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RESUMO

Introducdo: Estudos recentes demonstram que as epilepsias sdo doencas
relacionadas a alteracdes de redes neuronais. Técnicas de neuroimagem funcional e
de difusdo aliadas a avancados métodos de poOs-processamento computacional
permitem avaliacfes de conectividade funcional e estrutural do cérebro fornecendo
informacbes sobre os padrdes organizacionais das redes associadas. Este estudo
visa avaliar a conectividade estrutural e funcional em pacientes com epilepsias focais,
caracterizando as alteragbes de pacientes com epilepsia de lobo temporal mesial
(ELTM) associada a esclerose hipocampal (EH) e comparando com outras epilepsias
focais.

Métodos: Instrumentacbes de software foram desenvolvidas para as analises
realizadas: 1- de conectividade estrutural e 2- de conectividade funcional. Para
avaliacdo da conectividade estrutural, foram selecionados trés grupos de pacientes
(ELTM-EH, ELT-n&o lesional [NL] e epilepsia de lobo frontal associada a displasia
cortical focal [ELF-DCF]) e um grupo controle. Metodologia de tractografia
semiautomatica avaliou a anisotropia fracionada (FA), difusividade radial (RD) e axial
(AD) de quatro fasciculos: 1-uncinado; 2-fornix; 3-fronto-occiptal inferior; 4-cingulo. As
analises de conectividade funcional foram realizadas comparando pacientes de
ELTM-EH com lateralizac&o a direita (D-ELTM) e a esquerda (E-ELTM) e um grupo
controle. Setenta regides de interesse representando 12 redes funcionais foram
usadas para andlise de criagdo das matrizes de adjacéncia. O segundo nivel foi
realizado comparando pacientes e controles.

Resultados: Analise macroestrutural de substancia branca (SB) mostrou alteracdes
(principalmente ipsilaterais) para ELTM-EH e ELF-DCF. A analise microstrutural
mostrou alteracdes em parametros de difusdo para os mesmos grupos. Os pacientes
ELT-NL n&o apresentaram alteragbes em nenhuma das analises de integridade
estrutural. Comparados ao grupo controle, os grupos D-ELTM e E-ELTM
apresentaram alteragOes de conectividade funcional. Das 12 redes, apenas auditory
e visual ndo apresentaram alteragbes em ambos os grupos. Para D-ELTM, a anterior
salience e a sensorimotor também foram preservadas. Pacientes de E-ELTM
apresentaram alterac6es mais difusas, afetando os dois hemisférios de forma mais

evidente.



Discusséo e concluséo: Pacientes com epilepsias focais apresentam alteracdes de
conectividade funcional e estrutural. Pacientes com ELTM-EH apresentaram piores
resultados de alteracdes estruturais e vasta rede de alteracbes quando comparados
a frontais ou néo lesionais. Adicionalmente, apresentam complexa rede de alteracbes
funcionais. Pacientes com E-ELTM apresentaram de alteragbes funcionais mais
complexo quando comparados aos com D-ELTM. O desenvolvimento de toolboxes
para as modalidades metodologicas propostas possibilitaram padronizacdo e

eficiéncia na analise dos dados.

Palavras-chave: Epilepsia. MRI de Difusdo. Mapeamento Cerebral Funcional.



ABSTRACT

Introduction: Recent studies has shown that epilepsies are diseases related to neuro
networks alterations. Functional and diffusion neuroimaging techniques explored by
advanced computational methodologies, allows the functional and structural brain
connectivity evaluation providing information regarding the brain networks behavior.
This project aim to evaluate the functional and the structural connectivity in patients
with temporal lobe epilepsy comparing its alteration patterns with other focal

epilepsies.

Methods: We developed software resources to perform the analysis: 1- Structural
connectivity and 2- functional connectivity. For structural evaluations, three groups of
patients were included (mesial temporal lobe epilepsy [MTLE] associated to
hipocampal sclerosis [HS], non-lesional temporal lobe epilepsy [TLE-NL] and frontal
lobe epilepsy associated to focal cortical dysplasia [FLE-FCD]) and a control group.
We performed a semi-automatic tractography procedure to evaluate the fractional
anisotropy (FA), the radial diffusivity (RD) and the axial diffusivity (AD) of four anatomic
relevant fasciculi: uncinate, body of fornix, inferior fronto-occipital and body of
cingulum. We performed functional connectivity analysis comparing patients with left
and right MTLE-HS and controls. We used 70 regions of interest (ROIs) from 12
functional networks to compute the connectivity adjacency matrices and performed a

second level analysis to compare patients and controls groups.

Results: The macrostructural white matter (WM) analysis showed alterations (manly
ipsilateral) on MTLE-HS and FLE-FCD. The microstructural WM analysis presented
alterations on diffusion parameters for the same groups. Patients with TLE-NL showed
no changes for both structural analysis. Compared to the control group, the R-MTLE
and L-MTLE groups showed functional connectivity alterations. From the 12 studied
networks, only the auditory and the visual networks were preserved on both groups.
For the R-MTLE patients, the anterior salience and the sensorimotor networks were
also not affected. Patients with L-MTLE showed more diffuse alterations, more

evidently affecting both hemispheres.

Discussion and conclusion: The study and the proposal methodology were effective
for the identifications and characterization of functional and structural connectivity

alterations in patients with focal epilepsies. The MTLE-HS showed worse widespread



structural alterations compared to the FLE and TLE-NL. Additionally, they presented
complex and widespread functional networks abnormalities. Patients with L-MTLE
demonstrated worse and more bilaterally affected pattern of alterations when
compared to R-MTLE. The development of toolboxes to perform the proposal
methodology enabled the standardization and high data analysis efficiency, throughout

clear procedures.

Key words: Epilepsy. MRI. Diffusion Magnetic Resonance Imaging. MRI. Brain
Mapping.
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1. INTRODUCAO

A neurociéncia é a area da ciéncia interdisciplinar que estuda o sistema nervoso
em diferentes aspectos através de diversas opcOes metodologicas e ferramentas
investigatorias. Nas ultimas décadas, com o aperfeicoamento das técnicas de imagem
in vivo, como PET (Tomografia por Emissdo de Pdsitron) e IRM (imagem por
ressonancia magnética), tornou-se possivel a utilizacdo destas ferramentas como
instrumentos diagndésticos e de pesquisa clinica, capazes de quantificar em diferentes

aspectos o tecido e as funcdes nervosas com alta precisédo, de forma nao invasiva.

1.1 EPILEPSIA
Dentre as doencas mais estudadas por estes avancgos, os estudos da epilepsia
destacam-se devido a relevancia social da doenca, e aos riscos associados a ela.
Epilepsia é um disturbio cerebral caracterizado por uma predisposi¢cao persistente a
gerar crises epilépticas e pelas consequéncias neurobioldgicas, cognitivas,
psicolégicas e sociais dessa condigdol?. As epilepsias englobam uma ampla
variedade de sintomas decorrentes de fungdes cerebrais alteradas em decorréncia de

um grande ndmero de processos patoldgicos?2.

Crise epiléptica é a manifestacao clinica ou eletrografica oriunda de disfuncao
temporaria e sincronizada de uma rede de neurbnios causada por malformacoes
celulares ou disfuncbes das células nervosas nas acdes excitatérias ou inibitorias. A
crise epiléptica ocorre quando h&a descarga elétrica anormal excessiva e transitoria
das células nervosas, decorrente das correntes ibnicas através da membrana celular.
A atividade elétrica pode ser registrada com equipamento de eletroencefalografia
(EEG), com o qual é possivel identificar padrbes de onda (em amplitude, forma e
frequéncia) caracteristicos desta patologia e denominados de atividade
epileptiforme*8, Por definicdo, as crises podem ser focais, quando envolvem parte
do cértex ou generalizadas, quando acometem areas extensas que envolvem os dois
hemisférios cerebrais.

Dentre os subtipos, a epilepsia de lobo temporal mesial associada a esclerose
hipocampal (ELTM-EH) é o mais prevalente em pacientes adultos, sendo que ~70%
dos casos sao refratarios ao tratamento medicamentoso com elevada prevaléncia de

comorbidades. O bom encaminhamento do tratamento e a eficacia da intervencao
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médica, dependem da analise clinica e eletrografica, além de conhecimento das redes

neurais e regides cerebrais envolvidas no processo patolégico em cada caso.

Fig. 1. Reconstrucdo tridimensional do cérebro. Destacado em azul claro, o lobo
temporal; em azul escuro porcdo mesial do lobo temporal;, em vermelho os

hipocampos.

Classificactes recentes definem a epilepsia como doenca de redes’. Embora
possa ter origem focal, gera disturbios estruturais e funcionais abrangentes,
comumente associados ao recrutamento anormal de redes funcionais, relacionadas
ou ndo a redes de alteragcbes estruturais. Estas anormalidades poderiam estar
associadas aos fendmenos ictais (evento de crise) e interictais (eventos eletrograficos
em periodos entre crises), ocasionando alteracdo de memoéria, depressdo e

ansiedade’®.
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1.2 RESSONANCIA MAGNETICA

Modernos métodos de obtencdo imagens tomograficas também sao utilizados
como ferramenta de auxilio nas definicbes das sindromes epilépticas, uma vez que
possibilitam a localizagdo de les6es ou malformagfes estruturais que possam ser
visiveis a olho nu e as quais a sindrome epiléptica pode estar associada. As imagens
por RM possibilitam aquisicdo de cortes anatdmicos através de informacgdes geradas
a partir da resposta energética emitida pelos nucleos do hidrogénio do corpo humano,
apos serem excitados por um sistema emissor de radiofrequéncia (RF). Na década de
1980, os primeiros escaneres comerciais com capacidade de realizar exames de todo
O corpo comecaram a ser comercializados, viabilizando também o uso dos

equipamentos na clinica experimental.
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1.3 RESSONANCIA MAGNETICA FUNCIONAL

A partir de 1990, dentre os métodos aplicados a neurociéncia, destacam-se as
pesquisas cientificas aplicadas as funcbes cerebrais com a técnica de ressonancia
magnética funcional (RMf). Desde entdo, a técnica tem sido aprimorada e realizada
de forma satisfatoria em varios centros do mundo, tornando-se atualmente uma das
mais importantes ferramentas da neurologia experimental uma vez que possibilita
estimar e mapear da atividade metabdlica do cérebro de forma néo invasiva®. Para
inferir mudancas locais na atividade neural, a RMf utiliza a resposta metabdlica e
hemodinamica do organismo a estimulos pré-definidos ou inclusive as atividades
espontaneas do cortex. O objetivo do estudo de imagens funcionais € obter dados que
sejam sensiveis ao funcionamento do cérebro. Existem métodos eletrofisiol6gicos
invasivos que medem a atividade neural diretamente, entretanto, a RMf, através de
efeitos relacionados a atividade neural, pode quantifica-la e localiza-la de forma ndo
invasiva e sem uso de radiacdo ionizante ou contrastes intravenosos!®. O sinal
contrastante em RMf é dependente do nivel de oxigenacédo do sangue e é chamado
sinal BOLD (Blood-Oxygenation-Level Dependent).

O sinal BOLD esta associado a reacdo hemodindmica do organismo, mediante
a ativacao cortical e baseia-se em principios fisioldgicos e fisicos. O cérebro néo
armazena energia, o ATP (adenosina trifosfato), precisa ser formado a partir da
oxidacdo da glicose presente no sangue e estudos mostram que este consumo se
concentra em regibes com atividade neural aumentada. O aumento do fluxo
sanguineo em regides ativas do cérebro acarreta em aumento do transporte de glicose
e oxigénio a fim de suprir as necessidades energéticas das células. Neste processo,
h& um atraso entre o inicio na demanda energética e a efetivo suprimento as células
ativadas, gerando consumo local de glicose e oxigénio causando a desoxigenacao
relativa do volume local sangue. Esta depresséao inicial ocorre até que o organismo
supra as demandas aumentando o fluxo sanguineo na regido, implicando na
diminuicdo relativa da concentracdo de desoxi-hemoglobina (hemoglobina
desoxigenada) e no aumento da concentracdo de oxi-hemoglobina (hemoglobina
oxigenada).

A oxi-hemoglobina é diamagnética (exibe fraca interacgdo com um campo
magnético) e a desoxi-hemoglobina, paramagnética (alinha-se a campo magnético

externo). Quando expostas a campo magneético, as moléculas de desoxi-hemoglobina,
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criam gradientes proprios no campo magnético dentro dos vasos que irrigam o tecido,
gerando uma defasagem dos spins das moléculas de 4gua, reduzindo T2* e qualquer
sinal de RM que dependa desse fator em até 20% em relacdo ao sangue totalmente
oxigenado'!. A oxigenagdo do sangue gera aumento do sinal de RM, pois diminui a
interferéncia gerada por campos locais associados a desoxi-hemoglobina. O sinal
BOLD permite desta forma estudar a atividade cerebral de forma indireta, uma vez
gue esta causa variacdes locais na taxa de consumo de oxigénio e no fluxo sanguineo

de regibes ativas.

Aumento da Diminuigdo da Ganho local
Aumento do N
demanda local fl , concentrac¢do relativo de sinal
uxo sanguineo )
de O, relativa de dHb de RM
s
»
£
a

Fungao Resposta
Hemodinamica (FRH)

v

]\/ Tempo

Fig. 2: Fluxograma da resposta hemodinamica do cérebro mediante a um estimulo

pontual.
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1.4 CONECTIVIDADE FUNCIONAL

A flutuacdo do sinal BOLD pode ocorrer de forma relacionadas a uma tarefa
especifica como o mexer da méao direita quando se espera que a regidao do cortex
associada a funcao executiva desde movimento tenha aumento de sinal de RM. Estas
variagbes sdo inerentes ao funcionamento do cérebro: sdo permanentes e nao
aleatérias ocorrendo mesmo em repouso, quando as RSN (do inglés, resting state
networks ou redes funcionais de repouso) estdo eloquentes'?3,

Conectividade funcional (CF) é uma técnica que possibilita encontrar regiées
distintas no cérebro que variam a atividade metabolica ou as taxas de consumo de
oxigénio em sincronia temporal. A CF € a medida da correlacédo entre duas regides
corticais durante uma tarefa ou até mesmo no repouso e avalia o sincronismo entre a
oscilacdo do sinal BOLD nestas regides. E importante ressaltar que CF n&o exige
conexdo estrutural direta (anatdmica) entre as partes avaliadas e nao permite

inferéncias de causa-efeito ou direcionalidade213,

Correlagao ALTA

Correlagao BAIXA

Fig. 3: Exemplo de series temporais correlacionadas. As regidbes do exemplo,
representadas pelas séries temporais destacadas com os quadros vermelhos,

estariam funcionalmente conectadas.

Existem diferentes metodologias para avaliacdo da conectividade funcional que vao
além da correlacdo entre regides sementes. Métodos guiados pelos dados (data-
driven) oferecem possibilidades que ndo exigem fortes suposi¢cdes iniciais ou
espacialmente enviesadas, tendo como principal exemplo as andlises de
componentes independentes (ICA). O ICA busca definir componentes do sinal que

sdo estatisticamente independentes sob diversos aspectos, resultando em mapas
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relacionados desde fatores de interferéncia (movimento, respiracdo e
balistocardiograma) até os mapas de redes funcionais!?!3. Embora métodos guiados
pelos dados sejam inicialmente vantajosos em relacdo a métodos baseados no
modelo, devido ao viés inicial, podemos compreender que para analises populacionais
e comparacoes de grupos a interferéncia do pesquisador sempre entrara no desenho
experimental de uma forma ou outra. Livre das inferéncias espaciais iniciais o ICA
demandara arduo procedimento de separacéo e tipificacdo das componentes, sejam
elas do nivel individual ou de grupo uma vez que ndo ha métodos eficazes que nao
dependam do analisador em alguma etapa. A escolha da melhor metodologia
dependera da natureza dos dados assim como do perfil do analisador*?13,

Redes funcionais sdo formadas por grupos de regides funcionalmente
conectadas, sincronas temporalmente (em relacdo ao sinal BOLD) e que
compartilham ou desenvolvem processos cognitivos especificos. O grau de “conexao”
pode ser avaliado entre as redes (inter-redes) ou dentre regifes de uma mesma rede
(intra-rede), podendo naturalmente estabelecer uma relacdo direta, indireta ou

desprezivel*415.

Estudos em conectividade funcional em pacientes com epilepsia exaltam a
necessidade da homogeneizacao dos grupos e revelam dificuldades em representar
virtualmente a conectividade funcional devido a possiveis alteracbes das redes
funcionais, ocasionadas pela sindrome epiléptical®. Liao et al., descreveram os
padrbes de conectividade funcional em pacientes com epilepsia de lobo temporal
mesial como completamente alteradas em relagéo aos padrées funcionais normais?'’.
Também neste estudo foi descrito a relacdo entre tempo a partir do inicio da sindrome
epiléptica e os valores absolutos de conectividade, revelando correlagdo negativa
entre estes parametros.

A grande parte dos estudos avaliam redes funcionais isoladamente e reportam
reducdo generalizada na conectividade da DMN (do inglés, default mode network ou
rede de modo padrédo) e da salience network, relacionando os achados ao
desempenho inferior em testes de linguagem e memdéria com sincronia anormal entre
regibes das redes da percepcao. Nao ha estudos comparando de forma abrangente a

interacao direta entre redes (inter-redes) em pacientes com epilepsias?®.
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Fig. 4: Representacdo real de um resultado de conectividade funcional. No exemplo,

identificam-se as regides que caracterizam a DMN.

A bibliografia demonstra que a conectividade funcional pode medir distarbios
sutis nas fungbes cognitivas superiores. O método vem destacando-se como
importante ferramenta na investigacao de redes neurais associadas a diferentes
aspectos funcionais, sendo sensivel a alteracdes nao facilmente mensuraveis atraves

de paradigmas funcionais convencionais!?13.
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1.5 TENSORES DE DIFUSAO E CONECTIVIDADE ESTRUTURAL

Conectividade estrutural, por definicdo, é a técnica que avalia a conexao entre
duas areas, considerando-se a estrutura cerebral real, os fasciculos axonais. Estes
tratos sdo feixes axonais coerentes responsaveis por transmitir as informacdes entre
um neurdnio e outro, e caracterizam-se como a substancia branca (SB) do cértex.

O conceito de conectividade estrutural na Neuroimagem é representado pelas
DTls (do inglés, diffusion tensor images ou imagens por tensores de difusdo). Estas
aquisicdes sdo ponderadas pela difusdo das moléculas de agua no cérebro e seus
padrdes de deslocamento. O equipamento de RM sup®e resultante nula, imobilidade
dos proétios da agua entre os “pulsos” de gradientes do equipamento de RM. O
deslocamento de moléculas de agua gera atenuacao do sinal de RM local, causando
“falha” no processo de ‘frefasagem’ para regides onde uma quantidade consideravel
de moléculas de agua se deslocaram. Esta “falha” de ‘refasagem’ € proporcional a

difuséo local e é usada como medida quantitativa de difusédo de agua'®.

Fig. 5: Exemplos de imagens com técnicas de difusdo. Na esquerda, extensa

tractografia cerebral e na direita imagem de difusdo com codificac&o direcional de cor.

Movimento browniano é o movimento aleat6rio de particulas suspensas em um
fluido simetricamente limitado (ou ilimitado). Pode ser representado como movimento
erratico, com resultante nula, isotropico. Este conceito é fundamental na interpretacao
dos dados de difusdo em Neuroimagem, pois diferentes estruturas do cortex, ou ainda

mais especificamente, do neurdnio, apresentam padrdes distintos de difusdo. A
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substancia cinzenta (SC) do cérebro € basicamente constituida de corpos neuronais,
estruturas com geometria de tenéncia esférica, tridimensional. Por outro lado, a
substancia branca é constituida principalmente por feixes axonais, estruturas

alongadas, delimitadas linearmente pelas bainhas de mielina.

Corpo do
Neurdnio -
Substancia
Cinzenta

S

4
S

Movimento erratico, de resultante nula: Movimento errético, com resultante ou tendéncia

= Browniano

Fig. 6: Representacdo esquematica dos conceitos basicos em difusdo. Na esquerda,
representacdo do corpo do neurénio e indicacdo da regido do cérebro que constitui, a
SC. Na direita, representacdo artistica do axénio, com indicacao da regido do cérebro

que constitui, a SB.

Em parametros de difusdo, podemos afirmar que o corpo do neurbnio possui
difusdo com tendéncia isotropica (igual em todas as direcfes), enquanto o axénio,
difusdo com tendéncia anisotrépica (reduzida perpendicularmente e aumentada
paralelamente a estrutura)?®. O FA (do inglés, fractional anisotropy ou anisotropia
fracionada) é um parametro quantitativo, adimensional, de valor entre 0 e 1 e que
indica se ha ou ndo uma dire¢do na qual o deslocamento das moléculas de agua é

preferencial (grau de anisotropia):

. \E : (= )4 (2= 1)+ (23 2)

2
/)L%M% +A2

onde os A representam os autovalores dos autovetores do elipsoide que melhor

descreve o deslocamento das moléculas no meio (Fig. 7).
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FA alto, proximo de 1 FA baixo, proximo de O

Fig. 7: Duas representacdes esquematicas para o célculo do FA. A da esquerda ilustra

0s vetores de uma regido com grande anisotropia. Na direita, ilustracdo dos vetores
de regido com difusdo praticamente isotropica. A1 representa o deslocamento na
direcdo preferencial, portanto o maior deslocamento. A2 e A3 representam 0s

deslocamentos perpendiculares ao deslocamento preferencial.

O FA, de forma indireta, reflete densidade de tratos, coeréncia dos fasciculos,
e suas alteracbes podem indicar desmielinizacdo e ruptura axonal. De forma nao
especifica, aponta se existe ou ndo alteracbes de SB. Outros parametros séo
qguantificados a fim de auxiliar na caracterizacdo das alteracées de SB: A MD (do

inglés, mean diffusivity ou difusividade média), expressa em unidades de area por
mm?, .
tempo (E)'
A+, +5
3 .

MD =

A MD é a média total do deslocamento das moléculas de agua, em todas as
direcbes. Demonstra de forma geral o grau de deslocamento das moléculas de agua
e, comparativamente, pode indicar alteracbes no volume &gua intersticial,

degeneracdo axonal e interrupcdo dos tratos?°. A AD (do inglés, axial diffusivity ou
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7

difusividade axial), € a representacdo da difusdo apenas na direcdo de maior
deslocamento (paralela ao eixo principal):

AD — /11.
A AD demonstra de forma mais sensivel, o grau de deslocamento das moléculas de
dgua ao longo do trato. Comparativamente, pode indicar degeneracdo axonal,
interrupgéo dos tratos, coeréncia do fasciculo e densidade de tratos. Por fim, o RD (do
inglés, radial diffusivity ou difusividade radial) é quantificado pela média do
deslocamento das moléculas de agua nas direcdes perpendiculares a direcao

preferencial:

Ay + A3
>

A RD demonstra de forma mais sensivel, o grau de deslocamento das moléculas de

agua, perpendicular a direcdo anatdomica do trato. Comparativamente, € o melhor

indicador de desmielinizacéao.

Epilepsia € certamente uma desordem cortical e embora a grande parte das
investigacdes sobre a patogénese da epilepsia centrarem-se na SC, 0s avangos
recentes em neurocimagem quantitativa demonstram extensas alteracdes na
substancia branca?. De acordo com estudos anteriores, diferentes subgrupos de
epilepsia podem apresentar maiores ou menores anormalidades de substancia branca
em regides relevantes a estas patologias. A epilepsia de lobo temporal mesial tem
sido a sindrome mais estudada dentre os subgrupos de epilepsia, e as tractografias
de regibes como cingulo, fornix e fasciculos anatomicamente relacionados tém
demonstrado achados significantes que caracterizam este subgrupo quanto a
integridade estrutural da substancia branca®.

Estudos anteriores reportaram anormalidade de SB em varias epilepsias. Na
ELTM com EH, estes estudos demonstram anomalias difusas e bilateralmente
distribuidas. Por outro lado, para outros subtipos, a analise de DTls € descrita como
técnica que pode ajudar a identificar leses sutis, porém, com resultados discordantes.
A definicdo dos padrdoes de anormalidade estruturais e funcionais em subtipos da
epilepsia pode acrescentar informacgdes especificas a cada sindrome melhorando

entendimento de suas origens e dinamicas. Aperfeicoando o entendimento e a



28

caracterizacdo destes subtipos, podemos trazer novas perspectivas ao tratamento

clinico, neuropsicoldgico e cirargico.
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2. OBJETIVOS

= Geral:

©)

Avaliar a conectividade estrutural e funcional em pacientes com

epilepsias focais

= Especificos

O

Avaliar alteracbes de conectividade estrutural em ELTM-EH e compara-
las com alteracdes em outras epilepsias focais

Avaliar alteracfes de conectividade funcional em ELTM-EH
Desenvolver e aperfeicoar softwares que padronizem e fornecam novas
perspectivas metodolégicas para o0s estudos de alteracbes de

conectividade estrutural e funcional
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3. METODOLOGIA

3.1 SELECAO DOS SUJEITOS DA PESQUISA

As imagens de RM utilizadas neste projeto estavam no banco de dados do
Laboratorio de Neuroimagem e foram obtidas em projetos aprovados pelo comité de
ética da Unicamp. Os sujeitos da pesquisa foram selecionados através de andlise de
historico e caracterizacao clinica realizadas através do ambulatorio de epilepsia da

UNICAMP. Todos assinaram termo de consentimento livre esclarecido.

Os pacientes com ELTM-EH e ELT-NL foram selecionados a partir de estudo
anterior realizado por Coan et al.?!. Neste estudo prévio, foram incluidos pacientes
consecutivos acompanhados no Ambulatério de Epilepsia do Hospital de Clinicas da
Unicamp, com diagnastico clinico e eletroencefalografico de ELT, de acordo com 0s
critérios da Liga Internacional Contra a Epilepsia (International League Against
Epilepsy — ILAE)??. A presenca de sinais de EH nas imagens de RM foi determinada
por analise visual associada a quantificacdo de sinal e volume da estrutura
hipocampal. No presente estudo, foram incluidos o subgrupo de pacientes com ELTM
que apresentavam exames de RM com protocolo adequado para as andlises
propostas.

Para o presente estudo, foram ainda selecionados pacientes consecutivos
acompanhados no Ambulatério de Epilepsia do Hospital de Clinicas da Unicamp com
diagnostico clinico e eletroencefalografico de epilepsia de lobo frontal (ELF), de acordo
com os critérios da ILAE?? e que possuiam exames de RM de cranio revisada por
especialista evidenciando sinais sugestivos de displasia cortical focal (DCF). Foram
incluidos todos os pacientes com exames de RM com protocolo adequado para as

analises propostas.
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3.2 PROTOCOLOS DE IMAGENS

Para todos os protocolos foi utilizado equipamento de RM Philips Achieva 3 de

tesla:

1. Imagem estrutural: ponderadas T1, voxel isotropico de 1mm3, sem gap, angulo de
flip de 8°, TR (tempo de repeticdo) de 7 ms, TE (tempo ao eco) de 3.2 ms, 180 fatias
sagitais e FOV (do inglés: field of view) de 240x240 mm

2. Imagens funcionais:

a) Imagens eco planares (EPIs), ponderadas por T2*, voxel de 3x3x3 mms3,
gap entre fatias de 0.3 mm, angulo de flip de 75°, TR de 2000 ms, TE de
30 ms, 32 fatias axiais e FOV de 240x240 mm e 180 volumes

b) EPIs, T2* voxel 3x3x3 mm3, sem gap, angulo de flip de 90°, TR de 2000
ms, TE de 30 ms, 40 fatias axiais e FOV de 240x240 mm e 180 volumes

3. DTI: Spin-eco single shoot EPI, voxel adquirido com 2x2x2 mm?, re-amostrado
para 1x1x2 mms3, sem gap, angulo de flip de 90°, TR de 8500 ms, TE de 61 ms, 70
fatias axiais, 32 direcdes de gradiente, b-fator maximo de 1000 s/mm?2 e FOV de
240x240 mm
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3.3 DESENVOLVIMENTO DE SOFTWARES

Visando maior flexibilidade, compatibilidade e padronizac&o, as principais
ferramentas utilizadas nas metodologias foram desenvolvidas no Laboratorio de
Neuroimagem, utilizando como base a plataforma Matlab e ferramentas ja existentes
como SPM (Statistical Parametric Mapping) versdes 8 e 12, e ExploreDTI. O
desenvolvimento instrumental possibilita profunda imersdo nos conceitos tedéricos e
metodoldgicos além do claro conhecimento de cada passo e etapa realizada, evitando

0s chamados processos “caixa-preta”.
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3.3.1 NCA: NEUROIMAGING COMPUTATIONAL ANALYSIS
O NCA (do inglés: Neuroimaging Computational Analysis) foi desenvolvido em
parceria com Guilherme Coco Beltramini para oferecer de forma simplificada e
organizada, ferramentas computacionais disponiveis na area de neuroimagem. A
toolbox (inglés para caixa de ferramentas), inclui entre outras modalidades de analise,
um conjunto de metodologias que possibilitam o processamento de imagens de DTI,
a tractografia de diversos fasciculos axdnais e a quantificacdo dos parametros de

difusdo resultantes.

[#] Meuroimaging Computational Analysis NCA o || B =&
Analysis  Tools  Statistics  Standards  About N

Neuroimaging Computational Analysis
University of Campinas (UNICAMP)

L 1

Department of Meurology, Lab. of Neurcimaging & "Gleb Wataghin® Physics Institute, Meurophysics Group

4 Gl ExploreDTI e ® ==

Explore DTI Preprocess and Automatic Track

Options

V| Preprocess Data ¥| Automatic Fiber Traking /| Print Results

DCM Images Directory
Select Atlas Image

Choose the Tracts

Choose the Tract
Choose the Second Tract

Third Tract (Optional)

Fig. 8: Interface grafica do software NCA. No topo janela principal, e na parte inferior,

interface da modalidade de processamento e tractografia de DTIs.

7

O processamento das imagens € realizado, seguindo método adaptado e
aperfeicoado, previamente descrito por Lebel et al.,, 20082324 Inicialmente,
desenvolvemos a imagem de referéncia (template) normalizada. Este template foi
obtido com imagens de 10 individuos controles, cinco homens e cinco mulheres, com

idade entre 22 e 47 anos. As imagens destes individuos foram registradas,
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normalizadas e suavizadas. A média entre elas (o template) seria entdo utilizada como

referéncia na elaboracdo de estratégias de tractografia.

Fig. 9: Template brasileiro desenvolvido no projeto. Na esquerda imagem de nao-

difusdo associada e na direita, o template com a codificacédo direcional em cores.

O método é considerado semiautomatico, pois exige a elaboracao das estratégias de

tractografia uma Unica vez, utilizando o template como base.

Regides Sementes (seeds)

Fig. 10: Exemplo real de estratégia normalizada para tractografia. No exemplo,

estratégia bilateral para o fasciculo uncinado.
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Até o momento, o NCA possui em sua interface, oito tratos com estratégias definidas:
Fasciculo Uncinado; Fasciculo Fronto-ocipital inferior; Corpo do Fornix; Fasciculo do
Cingulo; Corpo do Corpo Caloso; Radiacéo Optica; Tronco cerebral; Trato piramidal.

Norm. p/ o

Imagem original Template
Espago nativo

Imagem
Normalizada

Aplicando deformacgdo nas estratégias normalizadas

4—4-
f A B\
,v” ' i\\
i ’ AN
- :

. ~
— { Al
e - T
X >

— - N

Matrix de deformagao Obtém-se estratégias no espaco nativo!!

Fig. 11: Fluxograma do pré-processamento e das etapas do método semiautomatico

de tractografia.

A tractografia semiautomatica deterministica utiliza parametros estimados e
estratégias desenvolvidas manualmente uma Unica vez. Mais detalhadamente, o

procedimento é descrito na sequéncia:

1. A imagem no espaco nativo do voluntario é normalizada para o espaco padréo,
utilizando o template desenvolvido.

2. Este processo estima e armazena as matrizes de deformacdo: matrizes que
contém informacBes sobre as transformacfes espaciais aplicadas a imagem no
espaco nativo, para se tornar normalizada (espago padréo do template). A imagem
normalizada do sujeito pode ser descartada.

3. Uma operagdo inversa € aplicada sobre as estratégias de tractografia
normalizadas do NCA: aplicando a inversa da matriz de deformacédo individual
estimada, fazemos com que as estratégias normalizadas criadas sobre o template
passem ao espaco nativo e peculiar do voluntario.

4. As estratégias individualizadas sdo entéo utilizadas para gerar o trato em questéao.

5. Aregido delimitada pelo trato é quantificada e os parametros de difuséo tabulados.
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3.3.2 UF2C: USER FRIENDLY FUNCTIONAL CONNECTIVITY

O UF2C é um software de cédigo aberto, desenvolvido em m-code (linguagem da
plataforma Matlab). Funciona como ferramenta para o SPM12 (Statistical Parametric
Mapping 12) mas possui inumeras func¢des independentes. O software esta disponivel
para download e objetiva simplificar e organizar estudos de conectividade funcional,
através de uma metodologia simplificada e validada, sem sacrificar a qualidade.

O software possui rotinas completas, que incluem desde o processamento das
imagens brutas até avancados métodos de analises estatisticas e quantitativas. A
interface amigavel faz as etapas de pré-processamento e analise, geralmente
complexas, serem acessiveis a neurocientistas de diversas areas do conhecimento.

ure o e
™

FuncConn Analysis fMRI Analysis Tools About

Check Compatibilities

Fig. 12: Interface grafica do software UF2C, demonstrando a janela principal, de

boas-vindas, do programa.
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Atualmente o UF2C conta com quatro modalidades distintas de andlise de
conectividade funcional, uma interface para analise de aquisi¢cdes funcionais padrédo
(interface desenvolvida em parceria com Raphael Fernandes Casseb) e nove
ferramentas complementares que auxiliam no dia a dia de neurocientistas que
trabalham com imagens médicas.

As modalidades disponiveis para analise de conectividade funcional séo:

1. Rotina exclusiva para pré-processamento: habilita todas as seguintes analises,
gerando imagens prontas para inferéncias estatisticas.

2. Conectividade baseada em semente Unica: gera mapas estatisticos, comparando
a regido semente com todos os voxels do cortex.

3. Interatividade funcional: Andalise com multiplas sementes, automaticamente
posicionadas, de forma a abranger todas as areas possiveis do coértex. Os multiplos
mapas resultantes sdo integrados, formando a ideia conceito de interatividade
funcional.

4. Analise ROI-a-ROI:

a. Primeiro nivel estatistico (Individual): computa a correlacdo direta entre
varias regibes de interesse, resultando em matrizes de adjacéncia
individuais.

b. Segundo nivel estatistico (inferéncias de grupo): Possibilita sob diversos
aspectos comparar grupos, utilizando como entrada, os dados gerados na
modalidade anterior.

5. Conectividade baseada em semente Unica, com janela temporal variante:
possibilita a analise dindmica, definindo mapas estatisticos de todo o cérebro que

diferem temporalmente.

Para estudos de ressonancia magnética funcional, com paradigmas de estimulo em

bloco, o software disponibiliza as seguintes modalidades:

1. Pré-processamento de RMf. processamento de imagens funcionais e
estruturais/anatomicas, otimizado para estudos com paradigma em bloco.

2. Andlise de paradigmas em bloco: rotina simplificada para desenho e andlise de
aquisicdes com paradigma em bloco. As imagens resultantes da modalidade anterior
séo usadas como dados de entrada.

Complementarmente, nove ferramentas gerais séo disponibilizadas, visando auxiliar

em problemas cotidianos da Neuroimagem:
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1. Visualizador de movimento da cabeca: auxilia no controle de qualidade de dados
de RMf

2. Andlise de movimento da cabeca: quantifica, sob diversos aspectos 0 movimento
da cabeca de varios sujeitos simultaneamente. Possibilita avaliar possiveis
interferéncias do movimento entre 0os grupos estudados.

3. Editor de imagem: Possibilita corrigir erros de reconstrugao, remover intervalos
temporais em IRMf ou ainda um volume especifico.

4. ‘Renomeador’ de arquivos em massa: possibilita renomear quaisquer arquivos,
incluindo sufixo, prefixo, prefixo de contagem e ainda remover e substituir trechos dos
nomes dos arquivos. Importante e Util na organizacdo dos grupos estudados.

5. Ferramenta para segmentacdo de imagens estruturais em diversos tecidos (ex:
SB, SC, liquor, 0sso, pele e etc...)

6. Volumetria: ferramenta que quantifica o volume real de imagens e ROIs, possibilita
ainda quantificar valores relativos de volume intracraniano e tecidos corticais
especificos.

7. Ferramenta de interpolacdo de imagens.

8. Conversor de r-score para z-score: Converte imagens ou variaveis de Matlab,
utilizando a transformada de Fisher.

9. ‘Anonimizador’ de arquivos DICOM.

Os métodos especificos utilizados pelo software no processamento e andlise de

imagens sao descritos na secdo Artigo 2 (pag. 62).
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4. RESULTADOS

4.1 DESENVOLVIMENTO DE SOFTWARE

4.1.1 NCA - NEUROIMAGING COMPUTATIONAL ANALYSIS

Sendo restrito ao uso interno, os procedimentos de processamento e tractografia
do NCA foram utilizados em diversos projetos do Laboratério de Neuroimagem da
UNICAMP. O software foi utilizado no artigo descrito na sessao Artigo 1 (pag. 42),

além de trabalhos de outros pesquisadores do laborat6rio?°:26:27:28,



4.1.2 UF2C — USER FRIENDLY FUNCTIONAL CONNECTIVITY

Apéds o compartilhamento online no site do laboratério de Neuroimagem (Fig. 13:

Imagem do website do UF2C: http://www.Ini.hc.unicamp.br/app/uf2c/.) da Unicamp e

consecutivo compartiihamento e divulgacdo no site oficial do programa SPM

(http://www. fil.ion.ucl.ac.uk/spm/ext/#UF2C), o UF2C vem sendo utilizado por centros

de pesquisa em todo o mundo (Fig. 14). No laboratério de neuroimagem, além do

trabalho apresentando nesta tese (Artigo 2, pag. 62), outros dois artigos ja foram

publicados utilizando o software e outros ja foram enviados para publicagéo?®30:31,

Neuroimaging Laboratory

Departament of Neurology - School of Medical Sciences - Unicamp - Brasil

Overview  People  Software  Publications  Contact

UF2C - User Friendly Functional Connectivity

The Software - Analysis Modalities - Tools - Example Images - UF*C in the world - How to cite? - Download

UF2C Introduction

UFZC is an open source software developed by Brunne M. de Campos at the Neuroimaging Laboratery at Unicamp that aims to simplify and erganize
functional connectivity studies in neurcimaging through a clean and validated methodology, without sacrificing quality.

UFZC has a full processing pipeline: The user only needs to select the raw functional and structural NIfTI files from the subjects. The graphical user
interface makes the processing and analysis options accessible for neuroscientists, with reasonable choices of default settings. UF?C allows the user
to study functional connectivity both through a quantitative view that provides detailed values of average connectivity and through a spatial view that
provides statistical maps that can be directly used for further analyses. All results are carefully organized in distinet folder for each subject, and a
commoen folder is generated with a log file reporting the quantitative results of all the analyzed subjects.

Several UF*C medalities and tools runs combined with Statistical Parametric Mapping functions.

UFC is open source software, distributed under a BSD-style License.

UF?C Requirement

» Windows, Linux or Mac OS X operating system

« SPM (Statistical Parametric Mapping, version 8 or 12)

« MATLAB (version R2010a or later, required by SPM)

* MATLAB Statistics toolbox

« MATLAB Signal Processing toclbox

+ MATLAB Image Processing toclbox

It is a great effort to make UF2C compatible with all possible combinations of operational systems, Matlab and SPM versions.
Some problems can occur in Matlab older than 2010 versions, for example. Please contact me if you find any compatibility problems.
Thank you!

Contact the author: brunno @fem.unicamp.br

Fig. 13: Imagem do website do UF2C: http://www.Ini.hc.unicamp.br/app/uf2c/.
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SUMMARY

Objective: To evaluate white matter (WM) integrity of distinct groups of patients with
antiepileptic drug (AED)-resistant localization-related epilepsies.

Methods: We used diffusion tensor imaging (DTI) fiber-tractography and voxel-based
morphometry (VBM) to investigate differences of WM micro- and macrostructural
integrity in patients with different drug-resistant localization-related epilepsies: 17
with temporal lobe epilepsy with magnetic resonance imaging (MRI) signs of hippo-
campal sclerosis (TLE-HS), 17 with TLE and normal MRI (TLE-NL), 14 with frontal
lobe epilepsy and subtle MRI signs of focal cortical dysplasia (FLE-FCD), and 112
healthy controls. We performed fiber-tractography using a semiautomatic determin-
istic method to yield average fractional anisotropy (FA), axial (AD), and radial (RD) dif-
fusivity ipsilateral and contralateral to the epileptogenic zone of the following tracts
based on their functional and anatomic relevance: body of fornix (BoF), body of cingu-
lum (BoC), inferior frontal occipital (IFO), and uncinate fasciculi (UF). In addition, we
performed VBM of the WM maps to assess macrostructural integrity differences
among groups.

Results: TLE-HS had ipsilateral and contralateral decreased FA and increased RD for
all tracts, VBM showed WM alterations mainly in the ipsilateral parahippocampal
region and contralateral superior temporal gyrus. FLE-FCD showed bilateral FA
decreases only in the BoC and ipsilateral RD increases also in the BoC. VBM showed
WM reduction mainly in the ipsilateral precuneus and posterior and anterior cingu-
lum. No significant WM alterations were found in the TLE-NL in DTI or VBM analysis.
Significance: WM abnormalities differ in distinct AED-resistant localization-related
epilepsies. The diverse distribution of the WM damage in these patients suggests that
the localization of the epileptic networks may play a role in the WM burden. However,
the distinct degree of this damage, more accentuated in TLE-HS, also suggests that
the underlying cause of the epilepsy is probably an additional factor to explain this WM
damage.

KEY WORDS: Frontal lobe epilepsy, Temporal lobe epilepsy, Diffusion tensor imag-
ing, Voxel-based morphometry.
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Abstract

Objective: To evaluate white matter (WM) integrity of distinct groups of patients with
antiepileptic drug (AED)-resistant localization-related epilepsies.

Methods: We used diffusion tensor imaging (DTI) fiber-tractography and voxel-based
morphometry (VBM) to investigate differences of WM micro- and macro-structural
integrity in patients with different drug-resistant localization-related epilepsies: 17 with
temporal lobe epilepsy with MRI signs of hippocampal sclerosis (TLE-HS), 17 with TLE
and normal MRI (TLE-NL), 14 with frontal lobe epilepsy and subtle MRI signs of focal
cortical dysplasia (FLE-FCD) and 112 healthy controls. We performed fiber-
tractography through a semiautomatic deterministic method to yield average fractional
anisotropy (FA), axial (AD) and radial (RD) diffusivity ipsilateral and contralateral to the
epileptogenic zone of the following tracts based on their functional and anatomical
relevance: body of fornix (BoF), body of cingulum (BoC), inferior frontal occipital (IFO)
and uncinate fasciculi (UF). Additionally, we performed VBM of the WM maps to assess
macro-structural integrity differences among groups.

Results: TLE-HS had ipsi- and contralateral decreased FA and increased RD for all
tracts. VBM showed WM alterations mainly in the ipsilateral parahippocampal region
and contralateral superior temporal gyrus. FLE-FCD showed bilateral FA decreases
only in the BoC and ipsilateral RD increases also in the BoC. VBM showed WM
reduction mainly in the ipsilateral precuneus and posterior and anterior cingulum. No
significant WM alterations were found in the TLE-NL in DTI or VBM analysis.
Significance: WM abnormalities differ in distinct AED-resistant localization-related
epilepsies. The diverse distribution of the WM damage in these patients suggests that
the localization of the epileptic networks may play a role in the WM burden. However,
the distinct degree of this damage, more accentuated in TLE-HS, also suggests that
the underlying cause of the epilepsy is probably an additional factor to explain this WM

damage.

Key words: Frontal lobe epilepsy, Temporal lobe epilepsy, Diffusion tensor imaging,

Voxel-based morphometry.
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Introduction

Structural neuroimaging studies have shown ample evidence that antiepileptic-drug
(AED) resistant epilepsies, especially temporal lobe epilepsy (TLE) with hippocampal
sclerosis (HS), have widespread gray matter abnormalities extending beyond the
epileptogenic zone! 2. Moreover, widespread white matter (WM) density abnormalities
have also been observed in these patients® 3. Previous diffusion tensor imaging (DTI)
tractography studies reported abnormal WM tracts in various epilepsies* > ¢ 7. In TLE-
HS, DTI studies show bilateral and diffuse abnormal integrity, while in TLE with normal
routine MRI the WM abnormalities are subtler® 9 10. 11, 12,13 These findings are
concordant with the results of voxel based morphometry studies! 2. DTI can also
delineate focal WM lesions in patients with focal cortical dysplasia (FCD), and may

help explain the ictal spreading® 14 15,

So far the causes or the consequences of these WM abnormalities have not been well
clarified. Although cross-sectional studies will not definitively solve this question, the
comparison of the patterns of WM abnormalities in different epileptic syndromes can
improve our knowledge about the possible causes of WM damage. The purpose of the
present study was to use voxel based morphometry (VBM), to look for macro-structural
WM abnormalities and DTI analysis, to provides inferences of the WM microstructure
for the evaluation of three distinct types of AED-resistant localization-related
epilepsies: i) TLE associated with HS (TLE-HS); ii) TLE with normal MRI (TLE-NL);
and iii) frontal lobe epilepsy with subtle MRI abnormalities suggestive of focal cortical
dysplasia (FLE-FCD). We hypothesized that WM damage occurs in AED-resistant
localization-related epilepsies irrespective of the epileptic syndrome and that the
pattern of WM damage is different according to the localization of the presumed

epileptogenic zone and the etiology.
Methods
Subjects

All patients and controls included in this study signed informed consent, approved by

the Ethics Committee of the Faculty of Medical Sciences of the University of Campinas.

We included forty-eight patients with AED-resistant localization-related epilepsy

followed at the Epilepsy Center of University of Campinas who fulfilled the inclusion
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criteria described below. The patients were selected according to one the following
characteristics:

- TLE-HS: Clinical and electroencephalographic (EEG) characteristics of TLE and
MRI signs of HS (Figure 1-A). There were 17 patients with mean age of 38 years (age
range=26-60 years; 77% women). Five of these patients underwent surgical resection
due to refractory seizures with HS confirmed by histopathology and all have Engel la
surgical outcome after an average follow-up of 30 months;

- TLE-NL: Clinical and EEG characteristics of TLE and normal routine MRI
(Figure 1-B). There were 17 patients with mean age of 37 years (age range=21-61
years; 65% women). One patient underwent surgery due to refractory seizures with
nonspecific findings revealed by histopathology and this patient has Engel la surgical
outcome after a follow-up of 27 months;

- FLE-FCD: Clinical and EEG characteristics of FLE and subtle MRI abnormalities
suggestive of FCD (Figure 1-C). There were 14 patients with mean age of 33 years
(age range=22-49 years; 64% women). Two of these patients underwent surgical
resection due to refractory seizures with FCD type IIA confirmed by histopathology?®
and all had Engel Ill surgical outcome after an average follow-up of 24 months. The
maintenance of seizures in these patients was attributed to the incomplete resection

of the FCD due the proximity of eloquent cortex.

Figure 1. Example of coronal inverse recovery images of patient groups. (A) TLE-HS:
arrow shows reduced right hippocampal volume compatible with hippocampal
sclerosis; (B) TLE-NL: no MRI abnormalities detected; (C) FLE-FCD: arrow shows

deep abnormal sulcus suggestive of focal cortical dysplasia.

Only patients with a clearly defined epileptogenic zone were selected (see Supporting
Information for details). The epileptogenic zone of each patient was defined by a panel

of specialists based on an extensive workup, which included prolonged scalp EEG
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recordings (average of 200 minutes), video-EEG and, when appropriated, FDG-PET
or ictal SPECT. All TLE-HS and FLE-FCD patients had the localization of the

epileptogenic zone concordant with the MRI abnormality.

After a visual analysis for quality control of the MRI images, we included a group of
112 healthy individuals (mean age=35 years; age range=20-60 years; 68% women)
for comparisons in the DTI study and a subset of 72 healthy individuals (mean age=32
years; age range=21-61 years; 56% women) for VBM analysis. Controls subjects were
excluded from the VBM analysis due to image movement artifacts or due to different
acquisition parameters. In this study, we acquired all MRI data on a 3T Philips Achieva
(Best, The Netherlands) at the Neuroimaging Laboratory, University of Campinas-
UNICAMP, Campinas, Sao Paulo, Brazil.

We defined MRI signs of HS as reduced volume and loss of internal structure of
hippocampus on coronal T1-weighted images acquired perpendicular to the long axis
of hippocampus (T1"inversion recovery”, 3 mm thick, no gap, voxel size=0.75x0.75x3
mm3, TR=3550 ms, TE=15 ms, inversion time=400 ms, matrix=240x229,
FOV=180x180 mm?, TSE factor=7) and hippocampal signal hyperintensity on T2-
weighted and fluid attenuated inversion recovery (FLAIR) images (coronal T2 multi-
echo image: 3 mm thick, no gap, voxel size=0.89x1x3 mm3, TR=3300 ms,
TE=30/60/90/120/150 ms, matrix=200x180, FOV=180x180 mm?, TSE factor=5; EPI
factor=5; flip angle=90; FLAIR coronal and axial images: 4 mm thick, slice gap=1 mm,
voxel size=0.89x1.12.4 mm3, TR=12000 ms, TE=140 ms, inversion time=2850 ms,
matrix=180x440, FOV=200x200 mm?). The presence or absence of MRI signs of HS

was also confirmed by automated volumetry and manual T2 signal quantification®’.

We defined MRI signs of FCD as an area of cortical thickening, loss of the sharp
interface between white and gray matter, and focal atrophy with or without T2
hyperintense signal‘®8, We did not observe transmantle signs in any of these exams.
For the patients classified as FLE-FCD, the MRI exams were initially considered
normal and the abnormalities were observed after multiplanar reconstruction of T1 and
T2 images (T1W with isotropic voxels of 1 mm, acquired in the sagittal plane, 1 mm
thick, no gap, flip angle=8°, TR=7.0 ms, TE=3.2 ms, matrix=240x240, FOV=240x240
mm?; T2W with isotropic voxels of 1.5 mm, acquired in the sagittal plane, no gap,
TR=1800 ms, TE=340 ms, matrix=140x140, FOV=230x230 mm?, Turbo Spin Echo
factor= 120; flip angle=90; geometry corrected)!®. Additionally, we carefully evaluated
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the MRI images of patients in the TLE-NL group with multiplanar reconstruction and
selected only those without signs suggestive of FCD.

DTI Analysis

DTI analysis provides inferences of the WM microstructure non-invasively by
measuring the anisotropic water diffusion of the axon tracts. The basic assumption in
DTl measurements is that the water diffusion perpendicular to the fiber orientation is
constrained by axon membranes and myelination, whereas it is less hindered along
the tract'® 20, In this sense, the measures of fractional anisotropy (FA) and diffusion
values as axial diffusivity (AD) or diffusivity in the tract direction, and radial diffusivity
(RD) or diffusivity perpendicular to the tract direction, can quantify and characterize the
water molecules movement, allowing an indirect assessment of the tract “integrity”. DTI
tractography also allows the virtual reconstruction of the WM tracts. It provides in vivo
depiction of large fasciculi and increases the specificity through the definition of

pathology-relevant anatomical regions?..

Figure 2: Fiber tractography of the studied tracts in a control subject. In green, the

body of cingulum (BoC); in blue, the body of fornix (BoF); in red, the uncinate fasciculi

(UF); in yellow, the inferior fronto-occiptal fasciculi (IFO).

For tractography analysis, we acquired a spin echo single shot echo planar imaging
(2x2x2 mm3 acquiring voxel size, interpolated to 1x1x2 mm3; reconstructed matrix
256x256; 70 slices; TE/TR 61/8500 ms; flip angle 90°; 32 gradient directions; no

averages; max b-factor = 1000 s/mm?; six minutes scan).

We chose four tracts based on their functional and anatomical relevance to the spread
of focal seizures originating in the temporal and frontal lobes: i) body of the cingulum
(BoC); ii) body of the fornix (BoF); iii) uncinate fasciculi (UF); and iv) inferior fronto-
occipital (IFO) fasciculi (Figure 2). The tensor calculation of all images was performed
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using the ExploreDTI software (A. Leemans, University Medical Center, Utrecht, The
Netherlands) and the fiber tractography through a semiautomatic deterministic
methodology briefly described below??. Regions of interest (ROIs) to seed each tract
were manually drawn on a normalized template. In this study, this template was
created with non-diffusion weighted images of 10 local control subjects (mean age=33
years; age range=22-47 years; 50% women) acquired in the same MRI scanner,
aiming to improve the anatomical matching to the study sample. Sequentially, the
method uses the 3D deformation fields matrix of each subject to apply an inverse
normalization operation (SPM8-Deformation fields algorithm), using the variants
between native and standardized space to bring the normalized ROIs to that subject
specific space. Finally, the adjusted (native space) ROIs were used for the fiber

tracking.

The fiber tracking parameters set were the same for all studied fasciculi: minimal FA
to start tract=0.25; minimal FA to keep tracking=0.25; maximal tract angle=60°; minimal
fiber length=10 mm. We visually checked the resultant tracts and separately calculated
the average FA, AD and RD for each hemisphere. The diffusion values were estimated

by averaging all voxels in a given tract.

FA, AD and RD values were lateralized as ipsi- or contralateral to the presumed
epileptogenic zone as defined by ictal/interictal scalp EEG recordings and concordant
lateralized MRI abnormality (due to its interhemispheric positioning, the BoF will be
always described without lateralization). The control subjects had their laterality
defined randomly with the same proportions of patient groups (37% of the group within
the right hemisphere considered as ipsilateral) respecting the gender distribution. The
statistical analyses were performed using SPSS version 20 (IBM SPSS Statistics for
Windows, Version 20. Armonk, NY: IBM Corp.). Multivariate General Linear Model
(mGLM) with Tukey's Honestly-Significant-Difference Post Hoc test was used to
evaluate differences between groups. Three distinct mGLM were performed,
comparing FA, AD and RD separately whereas in each model, the ipsilateral and
contralateral average values of each tract were included. Each mGLM Post Hoc test
gave corrected (for multiple comparisons) p values and also, these statistical results
were additionally controlled by the false discovery rate (FDR) accounting for the three

independent comparisons.

Table 1: Clinical data and demography



TLE-HS

TLE-NL

FLE-FCD

Gender

Age

First seizure
Epilepsy
duration
Family history
Laterality (EZ)
SGTCS*

4 male/13 female
38 (26-59) years
9 (0.2 -17) years
28 (11-52) years

6 (35%)
5 right/12 left
1 (5%)

6 male/11 female
36 (21-60) years
16 (2-45) years
20 (4-39) years

8 (47%)
3 right/14 left
3 (17%)

5 male/9 female
33 (21-48) years
7 (1-14) years
25 (11-46) years

3 (21.4%)
10 right/4 left
7 (50%)

*. History of SGTCS in last year; EZ: Epileptogenic zone; IPI: initial precipitating
injuries; TLE-HS: temporal lobe epilepsy with hippocampal sclerosis TLE-NL: non-
lesional temporal lobe epilepsy; FLE-FCD: frontal lobe epilepsy - focal cortical

dysplasia; SGTCS: secondary generalized tonic clonic seizure

VBM Analysis

For the VBM VBM8 plus

(http://dbm.neuro.unijena.de/vbma8/). All T1 weighted images were preprocessed using

analysis, we used DARTEL toolbox
SPM8/VBMS8 routines. The images were spatially normalized to the same stereotaxic
space (DARTEL algorithm, MNI 152), segmented into WM, grey matter and
cerebrospinal fluid, modulated (aiming to correct to locals volume changes during the
normalization) and smoothed with an isotropic Gaussian kernel of 10 mm. The post
processed WM image homogeneity was checked and finally compared using a voxel-
wise statistical analysis. All patients with the epileptogenic zone on the right side had
theirimages lateralized to the left side, so in the following section the left side is referred
as ipsilateral and the right as contralateral to the epileptogenic zone. The controls
images were randomly flipped in the same proportions (37%). The ANCOVA test was
performed to compare the groups of controls and patients using age and gender as
covariates. Three different contrasts were designed to separately verify the WM
atrophy in each group of patient (family wise error (FWE) correction with p <0.05 and

minimum cluster size of five contiguous voxels).
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Results

Multivariate analyses of variance (MANOVA) tested the similarity between the three
groups of patients. There were no significant differences of the distribution of age
(p=0.39; mean = 35 years; range = 60-21 years), gender (p=0.70), and epilepsy
duration (p=0.09; mean = 22 years; range = 53-22 years). MANOVA showed significant
difference for age of seizure onset with TLE-NL having older mean age at onset
(p=0.01; Table 1). No difference in age (MANOVA p-value = 0.677; mean = 35 years;
range = 60-20 years) and gender (MANOVA p=0.788) distribution was observed
between the three groups of patients and controls. Additional clinical data is

summarized in Table 1.

DTI Analysis

The mGLM performed to test FA between controls and the three epilepsy groups
showed significant decrease of FA ipsilateral to the epileptogenic zone for the BoC
(p<0.001), IFO (p<0.001) and UF (p<0.001). There was also decreased FA for the BoF
(p=0.003). The Tukey's Post Hoc pairwise comparisons revealed significant FA
decrease for the TLE-HS for all ipsilateral fasciculi (BoC p=0.003; IFO p<0.001; UF
p<0.001) and for the BoF (p=0.002). Compared to controls, FLE-FCD group showed
significant FA decreases in the Post Hoc test only in the BoC (p=0.011).

On the contralateral side, mGLM showed significant FA decreases for BoC (p<0.001),
IFO (p<0.001) and UF (p=0.006). The Tukey's Post Hoc pairwise comparisons reveled
significant FA differences between controls and TLE-HS in all contralateral fasciculi
(BoC p=0.001; IFO p<0.001; UF p=0.007). Compared to controls, FLE-FCD group

showed contralateral significant decreased FA only in the BoC (p=0.048).
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Figure 3: Ipsilateral average diffusion values (and BoF total diffusion values)
separated by tracts and groups. TLE-HS patients presented decreased FA ("A") and
increase radial diffusivity ("C") for all tracts, while FLE-FCD patients showed decreased
FA and increased RD only in the BoC. No abnormalities in axial diffusivity ("B") were
found in this study. TLE-NL patients did not have diffusion abnormalities in any of these
tracts. .The * indicates parameters with significant difference (MGLM, Tukey's Post

Hoc test, p<0.05) when compared to control group.

We found no significant differences between controls and TLE-NL. The average
ipsilateral FA values for each tract of all groups with the respective standard deviations
are shown in Figure 3-A.

There were no significant differences of AD in the ipsi and contralateral fasciculi or the
BoF for each epilepsy groups versus controls. The average ipsilateral AD values of

each tract with respective standard deviations are represented in Figure 3-B.

There were significant ipsilateral alterations of RD in all studied tracts: BoC (p<0.001),
IFO (p=0.001) and UF (p<0.001) as well as the BoF (p=0.031). The Post Hoc pairwise
comparisons showed RD differences between controls and TLE-HS in the ipsilateral
BoC (p=0.004), IFO (p=0.001) and UF (p<0.001) and also in the BoF (p=0.027).
Furthermore, the Post Hoc test showed ipsilateral decrease of RD in FLE-FCD
compared to controls only for the BoC (p=0.022). No significant differences for

ipsilateral RD values were found comparing controls and TLE-NL.

There was also differences of RD in the contralateral side for all studied tracts (BoC
p<0.001, IFO p=0.001 and UF p=0.006). The Tukey Post Hoc pairwise comparisons
reveled significant increases of the RD values on the contralateral side only for the
TLE-HS group compared to controls (BoC p=0.003, IFO p=0.001 and UF p=0.003).

VBM Analysis

In comparison with controls, TLE-HS showed extensive mesial temporal WM
volumetric decreases including mesial temporal regions thalamic region and posterior
cingulum in the hemisphere ipsilateral to the epileptogenic zone but also in the superior
temporal gyrus contralateral to the epileptogenic zone (Figure 4-A). For the FLE-FCD
group, VBM showed significant WM atrophy exclusively localized in the hemisphere

ipsilateral to the epileptogenic zone including the anterior and posterior cingulum and
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precuneus (Figure 4-C). No WM volumetric alterations were found in the TLE-NL group

(Figure 4-B). All complementary results are presented in Table 2.

Figure 4. White matter voxel based morphometry results (p<0.05 FWE corrected,
cluster with at least 5 voxels). (A) temporal lobe epilepsy associated with hippocampus
sclerosis: extensive WM atrophy in the ipsilateral parahippocampal gyrus (global
maxima). (B) frontal lobe epilepsy with MRI signs of focal cortical dysplasia: WM
atrophy restricted to the ipsilateral hemisphere and more important in the post central
gyrus. Red arrow heads indicate the most statistically significant areas. Temporal lobe
epilepsy with normal MRI presented no WM atrophy using this statistical threshold.
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Table 2: White Matter Voxel Based Morphometry of T1-weighted MRI

Group Laterality Coordinate N°Voxels Structure
TLE-HS Ipsi -26 -24 -15 1294 Parahippocampal gyrus
Ipsi -30 -25 42 212 Postcentral gyrus
Ipsi -33-634 30 Middle occipital gyrus
Contra 36-5113 15 Superior temporal gyrus
TLE-NL -- -- -- --
FLE-FCD Ipsi -32-33 39 64 Postcentral gyrus
Ipsi -12 38 28 46 Medial frontal gyrus
Ipsi 17 -63 37 86 Precuneus
Ipsi -2 -49 13 55 Posterior cingulate

TLE-HS: temporal lobe epilepsy with hippocampal sclerosis; TLE-NL: non-lesional
temporal lobe epilepsy; FLE-FCD: frontal lobe epilepsy with focal cortical dysplasia;
Ipsi: Ipsilateral to the syndrome lateralization; Contra: contralateral to the syndrome

lateralization

Discussion

In the current study, WM micro- and macro-structural integrity was evaluated in three
groups of AED-resistant localization-related epilepsies. Our results demonstrate that
the patterns and the degree of WM abnormalities differ among groups according to the
localization of the epileptogenic zone and the presumed etiology. While TLE-HS
patients are those with the most diffuse injury, WM damage also occurs in FLE-FCD
but could not be detected in TLE-NL by either DTI or VBM.

In this study both DTI and VBM showed that patients with TLE-HS have widespread
abnormalities in tract integrity including extra-temporal structures such as cingulum %
23,24 Although extra-temporal areas in both hemispheres are also affected in TLE-HS,
the most significant damage is observed in the tracts directly connected with the
hippocampus ipsilateral to the epileptogenic zone. The diffuse abnormal FA and RD
(and the absence of AD abnormalities) observed in these patients suggest that HS
pathology co-exists with widespread myelin degeneration, or maldevelopement,
affecting the structural connectivity of the hippocampus 47 23-28,

In the present study, with the defined statistical parameters and thresholds, no micro
or macrostructural WM abnormalities were observed in the TLE-NL group. However,
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cautious should be taken with this result and we certainly can not affirm that TLE-NL
patients have no abnormal tracts. Indeed, a previous study showed significant FA
reduction on the posterior part of the cingulum on TLE-NL, suggesting that subtle
abnormalities may be diluted by the whole tract analysis!!. What is clear with our
results, however, is that, if present, the WM abnormalities on TLE-NL patients are
subtler than what is observed for both TLE-HS and FLE-FCD. The rationale for this
finding could be the different substrate of underlying pathology in TLE-NL or the
significant older age of epilepsy when most of the WM maturation has occurred. This
hypothesis is supported by a previous study showing that FA increases with age for
most of the tracts, more rapidly initially in early ages and reaching a plateau during the
late teens or twenties??.

In the FLE-FCD group, FA abnormalities were seen only in the BoC, which is the
fasciculus anatomically related to the frontal region. The IFO fasciculi are also related
to the frontal regions but possible alterations in the frontal portion of this tract (which is
a small portion of the whole tract) could be diluted. In addition, RD abnormalities were
found only in the cingulum of FLE-FCD patients. The VBM analysis of the FLE-FCD
group showed WM atrophy in areas concordant to the DTI study, including areas
ipsilateral to the epileptogenic zone, such as posterior cingulate and medial frontal
gyrus. In contrast to the TLE-NL group, the FLE-FCD patients had subtle structural
MRI lesions. This information agrees with the hypothesis that focal cortical lesions
could widely affect the structural connectivity by a consequent net of axon

degeneration.

Considering the other atrophic areas indicated by the VBM in the FLE-FCD group, it is
notable the coincidence of the WM alterations with the ipsilateral structures of the
default mode network (DMN)?°. The DMN concept is based on a set of brain areas that
consistently activates in passive control situations and that could be accessed during
resting state functional MRI experiments. DMN could be associated with spontaneous
cognition, as recounting of recent happenings and expectations about the future3°.
Furthermore, in the DTI analysis, the only abnormal tract detected in FLE-FCD was
the ipsilateral cingulum, which connects the posterior cingulate cortex to the medial
frontal cortex, two important components of the DMN3L. Decreased connectivity in
areas of the DMN ipsilateral to the epileptogenic zone has been detected in patients
with FLE-FCD?®*. This pattern of WM disruption was not observed in the two TLE
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groups. Although in the TLE-HS group the BoC was also abnormal in the DTI analysis,
the VBM analysis demonstrated WM damage only to the anterior portion of the

cingulum, which is indeed connected to the limbic system32,

Although we have demonstrated the distinct patterns of WM damage in patients with
different AED-resistant epilepsy syndromes, we certainly cannot definitely answer what
are the determinants of the occurrence of this injury. One possible mechanism
associated to the WM damage is the occurrence of seizures and the pattern of seizure
propagation. In this study, all patients were refractory to AEDs. Since this is a cross-
sectional study, the number of seizures across life could not be specifically determined.
However, we could compare the occurrence or not of secondary generalized tonic-
clonic seizures (SGCTS) in the year prior to the MRI acquisition. As expected for
clinical cohorts of patients with epilepsy, the group with the lower number of individuals
with SGTCS was the TLE-HS group. However, this is exactly the group with the most
significant WM abnormalities on both DTI and VBM analysis. Another possible
mechanism not thoroughly evaluated so far is the influence of the underlying cause of
the epilepsy in the diffuse brain structure damage. TLE-HS is the most studied form of
epilepsy and, as observed in our study, this is the epileptic syndrome with the most
extensive gray and WM injury?. Our study adds the information that patients with subtle
MRI signs of FCD also have WM damage, while in those with normal MRI, no
significant WM abnormality could be detected. This suggests that the underlying cause
of the epilepsy is an important factor that could explain the abnormal WM integrity in
patients with focal epilepsy. One limitation of our study is the absence of histological
confirmation of HS and FCD for all patients. We have, however, strong neuroimaging
evidence that supports the classification of our patients in the three distinct groups.
The definition of HS included both visual analysis and MRI quantification
measurements confirming decreased volume and hyperintense T2 signal in the
hippocampus. For patients with FLE-FCD and TLE-NL, an expert in the field (FC)
performed an exhaustive MRI analysis with multiplanar reconstruction before the
definition of signs of FCD or normal MRI. Also, the small sample of patients submitted
to surgery confirmed the classification in all cases (5 confirmed HS in TLE-HS, 2
confirmed FCD in FLE-FCD and one absence of specific histology findings in TLE-NL).
Also, one may argue that this could be a limitation to the accurate lateralization of the

epileptogenic zone what could have masked some abnormalities, especially in the
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group with normal tracts, TLE-NL. However, the patients included in the present study
have undergone a strict selection and only those with clear lateralization of the

epileptogenic zone were selected, as described in the methods.

The lateralization of the MRI scans according to the epileptogenic zone in the present
study enabled the observation of specific abnormalities of each epilepsy type using a
larger number of subjects. However, this methodology does not allow inferences about
brain hemispheres particularities. It is known that the epileptogenic hemisphere
includes more relevant WM alterations, but previous DTI studies have also shown
differences between right and left TLE patients'®. The aim of the present study was to
compare epilepsy-specific abnormalities, regardless of side of epileptogenic zone, and

side-specific sub analysis should be done in the future with a larger sample size.

As described above, another limitation is the absence of the segmental analysis of the
selected tracts. This approach could increase the sensitivity to detect abnormalities
especially in the group of patients with TLE-NL and we believe it has its most
importance in the analysis of patient specific abnormalities, what was not the aim of
the present study. In fact, the statistical approach applied in this study most likely
detected abnormalities present in most patients in each group, while it likely missed

additional WM abnormalities present in individual patients.

In conclusion, WM integrity is disrupted in AED-resistant localization related epilepsies
and this abnormality varies according to the underlying pathological substrate and
localization of seizure focus. Although the implications of these WM abnormalities
remain unknown, further studies with larger sample size may help to characterize
specific focal WM disruptions associated with epileptogenic lesions in individual
patients with localization related epilepsies. Whether these WM abnormalities will help

in predicting response to clinical and surgical treatment remains to be determined.
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Abstract

Mesial temporal lobe epilepsy (MTLE) with hippocampus sclerosis (HS) is associated
with functional and structural alterations extending beyond the temporal regions and
abnormal pattern of brain resting state networks (RSNs) connectivity. We hypothesized
that the interaction of large-scale RSNs is differently affected in patients with right- and
left-MTLE with HS compared to controls. We aimed to determine and characterize
these alterations through the analysis of 12 RSNs, functionally parceled in 70 regions
of interest (ROIs), from resting-state functional-MRIs of 99 subjects (52 controls, 26
right- and 21 left-MTLE patients with HS). Image preprocessing and statistical analysis
were performed using UF2C-toolbox, which provided ROI-wise results for intra- and
inter-network connectivity.

Intra-network abnormalities were observed in the dorsal default mode network (DMN)
in both groups of patients and in the posterior salience network in right-MTLE. Both
groups showed abnormal correlation between the dorsal-DMN and the posterior
salience, as well as between the dorsal-DMN and the executive-control network (ECN).
Patients with left-MTLE also showed reduced correlation between the dorsal-DMN and
visuospatial network and increased correlation between bilateral thalamus and the
posterior salience network. The ipsilateral hippocampus stood out as a central area of
abnormalities. Alterations on left-MTLE expressed a low cluster coefficient, whereas
the altered connections on right-MTLE showed low cluster coefficient in the DMN but

high in the posterior salience regions.

Both right- and left-MTLE patients with HS have widespread abnormal interactions of
large-scale brain networks; however, all parameters evaluated indicate that left-MTLE
has a more intricate bihemispheric dysfunction compared to right-MTLE.
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Introduction

Mesial temporal lobe epilepsy (MTLES) is associated with functional and structural
changes that extend beyond the temporal regions (Holmes et al.., 2013; Liu et al..,
2012). Hippocampus sclerosis (HS) is the hallmark of most MTLE (Cendes et al..,
1993) and studies indicate that MTLE with HS involves a complex pattern of brain
functional and structural alterations (Holmes et al.., 2013; Pittau et al.., 2012; Campos
et al.., 2015). Functional magnetic resonance imaging (fMRI) during task-free
conditions has been widely used to portray functional network characteristics in both
normal and pathological conditions (Seeley et al.., 2009), including MTLE. Different
studies have investigated the impact of MTLE on these resting state networks (RSNs)
(Bettus et al.., 2009; Cataldi et al.., 2013; Haneef et al.., 2014; Liao et al.., 2010),
including analysis of specific networks such as the default mode network (DMN) and
the salience network. (Zhang et al.., 2010).

Other studies have used different approaches (i.e. ICA, seed based connectivity) to
explore some specific RSNs such as the DMN (Liao et al.., 2011), perceptual (Zhang
et al.., 2009a) and attention networks (Zhang et al.., 2009b). These studies revealed
altered networks, compared to controls. The overall activation of DMN in MTLE is
apparently reduced, as well as the functional connectivity between its nodes (Liao et
al.., 2011). Some of these studies also demonstrated that MTLE affects the attention
networks and perceptual networks, resulting in significant abnormal impairment
between their regions (Cataldi, et al.., 2013). These findings could explain the worst
performances of these patients on cognitive tasks as memory and language, as well

as on auditory and visual naming activities (Alessio et al.., 2006; Vannest et al., 2008).

Given the characteristics of a network-level pathology in MTLE (Spencer, 2002), other
studies have examined graph-theory properties (Bullmore and Sporns, 2009) of both
structural (Bernhardt et al., 2011; Bonilha et al., 2013) and functional data (Liao et al.,
2010; Vlooswijk et al., 2011). These studies evaluated the relationships between the
syndrome alterations and properties such as degree of connectivity, clustering
coefficient and hub distribution, demonstrating alterations in MTLE characterized by
reduced specificity and global efficiency (Bernhardt et al., 2011, Liao et al., 2010). Most
of the previous graph theory studies in MTLE have applied anatomical parcellation to
functional maps and compared differences between right and left MTLE groups in
comparison to controls (Bettus et al., 2009; Wang et al., 2009). The use of functional
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parcellation aims to improve the access to alterations on the cerebral functional
organization. Since we can define the brain functional networks as inherent patterns of
areas dynamically correlated during a specific task or at rest (Eguiluz et al., 2005), the
direct study of these patterns and the interaction of its sub-areas could improve the
identification of changes related to abnormal behavior, or secondary to neurological

diseases.

Despite the information about specific RSNs in MTLE, there is no current data about
how these networks interact in this condition and whether this interaction differs
between patients with right or left HS. As mentioned before, it is well known that
patients with left MTLE have worse performance in memory tasks and distinct
structural damage of cerebral gray and white matter than patients with right MTLE
(Keller et al., 2002; Riederer et al., 2008; Besson et al., 2014). These data put together
implies that right and left MTLE could have different pathological mechanisms.
Although previous studies have focused on the differences in functional connectivity
between these groups of patients, these analyses were restricted to specific brain
nodes, more often including the hippocampal region (Zhang et al., 2010; Pereira et al.,
2010; Morgan et al., 2012). However, today it is accepted that in order to understand
the brain function and its disruptions, we must move forward from looking at specific
brain regions and try to understand how the different areas interact and the possible
abnormalities of this interaction. Therefore, the study of inter-correlations among RSNs
in right and left MTLE might improve the understanding of the underlying mechanisms

associated with these conditions.

We hypothesized that inter- and intra-network connectivity of RSNs is differently
altered in patients with right and left MTLE compared to controls. In order to investigate
that, we studied connectivity between RSNs using regions of interest (ROIs) derived
from a functional parcellation in homogeneous groups of MTLE patients with unilateral
HS.
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Methods
Subjects

All patients and controls included in this study signed an informed consent, approved

by the Ethics Committee of the University of Campinas.

We included 47 consecutive adult patients with clinical and electroencephalographic
diagnosis of drug-resistant MTLE and MRI signs of unilateral HS followed at the
Epilepsy Clinic of the University of Campinas. The clinical diagnosis of MTLE was
based on ILAE criteria (Berg et al., 2010). All patients had seizure semiology
compatible with seizure onset in the mesial temporal structures and had failed at least
two antiepileptic drugs at the moment of the enrollment in this study. All underwent
extensive inter-ictal and/or ictal scalp EEG recordings, with epileptiform abnormalities
restricted to the anterior and medial temporal electrodes. MRI scans acquired with a
protocol for epilepsy were reviewed by two different epileptologists (FC and ACC)
looking for signs of HS (clear loss of internal structure and volume reduction on T1 WI
and signal hyperintensity on T2 WI/FLAIR). Secondly, MRI signs of HS were confirmed
through quantification of volume and T2 signal according to our center protocol (Coan
et al.,, 2014b). In this study, patients classified with bilateral HS were not selected.
According to the side of the HS and the ictal/interictal EEG abnormalities, patients were
classified as right (R-MTLE) or left (L-MTLE) MTLE. Only patients with concordant

laterality on MRI and EEG were selected.
MRI acquisitions

All patients and controls underwent 3-tesla MRI (Philips Achieva) according to the

following protocol:

1. Structural images: T1 weighted image (WI) with isotropic voxels of 1 mm,
acquired in the sagittal plane, 180 slices, 1 mm thick, no gap, flip angle=8°, TR=7.0
ms, TE=3.2 ms, , FOV=240x240 mm?.

2. Functional images: patients and controls were submitted to either one of two
distinct functional protocols: P1) echo planar image (EPI) with isotropic voxel of 3 mm,
acquired on the axial plane with 32 slices, gap of 0.3 mm, matrix=80x80, flip angle=75°,
TR=2s, TE=30 ms, in a 6 minute scan resulting in 180 dynamics; P2) EPI with isotropic

acquisition voxel of 3 mm, acquired on the axial plane with 39 slices, no gap,
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matrix=80x80, flip angle=90° TR=2 s, TE=30 ms in a 6 minute scan resulting in 180
dynamics. The main difference between protocols was the coverage of inferior
cerebellar regions. Therefore, we did not include the inferior cerebellum in the analyses

as described below.

In total, we selected 99 subjects according to clinical, demographic and MRI
parameters (Table I): 52 controls, 26 patients with R-MTLE and 21 patients with L-
MTLE.

Table I: Demographic and clinical information

Group Controls R-MTLE L-MTLE
Age (years) 43 (£13) 46 (17) 47 (16)
Female 52% 58% 48%
Seizure Onset (years) 12 (29) 8 (£7)
Epilepsy Duration (years) 33 (+11) 39 (+9)
Familiar History of Epilepsy 50% 45%
Protocol Type (P1/P2) 26/26 20/6 15/6

L1

For “Age”, “Seizure Onset” and “Epilepsy Duration” the values represent the mean and
the standard deviation. In the fields “Female” and “Family History” the values represent

the percentage of occurrence of these factors in each group.

There was no difference between the groups considering age and gender. Significant
differences were observed only between controls and R-MTLE group on the proportion
of the protocol types (pairwise Fisher's Exact Test, two-tailed p-value = 0.028);
therefore, this was considered as a covariate on the analysis.

Additionally, we found no differences between patients groups regarding age at

seizures onset, duration of epilepsy and family history of epilepsy.

Functional connectivity

The UF2C - User Friendly Functional Connectivity toolbox

The UF2C toolbox (http://www.Ini.hc.unicamp.br/app/uf2c/) was developed by the

author (Campos, BM) aiming to standardize and facilitate connectivity studies through
a straightforward graphical user interface and validated preset parameters. The
toolbox runs within MATLAB platform (2014b, The MathWorks, Inc. USA) with SPM12
(Statistical Parametric Mapping 12, http://www.fil.ion.ucl.ac.uk/spm/) and it is freely

available for download.


http://www.lni.hc.unicamp.br/app/uf2c/)
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We preprocessed and performed the statistical analysis (first and second level)
according to the UF2C standard pipeline. The preprocessing was based on: fMRIs
dynamics realignment (using mean image as reference), images co-registration (fMRI
mean image with T1 WI), spatial normalization (MNI-152), smoothing (kernel of 6x6x6
mm? at FWHM) and T1 WI tissue segmentation (grey matter (GM), white matter (WM)
and cerebral spinal fluid (CSF)) and normalization (MNI-152). The segmented GM
maps were interpolated to match the functional images and used to mask the analysis,
removing non-GM regions. Additionally, we regressed out six head motion parameters
(three rotational and three translational) as well as WM and CSF average signals.
Finally, we detrended (removed linear trends) and band-pass filtered (0.008-0.1 Hz)

the time-series. The Fig.1 is a flowchart representing all the processing steps.

A Individual level

&PFEPFOCESSW‘GA‘! %, Parcelation (PSSR

ROls time-series

u‘ A-
©

ﬁk " o

\ e e Pearson’s cross-
Raw Image Post-processed 70 ROIs Time points ) ]

Image correlation matrix
B Group level l
- Controls

L-MTLE

ROl-wise ANCOVA CTR vs. R-TLE‘

|

| ROI-wise ANCOVA CTR vs. L-TLE

B1 N Y
- (\: Y .;7 ]
| S I
Eraph theoretic parameters extracticij
%
B2 A
Lp e o S

wwwww



70

Fig.1l: Pre- and post-processing flowchart for first and second statistical levels. The
part “A” describes all individual steps included in the first level statistical analysis. The

part “B” describes the group level statistical and graph-theory analysis.

ROIs: regions of interest; R-MTLE: right mesial temporal lobe epilepsy; L-MTLE: left
mesial temporal lobe epilepsy; CTR: control group.

Regions of interest and cross-correlation matrices

For the first level analysis, we generated individual matrices based on ROIs derived
from a functional parcellation. Instead of applying anatomical parcellation as seen in
previous studies, we used 70 ROIs from 12 functional networks previously created and
described by Shirer et al (2012): Anterior Salience (network code=nl1, number of
ROIs=5), Posterior Salience (network code=n2, number of ROIs=10), Basal Ganglia
(network code=n3, number of ROIs=4), Dorsal DMN (network code=n4, number of
ROIs=9) Ventral DMN (network code=n5, number of ROIs=9) left ECN (network
code=n6, number of ROIs=5), right ECN (network code=n7, number of ROIs=5),
Auditory (network code=n8, number of ROIs=2), Visual (network code=n9, number of
ROIs = 3), Language (network code=n10, number of ROIs=6), Sensorimotor (network
code=n11, number of ROIs=4) and Visuospatial/Dorsal Attention (network code=n12,
number of ROIs=8). We selected these ROIs to evaluate functional connectivity in
widespread brain areas considering distributed relevant functional networks. The
Visual network in this study is the union of the ROIs from the High and Prime visual
networks described by Shirer et al ( 2012).

As we observed FOV variations between functional protocols in the inferior portion of
the cerebellum, no ROIs from this area were included to avoid data from the bottom of
the images. Therefore, in our analysis, we excluded the following ROIs due to their
positioning on the inferior portion of the cerebellum: two ROIs from the Anterior
Salience network (ROIs 6 and 7); two from the Posterior Salience (ROIs 8 and 11);
one from Basal Ganglia (ROI 5); one from Language (ROI 7); one from LECN (ROI 5);
one from RECN (ROI 5); two from Sensorimotor (ROIs 4 and 6); one from ventral DMN
(10); three from Visuospatial (ROIs 9, 10 and 11). Additionally, one ROI was excluded
due to its small size: Visual (prime visual 2) with 4 voxels.

Time-series were consistently extracted from each ROI of each subject. For a specific
ROI, we used the average time series of all ROl voxels that matched two consecutive

criteria:
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a. Being included on the subject GM mask;

b. The UF2C correlates each single ROI voxel time series with the average ROI
time series (GM-masked). The voxel was included (to the average) if its correlation
value is within the average * standard deviation of all correlations between the between

the ROI-masked voxels.

The cross-correlation matrices were created by performing Pearson’s correlation tests
(2415 tests, pair-wise combination of all the 70 ROIs, removing auto (diagonal) and
symmetric correlations). These individual correlation matrices were subsequently
converted to z-score (Fisher’s Z-transformation) and taken to a second level analysis

to investigate differences between controls and patients groups.
Group comparisons

The second level analyses were performed also using an appropriate modality on UF2C
toolbox. As a first step, to evaluate confounding effects induced by the two different
fMRI acquisition protocols, we performed an additional test, comparing only control
subjects, who were divided into two groups with pure protocol types (26 controls with
protocol type “P1” and 26 with protocol type “P2”). No significant differences were
detected between these groups of control subjects (alpha=0.05, false discovery rata
(FDR) corrected).

In order to evaluate and characterize how right or left MTLE functionally affects the
RSN behaviors and interactions, we evaluated inter-ROIs connectivity considering the
inter- (among ROIs of different networks) and intra-network (among ROIs of a same
network) interactions. For that, we performed MANCOVA tests, with a protocol type
variable as covariate and alpha=0.0375 (due to the two multiple pair-wise group
comparisons — FDR correction). All tests between ROIs (2415 tests) were also
corrected for multiple comparisons using the FDR procedure (Benjamini, and
Hochberg, 1995) and only corrected sub threshold results (p<0.0375) were considered

significant.

It is important to highlight and clarify some terms applied in this study. “Relative
decreased connectivity” (Fig.2-A and B) and “relative increased connectivity” (Fig.2-C
and D) indicate lower or higher absolute Person’s correlation scores of patients
compared to the control group’s respective scores. In this sense, the idea of
“decreased” or “increased” means that the Person’s correlation values are respectively
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farther or closer to zero when compared to controls, regardless of whether the
correlation is positive (Fig.2-A and C) or negative (Fig.2-B and D). Interestingly, we
also detected some situations in which the correlation scores from patients presented
opposite signals compared to controls. Despite the usage of absolute r-score values
to define the direction of the differences among groups, the statistical tests were
performed with the original values (transformed to z-score, but keeping the original
signals), making sure that comparisons among correlations in opposite directions (Fig.
2-E and F) have been considered accordingly in the statistical analysis. For these
scenarios, the graphical results (Fig.3) do not show these alterations as decreased or
increased, but just indicate them with dashed lines.

Ctr > Pat Ctr > Pat © Pat > Ctr

(Pos. Correlation for both) (Neg. Correlation for both) (Pos. Correlation for both)
0,5 05 0,5
04 0,4 0,4
0,3 0,3 0,3
0,2 0,2 0,2
0,1 0,1 0,1

Controls Patients
o —L& 0 0 .

Controls Patients Controls Patients
-0,1 -0,1 0,1
-0,2 -0,2 -0,2
-0,3 -0,3 -0,3
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-0,5 -0,5 -0,5
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A ®Corr. in opposite directions ®Corr. in opposite directions
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Fig.2: lllustrative examples of possible connectivity results comparing controls and

patients average scores. In “A”, controls and patients have positive correlations
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between two regions and the control group presents a higher value. In “B”, controls
and patients presents negative correlations among two regions and controls showed a
higher (absolute) value. The results exemplified in “A” and “B” are represented with
blue lines on Fig.3. In “C” and “D” examples similar to “A” and “B”, but in both, patients
presented higher absolute correlations values. The results exemplified in “C” and “D”
are represented with red lines on Fig.3. Finally, in “E” and “F” we are showing examples
of connections with distinct directions (positive for one group and negative to another).
The results exemplified in “E” and “F” are represented with dashed lines on Fig.3.

Ctr: control group; Pat: patients; Pos.: positive; Neg.: negative; Corr: correlation.
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Fig.3: Altered connections on right and left MTLE when compared to control group
(ANCOVA test, p<0.0375 false discovery rate (FDR) corrected). A) Altered connections
on R-MTLE. The blue lines indicate pairs of ROIs with relative decreased connectivity.
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The dashed lines (or yellow on the 3D brain) indicate connections with opposite
correlation signal in R-MTLE when compared to controls. B) Altered connections on L-
MTLE. The blue lines indicate pairs of ROIs with decreased connectivity. The red lines
indicate pairs of ROIs with relative increased connectivity. The dashed lines (or yellow
on the 3D brain) indicate connections with opposite correlation signal on L-MTLE when
compared to controls. The spheres sizes are in function of the degree of altered
connectivity and their colors represent the different networks. R-MTLE: right mesial
temporal lobe epilepsy; L-MTLE: left mesial temporal lobe epilepsy; Corr: correlation;
L: left side; R: right side; DMN: default mode network; LECN: left executive control
network; RECN: right executive control network.

Aiming to characterize how the connectivity alterations are laterally distributed, we
calculated a laterality index (LI). We subtracted the number of contralateral altered
connections (CAC), from the number of ipsilateral altered connections (IAC) and

divided it by the total number of altered connections (Coito et al. 2015):

_ IAC - CAC
~ IAC + CAC

The interpretation of the LI value could be summarized as follows: if the alterations are
completely restricted to the ipsilateral side, its LI value is 1. Values between 0 and 1
reveals that the majority of the alterations is ipsilateral and the value oscillates within
this range according to the weight (number) of the contralateral alterations.
Analogously, the LI is negative if the majority of the alterations is on the contralateral
side, varying between -1 and 0 according to the weight (number) of the ipsilateral
alterations. If all alterations are restricted to the contralateral side, the LI value would
be -1. Itis important to clarify that in the case of alterations including a interhemispheric
ROI and a non-interhemispheric ROI, we consider the alteration side to be the same
as the non-interhemispheric ROI. Another important observation is that since the LI
uses the total number of alterations as equation denominator, the resultant LI value

quickly decreases (non-linearly) due to the less altered side weight.
Graph Theory Parameters

We performed an additional analysis to extract three graph theory parameters of
altered connectivity. We calculated them using the results of the statistical differences
between groups, generating graph information related to the connectivity alterations
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for R-MTLE and L-MTLE. 1 - The ROIs degree of altered connectivity (RDAC), which
means the total number of significant altered connections of each ROI, calculated for
each patient group separately. The RDAC provides an overall idea about the
significance of a specific altered node, illustrating if it is merely an affected part of a net
of alterations (low RDAC) or a center of these alterations (high RDAC). In line with that,
the RDAC can be understood as a measure of centrality. 2 - The average degree of
altered connectivity (ADAC) which considers the RDACs of both patient groups

together, calculating an overall average among them:

Y1 RDAG; + X2, RDAG;

ADAC =

)

n; +n,

where i and j are the indexes of the ROIs with altered connections for R-MTLE and L-
MTLE respectively; and the ni1 and n2, the total number of altered ROIs for R-MTLE
and L-MTLE respectively. For further reference, we considered a ROI as a hub of
alterations, if its RDAC was greater than the ADAC value. 3 - The clustering coefficient
of altered connectivity (CCAC):

ti

(RDAC; — 1)’
2

CCAC; =

RDAC; x

where i is the ROl index and t, the total number of triangles (connections between ROI
i neighbors’). The CCACs, similarly to the RDACs are calculated for each altered RO,
from each patient group separately. The CCAC indicates how an altered ROI and its
neighbors (via altered connections) are segregated (low CCAC) or interlaced (high
CCAC) among themselves. It may indicate the existence of a net of alterations. The
standard definition of these and other several graph parameters were fully described
by Rubinov and Sporns (2010).

Results

Table | shows the detailed clinical characteristics of MTLE patients. No significant
differences (alpha=0.03 FDR corrected) were observed between R-MTLE and L-MTLE
regarding distribution of gender (p=0.609), age (p=0.675), age of seizure onset
(p=0.0798), epilepsy duration (p=0.072) or family history of epilepsy (p=0.743).

Compared to controls, both patients groups (R-MTLE and L-MTLE) presented

functional connectivity alterations on the pairwise ROIs analysis (alpha=0.0375 FDR
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corrected). From the 12 studied networks, just the auditory and visual networks did not
present alterations, although for the R-MTLE group, the anterior salience and
sensorimotor networks were also preserved. Tables Il to VI show the results organized
in hubs of alterations. The ROIs anatomical labelling was performed using xjView

toolbox (http://www.alivelearn.net/xjview).

Table I1: Relative decreased connectivity Hubs on R-MTLE

Hub (ROI/Region) ROI name Network Anatomical regions ROI (%)  voxel(n)
rind Dorsal DMN Medial Frontal Gy. 42 2233
r4n2 Anterior Cingulate 21 1148
L. Supramarginal Gy. Post. Cingulate 33 525
L. Inf. Parietal Gy. rand Dorsal DMN g
(Post.Salience) Precuneus 31 497
r2n2 Post.Salience 2 sl b e
R. Sup. Temporal Gy. 14 19
r8n2 rind Dorsal DMN Medial Frontal Gy. 42 2233
R. Poscentral Gy. Anterior Cingulate 21 1148
R. Supramarginal Gy. r3n4 Dorsal DMN R. Sup. Frontal Gy. 90 124
(Post.Salience) ron4 Dorsal DMN R. Hippocampus 97 139
rin4 r4n2 Post.Salience L, Supemegie €y, o il
Sup. Frontal Gy. L. Inf. Parietal Gy. 32 389
Medial Frontal Gy.
(Dorsal DMN)y 1812 Post Salience R. Poscentral Gy. 32 327
R. Supramarginal Gy. 11 112
r8n2 Post Salience R. Poscentral Gy. 32 327
R. Supramarginal Gy. 11 112
! Dorsal DMN Post. Cingulate 88 525
r9nd Precuneus 31 497
R. Hippocampus ;
(Dorsal DMN) rgn4 Dorsal DMN L. Hlpp(-)campus 87 342
r1ns Ventral DMN Post. Cingulate 54 251
L. Calcarine 46 214
5n5 Ventral DMN Post. Cingulate 58 345
R. Precuneus 47 278

The “voxel (n)” indicates the number of voxels of the respective anatomical region and the “ROI (%)” the
percentage of this region within the original ROI mask. R: right; L: left; r: ROl number; n: Network number; Gy:
gyrus; DMN: default mode network; Sup: superior; Post: posterior;

R-MTLE connectivity

In total, 21 ROIs linked by 21 connections showed alterations on R-MTLE group when
compared to controls. We found significant connectivity decreases in R-MTLE mainly
on the right hippocampus (r9n4) connections with dorsal and ventral DMN (n4 and n5)

and posterior salience network (n2) (Table Il and Fig.3-A in blue lines). Three other
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hubs presented relative decreased connectivity, including frontal portion of DMN (r1n4)
and right and left posterior salience (r8n2 and r4n2).

Table I11: Opposite connectivity Hubs on R-MTLE

Hub (ROI/Region) ROI name Network Anatomical regions ROI (%) voxel(n)
r2n2 Post.Salience Ralisula = et
R. Sup. Temporal Gy. 14 19
14 r3n2 Post.Salience L. Middle Frontal Gy. 91 93
rin
ron orsa . Hippocampus
Sup. Frontal Gy. 9n4 Dorsal DMN RT. Hi 97 139
Medial Frontal Gy. . Mi .
Dorsal DMN)y 216 L ECN L. Middle Frontal Gy. 60 264
L. Inf. Frontal Gy. 22 98
R. Angul . 71
13n7 R. ECN ngular Gy 38 S
R. Supramarginal Gy. 12 228
r9n4 rind Dorsal DMN Medial Frontal Gy. 42 2233
R. Hippocampus Anterior Cingulate 21 1148
(Dorsal DMN) 34 Dorsal DMN R. Sup. Frontal Gy. 90 124

The “voxel (n)” indicates the number of voxels of the respective anatomical region and the “ROI (%)” the
percentage of this region within the original ROI mask. R: right; L: left; r: ROl number; n: network number; Gy:
gyrus; DMN: default mode network; Post: posterior; Sup: superior; Inf: inferior; ECN: executive control network

In summary, by a network perspective, we observed decreased intra-network
connectivity between the posterior salience (n2) ROIs and also between dorsal DMN
(n4) ROIs. Decreased inter-network connectivity were observed between posterior
salience (n2) and dorsal DMN (n4) and also between dorsal DMN (n4) and ventral
DMN (n5).

The R-MTLE group also showed opposite connectivity relative to controls including:
frontal portion of the dorsal DMN (rln4), the right hippocampus (r9n4), left and right
ECN ROIs (r2n6 and r3n7) and anterior salience (r3n2). By a network perspective, we
observed opposite intra-network connectivity only between dorsal DMN (n4) ROIls and
opposite inter-network connectivity affecting just the dorsal DMN (n4) and some of its
connections with the posterior salience (n2), left ECN (n6) and right ECN (n7) (Table
[l and Fig.3-A in dashed lines).
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Hub (ROI/Region) ROI name Network Anatomical regions ROI (%) voxel(n)
rind Dorsal DMN Medial Frontal Gy. 42 2233
Ls ran2. G Anterior Cingulate 21 1148
. Supramarginal Gy. .
L. Inf. Parietal Gy. rand Dorsal DMN Post. Cingulate 33 525
(Post. Salience) Precuneus 31 497
r8n4 Dorsal DMN L. Hippocampus 87 342
nd Dorsal DMN Medial Frontal Gy. 42 2233
R p _r8nf G Anterior Cingulate 21 1148
. Poscentral Gy.
R. Supramarginal Gy. r3n4 Dorsal DMN R. Sup. Frontal Gy. 90 124
(Post. Salience) (and Dorsal DMN Posterior Cingulate 33 525
Precuneus 31 497
ran2 Post Salience L. Supramarginal Gy. 50 660
rind L. Inf. Parietal Gy. 32 389
MSudp_. IF'r:onteil IGC);/ 1812 Post Salience R. Poscentral Gy. 32 327
?Dloarsalrolir)]l\jN)y. R. Supramarginal Gy. 11 112
612 Visuospatial R. Inf. Parietal lobe 28 329
R. Sup. Parietal lobe 21 254
ran2 Post Salience L. Supramarginal Gy. 50 660
r4na L. Inf. Parietal Gy. 32 389
Po;t. Cingulate 82 Post Salience R. Poscentral Gy. 32 327
(Dorri(;frgltj/lsN) R. Supramarginal Gy. 11 112
rén4 Dorsal DMN L. Hippocampus 87 342
r’nl2 Visuospatial R. Inf. Frontal Gy. 61 201
L. Supramarginal Gy. 50 660
rdn2 Post.Salience up g y
L. Inf. Parietal Gy. 32 389
rana Dorsal DMN Post. Cingulate 33 525
L Hi r8n4 Precuneus 31 497
. Hippocampus .
(Dorsal DMN) rond Dorsal DMN R. Hippocampus 97 139
N5 Ventral DMN Post. Cingulate 54 251
L. Calcarine 46 214
5n5 Ventral DMN Post. Cingulate 58 345
R. Precuneus 47 278

The “voxel (n)” indicates the number of voxels of the respective anatomical region and the “ROI (%)” the
percentage of this region within the original ROl mask. R: right; L: left; r: ROl number; n: network number; Gy:
gyrus; DMN: default mode network; Sup: superior; Inf: inferior; Post: posterior
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Table V: Relative increased connectivity Hubs on L-MTLE

ROI Anatomical ROI
Hub (ROI/Region) name Network regions (%) voxel(n)
r4n2

L. Supramarginal Gy. rsn4 Dorsal DMN Bilateral Thalamus 47 105
L. Inf. Parietal Gy.

(Post.Salience)

r4n4

Post. Cingulate rdnli Sensorimotor Cerebelum 75 2015

Precuneus

(Dorsal DMN)

L. Supramarginal
r5n4 r4n2 Post.Salience Gy. 50 660

Bilateral Thalamus L. Inf. Parietal Gy. 32 389
(Dorsal DMN)

The “voxel (n)” indicates the number of voxels of the respective anatomical region and the “ROI (%)” the
percentage of this region within the original ROI mask. R: right; L: left; r: ROl number; n: network number; Gy:
gyrus; DMN: default mode network; Sup: superior; Inf: inferior; Post: posteriorL: left; Gy: gyrus; DMN: default
mode network; Post: posterior; Inf: inferior;

Graph Theory Properties

On the R-MTLE, the ipsilateral hippocampus and the frontal portion of the DMN (r1n4)
presented the highest RDAC (seven connections or 33% of the total number of
alterations for each) whereas a relative low CCAC (0.1 for both). On the other hand,
posterior salience ROIs (r2n2, r4n2 and r8n2) and the ipsilateral superior frontal gyrus
(DMN, r3n4) presented highest CCAC whereas lower RDAC. The LI of the R-MTLE
group was 0.190 indicating that the majority of the R-MTLE alterations is ipsilateral,

but also there are altered connections on the contralateral side.
L-MTLE connectivity

In total, 29 ROIs linked by 28 connections showed alterations on L-MTLE group when
compared to controls. We found five hubs with relative decreased connectivity
including left hippocampus (r9n4), affecting connections with ventral and dorsal DMN
ROIs (r4n4, r9n4, rln5 and r5n5) and ipsilateral posterior salience (r4n2). The frontal
portion of DMN (rln4) and the bilateral inferior parietal gyrus of the posterior salience

network (r8n2 and r4n2) were also hubs with deceased connections.
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Table VI: Opposite connectivity Hubs on L-MTLE

Hub (ROI/Region) ROI name Network Anatomical regions ROI (%)  voxel(n)
r2n2 Post.Salience R s & 1%
nd R. Sup. Temporal Gy. 14 19
Sup. Frontal Gy. rens Ventral DMN Precuneus 88 1703
Medial Frontal Gy. R. Angular Gy. 38 715
(Dorsal DMN) r3n’ R.ECN .
R. Supramarginal Gy. 12 228
r3nl2 Visuospatial L. Inf. Frontal Gy. 67 748
r’nl2 Visuospatial R. Inf. Frontal Gy. 61 201
r5n4 r2n6 L. ECN L. Mid. Frontal Gy. 60 264
Bilateral Thalamus L. Inf. Frontal Gy. 22 98
(Dorsal DMN) ran12 Visuospatial L. Inf. Frontal Gy. 67 748
17 1n5 Ventral DMN Post. Cingulate 54 251
= L. Calcarine 46 214

R. Mid. Frontal Gy.

R. Su;;é Féocr:\tlal Gy. (5n5 Ventral DMN Post. Cingulate 58 345
(R. ) R. Precuneus 47 278
rens Ventral DMN Precuneus 88 1703

The “voxel (n)” indicates the number of voxels of the respective anatomical region and the “ROI (%)” the
percentage of this region within the original ROI mask. R: right; L: left; Gy: gyrus; DMN: default mode network;
Post: posterior; Inf: inferior; ECN: executive control network Sup: superior; Mid: Middle

By a network perspective, we observed decreased intra-network connectivity only
between dorsal DMN (n4) ROIs. We found reductions on inter-network connectivity
between posterior salience (n2) and dorsal DMN (n4) ROIs and also between dorsal
DMN (n4) with ventral DMN (n5) and visuospatial/dorsal attention network (n12) (Table
IV and Fig.3-B in blue lines).

Three hubs presented relative increased connectivity: two dorsal DMN regions, the
posterior cingulate (r4n4), bilateral thalamus (r5n4), and the ipsilateral inferior parietal
gyrus (r4n2) of posterior salience. We observed increased inter-network connectivity
between dorsal DMN (n4) and posterior salience (n2) ROIs and between sensorimotor
(n11) and dorsal DMN (n4) ROIs (Table V and Fig.3-B in red lines).

We also observed opposite connectivity (relative to controls) on the L-MTLE group,
which included a hub of the right ECN (r2n7) and only its connections with ventral DMN
ROIs (r1n5, r5n5 and r6n5). Additionally, we found opposite connectivity on the frontal
portion of dorsal DMN (r1n4) with bilateral inferior parietal gyri of the visuospatial/dorsal
attention network (r3n12 and r7nl12), ventral DMN (rén5), right ECN (r3n7) and left

posterior salience (r2n2). The thalamus (r5n4) was also considered a hub with opposite



82

connections, which included visuospatial (r3n12) and left ECN (r2n6) networks ROIs
(Table VI and Fig.3-B in dashed lines). By a network perspective, we found inter-
network opposite connectivity alterations that involved the dorsal DMN (n4) with the
posterior salience (n2), ventral DMN (n5), left and right ECN (n6 e n7) and visuospatial
(n12). Additionally, we observed alterations between the right ECN (n7) and the ventral
DMN (n5). The average connectivity values of all described altered connections are

shown on Fig-4.

Average correlation values
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Fig.4: Average correlation values of all (in hubs) altered connections organized by the

nine alteration hubs and theirs existent altered connections.
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R-MTLE: right mesial temporal lobe epilepsy; L-MTLE: left mesial temporal lobe
epilepsy.

Graph Theory Properties
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Fig.5: ROIs graph theoretical results. In A, the degree of altered connectivity (RDAC)

and in B the cluster coefficient values (CCAC). The horizontal dashed lines in A,

represents the average degree of altered connectivity (ADAC) that we used to define

a ROIs with higher values as a hub of alterations. The dashed blue and yellow lines

were used to indicate overlapping between groups lines.
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Conn.: connectivity; R-MTLE: right mesial temporal lobe epilepsy; L-MTLE: left mesial
temporal lobe epilepsy; R: right; L: left; Gy: gyrus; Infe: inferior; Mid.: middle; Supe.:
superior; Ant.: anterior; Post. Posterior; DMN: default mode network; LECN: left

executive control network; RECN: right executive control network.

The L-MTLE group presented relevant RDAC on the frontal portion of the DMN (r1n4),
in the posterior cingulate cortex (r4n4) and in the ipsilateral hippocampus (r8n4) (Fig.5—
A). The CCAC in this group, revealed low clustering values with the highest score on
the ipsilateral inferior parietal lobule (r4n2) (Fig.5-B).The LI for the L-MTLE group was
0.035 indicating that the majority of the L-MTLE alterations is ipsilateral, but with a very

similar quantity on the contralateral side.
Discussion

Using resting-state fMRI, we investigated the patterns of connectivity alterations in
patients with left and right MTLE. We performed several approaches of validated
methodologies to extract clear information about each MTLE type separately. We
demonstrated that patients with right and left MTLE have widespread abnormal
interactions of large-scale networks. Despite the vast alteration in both patients groups,
all evaluated parameters indicates that L-MTLE is a more intricate bilateral functional
syndrome than R-MTLE. Moreover, ipsilateral hippocampi of both groups behave as
central hubs of decreased functional connectivity.

The large-scale networks interaction abnormalities of L-MTLE and R-MTLE can be
summarized as follows: i) both R-MTLE and L-MTLE patients presented decreased
connectivity and inversion of the correlation signal between the dorsal DMN and the
posterior salience network (compared to controls); ii) both R-MTLE and L-MTLE
patients presented inversion of the correlation signal between the dorsal DMN and the
ECN; iii) L-MTLE patients presented decreased connectivity and inversion of the
correlation signal between the dorsal DMN and the visuoespatial/dorsal attention
network; iv) in patients with L-MTLE, a relative increased connectivity was observed

between the bilateral thalami and the posterior salience network.

Differences on connectivity alterations between left and right MTLE have been
previously described in the literature (Haneef et al., 2015; Waites et al., 2006; Pereira
et al., 2010). Through diversified methodologies, these studies explored distinct

aspects of brain functional connectivity using anatomical or functional relevant ROIs,
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independent component analysis and graph theoretical information. Our study unified
some of these methodologies, applying consecutive techniques with an unbiased

pipeline, providing robust results through an innovative point of view.
Abnormal connectivity in right and left MTLE

For both groups, we found abnormal DMN connections, with the superior and middle
frontal gyri as important hubs of alterations. The ipsilateral hippocampi were also
highlighted as a central area of abnormalities, as expected due to its dominant
importance in MTLE underlying physiopathology.

Differences of abnormal connectivity between right and left MTLE

With the exception of the ipsilateral hippocampi (that are altered according to the group
lateralization), all hubs with relative decreased connectivity observed on R-MTLE
patients were also observed on L-MTLE. In addition, patients with L-MTLE presented
as hubs of relative decreased connectivity the dorsal DMN (r4n4) and the right ECN
(r2n7). The idea that the L-MTLE patients are more susceptible to bilateral and diffuse
structural alterations was already described in the literature (Ahmadi et al., 2009, Coan
et al 2009) and our study suggests that these patterns occurs also with the functional
organization, involving contralateral networks. These findings are sustained by the
laterality index that showed more ipsilateral-restricted alterations on R-MTLE, while the

L-MTLE presented a more bilateral pattern of alterations.

In addition to the diffuse and bilaterally-affected connectivity, the cluster-coefficient on
the L-MTLE proved to be lower than in R-MTLE. This finding suggests that despite L-
MTLE patients having a higher ADAC and widespread alterations, these abnormal
connections presented low interactions between themselves. These facts could be
related to the cognitive abnormalities presented in patients with MTLE and in an
ineffective attempt to restore these functionalities. On the R-MTLE patients, the ADAC
was lower than in L-MTLE, with more restricted pattern of alterations including eight
networks. On the other hand, these alterations demonstrated to be integrated between
themselves, with higher cluster coefficients and more ipsilaterally distributed as
mentioned above. The clinical relevance of these findings, at this point, can only be
speculative. Nevertheless, it is widely known that patients with L-MTLE have worse
cognitive performance than R-MTLE (Alessio et al., 2006; Hermann et al., 1997). As

also suggested by intracranial EEG studies, the abnormal connectivity in the
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hemisphere contralateral to the epileptogenic zone in L-MTLE could be an attempt to
compensate the functional deficit, as the performance of working memory scores have
been correlated to this increased contralateral connectivity (Bettus et al., 2009).
However, in our study while regions of increased connectivity were only observed in L-
MTLE, the graph theory parameters showed low interactions between these nodes,
which could indicate an inneffective connectivity. Therefore, we believe that, at this
point, the hypothesis of the occurrence of areas of increased connectivity in L-MTLE

as a compensatory mechanism requires further investigation.

The connectivity within DMN ROIs is extensively reduced, with the ipsilateral
hippocampus as a main hub of alterations for both groups, differing only on the
opposite connectivity with the frontal portion of DMN (r1n4 and r3n) on the R-MTLE.
The connectivity reduction between these areas could be secondary to the structural
abnormalities as well as both ictal and interictal activities, closely related to the

hippocampal damage (Zhang et al. 2010).

We also observed several inter-networks alterations in R-MTLE and L-MTLE.
Differently from previous studies, we assessed the inter-networks abnormalities
looking at positive and negative correlations and also at the inversion of the correlation
directions between patients and controls, providing a full characterization of the
abnormal interaction of the different brain regions in MTLE. In our study, both R-MTLE
and L-MTLE patients presented altered correlations involving the DMN, the salience
network and ECN, showing an inversion of the correlation signal between them in
comparison to the control group. The Fig.3-B reveals, for example, that an ECN hub
(r2n7) of L-MTLE patients worked positively correlated with the DMN during rest, in
opposite to the controls. Accordingly, both inferior frontal gyrus (both sides, r3n12 and
r7n12) and the frontal portion of the DMN (r1n4) proved to be positively correlated, also
in contrast to controls. The relationship between DMN, salience and ECNSs is under
investigation, but recent studies defined that DMN and salience work oppositely,
meaning that the increase of the first is followed by a decrease in the second, and vice-
versa (Balthazar, et al., 2014). Some authors suggest that this mechanism involves a
mediation of activity executed by the salience network guiding the focus on internal

(DMN) or external (ECN) process and stimulus (Liang et al., 2015).

Other inter-network alterations were observed exclusively in L-MTLE, more specifically
between DMN and visuospatial/dorsal attention network, which also presented an
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inversion of correlation signal. Previous studies demonstrated that the relation between
DMN and visuospatial/dorsal attention network is supposedly anti-correlated (Tomasi
et al., 2009), once the DMN should deactivate when the visuospatial is required to
focus in a task. Since our study performed the functional acquisitions during rest, we
can determine that visuospatial/dorsal attention network regions (r3n12 and r7nl12) are
misleadingly recruited by DMN, corroborating the evidence of a more disorganized
functional behavior on L-MTLE. Additionally, only in patients with L-MTLE an increased
connectivity was observed between the bilateral thalami and the posterior salience

network, more specifically, the left inferior parietal region.

Although extensively described, the causes of diffuse abnormal functional and
structural abnormalities in MTLE are unknown. One possible factor involved on RSN
disruption in MTLE patients may be the underlying interictal activity. Although we do
not have concomitant EEG recordings to this data, previous studies described the
functional alterations caused by interictal spikes (Coan et al., 2014a). However, there
is no evidence that the characteristics of interictal epileptiform discharges, including
rate, localization or extent, differ between right or left MTLE and, accordingly, these
differences were also not observed between our groups of patients. Therefore, while
the epileptiform discharges might affect the overall connectivity in MTLE patients, it
might not contribute specifically to the differences between right and left MTLE.
Similarly, while the chronic use of anti-epileptic drugs (as described for patients in use
of topiramate (Yasuda et al., 2013)), as well as the natural disease evolution may also
be relevant factors influencing connectivity abnormalities in MTLE, they may not
necessarily impact the differences between right and left MTLE described in our study.
These characteristics were balanced between the patients groups. Further prospective
studies will be necessary to address the influence of these factors on connectivity

alterations in MTLE.
Methodological Considerations

ROI based studies applied to diseases with structural alteration such as hippocampal
atrophy, should have additional attention during the time-series extractions. Misleading
co-registration between the ROI mask and the cortex could include extra cortical
tissues or regions with extensively altered cellular constitution that are not functionally
representative. Although we did not include an atrophy mask as covariate in our model,
the methodology applied for extraction of time series avoided confounding voxels
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through the tissue segmented mask and the required homogeneity among time-series

from ROIls voxels.

The Fig.4 shows the average correlation values for each altered connection for each
group. Itis possible to identify means close to values related to noise (or non-significant
average correlations: p>0.05 or r<0.145; with 180 degrees of freedom - number of
dynamics for each run). Our aim was to include all possible not connected regions in
the analysis, since we considered the possibility of the occurrence of convertion of
absent connections into significant ones and vice-versa in MTLE. For instance, the
connection between regions rin4 and r3n7 is almost absent in controls subjects but it
is consistently present in the R-MTLE and L-MTLE groups.

In this study, we applied established approaches as cross-correlation between series
and graph theoretical parameters, but we also quantified these graph properties with
the difference between MTLE groups and controls as a third level step. This method
characterizes the patterns of alterations directly, avoiding arbitrary successive

thresholds commonly applied on graph-theoretical studies.

The networks parcellation and nomination can vary among authors. Since we decided
to employ the Shirer’s parcellation in our study, we strive to respect that organization
with few exceptions (described on the “Methods”). These divergences are usually
secondary to chosen parameters during the process to create the functional templates
such as, for example, the defined number of components to be determined during an
Independent Component Analysis. In our study, the dorsal attention network is
represented by the Visuospatial (n12). Differently, a network exclusively composed by
ROlIs of the Ventral Attention network (VAN) is missing. We concluded that the regions
composing the VAN are represented by ROIs included on the perceptual networks
(e.g. sensorimotor, auditory). Therefore, despite not including the VAN, the relevant
anatomical regions associated to it are considered in our ROIl-wise analysis. We
understand that the results presented on Tables Il to VI, can assist these
interpretations, since they ‘translate’ the functional ROl name to specific anatomical

region.

The UF2C toolbox demonstrated to be an efficient and straightforward tool to

investigate functional connectivity. The minimalist user interface and the standard
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settings enable reliable assessment of functional information through a consistent and
validated preprocessing pipeline.

Conclusion

Patients with right and left MTLE have widespread abnormal interactions of large-scale
networks. Despite the vast alteration in both patients groups, all evaluated parameters
indicates that L-MTLE has a more intense bihemispheric dysfunction compared to
right-MTLE.
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5. DISCUSSAO GERAL

As analises da integridade estrutural demonstraram distintos padrdes de
alteracdes micro e macroestruturais em subtipos de epilepsias focais. Os pacientes
com ELTM-EH apresentaram danos de SB bilateralmente distribuidos. Por outro lado,
pacientes com ELF-DCF demonstraram danos de SB com tendéncias de serem
restritos a regido epileptogénica. Pacientes ELT-NL ndo apresentaram alteracfes
macro- ou micro-estruturais de SB, resultado que apesar de confirmar o diagndstico
clinico e de neuroimagem, pode estar associado a maior inomogeneidade do grupo
(individualidade), o que implicaria em pior consisténcia estatistica e consequentes

resultados negativos.

Apesar de abrangente, as alteracdes associadas aos subtipos de epilepsias,
seguem padrbes especificos e anatomicamente consistentes. A analise quantitativa
dos valores de FA, AD e RD indicaram que as alteracdes encontradas séao reflexo do
aumento do RD, achado indicativo de desmielinizacdo axonal®®32,
Metodologicamente, a definicdo de regides de interesse através da selecdo de
fasciculos especificos com a técnica de tractografia semiautomatica aprimora a
sensibilidade de identificacdo de alteracdes, com excelente eficiéncia metodolégica3’.
Nossos resultados também sugerem que estas alteracdes afetam a organizacéo das

redes funcionais3?.

Os pacientes com E-ELTM apresentaram um padrdo difuso e complexo,
bilateralmente distribuido que incluia conexfes com reducdo e aumento de
conectividade, além de pares de regides com recrutamento erratico (relacao invertida
em relacdo aos controles). De forma distinta, os pacientes com D-ELTM,
apresentaram alteragbes mais restritas ao hemisfério ipsilateral ao hipocampo
atréfico. O hipocampo direito destacou-se como um hub de altera¢des (mais conexdes
alteradas do que a média de alteracdes de todos os ROIs), mesmo aplicando
exigentes mecanismos metodoldgicos para correcdo e compensacao do fato de

atrofia.

Para E- e D-ELTM a DMN é a rede mais alterada (intra-rede)**. Estudo anterior
do nosso grupo, demonstrou que alteracdes da dindmica da DMN estéo relacionadas
a atividade interictal em pacientes com ELT?°3%, Com excec¢do do hipocampo (hub
sempre alterado no hemisfério ipsilateral), todas as regides com alteracdes nos
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pacientes com D-ELTM também foram observadas nos E-ELTM. Adicionalmente, o0s
E-ELTM apresentaram altera¢des associadas a rede de execu¢do motora (ECN) além
de areas adicionais da DMN. Alteracfes inter-redes sao restritas nos pacientes com
D-ELTM sendo que a observada diminuicdo da conectividade da DMN com a salience
pode justificar déficits na transi¢do entre estados cognitivos como a introspecc¢éo e a

execucao®®,

As alteracdes inter-redes sao vastas e complexas nos pacientes com E-ELTM.
Além de alteracBes entre DMN e salience, o grupo apresenta relevantes alteracdes
entre a DMN com a ECN, a Language e a Visuospatial. Déficits de linguagem sao
descritos em ELTM e podem ser derivadas de lateralizacéo atipica com representacéo
anatbmica da funcéo alterada, sendo mais importante na E-MTLE uma vez que o
hemisfério esquerdo é tipicamente associado a linguagem3’3. A interacédo
prejudicada entre a DMN e a rede visuospatial, como mencionado anteriormente pode
ser associada déficits de atencdo enquanto, de maneira semelhante, a modulacéo
errbnea da relacdo entre a DMN e a ECN pode resultar em desempenhos ruins em
tarefas cognitivas basicas. Os parametros de grafos estimados confirmaram a ideia
de danos mais difusos em E-ELTM do que D-ELTM. O indice de lateralidade, assim
como o coeficiente de cluster, demonstram, respectivamente, maior acometimento
bilateral e menor centralidade entre regides alteradas, sendo que o oposto é visto em

pacientes com D-ELTM37:38:39,40,

A metodologia empregada no processamento e analise do estudo de DTI,
mostrou-se eficaz, sensivel e confiavel. O método de tractografia evitou vieses
ocasionados por métodos manuais, uma vez que O processamento automatico
reproduz a relacéo acerto/erro de forma igual para todos os sujeitos da pesquisa. Aléem
disso, a checagem visual e quantitativa de qualidade dos tratos considerados
comprovou grande eficiéncia, equiparando nosso procedimento adaptado ao descrito

na literatura?.

Os métodos aplicados na andlise de conectividade funcional, apresentaram o
software desenvolvido para este projeto, o UF2C. Utilizando parametros definidos
através de meta-analise literaria, o UF2C busca aplicar o que ha de mais novo e
estabelecido para analises de conectividade. A interface simplificada e objetiva
esconde complexos processos de processamento e verificacdo dos dados, tornando
as analises igualmente factiveis e sofisticadas. Seguindo os padrdes literarios de
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processamento de imagens funcionais para a técnica de conectividade, o UF2C inova
e se destaca em diversos pontos como na metodologia robusta de extracao das séries

temporais e nas representacdes graficas e quantitativas unicas que fornece.

LimitagcOes: Utilizando o banco de dados para selecdo das imagens, o
agrupamento ficou dependente de uma série de fatores como parametros de imagem
e caracteristicas cinicas, restringindo o namero de sujeitos em alguns grupos.
Considerar pacientes com EH direita e esquerda como unico grupo no estudo de DTI
pode ter mascarado caracteristicas especificas ao lado do foco epileptogénica. Nao
foi possivel até o0 momento aplicar a metodologia funcional a outros subtipos de
epilepsias focais devido aos parametros de imagem definidos. Metodologias
secundarias, que utilizam teorias distintas poderiam ser aplicadas para confirmar os
achados. No caso das analises de substancia branca, métodos de quantificacdo
probabilisticos podem ser aplicados em contrapartida a nossa metodologia
deterministica de tractografia. Nas avaliacGes funcionais, analise de componentes
independentes (ICA) poderiam ser aplicadas analogamente ao nosso procedimento
baseado em sementes, entretanto os ROIs utilizados foram obtidos através deste

procedimento.
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6. CONCLUSAO

Pacientes com les@es focais temporais ou extra temporais apresentaram redes
de alteracdes estruturais de substancia branca.

Os pacientes com ELTM associada a esclerose hipocampal apresentaram
piores resultados de alteracdes estruturais e vasta rede de altera¢cdes quando
comparados a frontais ou néo lesionais

Sujeitos da pesquisa ndo lesionais ndo apresentaram alteracées micro ou
macroestruturais de substancia branca.

Os grupos com ELTM associada a esclerose hipocampal apresentam complexa
rede de alteracBes funcionais.

Pacientes com esclerose hipocampal no hemisfério esquerdo (E-ELTM)
apresentaram pior padrdo de alteracBes funcionais comparados aos com
esclerose hipocampal no hemisfério direito (D-ELTM).

O desenvolvimento de softwares para as modalidades metodoldgicas
propostas, possibilitou a padronizacao e eficiéncia na analise dos dados.

As ferramentas ja estdo sendo empregadas em outros estudos independentes

de forma satisfatoria.
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APENDICES

APENDICE 1: TUTORIAL DO UF2C

UF2C - User Friendly Functional Connectivity

University of Campinas - Neuroimaging Laboratory
Brunno Machado de Campos
Revised by Elise Facer-Childs (University of Birmingham)
August, 2016

UF2C is an open source software developed by Brunno M. de Campos at the Neuroimaging Laboratory
at Unicamp. The aims of UF2C are to simplify and organize functional connectivity studies in
neuroimaging through a clean and validated methodology, without sacrificing quality. UF2C has a full
processing pipeline in which the user only needs to select the raw functional and structural NIfTI files
from the subjects. The graphical user interface makes the processing and analysis options accessible
for neuroscientists, with reasonable choices of default settings. UF?C allows the user to study
functional connectivity both through a quantitative view that provides detailed values of average
connectivity, and through a spatial view that provides statistical maps that can be directly used for
further analyses. All results are carefully organized in distinct folders for each subject, and a common

folder is generated with a log file reporting the quantitative results of all subjects analyzed.
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1. How to Cite

UF2C was presented to the community with an original research paper at Human Brain Mapping

Journal:

° de Campos, B. M., Coan, A. C,, Lin Yasuda, C., Casseb, R. F. and Cendes, F. (2016), Large-scale
brain networks are distinctly affected in right and left mesial temporal lobe epilepsy. Hum. Brain

Mapp., 37: 3137-3152.

Please use this paper for future references or when citing UF?C in your studies.
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2. Requirements

UF2C is open source software, distributed under a BSD-style License. System requirements for UF?C

are:

. Windows, Linux or Mac OS X operational systems

. SPM8-12 (Statistical Parametric Mapping, version 8 or 12)
. MATLAB (version R2010a or later, required by SPM)

. MATLAB Statistics toolbox

. MATLAB Signal Processing toolbox

o MATLAB Image Processing Toolbox (for advanced graphic results)



http://www.fil.ion.ucl.ac.uk/spm/software/spm8/
http://www.mathworks.com/products/matlab/
http://www.mathworks.com/products/statistics/
http://www.mathworks.com/products/signal/
http://www.mathworks.com/products/image/?refresh=true
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3.

Installing UF*C
UF2C should to be added to the "Matlab Path". The recent versions of Matlab changed the toolbar
design and have a direct icon on the main Matlab window:

o\ MATLAZ 0132
By T T ficd Ha L, N Varinbie Lo Anstyze Code — \3} _I_'g,,...,,.,.r
o o s ot a2 000 Vit = L7 Paunang Tese T g asen Suggon
Sogr v - Datn  Wertspace | J Cwar Workapace = | j Char Commands = - w oo ASkOne
FILE VAFABLE CODE T PRI RESOURCES
b Users b EEGAMAL b Documents ¢ MATLAR
¥ menand Wevdow

L =)
k>

Click on "Set Path" and add the UF?C folder extracted from the downloaded Zip file. Use the option

"Add with subfolders". Now your MATLAB knows that UF2C exist in your machine.
If you are using Windows OS, you can run UF2C by running the UF*C.exe file in ‘uf2c’ folder.
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4. Input format

UF2C uses the NIfTI format for input files. You can use the dcm2nii utility (MRIcron -

www.mccauslandcenter.sc.edu/mricro/mricron/) to convert your files from many formats (e.g.:

DICOM, PAR-REC...).
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5. Starting

If you have already used SPM, you may know that a pre-preprocessing step improves SPM registration:
defining the anterior commissure as the image origin. SPM12 ‘Display’ tool is used to perform this
tedious step. UF2C will probably work without the anterior commissure set as the origin. However, in
some cases, when the origin [0,0,0] is too far (more than ~3 cm), the corregistration or normalization
could lead to wrong deformations. There are some ways to set the anterior commissure as the origin
automatically, but these methodologies need accuracy and repeatability in the FOV positioning during
the MRI acquisition and are not recommended if you want to perform a high quality study. Therefore

it is suggested that the anterior commissure should be set for each image.



6. How to set the anterior commissure as the

SPM12/Display

3.

Run the Matlab.

image

Run SPM (type "spm fmri" on the Matlab command window).

4] SPML12 (6685): Menu =3

Realign (Esti.. =/ \ Slice timing ‘ \ Smooth ‘

Coregister (..~ Normalise (.. = Segment

I Specify 1st-level

Review

|
| Specify 2nd-level ‘ \ Estimate |

Results

I Dynamic Causal Modelling I

EEE

| Display | | checkReg | Rencer.... - |FuRI -
Toobor ~ | pPis || mcac | [picom mport]
Help utis.. = Bach | [ cut |

] SPM12 (6625) = E=E=]

4] spmi12 q:gssr Graphics

(=3 N =N o =5

File Edit View Insert Tools Desktop Window

Welcome to SPM12

Please refer to this version as "SPM12" in papers and communications.

SPM Figure  Help

The SPM12 Manual and Release Notes are available as PDF documents in the man directory
of your SPM installation.

Updates will be made available from time to time and advertised on the SPM mailing list. You
can also check for updates by clicking here.

We would love to hear your comments or bug reports - please contact us at

<fil spm@uclac.uk=.

SPM is developed under the auspices of the Functional Imaging Laboratory (FIL), the
Wellcome Trust Centre for Neurolmaging (WTCHN), in the Instifute of Neurology at University
Caollege London (UCL), UK.

SPM is free software; you can redistribute it and/or modify it under the terms of the GNU
General Public Licence as published by the Free Software Foundation; either version 2 of the
Licence, or (at your option) any later version.

Copyright (C) 1991,1994-2016 Wellcome Trust Centre for Neuroimaging
The FIL Methods Group <filspm@ucl ac uk>

On the SPM8 Menu click on "Display".
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origin using
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ﬁ' SPML2 (6685): Menu = e rsl 4] SPM12 (6685): Graphics = |a| = =]
I File Edit View Inset Tools Desktop Window SPMFigure Help £
Realign (Esti... ~ [
an ( ) \ Slice timing ‘ \ Smooth ‘ I Welcome to SPM12
Coregister (... ~ |Normalise (... ~
H Please refer to this version as "SPM12" in papers and communications.
I Specify 1st-level ‘ \ Review I The SPM12 Manual and Release Notes are available as PDF documents in the man directory
of your SPM installation.
I Specify 2nd-level ‘ \ Estimate I b  [NealSaectimege == = o | b list. You
Dir C\Users\EEG-MRI\Deskiop\UF2C_TutorialExample ]
Up C:\Users\EEG-MRI\Desktop\WUF2C_Tutorial\Example ~
1 Prev  C\Users\EEG-fMRI\DesktoplUF2C_Tutorial\Example A
I Dynamic Causal Modelling I Drive |¢- BN SubX EPI fMRLnii.1 -
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H versity
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2] e[ Red | Filter JReset | N
Frames 1
Selected 0/[1-1] files. (Initial selection.)
4, You will be asked to add an image. Add a structural (3D) file. Click once of the file of interest,

and press “Done”. You can make sure the correct file is selected by looking at the box at the bottom.

.| SPM12 (6685): Menu L = E e =
Realign (Esti... = l Slice timing I l Smooth J
Coregister (. ~| |Normalise (.. ~
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T

4 SPM12 (6685) = E =

File Edit

|4 SPM12 (6685): Graphics

View Inset Tools Desktop Window SPMFigure Help
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Crosshair Position -

File:\SubX_T1_ANAT.nii

mm Dimensions: 240 x 240 x 180
VX Datatype:int16
Intensity: Intensity:Y = 9.03614 X
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|I::h‘ ach 0 Dir Cos: 0.088 -0.033 0.996
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= (=] 0 0.003 -0.999 -0.033
esT—
resize {y} 1 Full Volume -
resize {z} 1 World Space ~ | |Trilinear interp -

Set Origin Auto Window - Add Overlay..
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5. Now you can use the fields "pitch {rad}", "roll {rad}" and "yaw {rad}" to correct the image

orientations and rotations, using the anterior and posterior commissure as the horizontal reference

and the inter-hemispheric fissure as the vertical reference.

B Ry -
forward {mm} 0
up {mm} 0
bitch {rad} 0.1
rall {rad} -0.05
yaw {rad} 0.05
resize {x} 1
reeien Bl 1
6. Now, you need to position the crosshairs on the anterior commissure.
7. The numbers inside the first box "Crosshairs Position" are the coordinate offsets between

current point, indicated by the crosshairs, and the actual origin.
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8. Press “Set Origin” and the "right {mm} ", "forward {mm}" and "up {mm}" fields, will be filled

with the opposite number from the box above.

Crosshair Position
mm: - 1105-2.3 |
VX 1155 97.990.0
Intensity: 1795.89

right {mmj} 0
forward {mm} 0

up {mm} 0

pitch {rad} 01

roll {rad} 0.05

yaw {rad} 0.05

resize fx} 1

resize fy} 1

Iesize tzl 1

Set Origin | | Reorient...

9. Click on the "Reorient..." button.
Crosshair Position
mim. 000000
vx: 1155 97.990.0
Intensity: 1795.89
right {mmj} 1.1388
forward {mm} 0.47155
up {mmy} 22938
pitch {rad} 0.1
roll {rad} -0.05
yaw {rad} 005
resize {x} 1
resize {y} 1
resize {z} 1
I "Set Onigin l Reorient . |
| ===
10. You will see the menu on the left hand side of the screen display ‘reorienting images’ and then

the new reoriented image will be displayed. Just click “Done”!



E Image(s) te recrient

-~

Dir C:\Users\EEG-fMRI\Desktop\UF2C_TutoriallExample

Up CUsers\EEGMRI\Desktop\WUF2C_Tutorial\Example M
Prev  C:\Users\EEG-MRI\Desktop\UF2C_Tutorial\Example ~]
Drive - - s

| [SubX_T1_ANAT.nii,1

[E=%ECR =X

LIEIE Done

Filter Reset | *

Frames

Selected 1 file. (Initial selection.
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11. You need to repeat these steps for the functional image, but pay attention: YOU NEED TO

APPLY THE COORDINATES FOUND TO ALL VOLUMES (DYNAMICS)

12. Add the fMRI. Note the “*.nii,1”. This “,1” means that you are adding the first volume ONLY.

4 Select image | e 3]
Dir C\Users\EEG-IMRI\Desktop\UF2C_Tutorial\Example
Up C\Users\EEGIMRI\Deskiop\UF2C_TutoriallExample =
Prev  C\Users\EEG-IMRI\Desktop\UF2C_Tutorial\Example W
Drive - MR SubX T1 ANAT.nii,1 -
_?lﬂlﬂicl Done Filter Resetl *
Frames 1
Selected 1/[1-1] file. {(Added 1/1 file)
CUsers\EEGMRI\Desktop\UF2C_Tutorial\Example\SubX _EPI_fMRInii, 1 -
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13. Use the same strategy to find the anterior commissure position as best you can. You can use

the dark grey corpus callosum and even darker grey fornix as reference:

'Twmu(sassy. e o] & =]

File Edit View Insert Tools Desktop Window SPM Figure Help

14, Repeat steps 5 to 9.

15. Once this is done you need to apply this reorientation to all dynamics:

4] Image(s:[:f?o rerient EI@
Dir C\Users\EEG-MRI\Desktop\WUF2C_Tutorial\Example
Up CUsers\EEG-IMRI\Desktop\UF2C_Tutorial\Example Z|

Prev  C:\Users\EEG-IMRI\Desktop\UF2C_Tutorial\Example -

Drive |- Bl Subx_EP! MRLNl,1 -]

»| [SubX_T1_ANAT.nii,1

jﬂ@ Done Filter Resetl =

Frames 1
Selected 1 file. (Initial selection.
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16. Remove the already added “1” volume (left click on it once).
E]mage[s}tu recrient &, E’\ﬂl[é]
Dir C\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example
Up CUsers\EEGAMRINDeskiop\UF2C_Tutorial\Example o
Prev  CiUsers\EEG-MRI\Desktop\UF2C_TutorialExample -
Dive [ BNS.ox P vRni |

P - | 500X T ANAT.nt

_.'-"l EIE Done Filter Reset | =
Frames 1

Selected O files. (Unselected 1 file))

17. Use the field “Filter” to keep only the fMRI that you reoriented:

E]#\agel{s} to recrient S || ==l [é]
Dir C\Users\EEG-MRI\Desktop\UF2C_ Tutorial\Example
Up ChUsers\EEG-IMRI\Deskiop\UF2C_Tutorial\Example 3
Prev  CiUsers\EEG-fMRI\Desktop\UF2C_Tutorial\Example 3|
Drive |- BB SubX_ EPI fMRLnii,1 il
I | |51 EFLMRLn.2
SubXx_EPI_fMRLnii,3
Subx_EPI_fMRInii 4
SubX_EPIL_fMRLnii,5
SubX_EPI_fMRLnii,6
SubX_EPI_fMRLnii,7
-| |[SubX_EPI_fMRLnii 8 L
_?l Elﬂ Done Filter | Reset | EPI 1~
Frames Inf

Selected 0 files. (Unselected 1 file)

18. Type “Inf” replacing the number ‘1’. Press “return”. You will see all dynamics listed.
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E Image(s) to recrient o = RS X
Dir C-\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example
Up C\Users\EEG-IMRI'Desktop\UF2C_Tutorial\Example 3

Prev  C:\Users\EEG-IMRI\Desktop\UF2C_TutoriallExample -
Dive . BN Suox Pl vRinit
I - | 510X EPLMRLni.2 i
SubX_EPI_fMRLnii,3
SubX_EP|_frante:
SubX EPI f  °¢ C”‘”ﬂ
SubX_EPI_fMRILnii,&
SubX_EPI_fMRILnii,7

~| [SubX_EPI_fMRInii,8 -
2| Ed| Red Done Filter Reset | EPI f"
Frames Inf :

Selected 0 files. (Unselected 1 file.)

19. With the Right Mouse button, “Select All”:

’ 4 Image(s) to reorient == =R
Dir C\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example
Up C\Users\EEGMRI'\Desktop\UF2C_TutonallExample Wl
Prev  C:\Users\EEG-fMRI\Desktop\UF2C_Tutorial\Example ’|
Drive - .| N

_A

_?I EI ﬂ Done Filter Reset | EPI £~
Frames Inf

Selected 180 fl_lesT\{A{med |1 80/180 files.)
C\Users\EEG-IMREDesktop\UF2C_Tutorial\Example\SubX _EPI_fMRI.nii, 1 |l

C\Users\EEGAMRI\Deskiop\UF2C _Tutonal\Example\SubX_EPI_fMRILnii, 2
C\Users\EEG-MRI'Desktop\UF2C_Tutorial\Example\SubX_EPI_fMRILnii,3
C\Users\EEG-IMRI'\Desktop\UF2C_Tutorial\Example\SubX_EPI_fMRInii 4

C\Users\EEGAMRI\Deskiop\UF2C _Tutonal\Example\SubX_EPI_fMRLnii,5

Al lsers\FEG-MMARNDesktnn L IE2C,. TutariallFyamnle\Suh¥ FPL MR nii & 3
| S p—

20. Check that the number of files added is correct and then click “Done”.



7. Starting to use UF*C

With the UF2C folder added to the Matlab path type uf2c in the Matlab command window.

If you are using Windows OS, you can run UF2C running the UF2C.exe file in the u2c folder.

4\ MATLAE R2014b

| EB] ™~ (5] o s & H [lz, New Variable | Analyze Code E {0 Preferences @ (% Community

[ Open Variable ~ Run and Time Set Path =7 Request Support
New New Open |iz] Compare Import Save Z P é)" Layout E elp — = =
Script - Data Workspace (' Clear Workspace ~ [ Clear Commands + ][] Paralil = ~  0aAddOns v
FILE VARIABLE CODE ENVIRONMENT RESOURGES
<c=9EHE » C: » Users » EEG-fMRI » Desktop » UF2C Tutorial » Example
Current Folder ®
Name fx > uf2e
o SubX_EPI_fMRLmat
| SubX_EPT_fMRLnii
| SubX_T1_ANAT.nii
1y Ulear ¥ 5@ Ulear L > 5 li1) Paratel ¥ s 0 7 Add-Uns v
[ARIABLE CODE ENVIRONMENT RESOURGES
sktop » UF2C_Tutorial » Example
ommand Window
1 1 = 1 —
— — e | 4 UFC ] ol = =)
1 1 1 FuncConn Analysis  fMRI Analysis Tools About El

USER FRIENDLY FUNCTIONAL CONNECTIVITY
(For Matlab with SPM12)
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8. Checking compatibilities

UF2C has a tool to verify the compatibility with your system, Matlab and SPM. Click on the “Check

Compatibilities” Button on start screen:

4 UFC <= | B (eS|
FuncConn Analysis fMRI Analysis Tools About N

Check Compatibilities

Click on “Check” button.



e Chcompa N =)o =
Check Compatibilities

| " Checkl ||

Operational System
Required: Windows, Uinux, MAC OS Actual:

Matlab Version:
Required: 7.10 (2010a) or newer Actual:

Statistical Parametric Mapping (SPM):
Required- SPM12 Actual:

Matlab Original Toolboxes

Required:

MATLAB Statistics toolbox
MATLAB Signal Processing toolbox
MATLAB Image Processing toolbox

The UF2C will show in green compatible settings and in red if something is wrong or missing:

TChCompat EI = @

|
|
| Check Compatibilities

Operational System
Required: Windows, Uinux, MAC OS Actual: Windows

Matlab Version:

Required: 7.10 (2010a) or newer Actual: 8.4 (R2014b) Compatible!
Statistical Parametric Mapping (SPM):

Required: SPM12 Actual: SPM12 Compatible!
Matlab Original Toolboxes

Required:

MATLAB Statistics toolbox Ok!

MATLAB Signal Processing toolbox Ok!
MATLAB Image Processing toolbox Ok!

At this point, UF?C has four connectivity analysis modalities and a connectivity-preprocessing tool:

- “Funn. Conn. Preprocessing” (all following modules can also run this step!)

1. Traditional “Seed-Based Fun. Conn. Analysis (ROl to whole brain)

2. The concept analysis “Functional Interactivity Analysis” (ROIs to whole brain)
3. The “Cross-Correlation” ROIs connectivity (Inter-ROls)

a. “Cross-Correlation ROI Analysis” (first level)

b. “Cross-Corr Second Level” analysis (group inference)

4. A sliding windows seed based functional connectivity (ROl to whole brain)
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["& UFc [P = |

FuncConn Analysis | fMRI Analysis Tools About

Ik Funn. Conn. Preprocessing
Seed-Based Fun. Conn. Analysis
Functional Interactivity Analysis

Cross-Correlation 4

Sliding Window Fun. Conn. Analysis

© (5]

N
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All modalities require functional (EPI) and structural (T1WI) images for all subjects and performs the

same SPM preprocessing

. 1 - Functional Image Realighment: Realign: Estimate & Reslice
. 2 - Functional — Structural corregistration: Coregister: Estimate
. 3 - Structural image segmentation: Segment

. 4 - Structural image normalization: Normalise: Write

. 5 - Functional image normalization: Normalise: Write

o 6 - Functional image smooth: Smooth

pipeline:

For UF2C specific steps please see below.

All UF2C codes are open so you can check and modify all of the parameters. Otherwise, please

respect the UF2C License.


http://www.lni.hc.unicamp.br/app/uf2c/LICENSE.txt
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9. Preprocessing only routine

.

TJustPreproc ] o B (eS|

UFC - Preprocessing only

Check to use SPM-12 standard bonding box {matro<: 53 63 55) and originalz voxel sizes

Inputs

| P | heck order

| Add Structural Files | Check order

Slice Timming Correction (ascending)  Functional Image TR (sec): 2

/| Delete residual preprocessing files (Keep the subject folder cleanest)

Image Parameters

Functionals Anatomicalz
Mumber of Dynamics: Voxel Size (x y x):
Voxel Size (x y x): Matrix Size:
Matrix Size:

Fiter and Regression Options

Band-Pass Filter Regressors

| Apply band pass filter 7] Mavement Regression

Low-Pass Frequency: 01 | Save Regs

: <1 WM and CSF regression
High-pass Frequency: 0.008

Add regresors || Refresh

Stopband attenuation: 50 — =

The Funn. Conn. Preprocessing (Preprocessing only), allows you to preprocess your data, without any
statistical or connectivity inference. It is important to highlight that all UF2C analysis modalities are also
able to do this process followed by the connectivity analysis. Once you have the post processed
functional images (FiltRegrSW_**** nii; obtained from this tool or from any other UF2C modalities)
you can quickly perform the connectivity analysis in any modality, skipping the preprocessing (see

below for instructions of how to do this).

The option “Check to use SPM-12 standard bonding box [matrix: 53 63 66] and originals
voxels sizes” allows you to decide between the SPM12 standard matrix and bonding box
(smaller, faster, but unique) or the MNI standard parameters (more data, slower, but you can

overlap your data with all normalized [MNI-152] images).
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With the button "Add Functional Files" you can add functional (4D) files of all subjects of your study.
It is necessary for all functional files to be in the same folder. With the button "Add Structural Files"
you will be able to insert all structural (3D) files of all subjects in your study. Obviously, the number of
functional and structural files should to match. UF2C will sort files in alphabetic order to match each
functional file to their respective structural file, so it is extremely important that both files have
similar name structures. You can use the extra tool "Filename Changer" to modify and adjust your
filenames, adding prefixes, suffixes or just removing name parts.
After the fMRIs and the T1 WI images are added, you can click on “Check order” to verify if the list of
functional and structural images are in the same order.
You can include the slice timing correction ONLY option when using the “preprocessing only” modality.
The slice timing it is optional in FC studies and it is not a default here. We understand that the slice
timing correction is more relevant in “event-related” analysis, and preferred to avoid more data
manipulation.
Define the functional image repetition time (TR). The checkbox "Delete residual preprocessing files"
gives to you the option to save all the processing files or just the final version of each post processed
file. By checking this box the program will save just the realignment parameters (rp_*.txt file), the
regressed-filtered-normalized-realigned functional file (FiltRegrSW*.nii) and the modulated-
normalized structural file (wm*.nii file).

Image Parameters
In this panel, relevant information about your functional and structural files will be shown. The first
image of each type will be used as reference. It is extremely important that all files (for different
subjects) have the same parameters, such as voxel sizes, FOV, and number of dynamics.
Filter and Regression Options (same for all UF2C modalities)

Band-Pass Filter (low-pass and high-pass filters)
In the check-box "Apply band pass filter”, you can choose if you want to apply a filter to your temporal
series. If the check box is selected, you will have the option to set low-pass and high pass frequency
according to the next figure. The preset values are similar to resting state studies.
The stopband attenuation option defines the value (in dB) of the magnitude difference of the pass band

(0dB) and the stop band frequencies.
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k Mag. (dB)

Stopband
attenuation

High pass low pass

F

" f(Hz)

Regression
UF2C enables the user to perform multiple regressions. By default, the program automatically applies
regression to 6 movement parameters (3 rotational and 3 translational).UF?C also regresses each time
series to average signal fluctuation for white matter (WM) and cerebral spinal fluid (CSF). Both of these
options can be disabled.
Additionally, the software allows you to add additional regressors by enabling and clicking the "Add

regressors" button. This option is activated after adding the functional files.

Add regressors - instructions
In these instructions, we will use an example which included 5 subjects. The functional file will have 15

dynamics (just for illustration). Two additional regressors will be added. For details please see the next

figure.

Wt @ (i de W e
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That is an example of ".xIs" file that could be added to UF?C.

In this figure, 5 columns are shown, one for each subject (or functional file added). There are also 30
rows. The first 15 rows are from regressor one (shown in grey) and the next 15 rows are from regressor
2 (shown in green). The columns need to be in the same order of the subjects added. To check the
subject order, click on the "subject list" button. Add the file on the "Addreg" window and click on the
"Refresh" button to check if the number of regressors is Ok. Finally, click the "save and close" button

to confirm.

The next figure shows the output design of the bandpass filter (“A”). In "B" the figure shows the

multiple linear regression equation where:

"X(n)" are the regressors (in this case we have 8
"t(n)" is the temporal variable (in this case, 180 time points)

"Svx(n)(t)" is the variable that represents each voxel's temporal signal.

ude (dB)

ﬂ Svx(1)(t1) Xient  Xoen Tt o+ Xgen f1 €(1)
va(l)(cz) — Xl(t2)+ XZ(t1)+ +X8(t2) % 3.2 n 5(_2)

Sux(1)(t180) Xiesoyt Xoqrisoy + 0 T Xg(riso) Bs £€(180)
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10.Modality 1 - Seed Based Functional Connectivity Analysis

TeTFunccon [\ o e © ]

UF?C - User Friendly Functional Connectivity

Check to use SPM-12 standard bonding box (matrix: 53 63 58) and eriginals voxel sizes
Inputs

Check if you want to skip preprocessing

‘ Add Functional Files ‘ Check order

‘ Add Structural Files ‘ Check order

Image Parameters

Functionalz Anatomicals

MNumber of Dynamics: Voxel Size (x y x):
Voxel Size (x y x): Matrix Size:
Matrix Size:

Experiment Defintions

J| Delete residual preprocessing files (Keep the subject folder cleanest)

Window Size (dynamics): Seed Size XY Z (in voxels): 444

Seed (ROI) Coordinate (MNI):|  0-51 21 Scan TR (sec.): 2
Add a normalized mask as a seed

Fiter and Regression Opticns
Band-Pass Fitter Regressors

7| Apply band pass filter 7] Movement Regression

Low-Pass Frequency: 0.1
: «| WM and CSF regression
High-pass Frequency: 0.008

I regresors || Refresh

Stopband attenuation: 50 Add reg

Run

The option “Check to use SPM-12 standard bonding box (matrix: 53 63 66) and originals
voxels sizes” allows you to decide between SPM12 standard matrix and bonding box (smaller,
faster, but unique) or the MNI standard parameters (more data, slower, but you can overlay

with all normalized (MNI-152) images).
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Input Panel
In the "Input"” panel, you have the option to “Check if you want to skip preprocessing”. Click in the box
if you already have the normalized post processed functional image that you want to use in your
analysis. It is strongly recommended to use only the “FiltRegrSW” images generated by UF2C
preprocessing pipelines. By checking this option, all preprocessing parameters and options will be
disabled.
Using the button "Add Functional Files" you can add raw (reoriented) functional (4D) files of all subjects
in your study. With the button "Add Structural Files" you can insert all structural (3D) files of all subjects
in your study. Obviously, the number of functional and structural files should to match. UF*C will use
alphabetic order to match each functional file to their respective structural file, so it is extremely
important that both files have similar name structures, e.g. Subj_XX1_fMRI.nii and Subj_XX1_T1.nii.
You can use the extra tool "Filename Changer" to modify and adjust your filenames, adding prefixes,
suffixes or removing name parts.
After adding the fMRIs and T1 WI images, you can click on “Check order” to verify if the list of function
and structural images are in the same order.
Image Parameters
In this panel, relevant information about your functional and structural files will be shown. The first
image of each type will be used as reference. It is extremely important that all files (of different
subjects) have the same parameters, such as voxel sizes, FOV, and number of dynamics.
Experiment Definitions
In this panel, you can define important parameters that are relevant to you experiment. The first
checkbox "Delete residual preprocessing files" givesyou the option to save all the processing files or

just the final version of each post processed file. By checking this box the program will just save the:

. realignment parameters (rp_*.txt file)

. modulated-normalized-smoothed functional file (sw*.nii file)
. regressed-filtered functional file (FiltRegrSW* .nii)

. modulated-normalized structural file (wm*.nii file).

By default, the option "Window Size" will be filled with the total number of dynamics (volumes or
temporal points of your functional file). When looking at dynamic connectivity you can divide your
temporal series by setting the size of these windows. For example, if you have functional data with 300
dynamics, and set the Window size to 60, you will divide your temporal series in 5 parts. This option
gives information about the temporal variation in the connectivity during the acquisition period. The

window size should be divisible by the number of dynamics. Remember that the reduction of the
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correlation time points, by the addiction of a large number of windows, reduce the degrees of freedom
of the correlation test and the significance of the r-values.

The correlation will be performed separately for each window. As a result, UF2C will plot a graph with
the connectivity variation during these 5 time points. Also the final connectivity map will be created as

a 4D file in which each volume will be the statistical -map of each window correlations.

Seed creation and definition

In the option "Seed (ROI) Coordinate", you should set the MNI (Montreal Neurologic Institute
template) coordinate of the region that you want to use as seed. The seed will be the region from
where UF2C will extract the reference time series. UF?C will use the seed’s time series to calculate the

correlations. In other words, the statistical values in the final map are always the correlation coefficient

(r) between the time series of each cortex voxel and the seed’s average time series. The coordinate set
as default refers to the posterior cingulate cortex, commonly used as seed in Default Mode Network
(DMN) studies.

The checkbox “Add a normalized mask as a seed” allow you to add a normalized (MNI-152) ROl image
(NIfTI) as seed. The average time series will be generated by averaging all ROl voxels time series. In this
case, the “Seed (ROI) Coordinate (MNI)” option and the “Seed Size X Y Z (in voxels)” option would be
disabled.

The option "Seed size X Y Z" is used to increase the seed size. For example, 2 2 2 will add 1 voxel (2/2)
for each side in each spatial axis. In this case the seed will be a cube with 3 voxels per edge or with 27

voxels total volume (the next figure illustrates this case).

a4
[l

/ /]
A

— )

In this situation your seed is a VOI (volume of interest) with 27 voxels, so your reference time series

/

will be the average time series between these voxels. This methodology to set the VOI size may seem
unusual, but it is a safe way to keep the defined seed coordinates always in the center of the VOI.
Finally, the field Scan TR is used to define the repetition time (TR) in the functional acquisition. In this

option the user needs to set the TR in seconds. The TR is not correct or is missing in most NIfTI headers.
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Filter and Regression Option

The same described on the “Preprocessing Only” routine.
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11.Modality 2 - Seed Based Functional Interactivity
4| Fundinte E = @

UF?l - User Friendly Functional Interactivity

Check to use SPM standard bonding box (matrix: 53 63 46)
Inputs

‘ Add Functional Files |

‘ Add Structural Files |

Image Parameters

Functionals Anatomicalz

Mumber of Dynamics: Voxel Size (x v x):
Voxel Size (x y x): Matrix Size:
Matrix Size:

Experiment Definitions
/| Delete residual preprocessing files (Keep the subject folder cleanest)

Window Size (dynamics):
Seed side increased with: | 3 | voxel Seed size: 4 voxels®

Scan TR (sec.): 2 Threshold to 42 |voxels

Fitter and Regression Options
Band-Pags Filter Regressors

7| Apply band pass filter 7] Movement Regression

Low-Pass Frequency: 0.1

. <1 WM and CSF regression
High-pass Frequency: 0.003

Add regresors || Refres

Stopband attenuation: 50 s

Run

Brief Introduction:
Functional connectivity (FC) is an fMRI modality able to elucidate brain interactional patterns without

cause-effect through the identification of varied functionally cooperative networks related to distinct
brain states (Friston et al., 1996). Different methods are used to access FC information from fMRI data,
which are divided between seed-based or data-driven methods (Liangsuo Ma; Suresh E. Joel; Kaiming
Li). Seed-based FC is a modality that quantifies correlations throughout the whole brain time-series by
using a region of interest (ROI) as reference and thereby allows the study of specific networks by
controlling the seed position. The method enables an objective and straightforward analysis, although
it provides results that depend on a precise initial assumption and are restricted to those defined
networks. On the other hand, independent component analysis (ICA) produces more information from

the data, providing connectivity patterns without any initial assumption, although could revels intricate
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results, requiring an exhaustive and bias susceptible task to separate study relevant from misleading

components (Liangsuo Ma; Calhoun VD, Adali T, Pearlson GD, Pekar JJ). A multi-seed FC analysis keeps

the straightforward results provided by seed-based methods but also expands the networks of

interest, giving extensive information about connectivity patterns and avoiding a strong initial

assumption. The combination of the correlation maps generated for each seed could reveal distinct

aspects of the functional networks organization, depending on how these maps were integrated or

explored [The future of FMRI connectivity. Stephen M. Smith]. In this sense, the concept of functional
interactivity (FI) is based on averaged FC maps to define areas more or less globally integrated,
providing an exploratory view of the study and therefore allowing a generalized view of the brain
connectivity patterns. [Inf Process Med Imaging. 2007; 20:147-59. Functional interactivity in fMRI using

multiple seeds' correlation analyses--novel methods and comparisons. Wang YM1, Xia J.]
Inputs

The same described on the Preprocessing Routine.
Image Parameters

The same described on the Preprocessing Routine.
Experiment Definitions

The options "Delete residual preprocessing files" and “Window Size (Dynamics)” have the same

functions described on the modality 1 section.

The Fl analysis uses a cubic seed that varies in position. The option “Seed side increased with:” allows
you to set your seed side size. For example: If you fill the option “Seed side increased with:” 3, you will
define a seed with a 4 voxel side and hence 64 voxels in total. By default, the “Threshold to sow”
option defines the number of overlapping voxels between the seed and the cortex, to use that seed
position as an effective seed in the experiment. In the example, UF2C will place the cubic seed in all
possible positions that retained at least 42 voxels overlapping with the cortex. For each seed an
average time series was extracted and the linear correlation was estimated for all GM voxels,

generating a statistical map for each seed position.

You can increase or decrease the “Threshold to sow” value = lower values will result in a larger

number of seed positions.
Filter and Regression Option

The same described on the “Preprocessing Only” Routine.


http://www.sciencedirect.com/science/article/pii/S1053811912000390
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Fig: An example of mask of seeds generated by the code. The red cubes overlays all regions that

were used as seed.
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12. Modality 3 — Cross-correlation ROI-to-ROI Analysis
a) — First Level analysis (individual)

rT TS5 CrossCar |<r_->| | = | = |&|

UF2C - Crosscorrelation ROI-to-ROIl analysis

Check to use SPM-12 standard bonding box (matrix: 53 63 56} and original voxel sizes
Inputs
Check if you want to skip preprocessing

| Add Functional Files |

| Add Structural Files |

Image Parameters
Functionals

Mumber of Dynamics:

Anatomicalzs

Voxel Si E
Voxel Size [x y x): oxel Size (xy x)

o Matrix Size:
Matrix Size:

Experiment Definitions

Window Size (dynamics):
Images as Seed

Add normalized masks as seeds

/| Delete residual preprocessing files

Fitter and Regression Options
1 - Regressors

/| Movement Regression

J| W and CSF regression

o Refresh

e50rs

Scan TR (sec.):

Coordinates list
Add a txt file with seeds coordinates

/| Plot and save renderized 3D grapho? (requires a good machine)

Seed Size XY Z (in voxels): 444
(Keep the subject folder cleanest)
2 - Band-Pass Filter
J| Apply band pass filter
Low-Pass Frequency: 0.1
High-pass Frequency: 0.008
Stopband attenuation: 50

Run

The option “Check to use SPM-12 standard bonding box (matrix: 53 63 66) and

originals voxels sizes” allow you to decide between SPM8 standard matrix and bonding box

(smaller, faster, but unique) or the MNI standard parameters (more data, slower, but you will

can overlay with all normalized (MNI-152) images).
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Input Panel
In the "Input" panel, you have the option “Check if you want to skip preprocessing”. Check this option
if you already have the normalized post processed functional image that you want to use in your
analysis. It is strongly recommended to use only the “FiltRegrSW” images generated by UF2C
preprocessing pipelines. Checking this option, all preprocessing parameters and options will be
disabled.
With the button "Add Functional Files" you can add raw (reoriented) functional (4D) files of all subjects
of your study. With the button "Add Structural Files" you will be able to insert all structural (3D) files
of all subjects in your study. Obviously, the number of functional and structural files should to match.
UF2C will use the alphabetic order to match each functional file to their respective structural file, so
it is extremely important that both files have similar name structures, e.g.: Subj_XX1_fMRlI.nii and
Subj_XX1_T1.nii. You can use the extra tool "Filename Changer" to modify and adjust your filenames,
adding prefixes, suffixes or removes name parts.
After add the fMRIs and the T1 WI images, you can click on “Check order” to verify if the list of function
and structural images are in the same order.
Image Parameters
In this panel, relevant information about your functional and structural files will be shown. The first
image of each type will be used as reference. It is extremely important that all files (of different
subjects) have the same parameters, such as voxel sizes, FOV, and number of dynamics.

Experiment Definitions

In this panel, you will be able to define important parameters that will be extremely relevant to you
experiment. The option "Window Size" by default, will be filled with the total number of dynamics
(volumes or temporal points of your functional file). You can divide your temporal series by setting the
size of these windows. For example, if you have functional data with 300 dynamics, and set the Window
size to 60, you will divide your temporal series in 5 parts. This option gives information about the
temporal variation in the connectivity during the acquisition period. The window size should be a
divisor of the number of dynamics. Remember that the reduction of the correlation time points, by
the addiction of a large number of windows, reduce the degrees of freedom of the correlation test and
the significance of the r-values. The correlation will be performed separately for each window. As a
result, UF2C will plot a connectivity matrix for each of the five time points.

The field Scan TR (sec), is used to define the repetition time (TR) in the functional acquisition. In this
option the user needs to set the TR in seconds. The TR is not correct or is missing in most NIfTI headers.
To define the ROIs in which the UF?C will compute the ROI-to-ROI correlations, you have two options.

In both options UF2C can identify ROls from a specific network, and separates them into the analysis
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resulting in extra information. The network identification results in the concept of inter (between
networks) and Intra (inside ROIs of a same network) connectivity. In the resultant images, like the
resultant brain connectome images, the spheres that will represents the ROIs will be colored with
respect to the network organization (one color per network).

Option 1 — “Add normalized masks as seeds”: By checking this option, an input window will
open and you will be able to add ROIs as binary NIfTI images. In this option, UF?C will identify the

network organization among the files added, using the three first filenames characters:

Considering these ROIs files, UFC will identify 13 ROIs from 4 networks:
Network 1: Auditory (Aud); Network 2: basal Ganglia (Bas); Network 3 dorsalDMN (dor);

Network 4: PostSalience (Pos).

The UF2C GUI will show:

L] o -]
@Qv| ;v UF2C Tutorial » ROIs - |-¢'—,| Pesquisar ROIs 2 l
Organizar = Incluir na biblicteca - Compartilhar com - Gravar  » = - [ E@I
¥ Favoritos MNome Data de modificac... Tipo
B Area de Trabalho | Auditory-1.nii 18/02/2010 17:56 Arqu
& Downloads %] Auditory-2.nii 18/02/2010 17:56 Déqu
£l Locais || BasalGanglia-1.nii 19/03/2010 10:05 Argu
1 BasalGanglia-2.nii 19/03/2010 10:06 Arqu
=4 Bibliotecas | BasalGanglia-3.nii 19/03/2010 10:07 Arqu
3 Documentos | BasalGanglia-4.nii 19/03/2010 10:07 Arqu
=| Imagens | dorsalDMM-1.nii 18/02/2010 17:57 Arqu
J". Musicas 1 dorsalDMM-2.nii 18/02/2010 17:58 Arqu
H videos | dorsalDMN-3.nii 18/02/2010 17:58 Arqu
% dorsalDMM-4.nii 18/02/2010 17:58 Arqu
18 Computador 1 PostSalience-09.nii 18/02/2010 18:13 Arqu
& Disco Local () % PostSalience-10.nii 18/02/2010 18:13 Arqu
w Disco Local (D:) | PostSalience-12.nii 18/02/2010 18:14 Arqu
= Backup (E)
4 d10.00.2)
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] == ==
UF?C - Crosscorrelation ROI-to-ROl analysis

|:| Check to use SPM-12 standard bonding box (matrix: 53 63 56) and original voxel sizes
Inputs

|:| Check if vou want to skip preprocessing

| Add Functional Files | 5 functional image(s) added

Check order
Check order

| Add Structural Files | 5 Structural image(s) added

Image Parameters

Functicnals Anatomicals
Mumber of Dynamics: 180 _ 1151
Voxel Size ey x):  3x3x3 Voxel Size (x y x):
o T 80x80x39 Matrix Size: 240x240x180
Experiment Definitions
Window Size (dynamics): 180 Scan TR (sec.): 2

Images as Seed Coordinates list

[¥] Add normalized masks as seeds Add a txt file with seeds coordinates

13 ROI mask(s) added! Seed Size XY Z (in voxels): 444
4 network(s) identified!

Delete residual preprocessing files (Keep the subject folder cleanest)
Plot and save renderized 30 grapho? (requires a good machine)

Fitter and Regression Options

1 - Regressors 2 - Band-Pas= Filter

Movement Regression Apply band pass filter

Low-Pass F SE
[¥] WM and CSF regression Ow--ass rrequency

High-pass Frequency: 0.008
[C]| Add regresors || Refresh | 0 added

Stopband attenuation: 50

Run

Option 2 -

(*.txt) with MNI coordinates of where you want the seeds. You will be also able to use networks

distinction here. For this, you will need to format the text file as follows:

“Add a txt file with seeds coordinates”: In this option, you will be able to add a text file
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| Rois_List.bit - Bloco denotas | <= | [ = | & |[wim]
Arquive  Editar Formatar Exibir  Ajuda

01: 0 -51 32 -
01: 23 -51 32

01: -23 -51 32

02: 10 51 15

02: -10 51 15

02: 0 40 15

03: 30 -20 10

03: -30 -20 10

03: 10 -20 30

Considering this coordinate file, UF2C will identify 9 ROIs from 3 networks:

Network 1: 01:; Network 2: 02:; Network 3: 03:.

The UF2C GUI will show:

E T5_CrossCor

UF?C - Crdyscorrelation ROI-to-ROl analysis

|:| Check to use SPM-12 standard bonding box (matrix: 53 63 58) and original voxel sizes
Inputs.
|:| Check if you want to skip preprocessing

l Add Functional Files ] 5 functional image(s) added

Check order

Check order

[ Add Structural Files ] 5 Structural image(s) added

Image Parameters
Functicnals

MNumber of Dynamics:

Voxel Size (xy x):  3x3x3

Anatomicals
180

Voxel Size (x y x): i

o] == =]

Matrix Size: 240x240x180
Matrix Size: 80x80x39
Experiment Definitions.
Window Size (dynamics): 180 Scan TR (sec ): 2

Images as Seed

Add normalized masks as seeds

Coordinates list
Add a txt file with seeds coordinates
Seod Sizo ¥ Y 7 10 yrvalel- 444

9 coord(s) of 3 nets were added!

Delete residual preprocessing files (Keep the subject folder cleanest)
Plot and save renderized 3D grapho? (requires a good machine)

Fitter and Regression Options
1 - Regressors

Movement Regression

[¥] WM and CSF regression

[[1| Add regresors || Refresh | 0 added

2 - Band-Pass Filter
Apply band pass filter

Low-Pass Frequency: 0.1
High-pass Frequency: 0.008

Stopband attenuation: 50
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The checkbox "Delete residual preprocessing files" gives you the option to save all the processing files

or just the final version of each post processed file. By checking this box the program will just save the:

realignment parameters (rp_*.txt file)
modulated-normalized-smoothed functional file (sw*.nii file)
regressed-filtered functional file (FiltRegrSW¥*.nii)
modulated-normalized structural file (wm*.nii file).

Filter and Regression Option

The same described on the “Preprocessing Only” Routine.

b) — Second Level analysis (Group inference)

4 CrossCorSecle I}b |<-:>| | = | =l |&|ﬂ

UF2C - Crosscorrelation ROl analysis
Second Level

Input files
Growps Names
Add Group 1 file Group 1
Add Group 2 file Group 2

Cutput Directory

Nodes
@ Seeds with ROl files Seeds with coordinate list

Add ROls images

Statistical Parameters

@ Two Sample t-test Faired t-test
Corrections
J| Uncorrected comparison J/| FOR corrected comparison
P-value threshold: 0.01 P-value threshold: 0.05

Add covariates file

Outputs (If vou add network pair-wize .mat files, uncheck the Graphos outputs)

#| Correlation Matrices +| 2D Graphos #| 3D Graphos

A

This modality enables the analysis of group inference with the results of the first level analysis (a).
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To do this, some conditions should be respected:

1. In the first level analysis (a), you need to add all images (fMRIS and T1s) of a group (Controls
group for example) at the same time (running process). This procedure, will create a general (group)
resultant file called “All_Subjs-VAR.mat” inside the general folder “Total_Log_*DATE/TIME*”. This
Matlab file will contain a NxNxS matrix, where N is the number of ROIs added in the first level analysis
and S the number of subjects included for this group. You need to have the All_Subjs-VAR.mat of at
least two groups to perform the second level analysis, and these All_Subjs-VAR.mat needs to contain
the information of all subjects of each group.

2. You need to use the same number of ROIs for all groups in the first level analysis to be able to
compute the group comparison between then. So, in the NxNxS matrix, the N should to be the same
in both files (same number of ROIs) although the S (number of subjects) may differ between groups.
3. Before adding the All_Subjs-VAR.mat to the second level analysis modality, is strongly
recommended to convert the All_Subjs-VAR.mat from r-score to z-score. You can use the UF2C tool R-
score to Z-score Transf. to do that, creating the Z_Transf_All_Subjs-VAR.mat file that is ready to be
added.

Input Files
In this panel, you can add group 1 and group 2 Z_Transf_All_Subjs-VAR.mat files clicking on the buttons
“Add Group 1 file” and “Add Group 2 file”. In the text box from the field “Groups Names” you can
change the name of the groups, modifying how they will be shown in the results.

In the panel “Nodes”, you should add the same ROIs files (“Seeds with ROI files”) or the same
text file (“Seeds with coordinate list”) that you used on the first level analysis, respecting the condition
2.

Statistical Parameters
In this panel, you can first choose if your test is transversal (“two Samples t-test”) or longitudinal
(“Paired t-test”). In the sub panel corrections, you will be able to set the alpha levels (“P-value
threshold”) of your tests, choosing between “Uncorrected comparisons”, “FDR corrected
comparison” or both.

To correct for Bonferroni, you just need to compute the number of multiple comparisons applied and
change the uncorrected alpha (“P-value threshold”).

How to compute the number of dependent tests?
((NXN)—N)
2
Where N is the number of ROIs used. So, if you used 100 ROls, the number of multiple tests would be:

((100 x 100) — 100)
2

NofTests =

NofTests =
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(10000 — 100)
2
(9900)
2

NofTests = 4950

NofTests =

NofTests =

The alpha to correct by the Bonferroni methodology would be:

0.05

_ -5
2950 1,01 x 10

Bonferronipjph, =

Very restrictive!

Add a covariate file
If you selected the “two Samples t-test”, you will be able to add covariates to the analysis, converting

the statistical approach to an ANCOVA. To do this, you need to create a text file (*.txt) with columns

that represent the covariates, and lines that represent the volunteers:

| Cov[ett-| || o | B S

Arguive Editar Formatar  Exibir

Ajuda

1 2 »

1 2

1 1

1 1

1 2

2

2 ‘zGroupl

2 1

2

2 2

2 2

2 1

2 2

2 1

2 2

2 1

2 1
[r—

2 1

2 2

2

% %GroupZ

1

2 2

1 2

2 2

1 2

2 1

1 1

Figure: This figure represents a text file with 2 covariates (2 columns). In this example, we can

see 30 rows divided into the two groups.
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IMPORTANT: The order of the covariates should be the same as the order of each group
added (Group 1 and 2), as well as the subject order inside each group. This is similar to the

covariate option on the SPM interface.
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13. Modality 3 - Sliding Windows Connectivity

4 FuncConSW El = @

UFZC - User Friendly Functional Connectivity

Inputs

| Add Functional Files |

| Add Structural Files |

Image Parameters

Functionals Anatomicals

Mumber of Dynamics: Voxel Size (x y x):
Voxel Size (x y x): Matrix Size:
Matrix Size:

Experiment Defintions

Delete residual preprocessing files (Keep the subject folder cleanest)
Sliding Window size (dynamics): 16 Seed Size XY Z (invoxels): 222
Seed (ROIl) Coordinate [MMI): 0-5118 | Scan TR (sec.): 2

Fiter and Regression Opticns
Band-Pass Fitter Regressors

Apply band pass filter Movement Regression

Low-Fass Frequency: 0.1

WM and CSF regression
High-pass Frequency: 0.008 v ?

Stopband attenuation: 50 Add regresors || Refresh

Run

E———— ]

Inputs

The same described on the Preprocessing Routine.
Image Parameters

The same described on the Preprocessing Routine.
Experiment Definitions

The options "Delete residual preprocessing files" and “Window Size (Dynamics)” have the same

functions as described on the modality 1 section.
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The sliding window analysis performs a correlation between a seed defined by a coordinate (“Seed
(ROI) Coordinate (MNI)”) and all cortical voxels. These correlations are calculated by each windows
separately. The windows sizes are define in the “Sliding Window size (dynamics)” option. The final
number of correlations are found by subtracting from the total number of volumes (dynamics, time
points....) and the size of the time window (user defined). UF2C will generate graphics and a 4D image

for each volunteer, in which the 4™ dimension is the 3D correlation maps of each windows position.
The correlation window moves throughout the time series with a step of 1 time point.
The “Seed Size” is implemented equal to what is described in Modality 1.

Filter and Regression Option

The same described on the Preprocessing Routine.
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14. Some considerations about “time series extraction”

15. Time-series are consistently extracted from each ROI of each subject. For a specific ROI, we
used the average time series of all ROl voxels that matched two consecutive criteria:

a. Being included in the subject GM mask;

b. The UF2C correlates each single ROI voxel time series with the average ROl time series (GM-
masked). The voxel will be included on the ROl mask (and to the average) if its correlation value is
higher than the average minus the standard deviation of all correlations between the ROI-masked
voxels;

16. This methodology was described on “de Campos, B. M., Coan, A. C,, Lin Yasuda, C., Casseb, R.
F. and Cendes, F. (2016), Large-scale brain networks are distinctly affected in right and left mesial
temporal lobe epilepsy. Hum. Brain Mapp., 37: 3137-3152".

17. An example of the effectiveness of this methodology in exclude residual non-GM voxels, or
non-functionally representative tissues can be seen in the fallowing example:

18. We performed an analysis using a left-hippocampus ROI, from the Shirer ROIs (Shirer WR, Ryali
S, Rykhlevskaia E, Menon V, Greicius MD (2012): Decoding subject-driven cognitive states with
wholebrain connectivity patterns. Cereb Cortex. 22(1):158-165). The subject included was a temporal
lobe epilepsy patient, with left-hippocampus sclerosis. The hippocampus sclerosis may results in GM

atrophy and gliosis:
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Figure: The ROI regions (shown in blue) that were included on the analysis andthevoxels (shown in
red) from the ROI (grey matter masked [criteria a.]) that was automatically excluded. The red voxels
were excluded AFTER survive to the GM masking (criteria a.), throughout the criteria b.

This result shows the effectiveness of the combined criteria a. and b. to provide a refined ROl mask

and a consequently a reliable ROl average time series.
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ANEXOS

ANEXO 1: OS DOCUMENTOS DE APROVACAO NO COMITE DE ETICA DA

UNICAMP
N
%‘ %& Universidade Estadual de Campinas
L:} . Departamento de Neurologia

Campinas, 28 de abril de 2016

Comité de Etica em Pesquisa
FCM UNICAMP

Ee: "Conectividade Funcional e Estrutural em Pacientes com Epilepsia Focal” — Projeto de
Doutorado do alune Brunno Machado de Campos

Prezado Prof. Dr. Marcondes Franca Janior,

Este projeto & conduzido em paralelo com o projeto “Andlise da Relacdo emtre Expressdo de Vias
Inflamatorias Sistémicas, Epilepiogénese e Atrofia Cerebral nar Epilepsias Parciais” — Prof. Dr.
Femando Cendes.

As analizes da B do projeto de Doutorade acima 380 realizadas em imagens arquivadas em
formato digital para os fins desta pesquisa, conforme Formulario De Consentimento Livre E
Esclarecido ja aprovado no Comitd de Etica em Pesquiza da UNICAMP (parecer N 1158/2009).

Desta forma_ solicitamos dispensa de solicitagio de novo Termo de Consentimento Livre e
Esclarecido.

Sem mais no momento, agradeco vossa atencdo e subscrevo-me,

Prof Dir. Fernando Cendes,

Departamento de Neurologia,

Coordenador do Laboratorio de Neuroimagem;
Faculdade de Cigncias Médicas

UNICAMP

Faculdade de ClEnclas Médicas - Cldade Universitaria “Zeferno Vaz® - Distrito ge Bardo Geraldo -
Campinas - 3P - Brazll - CEP 13081-870 - C. P. 6111 - Tel: 55 (018) 238-7290 Fax {013) 233-3114
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alba, FACULDADE DE CIENCIAS MEDICAS
ANWS, COMITE DE ETICA EM PESQUISA

® www.fem.unicamp.br/pesquisa/etica/index.html

UNIDAMP

CEP, 01/03/10
(Grupo I1I)

PARECER CEP: N° 1158/2009 (Este n° deve ser citado nas correspondéncias referente a este projeto)
CAAE: 0893.0.146.000-09

1- IDENTIFICACAO:

PROJETO: “ANALISE DA RELACAO ENTRE EXPRESSAO DE VIAS
INFLAMATORIAS SISTEMICAS, EPILEPTOGENESE E ATROFIA CEREBRAL NAS
EPILEPSIAS PARCIAIS”.

PESQUISADOR RESPONSAVEL: Fernando Cendes

INSTITUICAO: Hospital das Clinicas/UNICAMP

APRESENTACAO AO CEP: 02/12/2010

II - OBJETIVOS

Desenvolver um estudo multidisciplinar em epilepsia parcial em larga escala, com outras
institui¢des de pesquisa brasileira com um grande niimero de pacientes que apresenta epilepsia
de tipo parcial, para analisar caracteristicas clinicas, de imagem e perfil inflamatério. A
investigagdio pretende captar as relagdes entre caracteristicas clinicas, de imagem e marcadores
de inflamagfo no sangue, chamados citosinas.

III - SUMARIO

Trata-se de um estudo prospectivo com inclusdo de pacientes com epilepsia submetidos a
tratamento clinico e cirtrgico. Para fins de controle, individuos assintomadticos, sem doengas
clinico-neurolégicas, pareados por género e idade, serdo convidados a participar de uma
avaliagdio clinica e posterior dosagem de marcadores plasmaticos e enxame de neuroimagem.
Serdo incluidos no estudo 350 pacientes acima de 12 anos, com diagndstico clinico e
eletroencefalico de Epilepsia focal temporal ou extratemporal, ELT: RM com atrofia hipocampal
unilateral ou bilateral, evidéncias de patologia estrutural (tumores; lesGes vasculares, gliose), ou
sem alteragGes a analise visual. Os pacientes serdo recrutados nos Ambulatérios de Epilepsia do
Hospital das Clinicas/UNICAMP. Os controles serdo recrutados entre funcionarios (e seus
familiares) da Universidade. Os pacientes serdo submetidos ao tratamento cirtirgico conforme
rotina de servigo. Serfio acompanhados de eletrocorticografia e estimulagdo cortical quando
necessarias. As cirurgias serfio realizadas pela equipe de Cirurgia de Ipilepsia e o tecido
histologico analisado. O tempo de observagdo de cada paciente serd de 12 a 48 meses.

IV - COMENTARIOS DOS RELATORES

Projeto com formulagdo adequada. O Termo de Consentimento Livre e Esclarecido esta
bem redigido. E necesséario esclarecimento em relagdo as criangas entre 12-18 anos que
participardo do projeto. Adequagdo do Termo de Consentimento Livre e Esclarecido para
assinatura do responséavel do menor. Na Folha de Rosto/CONEP, onde constam os dados da

Comité de Etica em Pesquisa - UNICAMP
Rua: Tessdlia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX (019) 3521-7187

13083-887 Campinas—SP cep@fem.unicamp.br




4TPa FACULDADE DE CIENCIAS MEDICAS
& : COMITE DE ETICA EM PESQUISA

® www.fem.unicamp.br/pesquisa/etica/index.html
instituigdo onde serdo coletados os dados, estd escrito que este projeto ndo € multicéntrico, mas
na descricdio do mesmo o pesquisador coloca o projeto como multidisciplinar e inter-

institucional. Solicita-se esclarecimento do pesquisador. A Folha de Rosto/CONEP deve ser
assinada pelo superintendente do Hospital das ClinicassrUNICAMP e ndo pelo Diretor da FCM.

V - PARECER DO CEP
O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, de
acordo com as atribui¢des definidas na Resolugdo CNS 196/96 e suas complementares,

manifesta-se por aguardar o atendimento as questdes acima para emiss3o do seu parecer final.

SITUACAO: projeto com pendéncias

v * As pendéncias deverio ser respondidas preferencialmente no prazo de 10 dias, a
partir da data de envio pelo CEP/FCM.

v A resposta deve ser encaminhada pelo Protocolo da FCM em envelope fechado e
acompanhado por fora do Formuldrio de Encaminhamento de Outros Documentos,
disponivel no sife do CEP.

v Projetos de Grupo II e III deverio vir em 01 via e de Grupo I em 02 vias.

* Quando apos 60 dias de ter recebido um parecer pendente, o pesquisador ndo se
manifestar quanto aos quesitos apresentados pelo CEP em seu parecer o projeto serd considerado
retirado e posteriormente havendo interesse, devera ser apresentado novo protocolo e reiniciado
o processo de registro (Res. CNS 196/96).

O conteudo e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e n#o representam a opinido da Universidade Estadual de Campinas nem
a comprometem.

VI - DATA DA REUNIAO
II Reunido Ordinéria do CEP/FCM, em 23 de fevereiro de 2010.
: ZU,L-LL A

Prof. Dr. Carlos Eduardo Steiner
PRESIDENTE DO COMITE DE ETICA EM PESQUISA

FCM/UNICAMP
Comitt de Etica em Pesquisa - UNICAMP
Rua: Tessélia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX  (019) 3521-7187
13083-887 Campinas — SP cep@fem.unicamp.br
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ANEXO 2: TERMO DE CONSENTIMENTO LIVRE ESCLARECIDO
FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pdgina 1 de 3

Titulo do projeto: A Neuroimagem nas Epilepsias
Investigador principal: Dr. Fernando Cendes
OBJETIVO DA PESQUISA:

Eu entendo que fui convidado
(a) a participar em um projeto de pesquisa envolvendo pacientes com epilepsia. O objetivo geral do
estudo é o de determinar a utilidade da Imagem e Espectroscopia por Ressonancia Magnética para
identificar e quantificar alteracbes estruturais e metabdlicas do sistema nervoso central. A
identificacdo e quantificacdo dessas anormalidades no cérebro, pode eventualmente melhorar o
diagndstico e levar a um melhor tratamento dessa doenca. As informacdes médicas a meu respeito
gue forem obtidas para esse estudo, poderdo ser compartilhadas com outros pesquisadores que
trabalham com epilepsia. Podendo assim ser utilizadas eventualmente para outros fins de pesquisa
sobre as epilepsias. O sigilo serda mantido em todos os estudos colaborativos através da utilizacdo de
um numero de cédigo para a identificacdo dos individuos participantes.

A ressondncia magnética é uma técnica capaz de produzir imagens de alta qualidade e
resolucdo (nitidez) anatémica, assim como informacdes sobre a bioquimica dos tecidos. A ressonancia
magnética produz imagens em cortes que sdo parecidos com as imagens produzidas pela tomografia
computadorizada, porém com maior resolucdo (nitidez) e sem a exposicdo aos raios X. Essas imagens
também irdo produzir informacdes bioquimicas que serdo Uteis para melhor definicdo do diagndstico
e tratamento. O objetivo principal desse estudo é determinar a importancia dessas informacdes

bioquimicas e estruturais.

PROCEDIMENTO:

Eu entendo que se concordar em participar desse estudo, os pesquisadores participantes fardo
perguntas a respeito dos meus antecedentes médicos e de minha familia. Eu serei submetido a um
exame fisico neuroldgico para estabelecer meu estado clinico. Além disso, poderei ser submetido a um
eletroencefalograma (EEG) além dos exames de ressonancia magnética. Hospitalizagdo ndo serd
necessaria.

O procedimento de ressondncia magnética é semelhante a uma tomografia. Eu fui informado que eu serei
colocado em uma maca e serei movido lentamente para dentro do aparelho de ressonancia magnética.
Um alto falante dentro do campo magnético possibilita a minha constante comunicacdo com as pessoas
responsaveis pelo exame. Durante todo o tempo o pessoal médico e paramédico pode me ver e ouvir, e
eu posso ser removido(a) se for preciso. O procedimento pode durar entre 45 a 90 minutos. Durante a
primeira parte do exame eu irei ouvir ruidos, tipo marteladas, por alguns minutos enquanto o aparelho

faz as imagens do meu cérebro. O restante do exame serd relativamente silencioso.
VANTAGENS:

Eu entendo que ndo obterei nenhuma vantagem direta com a minha participagao nesse estudo e que
o meu diagndstico e o meu tratamento provavelmente ndo serdo modificados. Contudo, os resultados
desse estudo podem, a longo prazo, oferecer vantagens para os individuos com epilepsia,
possibilitando um melhor diagndstico e um tratamento mais adequado. Os resultados do meu exame
de ressonancia magnética ficardo a disposicdo dos médicos responsaveis pelo meu tratamento, e
poderado ser Uteis no futuro.
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pdgina 2 de 3

Titulo do projeto: A neuroimagem nas epilepsias parciais.
Investigador principal: Dr. Fernando Cendes

RISCO E DESCONFORTO:

O Unico desconforto relacionado a este exame é o ruido intermitente durante os primeiros 15
minutos. Depois disso o ruido serd muito menor. O pessoal técnico providenciara tapa-ouvidos para me
deixar mais confortavel.

Uma das principais vantagens da ressonancia magnética e que esta ndo utiliza raios X ou outro tipo de
radiacdo ionizante, ao contrario de outros tipos de exame radiolégicos. As imagens sdo obtidas gracas a
um campo magnético (ima), um transmissor e receptor de ondas de radio e um computador que é
utilizado para obter as informacgées bioquimicas e imagens da anatomia interna. Nao existem efeitos
nocivos associados com a ressonancia magnética dentro das condi¢Ges utilizadas atualmente.

REQUERIMENTOS

E muito importante informar aos médicos(as) e técnicos(as) caso eu tenha um marca-passo
cardiaco, um clipe de cirurgia para aneurisma cerebral ou qualquer outro objeto metdlico em meu
corpo, que tenha sido implantado durante uma cirurgia ou alojado em meu corpo durante um acidente,
pois estes podem parar de funcionar ou causar acidentes devido ao forte campo magnético que funciona
como um ima muito forte. Eu também devo remover todos os objetos metdlicos que estiverem comigo
(reldgio, canetas, brincos, colares, anéis, etc), pois estes também podem movimentar ou aquecer dentro
do campo magnético.

SIGILO:

Eu entendo que todas as informagdes médicas decorrentes desse projeto de pesquisa farao
parte do meu prontuario médico e serdo submetidos aos regulamentos do HC- UNICAMP referentes
ao sigilo da informagdao médica. Se os resultados ou informagdes fornecidas forem utilizados
para fins de publicacdo cientifica, nenhum nome sera utilizado.

FORNECIMENTO DE INFORMACAO ADICIONAL:

Eu entendo que posso requisitar informacgdes adicionais relativas ao estudo a qualquer
momento. O Dr. Fernando Cendes, tel (019) 3521-9217 estara disponivel para responder minhas
questdes e preocupagdes. Em caso de recurso, duvidas ou reclamagdes contactar a secretaria da
Comiss3o de Etica da Faculdade de Ciéncias Médicas-UNICAMP, tel. (019) 3521-7232.

RECUSA OU DESCONTINUACAQ DA PARTICIPAGAO:

Eu entendo que a minha participacdo é voluntaria e que eu posso me recusar a participar ou
retirar meu consentimento e interromper a minha participacao no estudo a qualquer momento sem
comprometer os cuidados médicos que recebo atualmente ou receberei no futuro no HC- UNICAMP.
Eu reconhego também que o Dr. Fernando Cendes pode interromper a minha participacdo nesse
estudo a qualquer momento que julgar apropriado.
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FORMULARIO DE CONSENTIMENTO PARA PESQUISA MEDICA, Pdgina 3 de 3

Titulo do projeto: A neuroimagem nas epilepsias parciais.

Investigador principal: Dr. Fernando Cendes

Eu confirmo que o(a) Dr(a).

me explicou o objetivo do estudo, os procedimentos aos quais serei submetido e os riscos, desconforto
e possiveis vantagens advindas desse projeto de pesquisa. Eu li e compreendi esse formulario de

consentimento e estou de pleno acordo em participar desse estudo.

Nome do participante ou responsavel

Assinatura do participante ou responsdvel data

Nome da testemunha

Assinatura da testemunha data

RESPONSABILIDADE DO PESQUISADOR:

Eu expliquei a o objetivo do

estudo, os procedimentos requeridos e os possiveis riscos e vantagens que poderao advir do estudo,
usando o melhor do meu conhecimento. Eu me comprometo a fornecer uma cépia desse formulario

de consentimento ao participante ou responsavel.

Nome do pesquisador ou associado

Assinatura do pesquisador ou associado data
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