical com a unido dos pontos de
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ressec¢do. O microscépio cirdrgico é utilizado na seqiiéncia mesial. Hipocampo, giro para-

hipocampal, Uncus e amigdala séo retirados também por técnica subpial em bloco.

Com o diagnostico de esclerose mesial hipocampal, 0 neurocirurgido podera optar pela
retirada seletiva do hipocampo, amigdala e uncus, preservando as estruturas neocorticais (75,
76). A craniotomia inicia de forma equivalente com a exposicdo do cortex temporal. Apds, o
ponto de entrada até as estruturas mesiais podera ser o giro temporal médio (técnica descrita
por Niemeyer), o sulco temporal superior, ou o giro temporal inferior. Uma vez localizado o
ventriculo temporal, a cirurgia segue com a retirada microcirdrgica em bloco das estruturas

referidas.

Com o diagnéstico de leséo intracraniana no lobo temporal e a presenca de atividade
neuronal anormal localizada exclusivamente nesta regido, 0 neurocirurgido podera optar
somente pela retirada do tumor e de sua area cortical adjacente, a chamada lesionectomia.
Com isto as chances de algum déficit neurologico ficam reduzidas. Importante salientar que
nestes casos a indicacdo cirdrgica ocorre pela refratariedade da epilepsia ao tratamento
medicamentoso, e ndo pela presenca da lesdo expansiva. No caso de haver divida quanto a

origem celular do tumor, o protocolo oncolégico de cada instituicdo devera ser seguido.

H& ainda a possibilidade do auxilio de EEG durante a ressec¢do das estruturas
corticais. O mapeamento das &reas neuronais anormais ocorre em territério previamente
demarcado pela investigacdo com video-EEG ictal na unidade de epilepsia. O objetivo é o de
aumentar a precisdo diagndstica. Esta técnica podera ser utilizada tanto nas lesionectomias

como nas ressecgdes neocorticais com RNM de encéfalo normais.

Com o aprimoramento das técnicas anestésicas e cirurgicas, a mortalidade das
cirurgias do lobo temporal diminuiu nas Gltimas décadas, possuindo uma taxa estimada em

menos de 1% (75). Os riscos podem ser gerais e inerentes a qualquer procedimento
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neurocirargico como infeccBes superficiais e deiscéncia de suturas, meningite e hematoma
intracerebral, ou relacionados com a anatomia local, onde lesbes podem desenvolver
distarbios de linguagem, diplopia, déficit de memoria, quadrantonopsias, entre outros. Para
diminuir a morbidade da cirurgia, testes psicofuncionais podem ser realizados, prevendo o
grau de declinio neuroldgico apos ressec¢do de algumas estruturas, como por exemplo a

mem©ria recente e o0 hipocampo (77).

2.12. Classificagdo do resultado pds-operatorio

O resultado pds-operatorio de uma cirurgia para o controle da epilepsia €
frequentemente avaliado de acordo com o numero de crises que 0 paciente apresenta,
comparado-as com 0 periodo pré-operatorio. Existem dois tipos de classificacdo para o
resultado cirurgico que sdo internacionalmente utilizadas: a classificacdo de Engel (78) e a
classificacdo de resultados proposto pela ILAE (13). A andlise do impacto social e da
qualidade de vida s&o muitas vezes dificeis de serem quantificadas. A classificacdo de Engel
leva em consideracdo ndo somente o numero de crises como também o impacto delas na
rotina no paciente. Por ser um pouco subjetiva, esta recebe por vezes algumas criticas quanto

sua confiabilidade.
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Tabela 2 — 1 Classificagdo do resultado pés-operatorio segundo Engel

Classe | — Livre de crises incapacitantes

A
B.
C.

Completamente livre de crises desde a cirurgia

Somente crises parciais simples ndo incapacitantes desde a cirurgia
Algumas crises incapacitantes ap0s a cirurgia, porém livre de crises
incapacitantes nos ultimos dois anos

Crises convulsivas generalizadas apenas com a descontinuidade da

medicacdo anti-epilética

Classe Il — Raras crises incapacitantes

A. Inicialmente livre de crise incapacitante, porém raras crises agora
B. Raras crises incapacitantes desde a cirurgia
C. Crises incapacitantes ap0s a cirurgia, porém raras Crises
incapacitantes nos ultimos dois anos.
D. Apenas crises epiléticas noturnas
Classe Il — Melhora evidente
A. Reducéo evidente no nimero de crises
B. Intervalo livre de crises maior do que a metade do tempo pés-

operatdrio, porém inferior ha 2 anos

Classe 1V — Auséncia de melhora evidente

A. Reducdo significativa no nimero de crises

B. Sem mudangas no nimero de crises

C. Pioradas crises

A classificacdo proposta pela ILAE em 2001 leva em consideracdo apenas dados

objetivos, tornando-a de facil aplicacdo e comparacdo. O impacto das crises epiléticas

ocorridas nas primeiras semanas apés a cirurgia tende a ser minimizado, sendo considerado o

resultado num prazo mais longo. A anélise leva em consideracdo o nimero de dias com crises

epiléticas e ndo numero absoluto de ataques.
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Tabela 2 — 2 Classificagdo do resultado pés-operatorio proposta pela ILAE

1. Completamente livre de crises, sem auras
2. Somente auras, sem outras crises
3. Umatrés dias de crises por ano, com ou sem auras

4. Quatro dias de crise por ano ou redugdo maior que 50% de dias de crise pré cirurgia, com ou sem
auras
5. Reducdo de dias de crise entre 50% e 100% do ndmero pré cirurgia, com ou sem auras

6. Aumento no nimero de dias de crise comparado com o pré cirurgia, com ou sem auras

2.13. Preditores de prognostico pds-operatorio

Pacientes submetidos a cirurgia para tratamento da epilepsia refrataria possuem
diferentes preditores de progndstico, os quais auxiliam na orientacdo e indicacdo do
procedimento a ser seguido. Na literatura cientifica existem mais de 60 fatores estudados
com possivel associacao ao risco de recorréncia de crise convulsiva (79). Dentre estes, poucas

sdo as varidveis que realmente mostram-se reproduziveis nos diversos artigos.

O numero de pacientes que permanecem livres de crises epiléticas no primeiro
semestre pds procedimento esta em torno de 80%, no primeiro ano entre de 53 a 83%, e entre
0 segundo e o quinto ano de 52 a 58% (32, 79). Importante notar que 0 maior indice encontra-
se antes de um ano, principalmente nos primeiros 6 meses. Apés, 0 risco de recrudescéncia

diminui significativamente, permanecendo em torno de 2 a 5% ao ano.

Dos fatores que aumentam o risco para o retorno das crises epiléticas estdo presentes a
historia de crise convulsiva generalizada, auséncia de lesdo intracraniana ou a associacéo de

esclerose mesial hipocampal com outra anormalidade cerebral diagnosticada pela RNM de
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encéfalo, trauma craniano, presenca de alteracdes epileptiformes difusas no EEG antes da
cirurgia, presenca de alteracfes epileptiformes até um ano pos procedimento. Ou seja,
elementos que demonstram o envolvimento de outras areas cerebrais que ndo somente o lobo
temporal, ou ainda a auséncia de fatores localizatorios exclusivos no lobo temporal. A idade
de inicio das crises, idade durante a cirurgia ou ainda o tempo de doenca parecem estar
conectados diretamente com o progndstico, inclusive com sugestdes para o0 tratamento
cirurgico precoce (32), embora muitos trabalhos ndo conseguissem comprovar esta teoria

(80).

Dos fatores que aumentam as chances de bom prognostico encontram-se a historia de
crise convulsiva febril na infancia, presenca de esclerose mesial hipocampal ou outra
alteracdo isolada ao lobo temporal e diagnosticada pela RNM de encéfalo, alteracbes
epileptiformes exclusivas ao lobo temporal no EEG, maior laténcia para propagacdo das
alteracdes epileptiformes durante a crise convulsiva no EEG, ou ainda declinio cognitivo
localizado no lobo temporal a ser operado (17, 32). Resumindo, presenca de alteragdes

localizatdrias e exclusivas ao lobo temporal gerador das crises.

Variaveis como histéria familiar de epilepsia, género, etnia, semiologia da crise
convulsiva, presenca de aura nas crises, tipo histologico de tumor, alteracdes epileptiformes
no EEG cortical trans-operatério, ndo demonstraram satisfatoriamente relagdo com

prognostico a longo prazo (23, 32).
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2.14. Recorréncia precoce e tardia

Tao importante quanto analisar os fatores prognosticos pre-operatorios é saber quais
séo as chances de controle da epilepsia uma vez que 0 paciente apresenta recorréncia da crise
no pos-operatério. Muito tém se estudado sobre remissdo ou ndo dos ataques, porém as
caracteristicas das crises que retornam nao sdo usualmente detalhadas. Sabe-se que as crises
que recrudescem mais precocemente estdo associadas a um pior desfecho. Ao contrério,
quanto mais tempo um paciente permanece em remissdo, maiores sdo as chances de bom
controle em caso de recorréncia (27). Porém, o tempo exato entre estes desfechos ndo é

conhecido.

Arbitrariamente os autores utilizam tempos distintos para classificar as recorréncias
entre precoces e tardias. Para alguns, o periodo de 1 ano € o suficiente para delimitar os dois
grupos (29, 30), para outros as crises sdo consideradas tardias somente ap6s 5 anos (26).

Geralmente o intervalo de 2 anos é citado como limite temporal (20, 28).

Possivelmente diferentes fatores epileptogénicos estariam ligados a estes grupos.
Pacientes com ressec¢do incompleta do foco gerador das crises ou a existéncia de outra area
fora do lobo temporal seriam os principais responsaveis pela recorréncia precoce. Ja para 0s
pacientes com remissao mais prolongada, a formacéo de uma nova area epileptogénica seria a
causadora do retorno das crises. Porém, o tempo necessario para que uma area possivelmente

epileptogénica torne-se ativa ndo ¢ ainda conhecido.

A definicéo correta entre recorréncia precoce e tardia mostra-se muito importante para
definir prognostico, estabelecer tratamentos e guiar novas pesquisas visando o entendimento
da fisiopatologia da epilepsia. Para isto, a padronizacdo dos termos utilizados nos artigos

cientificos deve ocorrer de maneira rotineira e embasada em analises estatisticas.
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2.15. Reoperacao

Nos casos de insucesso apos o tratamento cirargico da epilepsia, a reoperacao pode ser
uma alternativa para alguns pacientes selecionados. A primeira descricdo de uma reoperacéo
para epilepsia do lobo temporal surgiu em 1954 com Penfield e Jasper (81). O numero de
pacientes que permanecem livres de crises epiléticas ap0s a segunda cirurgia varia entre 25 a

52% (82).

As causas para a recorréncia das crises podem ser atribuidas a ressec¢do incompleta da
area epileptogénica, a presenca de area extra temporal ndo identificada na investigacéo pre-
cirurgica ou ainda a formacao de outra area pdés cirurgia (83). Dentre estas, fica evidente que a
localizacdo exata do foco é o fator essencial para um paciente ser candidato a nova cirurgia.
Pacientes com atividade anormal difusa permanecem apenas com tratamento medicamentoso.
Interessante notar que pacientes com foco definido na recorréncia e que ndo foram
submetidos a cirurgia controlam suas crises em apenas 4% dos casos, ao contrario dos
paciente em que o foco da recorréncia ndo € identificado e que conseguem controle da

epilepsia com medicamento em 42% das vezes (83).

Na maior parte dos casos a cirurgia acontece em regido adjacente a area ressecada
inicialmente (82). Estudos de imagem demonstram que a retirada incompleta das estruturas
mesiais ocorre com freqiiéncia nestes pacientes. Nos casos de amigdalohipocampectomia
seletiva, a retirada do lobo temporal lateral pode resultar no melhor controle das crises. Em
outros, a presenca de atividade neuronal anormal posterior ao cortex temporal revela-se
presente. Interessante notar que durante a investigacdo destes pacientes a utilizacdo de
métodos invasivos como 0 mapeamento com eletrodos intracranianos é de grande importancia

para a indicagéo da cirurgia.
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3 Objetivos

3.1: Principais:

a) Estimar qual o tempo que separa as recorréncias das crises epiléticas pds-cirurgia

para epilepsia do lobo temporal, classificando-as em precoces ou tardias;

a) Identificar entre as recorréncias precoces e tardias, quais as diferencas clinicas,

eletroencefalograficas, radiologicas e cirurgicas entre elas.

3.2: Secundarios:

a) Estudar os fatores preditores de prognostico entre os pacientes operados para

controle da epilepsia do lobo temporal;

b) Presenca do running down phenomenon pos lobectomia temporal;

c) Caracteristicas das reoperagdes para melhor controle das crises nos paciente com

recorréncia de epilepsia p6s tratamento cirurgico.
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Summary

Background: Recurrence of seizures after epilepsy surgery has been generally
classified as either early or late depending on the time between surgery and seizure
recurrence. However, time of recurrence is variable and has been arbitrarily defined in the
literature. The authors established a mathematical model for discriminating patients with early

or late seizure recurrence, and examined differences between these two groups.

Methods: A historical cohort of 247 patients treated surgically for temporal lobe
epilepsy was identified. In patients who recurred, post-operative time until seizure recurrence
was examined using an ROC curve to determine the best cutoff for predicting long-term
prognosis, dividing patients in those with early and those with late seizure recurrence. We
then compared the groups in terms of a number of clinical, electrophysiological and

radiological variables.

Findings: Seizures recurred in 107(48.9%) patients. The ROC curve demonstrated
that 6 months was the ideal time for predicting long-term surgical outcome with best
accuracy, (AUC=0.761; sensitivity=78.8%; specificity=72.1%). We observed that patients
with seizure recurrence during first 6 months started seizing at younger age (OR:6.034;
C195%: 1.056-11.013; p=0.018), had a worse outcome (6.849;2.538-18.518;p=0.001),
needed a higher number of antiepileptic medications (2.07;1.162-9.345;p=0.013) and more
frequently had repeat surgery (9.592;1.181-77.877;p=0.021). Patients with late relapse more

frequently had seizures associated with trigger events (9.615;3.521-26.315;p<001).

Interpretation Patients with early or late recurrence of seizures have different

characteristics that might reflect diversity in the epileptogenic zone and epileptogenicity itself.
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These disparities might help explain variable patterns of seizures recurrence after epilepsy

surgery.
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Introduction

Patients with medically intractable epilepsy often require surgery in order to control
their seizures. The localization of the epileptogenic area is the cornerstone to guide treatment
(1). The majority of refractory focal seizures originate from the temporal lobe, and its
resection is a well established procedure (2). It is estimated that approximately 50 to 62% of
patients will remain seizure free 5 years after surgery for temporal lobe epilepsy, depending

on pathogenic substrates associated with refractory seizures (3,4,5).

However, the elapsed time for seizure recurrence after surgery is not uniform, and
patients that continue to have seizures diverge into two different categories: first, the ones that
will have no benefit after the procedure, or that will have only a short period of seizure
control, a situation known as early seizure recurrence. Second, the ones that after a long
period of disease control return to have seizure, a situation known as late relapse (6). The
differences between these two classes of patients perhaps reflect appropriateness of resection,
intrinsic tissue epileptogenicity, and long-term prognosis (7). For example, patients with late
recurrence of seizures usually have smaller number of attacks and better quality of life when
compared to individuals with early relapse (8,9). To date, each author has defined early or
late seizure recurrence arbitrarily, creating obvious difficulties when interpreting data, making
it difficult for different investigators to perform comparisons and understand the significance
of findings. Mathematical or statistical tools have not, to our knowledge, been previously used

for this purpose.

Early or late recurrence of seizures after surgery might be better seen as two distinct
events. While early recurrence might reflect an incomplete resection of the epileptogenic
zone, late recurrence might reflect the development of a new epileptogenic process, possibly

reflecting an underlying epileptogenic tendency. A better distinction and comprehension of
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these two different situations could lead to a more appropriate understanding of reasons for
surgical failure. This is important because in the short run, it would help to establish a more
accurate long-term prognosis for patients earlier after surgery and in the long run it might
have an impact in planning better treatment protocols. Thus, the main objective of this study
was to establish a statistically orientated model for better discriminating patients with early or
late seizure recurrence and to study the clinical, electrophysiological, and neuroimaging
differences between these two groups of patients. It is our hope that this might help to better

inform patients regarding their prognosis as well as to delineate research for future treatments.
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Methods

We performed a retrospective cohort study of patients diagnosed with temporal lobe
epilepsy that were submitted to surgery after they failed medical treatment at the London
Health Sciences Centre, Western University, Canada, between January 1994 and February
2007. We compared each patient’s demographics, seizure semiology, preoperative
investigations, surgical technique, pathology results and outcomes, taking into consideration
the time for the first seizure after surgery. All patients had a preoperative signed informed
consent for surgery and authorization to use the data for study purpose. This was in

accordance with the ethics board review at our institution.

Patient Selection

All patients had surgery for temporal lobe epilepsy after being treated and classified as
medically refractory by an experienced epileptologist. They had complete investigation with
electroencephalogram (EEG), video-EEG, MRI of the brain, and neuropsychological testing.
Patients with extra-temporal lobe epilepsy, those with brain lesions that required surgery
mainly for tumor resection and not for the intractability of the seizures, and patients with

lesions that extended outside of the temporal lobe were not included.
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Patient Investigation

Patients were initially classified according to the seizure semiology, the presence of an
aura, generalized seizures, and postictal state. A history of febrile seizures, handedness, age at
onset of symptoms, duration of epilepsy, etiology, frequency of attacks and number of anti-
epileptic drugs (AED) were also recorded. EEG and video-EEG examinations were acquired
according with 10-20 International System. For interictal video-EEG and ictal video-EEG we
classified all the epileptiform activity according to their lobar location. For statistical analysis
we divided patients as having exclusive temporal concordant abnormalities or any alteration
outside temporal lobe. MRI of the brain was obtained according to our institutional protocol.
We analyzed the presence of any abnormality, temporal lobe involvement, and the
radiological diagnosis. For statistical purposes we also divided the abnormal exams as single

or dual pathology (10).

Neuropsychological assessments were performed by trained neuropsyhcologists
according to a standard protocol used at our center. We classified patients as normal, having a
concordant temporal alteration, or having any other abnormality outside the epileptic temporal
lobe (11). When necessary, invasive investigation for accurate localization of the ictal onset
zone was made. In our institution we most frequently use subdural electrodes, usually placed

through posterior temporal burr holes (12).

Surgical Procedure

Based on the results of the pre-surgical evaluation, patients were submitted to standard
temporal lobectomy, selective amygdalohippocampectomy, lesionectomy, or a tailored

temporal neocortical resection. The limits for resection during standard lobectomies were 6 to
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6.5 cm from the tip of the temporal lobe in nondominant hemisphere following the
longitudinal line from the temporal pole at the middle temporal gyrus.2 The posterior limit in
the dominant hemisphere was most often determined by cortical stimulation and intra-
operative mapping of temporal speech areas, although a 4 to 5 cm limit was often observed.
As mentioned above, patients with any resection outside of the temporal lobe were excluded
from the study. Resected areas were submitted for pathological examination and classified

according to histological abnormalities.

Outcome Assessment

Patients were initially classified as seizure free or recurrence. The time of the first
post-surgical epileptic event was the reference for comparative analysis. We recorded the
frequency of the seizures, the semiology and the presence of trigger events. Any seizures that
occurred during the first two weeks after surgery were classified as immediate post-op
seizures and had a separate analysis. These seizures were not used for the initial classification
because of their uncertain importance for late prognosis (13). On the last follow up, patients
were scored according to the ILAE and Engel’s classification for outcome (14,15). We
divided patients into two main groups for statistical analysis: significant improvement for
ILAE 1,2 or 3, or Engel | or Il, and no significant improvement for the others. Patients that
still had seizures post intervention but became seizure free after a period of time (running

down phenomenon) (16), and those who had to be reoperated on were also analyzed.
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Statistical Analysis

Receiver operating characteristic (ROC) curves were initially calculated with the
intention to divide two groups of patients regarding long-term prognosis. We observed which
period of time had the highest accuracy, sensitivity and specificity to predict long-term
outcome rates and used it as indicator to separate the groups between early and late seizure
recurrence. Categorical variables were compared using the two-tailed chi-squared test or the
two-tailed Fisher’s exact test when the requirements for the first one were not met.
Quantitative variables were compared using t-test for independent samples or non-parametric
tests for the non Gaussian distribution. The existence of a significant difference was defined
as probability value p < 0.05, and the confidence interval (CI) accepted was 95%. In order to
verify the independent factors, a logistic regression was used. This approach allowed us to
compare both groups, searching for differences that could eventually determine why some
patients have earlier seizure recurrences and while others have a seizure only after a period of
seizure freedom. Kaplan-Meier survival curves with a logrank (Mantel-Cox) test were used to
establish differences between good or bad prognosis in time regarding the first seizure after

surgery.
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Results

Of the 247 patients operated for temporal lobe epilepsy during the period under study,
219 satisfied inclusion criteria. Of these, 107 (48.9%) had relapse of seizures. The median
follow-up was 36 months (range 12 to 60). Based on the first event, 58 (54.2%) of these 107
patients experienced seizure recurrence before 6 months, 18 (16.8%) between 6 months and
one year, 17 (15.9%) between one and two, 5 (4.7%) between two and three, 7 (6.5%)
between three and four, and 2 (1.9%) between four and five years (Figure 5—1). Table5-1
shows clinical characteristics of patients. Age at epilepsy onset ranged from one to 55 years of
age (mean 16 years of age). Age at surgery ranged from 12 to 65 years (mean 34 years of
age), and the time of epilepsy duration from 1 to 54 years of age (mean 20 years of age).
Seventy-four (69.2%) patients had history of generalized seizures. A structural abnormality
on imaging studies was identified in 87 (81.3%), with 57 (53.2%) having mesial temporal

sclerosis.



Table 5 — 1: Characteristics of patients with

recurrence of seizures

Characteristics n (%)
Gender

Male 45 (42.1)
Handedness

Right 89 (83.2)

Left 17 (15.9)

Ambidextrous 1(0.9)

Etiology

Cryptogenic 20 (18.7)

Symptomatogenic 87 (81.3)
Semiology

Febrile seizure 23 (21.5)

Aura 90 (84.1)

Generalized seizure 46 (43.0)

Second generalization 53 (49.5)

Any generalization 74 (69.2)
Post-ictal 89 (83.2)
Interictal EEG

Abnormal 102 (95.3)
Interictal Video-EEG

Normal 2(1.9)

Unilateral concordant 47 (43.9)

Bilateral, multifocal or generalized 46 (43.0)
Ictal Video-EEG

Normal 1(0.9)

Only temp concordant 79 (73.8)

Any alteration outside temporal concordant 27 (25.2)
MRI Brain

Presence of lesion 87 (81.3)
Hemispheres with lesion

Unilateral 72 (67.3)
MRI Pathologies

Single 81 (75.7)
Neuropsychology

Normal 14 (13.1)

Only temporal concordant 37 (34.6)

Outside temp concordant 37 (34.6)

Unclear 14 (13.1)
Intracranial Electrodes 44 (41.1)
Side of Resection

Right 46 (43)
Type of Resection

Standard ATL 87 (81.3)

AHC 9 (8.4)

Lesionectomy 2(1.8)

Tailored resection 4(3.7)

ATL + tailored resection 4(3.7)
Pathology

Normal 8 (7.5)

MTS 57 (53.2)

Dysplasia 6 (5.6)

Tumor 6 (5.6)

Other 22 (20.6)
Immediate postoperative seizure 20 (18.7)

ATL is anterior temporal lobectomy, MTS mesial temporal

sclerosis
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Figure 5 — 1. Percentage distribution of 107 patients with recurrence of seizures after surgery for
temporal lobe epilepsy over time. Before 6 months (54.2%), from 6 months to 1 year (16.8%), from 1 to 2
years (15.9%), from 2 to 3 years (4.7%), from 4 to 5 years (1.9%).

Time of seizure recurrence

Using ROC curves, we found that using a recurrence time of 6 post-operative months
predicted long-term surgical outcome, with the best sensitivity and specificity possible. The
result was similar if patients were classified according to the Engel or ILAE score. Using

Engel’s classification patients could be divided into good long-term surgical outcome with an
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accuracy of 76.1% (CI 95% 0.665 — 0.867; p<0.001). According to the ILAE criteria,
accuracy was 72.9% (CI 95% 0.622 — 0.837, p<0.001). This time frame was also useful for
predicting the presence or absence of trigger events precipitating seizure recurrence, where
the accuracy for predicting surgery outcome was 79.8% (Cl 95% 0.707 — 0.890; p<0.001)
(Figure 5 — 2). Interestingly, in all three curves, the highest sensitivity and specificity point to
predict long-term seizure outcome was observed at 6 months after surgery (sensitivity 78.8%,
specificity 72.1%). We therefore used this time to separate patients in two groups, the early
recurrence group in which seizures returned within 6 months of surgery and the late
recurrence group in which seizures returned after 6 months of surgery. We studied differences
between these two groups in order to better understand factors associated with early or late

seizure recurrence.
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Figure 5 — 2. Receiver operating characteristic (ROC) curves. A — association with outcome using Engel
classification (I and I1) and time of recurrence (A.U.C = 0.761; Cl 95% 0.665-0.867; p<0.001). B — association
with outcome using ILAE classification (1, 2 and 3) and time of recurrence (A.U.C. = 0.729; Cl 95% 0.622—
0.837, p<0.001). C — association with trigger for seizures and time of recurrence (A.U.C. 0.798; CI 95% 0.707—
0.890; p<0.001). The highest sensitivity and specificity scores combined in all curves were present at 6 months
(sensitivity 78.8% and specificity 72.1%). This information was used to separate groups as early or late

recurrence of seizures.
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Differences between early and late seizure recurrence

After dividing the patients into late and early recurrence based on the ROC curves, a
univariate analysis was performed on pre- and post-operative variables (Tables 5 — 2 & 3).
Age of epilepsy onset was the only pre-surgical variable found to be significantly different
between the two groups (Table 5 — 2). Patients with early seizure recurrence after surgery had
a younger age of epilepsy onset (13.42 years) than those with a late seizure recurrence (19.45
years) (OR=6.034; ClI 95% 1.056 — 11.013; p=0.018). Regarding the surgical procedures
themselves, we were unable to find any differences comparing techniques with time of seizure
relapse, nor did we identify any differences in the pathological results. Patients with early
recurrence had a poorer long-term prognosis when compared to the late seizure recurrence
group, as classified according with ILAE (OR=4.545; CI 95% 1.785-11.111; p=0.001) or
Engel (OR=7.142; Cl 95% 2.564-20; p=0.001) outcome scores. The Kaplan-Meier survival
curves demonstrated a statistically significant difference when comparing time to recurrence
between those with higher and lower Engel or ILAE scores when analyzing outcome at last
follow up (p<0.001) (Figure 5 — 3), These showed that patients with a better Engel or ILAE
score tended to recur later than those with a poorer score. Patients with late recurrence were
7.4 times more likely to experience greater than 50 % reduction of seizures than patients with
earlier recurrence (Cl 95% 1.55-35.4; p=0.005), considering Engel’s classification, and 5.86
times more considering the ILAE outcome score (Cl 95% 1.78-19.25; p=0.002). Also, the
frequency of seizures was higher in the group of patients with early recurrence (p=0.027). The
mean number of attacks was 3.29 (SD + 5.83) per month for early recurrence and 1.13 (SD +
2.23) for late recurrence. Seizures that recurred after 6 months were more often associated
with trigger events when compared with seizures that relapsed earlier (OR= 2.82; Cl 95%
1.81-4.39; p<0.001). Patients with early recurrence required a higher number of AEDs after

surgery (p=0.013). However, after logistic regression, only age of epilepsy onset (p=0.05), the
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presence of a factor trigger seizure recurrence (p=0.002), and severity of seizures (p=0.032)

remained significant (Table 5-4).

Table 5 - 2: Univariate analysis of the preoperative variables
comparing early versus late recurrence of seizures

Variable Early (n=58)  Late (n=49)
n (%) n (%) p value
Male 24 (40.6) 21 (43.7) 0.749
Etiology (symptomatic) 48 (81.3) 39 (81.2) 0.989
Febrile seizure 12 (25) 11 (26.8) 0.844
Aura 48 (88.8) 42 (87.5) 0.828
Generalized seizure 26 (47.2) 20 (42.5) 0.633
Second generalization 33 (61.1) 20 (42.5) 0.062
Any generalization 42 (71.1) 32 (66.6) 0.615
Post ictal 50 (94.3) 39 (86.6) 0.169
Interictal EEG Abnormality 57 (98.2) 41 (93.7) 0.241
Interictal Video-EEG (only 22 (44) 25 (55,5) 0.349
temporal concordant)
Ictal Video-EEG (only temporal 41 (69.4) 38 (79.1) 0.319
concordant)
Presence of MRI Lesion 49 (83) 38 (79.1) 0.608
Only unilateral lesion 39 (79.5) 33 (86.8) 0.375
Neuropsychology (only 20 (37) 17 (35.4) 0.977
temporal concordant)
Investigation with intracranial 27 (45.7) 17 (35.4) 0.279
electrodes
Side of resection (right) 26 (44.8) 20 (41.6) 0.744
Type of resection (standard 47 (81) 46 (93.7) 0.074
ATL)
Pathology (single pathology) 47 (83.9) 40 (86.9) 0.817
Immediate post-op seizure 12 (20.3) 8 (16.6) 0.628

Mean (SD) Mean (SD)

Age of seizure onset 13.42 (10.45)  19.45(15.42) 0.018
Age at surgery 33.46 (13.94) 36.54 (13.54) 0.250
Duration of epilepsy 19.26 (12.15)  21.41(12.02)  0.406
Frequency (per month) 11.63 (9.54) 10.64 (8.6) 0.617
Current number of AED 2.16 (0.87) 1.95 (0.73) 0.213
Number of tried AED 2.57 (1.63) 2.27 (1.68) 0.486
Total number of AED 4 (2.01) 3.36 (1.85) 0.117

EEG is electroencephalogram, MRI magnetic resonance imaging, ATL anterior
temporal lobectomy, AED anti epileptic drug



Table 5 - 3: Univariate analysis of the postoperative
variables comparing early versus late recurrence of

seizures
Variable Early (58) Late (49)
n (%) n (%) p value
Trigger of seizure 7(13.7) 26 (60.4) <0.0001
Different semiology 17 (32.6) 18 (43.9) 0.268
Great improvement 20 (43.4) 34 (77.2) 0.001
ILAE (1,2,3)
Great improvement 20 (43.4) 37 (84) 0.001
Engel's (1, 11)
Reoperation 10 (16.9) 12 0.021
Mean (SD) Mean (SD)
Frequency (per 3.29 (5.83) 1.13 (2.23) 0.027
month)
Current number of 2.07 (0.905) 1.59 (0.785) 0.013
AED

ILAE is International League Against Epilepsy, AED anti epileptic
drug, OR odds ratio, CI confidence interval

Table 5 —4: Logistic regression of postoperative variables comparing early and
late recurrence

Crude Adjusted
Variable OR (95% CI) p value OR (95% CI) p value
Age of seizure onset 6.034 (1.056 — 11.013)  0.018 1.043 (1 -1.088) 0.050
Trigger of seizures 9.615 (3.521-26.315) 0.000 6.411 (1.956 — 21.013) 0.002
Great improvement 6.849 (2.538 - 18.518)  0.001 3.558 (1.112 — 11.494) 0.032

Engel’s (1,11)

The variables with p value under 0.02 after univariate analysis were taken for logistic regression. The
variable current number of AED was excluded from the analysis because of the clear relation with
outcome. The overall percentage of correctly predicted cases was 77.9%.
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Figure 5 — 3. Kaplan-Meier curve of patients with recurrence of seizure after temporal lobe epilepsy
analyzing time of first seizure after the procedure and outcome on the last follow up. A - Patients were
separated as Engel class | and 11, or Engel class 1l and IV. B - Patients were separated as ILAE classification 1,
2 and 3, or ILAE 4, 5 and 6. Patients with worst outcomes the seizures returned earlier (p < 0.001).
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Running-down phenomenon

Running-down phenomenon was observed in 6 patients (5.6%). The time until seizure
free was reached varied from 7 to 15 months (mean 11.3 months). Two of these patients had

recurrent seizures that had different semiology when compared to the preoperative events.

Reoperation

In our cohort, patients with early recurrence were significantly more often submitted
to an additional surgical procedure for seizure control. Fifteen patients (14%) were
investigated with subdural electrodes and 11 underwent additional resective surgery. Of those
who had subdural recordings, ictal EEG alterations were lateralized to the side ipsilateral to
the original surgery in 13 patients, contralateral in one and in one patient showed a more
diffuse epileptogenic area (Table 5 — 5). Of the 58 patients with early recurrence, 10 (16.9%)
underwent an additional resection while only 1 of the 49 patients (2%) with late recurrence
underwent further surgery (OR=9.59; Cl 95% 1.18-77.87; p=0.021). The timing of the second
surgery varied from 2 to 11 years after the original operation (mean 6 years). One surgery was
stopped during the cortical stimulation because the epileptogenic area overlapped with
language area. Of the remaining 10 patients, all reoperations were performed in the original
hemisphere. The surgical plans accomplished were the removal of the temporal neocortex in 4
patients with previous selective amygdalohippocampectomies, the resection of the remaining
mesial structures in 3 patients with previous tailored neocortical resections, and the additional
resection of the temporal neocortex in 3 patients who had standard temporal lobectomies. At
last follow up, 5 of the reoperated patients were Engel I, 2 Engel 11, 2 Engel 11l and 1 Engel

IV. In all, 70% of the patients with reoperations had a significant (Engel I or 1) improvement,
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and 90% had more than a 50% reduction of seizures frequency following the second

operation.

Table 5 — 5: Characteristics of reoperations

Patient  Time of Time for Side of Outcome on last follow-up Time of
recurrence  reoperation surgery (ILAE / Engel) recurrence
(months) (years) (months)

1 2 10 same 3/ID 21

2 1 11 same 5/IVA 1

3 17 5 same A 48

4 3 2 same 1/1A N/A

5 1 10 same 4/711A 1

6 1 3 same 1/1A N/A

7 4 9 same 1/1A N/A

8 1 10 same 3/1A 12

9 6 5 same Aborted * N/A

10 3 2 same 4/711A 1

11 4 3 same 1/1A N/A

* surgery was aborted because the seizures were coming from the speech area.
ILAE is International League Against Epilepsy, N/A not applicable
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Discussion

Our study supports the idea that early and late recurrence of seizures are two distinct
entities, with different predictors and different prognostic implications. It is possible that the
time to seizure recurrence after surgery reflects different mechanisms of epileptogenesis.
Patients in whom seizure recurrence occurred within the first 6 months after surgery had an
earlier age of onset, a worse surgical outcome, and a higher post-operative seizure frequency.
Reoperations were also more frequent in the early recurrence group when compared with the
late recurrence group. Interestingly, seizures that relapsed after 6 months had stronger

association with clear trigger events.

Several studies have investigated the risk for seizure recurrence after surgery by
comparing patients who are seizure-free versus those who are not (3,5,17,18). However, it is
possible that not all surgical failures are equal and that patients who recur earlier are distinct
from those who recur later possibly reflecting a different mechanism for seizure recurrence as
well as a different prognosis for patients. In a few studies, seizure recurrence has been
separated into early and late groupings, however very little comparison of the possible
differences between these two groups of patients has been performed. Futhermore, there is no
agreement about the time cutoff for classifying seizure relapse as early or late and to date, the
criteria used have been arbitrary. While some authors advocate for one year (6), others for
five years (19), the majority consider 2 years as the best cut-off date (3,20). However, these
classifications have been mostly arbitrary and do not reflect any possible statistical or

neurobiological mechanism for seizure recurrence.
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After dividing the groups based on the six-month cutoff, we were able to examine for
any differences between the groups including prognosis. In our study, the age of epilepsy
onset was a unique preoperative factor statistically different between patients with early
versus late seizure recurrence. Mean time for first seizure occurred at 13 years of age in the
early recurrence group, while a mean of 19 years was found in the late recurrence group. This
is an interesting finding that might reflect a more active epileptogenic process and it is in line
with findings in the literature, suggesting lower chances for good seizure control in the early
epilepsy onset group (21). This is also in keeping with evidence that suggests that age of

epilepsy onset or duration of epilepsy might be directly related with surgical prognosis (22).

Once a patient has the first seizure after surgery, it is useful to have some way to
predict the long-term outcome. Our results suggest that patients that have a recurrence within
6 months after surgery have a worse prognosis, with higher seizure frequency and a more
frequent need for subsequent intracranial recordings or additional resective surgery. We
considered a good surgical outcome to be one where a patient remained with rare seizures
after surgery (Engel I1) or a reduction of 50% or more of their events. Although the intention
of any epilepsy surgery strategy is complete remission of seizures (15), one cannot
underestimate the benefits of frequency or intensity in seizure reduction. On the contrary, late
relapse seems to be a more benign condition, with less frequent seizures more often
associated with distinct trigger events. Our results are in line with Buckingham and colleagues
who stated that seizures that return after a longer period of time have better long-term
outcomes, with higher chances of remission (8). It is in line also with the results of
Radhakrishnan and Kelemen that showed that seizures that returned before one year have

worse outcomes (20,23).
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In our study, seizures that returned later than 6 months after surgery were more
commonly associated with trigger events (60.4%). Tapering or withdrawal of AEDs and
psychological stress (subjectively reported by each patient) were the main factors associated
with late recurrences. It is possible that certain patients without precipitating factors might
remain seizure free for longer periods and may experience a recurrence when faced with one
of these trigger events (24). This is perhaps one of the explanations why these patients are
infrequently considered for reoperation. It is also possible that these patients have a lower
threshold for seizures. In the late recurrence group the reduced frequency of seizures, the
minor severity of the symptoms and the lower number of AEDs prescribed for seizure control

is perhaps a reflection of a new epileptogenic process (25).

In our study, the number of patients with running-down phenomenon and the time for
remission is in accordance with the literature (20,26). Probably the epileptic zone that was
functioning as a pacemaker for abnormal discharges was completely resected and the
surrounding neurons were gradually returning to normal synapses activity (4). However,
some of these patients do have recurrent seizures and reoperation may be performed in
selected ones (27). Interestingly, we found that patients selected for a second surgery where
more often those with an early seizure recurrence. From the eleven patients submitted to
another surgical procedure for seizure control, 10 (90.9%) were included in the early seizure
relapse group, and all of them had their prior surgical area extended. Of these, 5 patients were
rendered seizure free, a finding that strongly implies that the reason for early recurrence was
an incomplete resection of the epileptogenic zone in these patients. It is important to note that
splitting recurrence groups using the time frame of 6 months was able to reasonably
discriminate the group that had seizure recurrence due to incomplete epileptogenic zone
resection. This is in keeping with Germano and colleagues who reported that recurrence of

seizures occurred during the first six months in most patients of a series of 40 patients needing
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reoperation for TLE seizures (28). However, the partial resection of the epileptogenic area
could not be the main physiologic explanation for all early recurrences. Although 16.9% of
early recurrences had repeat surgery and many did well, the majority (83.1%) did not get a
second operation. It is possible that these patients have another generalized epileptogenic

zone that was not identified.

It is interesting to observe that even when the seizures returned just after few months,
the mean time for the second resection was 6 years after the original operation. Considering
that the latest observed running-down phenomenon was 15 months post-operatively, and that
90% of the re-operated patients had some benefit from the second surgical procedure, it
would be a reasonable strategy to consider investigation for another surgery by two years after

the first surgical attempt. This is a very important question that deserves further studies.

Again, the physiopathology between early recurrence with incomplete resection,
versus late recurrence with perhaps a brain with lower threshold for seizures or
epileptogenicity is under discussion (29). Some could argue to the fact that 6 months is a
precocious period for a development of a new focus, but it is very important to note that: first,
for a patient that used to have several seizures a week or a month, being free of attacks for this
length of time has to do with removal of an epileptogenic area; second, the time for a new
brain tissue to become epileptogenic is unknown. It is obvious that the longer the time the
greater the chances for relapse, but it is possible that 6 months is sufficient to clinically define
this process; third, patients with late recurrence seem to be rarely candidates for reoperations
because of a more generalized abnormal neuronal activity; and finally, the differences

presented here were statistically defined and not arbitrarily chosen.

The limitations of this study reside in its retrospective nature and the fact that some

statistics are exploratory. Because our intention was to study TLE patients, we were careful in
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verifying the possible differences among sub-groups of patients with TLE, and also in
excluding patients in which surgery was performed mainly for tumor resection and not for
seizure intractability, and patients with lesions extending outside the temporal lobe. However,
our study has some strengths that need to be recognized as well. It has a cohort study that
includes a considerable number of patients evaluated under modern techniques in a center
with a team dedicated to epilepsy surgery. We used statistical criteria to split groups into early
or late recurrence, which was quite accurate for predicting long-term surgical outcome.
Although preoperative characteristics are good predictors for remission or recurrence of
seizures after surgery (30), once the primary goal is not achieved, the time of the first seizure
might be an important predictor for long-term seizure outcome. In this venue our study might

help regarding prognosis definition and planning future treatments.

We propose that recurrence of seizures after surgery for temporal lobe epilepsy should
be separated into early or late recurrences based on the time frame of 6 months following
surgery. Patients which seizure recurrence within 6 months have worse outcomes, higher
frequency of attacks, tend to use a higher number of AED, and carry a higher probability for

reoperations when compared with those patients with late seizure recurrence.
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6 Anexos

Anexo 1: Questionario de investigacdo com dados pré-cirurgicos

Questionnaire 1 — pre-surgical evaluation

Name: PIN:
Gender: — Male [1 Female D.O.B:

Seizure Semiology

Epilepsy starting age: yo Handedness: 7] Raght [ Left ©J Ambidex [] Unknown
Febrile seizure: [1yes [l no Etiology: [ cryptogenic [ idiopathic [Isymptomatogenic
Aura: [l yes [l no
Seizure Classif: Partial [ yes I no [l simple [I complex
Generalized [ yes [l no [l absence [l mioclonic [ atonic
 tonic [l clonic Tl tonic-clonic
Second-generalized [ yes [l no [l absence [l mioclonic [ atonic
l tonic [l clonic  tonic-clonic
Post ictal: [1 yes [l no
Frequency:
Current # of AED:
# of AED Tried:

Pre Surgical Investigation
Scalp EEG: [1yes [lno Interictal: [ None ] Unilateral [I Bilateral [ Multif [1Generalized

Normal MRI: [1 yes [l no Side: 0] Unilateral [ Bilateral
Finding: OMTS [MCD [Tumor [1Gangliog/DNET [1Other

Video EEG: [l yes Ino Interictal: [| None [ Unilateral [1 Bilateral [ Multif [Generalized
Ictal: : [) None [l Unilateral ) Bilateral ] Multif [IGeneralized
Neuropsychology Dominance: [ Right [1 Left
Defeits: [lyes [] no - | Dommant [ Nondominant [ Diffuse
Other:

Subdural Electrodes Operation [ yes [l no
Date:

Number of Electrodes:

Position of Electrodes:

Length of Stay:

EEG Interictal:

Ictal:
Brain Stimulation: [Cyes [no  Findings:
Resective Surgery [Left IRight

Type of surgery: [1 Standard ATL 0 AHC [ Lesionectomy [] Tailored temporolobectomy
Date of operation:

Surgeon:
Brain Stimulation: [lyes Ino Findings:
Complication: Tlyes [ no Description:

Pathology: C/Normal CMTS [OMCD [OTumor [IGangliog/DNET [IOther
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Anexo 2: Questionario de investigacdo com dados pds-cirurgicos

Questionnaire 2 — Post surgery follow up

Last follow up date:

Complications after surgery: [Yes ‘No
Current # of AED:

ILAE Classification:

Engel’s Classification:

Recurrence of seizure: [1Yes [No Post op Seizures: [1Yes ‘No
Time after recurrence: Time after recurrance:

Seizure frequency: Different Semiology: C"Yes [No
Different semiology of seizure: Yes No

Trigger for recurrence: [JAED withdrawal T AED decreased dose [lstress [ none

New investigation: [IYes  [INo
Re-operation: [Yes ‘No
Recurrence of auras [IYes ‘No

Time after recurrence:
Aura frequency:

Trigger for recurrence: [IAED withdrawal 'AED decreased dose [stress [] none

Running Down Phenomenon: ~Yes No

Description:



Anexo 3: Questionario de investigacdo com dados da reoperacéo

Questionnaire 3 — Re-investigation

71

Seizure Semiology

Aura: [ yes [ no

Seizure Classif: Partial [] yes [l no [ sumple O complex
Generalized [ yes [lno Tl absence [l mioclonic [] atonie
| tonic I clomie | tonic-clonic
Second-generalized [] yes I no | absence ] mioclonic [ atonic
| tonic I clonie | tonic-clonic
Post ictal: [1 yes [ no
Frequency:
Medication:

Exam Investigation

Scalp EEG: [l yes [Ino Interictal: [) None [ Unilateral [] Bilateral [1 Multif

Normal MRI: [] yes I no Side: 0] Unilateral [ Bilateral

Finding: OMTS [MCD [OTumor [Gangliog/DNET

Video EEG: [l yes [Ino  Interictal: [ None ] Unilateral [] Bilateral [ Mulfif
Ictal: : [1 None [ Unilateral | Bilateral O Multif

Neuropsychology Dominance: ] Right [ Left
Defeits: [lyes [ no | Dominant [ Nondominant

Other:

_|Generalized
[1Generalized

Reoperation ILeft  JRight

Type of surgery: “IStandard ATL. TJAHC [ILesionectomy [ITailored temporolobectomy

Date of operation:

Surgeon:
Brain Stimulation: [yes “ no Findimngs:
Complication: "lyes [l no Description:

Pathology:
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Anexo 4:

t 247 OPERATED PATIENTS }

[ 219 COMPLETED INCLUSION CRITERIA ]

{ 107 (48.9%) RECURRENCE OF SEIZURE J

i

58 (54.2%) BEFORE 6 MONTHS J

P 1

18 (16.8%) FROM & MONTHS TO 1 YEAR J

17 (15.9%) FROM 1 TO 2 YEARS

[ 5 (4.7%) FROM 2 TO 3 YEARS

[ 7 (6.5%) FROM 3 TO 4 YEARS

l 2 (1.9%) FROM 4 TO 5 YEARS

Figure 6 — 1. Flow chart of the historical cohort patients. Patients with medically intractable epilepsy that
were treated with surgery at London Health Sciences Centre, Western University, Canada, from January 1994 to
February 2007. From the 247 patients, 219 completed the inclusion criteria, and 107 had recurrence of seizures
(58 recurred before 6 months, 18 from 6 months to 1 year, 17 from 1 to 2 years, 5 from 2 to 3 years, 7 from 3 to
4 years and 2 from 4 to 5 years.
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Kaplan-Meier Curve — Recurrence of seizure
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Figure 6 — 2. Kaplan-Meier curve of patients with recurrence of seizure after temporal lobe epilepsy
surgery. The curve was created according to the first seizure event after the procedure.
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Table 6 — 1: Univariate analysis of the preoperative variables

comparing seizure free versus recurrence

Variable Seizure free Recurrence
(n=112) (n=107) p value
n (%) n (%)
Male 55 (49.1) 45 (42) 0.295
Etiology (symptomatic) 92 (82.1) 87 (81.3) 0.459
Febrile seizure 29 (25.8) 23 (21.5) 0.719
Aura 96 (85.7) 90 (84.1) 0.831
Generalized seizure 40 (35.7) 46 (42.9) 0.196
Second generalization 49 (43.7) 53 (49.5) 0.304
Any generalization 72 (64.2) 74 (69.1) 0.444
Post ictal 93 (83) 89 (83.1) 0.573
Interical EEG Abnormality 101 (90.2) 102 (95.3) 0.078
Interictal Video-EEG (only 71 (63.4) 47 (43.9) 0.016
temporal concordant)
Ictal Video-EEG (only temporal 101 (90.2) 80 (74.7) 0.021
concordant)
Presence of MRI lesion 98 (87.5) 87 (81.3) 0.151
Only unilateral lesion 93 (83) 72 (67.2) 0.002
Neuropsychology (only 41 (36.6) 37 (34.5) 0.775
temporal concordant)
Investigation with intracranial 26 (23.2) 46 (42.9) 0.001
electrodes
Side of resection (right) 53 (47.3) 46 (42.9) 0.561
Type of resection (standard 106 (94.6) 94 (87.8) 0.007
ATL)
Pathology (single pathology) 94 (83.9) 85 (79.4) 0.512
Immediate po seizure 8 (6) 20 (18) 0.011
Mean (SD) Mean (SD)
Age of seizure onset 14.5 (10.6) 16.1 (13.2) 0.202
Age at surgery 34.9 (12.2) 34.8 (13.7) 0.944
Time of epilepsy 18.6 (13.2) 20.2 (13) 0.461
Frequency (per month) 9.4(9.2) 11.2 (9.1) 0.144
Current number of AED 1.8 (0.6) 2.1(0.8) 0.041
Number of tried AED 2.8 (1.6) 2.4 (1.6) 0.111
Total number of AED 3.6 (1.9) 3.7(1.9) 0.864

EEG is electroencephalogram, MRI magnetic resonance imaging, ATL anterior
temporal lobectomy, AED anti epileptic drug
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Anexo 7:

Table 6 — 2: Univariate analysis of the presence of immediate post operative
seizures comparing seizure free versus recurrence

Variable Seizure free Recurrence
(117) (109) OR (95% CI) p value
n (%) n (%)
Immediate PO 8 (6) 20 (18) 2.989 (1.255-7.119) 0.011
seizures

PO is post operative, OR odds ratio, Cl confidence interval. Immediate post operative seizure was
defined as any epileptic event that occurred until 2 weeks after surgery.

Table 6 — 3: Univariate analysis of the presence of post operative auras
comparing seizure free versus recurrence

Variable Seizure free Recurrence
(117) (109) OR (95% ClI) p value
n (%) n (%)
Presence of auras 29 (31.5) 51 (56) 2.770 (1.514 - 5.067) 0.001
Presence of auras only 29 (31.5) 2(1) 0.057 (0.013-0.244)  0.000

OR is odds ratio, Cl confidence interval. The presence of exclusive auras post operatively is a
indicator that the patient has higher chances to maintain epilepsy under control
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Anexo 8:
{ 107 RECURRENCE OF SEIZURE
[ [+ [5.5%] RUNMING DOWN PHENOMEMNOMN |
l 2 DIFFERENT SEMIOLOGY J 7TO 15 MONTHS [MEAN ]1.3}

Figure 6 — 3. Flow chart of patients with running down phenomenon. From the 107 patients that seizures
returned after temporal lobe epilepsy surgery, the epileptic events stopped in 6 of them, characterizing the
running down phenomenon. Two patients had different seizure semiology compared to the pre operative events.
The time until seizure entered remission varied from 7 to 15 months.
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Anexo 9:
[ 107 RECURRENCE OF SEIZURE
rl
.
[ 15 (14%) INVESTIGATION
’)
{ 11 (10.2%) REOPERATED
5 ENGELI J
2 ENGELII J
2 ENGEL Il ]
[ TIME FOR REOPERATION - 2 TO 11 YEARS {MEAN &) ] 1 ENGEL IV J
[ 1 N/A [SURGERY ABORTED) J

Figure 6 — 4. Flow chart of patients with reoperation. From the 107 patients that seizures returned after
temporal lobe epilepsy surgery, investigation with subdural electrodes was performed in 15 of them, and 11
patients were reoperated on for better seizure control. At last follow up, 5 patients were classified as Engel I, 2
Engel I, 2 Engel I1l, and 1 Engel IV. One patient had the surgery stopped because the abnormal electrical
acticity was coming from the speech area.
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