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Resumo

A enxaqueca hemiplégica familiar (FHM) é uma forma rara, autossdémica
dominante, de enxaqueca com aura. Os critérios de diagnostico exigem que a
aura inclua um défice motor e pelo menos outro sintoma neurolégico transitorio,
e que episodios idénticos ocorram pelo menos num familiar. A FHM tem um
fendtipo extremamente variavel, que pode incluir episédios neurolégicos (coma,
convulsbes e outros) e sintomas permanentes (ataxia cerebelosa, atraso
cognitivo). O traumatismo craniano banal é um fator precipitante frequente. Trés
tipos de enxaqueca hemiplégica familiar (FHM-1, FHM-2, FHM-3) tém sido
associados a mutacdes em genes (CACNAITA, ATPIA2 e SCNIT1A) que codificam
para proteinas envolvidas na excitabilidade neuronal.

O nosso conhecimento sobre FHM tem fragilidades no que respeita a
epidemiologia, espectro fenotipico, relacio com o genétipo, enviesamentos de
selecio e de memoria. Ademais, ha contradicoes em relacdo ao predominio de
género, duracao dos episddios, incongruéncias semioldgicas, prevaléncia da
ataxia, fronteiras clinicas. Finalmente permanecem areas de incerteza em temas
como heritabilidade, penetrancia, antecipacdo, significado dos esporadicos,
novos genes e mutacoes, e adequacao dos critérios de diagnodstico.

O objetivo geral do trabalho foi o desenvolvimento de uma parte do material
clinico e genético acumulado, procurando consolidar o conhecimento e contribuir
para a discussdo dos aspetos frageis, contraditorios ou incertos.

Os doentes e familias tiveram proveniéncias na Consulta de Cefaleias do Hospital
de Santo Antonio e no Rastreio de Ataxias Hereditarias em Portugal. Os estudos
genéticos foram realizados no Instituto de Biologia Molecular e Celular. A maioria
das familias incluidas foi seguida durante longos periodos. Os resultados estao
em forma de dez artigos cientificos que foram publicados, ou que estao a ser
preparados. Estes trabalhos apresentam dados epidemiolégicos decorrentes do
rastreio de ataxias hereditarias, estudos clinicos e genéticos de familias
portuguesas com enxaqueca hemiplégica e doentes com sindromes relacionadas.
Em Portugal e na Dinamarca, a FHM com ataxia cerebelosa é rarissima, com
muitos doentes monossintomaticos (ataxicos), sem paroxismos. Por isso, as
mutacdes no gene CACNAITA deverdo ser consideradas nos doentes com ataxia
cerebelosa pura criptogénica. Os sintomas da FHM surgem na infancia, mas as
idades de inicio dos sintomas dum fenotipo complexo sao tendencialmente

divergentes. Na FHM-1 a heterogeneidade de idade inicio foi enorme.
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Os sintomas da FHM surgem na infancia, mas as idades de inicio dos diferentes
sintomas dum fenotipo complexo sao tendencialmente divergentes. Na FHM-1 a
heterogeneidade de idade inicio foi enorme, a semelhanca da sua diversidade
fenotipica. Nao ha predominio de género em estudos sistematicos e prolongados
em grandes familias com FHM.

O estudo das familias portuguesas ajudou a melhorar a definicao fenotipica da
FHM, através da confirmacao de aspetos particulares de descricoes anteriores ou
de detalhes inéditos. A articulacdo com a investigacdo molecular permitiu-nos a
descricao original das duas mutacdes (R1347Q no gene CACNAITA e L263V no
gene SCNTA) e a confirmacdao da natureza patolégica de outras duas (R583Q no
gene CACNATA e M731T no gene ATPIA2).

Em cada uma das familias houve particularidades. Nas duas familias FHM-1 a
ataxia cerebelosa foi um fenétipo mais frequente do que a aura motora. Na FHM-
2 encontramos sintomatologia psicética incorporada na aura. Numa das FHM-3,
enxaqueca e epilepsia, em coocorréncia independente, segregaram com a
mutacao, mas noutra familia com o mesmo gendétipo nenhum doente teve crises
epiléticas. Na familia, com diversas formas de enxaqueca e sem mutacao
conhecida, encontramos divergéncia entre gémeas monozigdticas e auras
neuropsicolégicas raras. Houve casos de auras motoras exclusivamente crurais e
de CADASIL a satisfazer critérios da enxaqueca hemiplégica esporadica.

Algumas caracteristicas foram partilhadas por mais do que uma familia. As
incongruéncias de lateralidade topograficas de auras e cefaleias sugerem um
atingimento encefalico assimétrico, desigual e eletivo, porém bilateral.
Traumatismo craniano banal foi um fator precipitante comum de paroxismos. A
penetrancia foi modesta para a aura motora, mas completa se aceitarmos
quaisquer combinacdes sindromaticas. Os doentes destas familias apresentaram
muitas divergéncias fenotipicas, apesar da partilha genética e ambiental. A
heritabilidade, os fatores enddégenos e o ambiente terdo contribuicdes relativas
na formacao dos fenétipos, para ja dificeis de medir e sistematizar.

Os critérios de diagnostico da International Headache Society para a FHM ndo se
adequam a diversidade e plasticidade da FHM. A ataxia cerebelosa e sintomas
complexos deveriam aceitar-se como critérios, em equidade com as paresias. A
expressao enxaqueca hemiplégica nao devera ler-se de forma literal.

Os individuos suspeitos de FHM deverao ser observados, por mais do que um
neurologista e em tempos diferentes. Recomenda-se também a observacao clinica

de longo prazo.
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Abstract

Familial hemiplegic migraine (FHM) is a rare autosomal dominant form of
migraine with aura. Diagnostic criteria require the presence of a reversible motor
deficit associated with at least one other transient neurological symptom, and
identical episodes in at least one relative. FHM has a remarkably variable
phenotype, which may include neurological episodes (coma, seizures or others)
and permanent symptoms (cerebellar ataxia, cognitive decline). Minor head
trauma is frequently reported as a trigger. Three types of familial hemiplegic
migraine (FHM-1, FHM-2 and FHM-3) have been associated with mutations in
genes encoding proteins involved in neuronal excitability, CACNATA, ATP1A2 and
SCNITA.

Our understanding of FHM is limited with regard to the epidemiology, phenotypic
spectrum, genotype-phenotype relationships and selection and memory biases.
Furthermore, there is contradicting evidence regarding gender predominance, the
duration of episodes, semiologic incongruities, prevalence of ataxia and migraine
boundaries. Finally, areas of uncertainty remain to be addressed, including
questions related to heritability, penetrance, anticipation, sporadic patients, new
genes and mutations and the reliability of the diagnostic criteria.

This projected was designed to provide an analysis of the clinical and genetic
data collected this far. An effort was done to consolidate knowledge and
contribute to the discussion of weak, contradictory or unreliable findings.
Patients and families included were selected from the Headache Outpatient Clinic,
Hospital de Santo Anténio and the Survey of Hereditary Ataxias in Portugal.
Genetic studies were done at Instituto de Biologia Molecular e Celular,
Universidade do Porto. Most of these families were followed up for a long period
of time.

We discuss ten scientific papers that have been published or are in process of
publication. Some papers present epidemiological data from the survey of
hereditary ataxia, others are new genetic and clinical studies of Portuguese
families with hemiplegic migraine and patients with related disorders.

In Portugal and Denmark, FHM with cerebellar ataxia is extremely rare, with many
patients being monosymptomatic (ataxic), without paroxysms. Therefore
mutations in CACNATA gene should be considered in patients with cryptogenic
pure cerebellar ataxia. FHM symptoms often arise during childhood, but the age-

of-onset of the different symptoms of a complex phenotype tends to be
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divergent. FHM-1 presents extreme variation in age-of-onset and considerable
phenotypic diversity. No predominance of gender has been reported in systematic
and prolonged studies in large families.

Studies of Portuguese families have helped to define the phenotype by confirming
previous reports or providing previously unreported details. Molecular
investigations have allowed for the description of two original mutations (R1347Q
in the CACNATA gene and L263V in the SCNTA gene) and confirmation of the
pathogenicity of two other (R583Q in the CACNATA gene and the M731T in the
ATPIAZ gene).

All of the studied families exhibited unique features. In FHM-1, the cerebellar
ataxia phenotype was more frequent than motor aura. In FHM-2, we found
psychotic symptoms associated with aura. In FHM-3, migraine and epilepsy
symptoms occur together and have segregated with the mutation, but in one
other family with the same genotype, none of the patients had seizures. In a
family with several forms of migraine but without any known mutation, we found
differences among monozygotic twins with rare neuropsychological auras. There
have been single cases of solely crural motor aura and CADASIL that meet the
diagnostic criteria for sporadic hemiplegic migraine.

Some traits are shared by more than one family. Inconsistencies in the laterality
of aura and headache suggest an asymmetric, uneven and elective, though
bilateral, brain involvement. Trivial head trauma was a frequent precipitating
fator of paroxysms. Penetrance of motor aura was low but complete if we accept
any syndromic combination. Patients showed many phenotypic differences,
despite sharing genetic and environmental influences. Heritability, as well as
endogenous and environmental factors contributed to the genesis of phenotypes.
Notwithstanding, for the time being, these factors are difficult to measure and
systematise.

The International Headache Society diagnostic criteria are not well suited for the
diversity and plasticity of FHM. Cerebellar ataxia and complex paroxysmal
symptoms should be accepted as diagnostic criteria, equivalent to motor aura.
The term hemiplegic migraine should not be interpreted literally.

Individuals suspected of having FHM should be observed by more than one

neurologist at different times. We also recommend long-term clinical observation.
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| CAPITULO |

Introducao

1. Prefacio

A importancia da histéria familiar na enxaqueca é bem conhecida, podendo
dever-se a fatores genéticos e epigenéticos, mas também ao ambiente, a
educacdo e ao meio cultural. A investigacdo em enxaqueca hemiplégica familiar
foi o maior impulso de sempre no conhecimento da hereditariedade em cefaleias.
Interessei-me  especialmente pela enxaqueca hemiplégica familiar por
circunstancias e acasos.

Trabalho ha mais de vinte anos com o Prof. Pereira Monteiro e a enxaqueca foi
sempre o nosso principal interesse clinico, formativo e de investigacao.

Conheci o trabalho pioneiro do grupo da Prof. Marie-Germaine Bousser em
enxaqueca hemiplégica familiar e CADASIL, durante um estagio no Hopital de
Saint-Antoine (Paris). Ndo tive a percecdao imediata da importancia futura do que
via, nesse decisivo ano de 1995. No entanto, percebi logo que ali era o trabalho
clinico bem feito que tracionava a investigacao genética.

Regressado, participei no rastreio de ataxias hereditarias em Portugal, um projeto
de longa duracao coordenado pela Prof. Paula Coutinho. Em trabalho de campo,
observamos quatro doentes trazidos pelo desequilibrio, mas com outras histérias
para contar. Nos meses e anos seguintes, fomos compondo a maior e mais
variada arvore de uma familia com enxaqueca hemiplégica familiar, com doentes
espalhados por diversos paises. A sua descricdo clinica e genética despertou
interesse e foram-nos aparecendo novas familias.

Desde 2003, o Centro de Estudos de Cefaleias tem desenvolvido trabalhos
também em formas comuns de enxaqueca, com énfase em fatores de
suscetibilidade.

As equipas da UnlGENe e do CGPP do Instituto de Biologia Molecular e Celular da
Universidade do Porto estiveram connosco em todos os trabalhos, sob a
coordenacao do Prof. Jorge Sequeiros.

A epidemiologia da enxaqueca hemiplégica familiar continua desconhecida e as
descricdes clinicas mantém muitos pontos fracos. A sorte de ter trabalhado
nestas encruzilhadas deu-me a obrigacdo de tentar melhorar a definicao clinica

da doenca. E isso tem sido um gosto, a tender mesmo para o deslumbramento.
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2. Revisao do conhecimento

2.1. Enxaqueca

Definicao e clinica

A enxaqueca é uma doenca cronica paroxistica, definida por cefaleias
hemicranianas, pulsateis, intensas, exacerbadas por esforcos fisicos,
acompanhadas por nauseas, vomitos e fonofotofobia, com duracdo entre quatro
horas e trés dias."! Os conhecimentos sobre enxaqueca estiao documentados
desde a antiguidade,? tendo tido uma expansao notavel nas ultimas décadas.**

A enxaqueca afeta 15% dos adultos,”” sendo a prevaléncia inferior a 10% na
infancia, aumentando na adolescéncia e juventude, e atingindo o pico aos 40
anos (20% das mulheres e 10% dos homens).”® Em 2012, a Organizacao Mundial
de Saude incluiu a enxaqueca entre as sete doencas que mais contribuem para os
anos vividos com incapacidade (YLD) pela populacdao mundial.®>?

Algumas pessoas (4,4% de todos os adultos e 1,6% das criancas)’” apresentam
enxaqueca com aura (MWA), caracterizada por sintomas neuroldgicos transitérios
focais, totalmente reversiveis, localizaveis ao cortex ou ao tronco cerebral.” A
maioria tem sintomas visuais, sensitivos ou afasia (enxaqueca com aura tipica);
raros apresentam manifestacdes bi-hemisféricos ou do tronco cerebral
(enxaqueca basilar) ou sintomas motores (enxaqueca hemiplégica).' Cada um dos
sintomas alastra gradualmente, em 5 a 20 minutos. Convencionou-se que a aura
dura menos de uma hora,' mas pode permanecer mais tempo."

Os critérios de diagnoéstico das diversas formas de enxaqueca integram a 22
edicao da classificacao internacional de cefaleias (ICHD-2). Os textos integrais

estdo livremente acessiveis em http://ihs-classification.org/en/ (inglés) e em

http://spneurologia.com/ (portugués).

Os tipos de enxaqueca foram definidos por critérios focados nas cefaleias, nos
sintomas acompanhantes e na aura. Os critérios sdo pouco sensiveis as
variedades clinicas, as singularidades individuais e a caprichosa evolucao ao
longo da vida.® Emerge atualmente um grande interesse pelos sintomas
premonitérios,'? pelas dificuldades cognitivas, laborais ou sociais subsequentes a
cefaleia e pela alodinia (dor inesperada despertada por estimulacao tactil ou
movimentos cefalicos).'' Individuos com alodinia tém um limiar desencadeante

reduzido e uma resposta exacerbada a fatores precipitantes.”® A sequéncia
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classica de fases (préodromos, aura, cefaleias e posdromos) tem evoluido para
uma perspetiva dindmica marcada por sintomas concomitantes ou alternados,

totalmente ou em parte.'”

Fisiopatogenia

A enxaqueca é uma doenca neuronal*'® assente numa suscetibilidade genética
complexa.””?" O estado de hiperexcitabilidade cerebral tornara alguns individuos
propensos a ocorréncia de crises.”*” No entanto, ndao ha sintomas entre os
episodios, sugerindo mecanismos biolégicos peridédicos. Sabemos que outras
doencas paroxisticas, sensiveis a fatores precipitantes, devem-se a alteracdes
ionicas*?* e que leves alteracdes nos canais induzem desequilibrios importantes
nos niveis de excitabilidade neuronal*® e glial.?”*® Assim, a enxaqueca é uma
verosimil canalopatia neuronal.

A fisiopatologia das crises assenta na depressao cortical alastrante (que explica a
aura) e na inflamacao neurogénica do sistema trigémino-vascular (que explica as
cefaleias). Além destes conceitos principais, ha dados sugestivos da ignicdo das
crises no tronco cerebral, sendo a informacdo ai gerada modulada ao longo da
formacao reticular.®®*** As conexbes entre os trés mecanismos sdo ainda

modestamente compreendidas.

Depressado cortical alastrante

A depressdo cortical alastrante (CSD) é aceite como o mecanismo neuronal das
auras.*® Em 1873 Liveing descreveu a progressao lenta dos sintomas da aura da
enxaqueca.’® Em 1941 Lashley desenhou as suas proprias auras visuais e calculou
a velocidade de processamento do cortex occipital em 3mm/minutos.* Trés anos
mais tarde, Ledo descreveu a depressdao cortical alastrante, uma onda de
despolarizacdo que se propaga no cortex cerebral a velocidade de 3 a 6 mm/
minuto, induzindo uma interrupcdo transitoria da atividade neuronal. Este
fendmeno experimental ndao depende das estruturas vasculares. Em 1981 Olesen
documentou a hipoperfusdao alastrante durante a aura, paralela e comparavel a
depressao cortical alastrante.*** Esta reducao do fluxo sanguineo cerebral tem
inicio occipital e progressao anterior, lenta, por contiguidade, desrespeitando as
fronteiras dos territérios vasculares e tendendo a poupar as areas motoras.***3 A
hipoperfusao traduz uma disfuncdao metabodlica neuronal responsavel pelos
sintomas da aura. O inicio occipital e o predominio de auras visuais explicam-se

pela suscetibilidade particular das células gliais do cértex occipital. O
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desenvolvimento da depressao cortical alastrante em encéfalos suscetiveis pode
ser favorecido (genes, estrogénios) ou frenado (androgénios, farmacos

profilaticos).**

Inflamacdao neurogénica trigémino-vascular

Sdo poucas as estruturas intracranianas capazes de gerar sinais nociceptivos
(nervos, vasos meningeos e da base do cranio). Provavelmente as cefaleias serao
geradas a partir da inflamacao das paredes dos vasos. A enervacao nociceptiva
dos vasos meningeos é garantida pelo sistema trigémino-cervical, composto por
fibras do ramo oftalmico do nervo trigémio e da raiz de C2. As terminacdes
trigeminais perivasculares serdao ativadas, de modo ainda algo enigmatico,
levando a libertacdo de neuropeptideos vasoativos, culminado numa cascata
algdgena: extravasamento de proteinas plasmaticas, desgranulacao mastocitaria,
vasodilatacao, libertacdao de citoquinas e outros mediadores pré-inflamatoérios. Os
estimulos nociceptivos sao transmitidos ao nucleo no nervo trigémio, ao talamo e
ao cortex cerebral. Ao nivel do tronco cerebral, o trigémio ativa fibras
parassimpaticas destinadas a vasos meningeos, que libertam substancias
vasodilatadoras, mantendo a inflamacao peri-vascular.*® Demonstrou-se em
modelos animais que a CSD pode desencadear a cascata da inflamacao

neurogénica,* mas esta hipotese é controversa em humanos.>”3®

Suscetibilidade genética

A enxaqueca é uma doenca genética com modulacao ambiental.?*3°* Metade dos
individuos com enxaqueca tém um familiar direto afetado.*” Em estudos
populacionais, demonstrou-se um risco triplo de enxaqueca em familiares de
probandos,” sendo superior na MWA.*** Por analise de segregacdo nao se
encontrou uma hereditariedade mendeliana para as formas comuns,” mas o
padrao de transmissdao pode ser camuflado pela baixa penetrancia e pela
variabilidade.

A taxa de concordancia de enxaqueca em pares de gémeos monozigo6ticos é
alta,***” provavelmente dupla da encontrada em dizig6ticos.*®** Na populacao
geral os fatores genéticos e ambientais tém influéncia idéntica;*” uma meta-
analise confirmou que a heritabilidade da enxaqueca é de 50%.°° Em
contracorrente, um estudo ndo encontrou diferencas entre gémeos separados,

desvalorizando a influéncia ambiental a favor da genética.”
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Os estudos sao dificultados pela coexisténcia de diferentes formas de
enxaqueca.” Enxaqueca sem aura e enxaqueca com aura serdao os extremos de
uma doenca ou entidades distintas? A coexisténcia de ambas é igual**** a que se
esperaria do produto da sua ocorréncia separada, sugerindo que sejam entidades
diferentes. Contudo, num estudo a coexisténcia foi superior ao esperado® e a
coocorréncia acompanhou-se de sintomas mais complexos.”> Um trabalho em
gémeos australianos, estratificando os sintomas em trés classes de
complexidade, sugeriu que sao entidades da mesma natureza;*® os resultados
foram replicados em gémeos holandeses.’” Identificou-se um Jlocus no
cromossoma 4q para as duas formas de enxaqueca,*®**® podendo tratar-se de um
gene unificador ou apenas de dois genes vizinhos. Sera provavelmente prudente
tratar os dados separadamente nos estudos genéticos sobre as duas formas de
enxaqueca.'

Nos dudltimos dois anos, os estudos de associacdo pan-genémica (GWAS)
permitiram a identificacao de loci de suscetibilidade em formas comuns de

enxaqueca, abrindo perspetivas de desenvolvimento inteiramente novas*'.

A forma monogénica como modelo

Um meio de desvendar os mecanismos moleculares e descobrir genes em
doencas de hereditariedade complexa é estudar os subtipos monogénicos da
mesma doenca.?’ A genética da enxaqueca adquiriu dimensdao nas ultimas
décadas, através do estudo da enxaqueca hemiplégica familiar (FHM), uma forma
monogénica, modelo das formas comuns.®® Muitos centros de estudos de
genética da enxaqueca desenvolvem trabalho nas formas comuns, mas dedicam
uma linha de investigacao especifica a FHM. No Porto temos investigado as
formas comuns de enxaqueca, com énfase nos fatores de suscetibilidade,®*° e
principalmente os aspetos clinicos e genéticos da forma monogénica, a que

respeita esta dissertacao.®””
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2.2. Enxaqueca Hemiplégica Familiar

Definicao, classificacao e nomenclatura

A enxaqueca hemiplégica familiar (FHM) é uma variedade de enxaqueca com aura
(MWA), de transmissdao autossémica dominante, com grande heterogeneidade
semioldogica e genética. A FHM tem muitas caracteristicas comuns a MWA,
apresentando como particularidades a incorporacdao de algum grau de paresia na
aura e um familiar, em 1° grau ou em 2° grau, com fendtipo idéntico. A aura
devera incluir pelo menos mais um sintoma neurolégico focal transitério (visual,
sensitivo ou afasia), de instalacao gradual e duracao até 24 horas. A cefaleia tera
caracteristicas idénticas as da enxaqueca sem aura (MoA), iniciando-se nos
primeiros 60 minutos da crise. A historia, o exame fisico e neurologico deverao
excluir a hipdtese de etiologia estrutural, podendo excecionalmente recorrer-se a
exames complementares.’

A semiologia neuroldgica especifica da FHM pode sistematizar-se em trés grupos:
aura pura, classica; episédios complexos, destacando-se o coma e as convulsodes;
sindromes neurolégicas permanentes, como a ataxia cerebelosa e o atraso
mental.

Foram descritos trés tipos de FHM (FHM-1, FHM-2 e FHM-3), associados a
mutacdes nos genes CACNAITA,® ATPIAZ2”7 e SCNTA.”® Recentemente, mutacoes
no gene da proteina PRRTZ2 foram identificadas como causas de sindromes
paroxisticas complexas, incluindo FHM.”?*' No entanto, ndo se encontraram genes
mutados na maioria dos doentes com FHM.®*% As relacdes genotipo-fendtipo sao

débeis, embora haja algumas mutacées com comportamento previsivel.®

Historia

O conhecimento clinico e genético da enxaqueca hemiplégica é recente. Até ao
final de 2012 foram indexados na base Pubmed™ 349 artigos com a expressao
hemiplegic migraine incorporada no titulo, sendo 66% ja no século XXI,
representando mais de 3% do total de publicacdes sobre enxaqueca.

Ha 140 anos Liveing fez a descricdo inaugural da enxaqueca hemiplégica e a
primeira familia foi apresentada por Clarke em 1910.3"% Nenhum outro artigo foi
publicado até 1953. Nesse ano, Whitty descreveu um caso de enxaqueca com
aura motora e alteracdes da vigilia prolongadas.®*® Nas décadas seguintes deu-se
relevo a sintomas neurologicos permanentes na FHM.*”® Em 1985 foi descrita

ataxia e atrofia cerebelosa numa familia com paroxismos complexos e coma.®

26



CAPITULO I | Introducéo

Meses depois despertou-se para a importancia do traumatismo craniano banal
como fator precipitante.®® Em 1993 a FHM foi associada ao um Jocus do
cromossoma 19p13, o que levaria ao gene CACNAIA (FHM-1).* Em 1995
comecou o0 Unico estudo de base populacional, na Dinamarca.®®° Dois anos
mais tarde, foram descritas crises epiléticas focais concomitantes com auras de
FHM.** Em 2003 descobriu-se o gene ATP1IA2 (FHM-2)”” e surgiram os primeiros
ratos transgénicos com uma mutacao no gene CACNAITA.* Em 2005 foi
identificado o gene SCNT1A.”® Recentemente surgiram modelos transgénicos FHM-
2% e foram descritas mutacdes no PRRT2, o primeiro gene nao iénico associado a
FHM.®#!

Epidemiologia

A FHM é muito rara, desconhecendo-se a ordem de grandeza da sua prevaléncia.
O conhecimento desenvolveu-se com base em familias selecionadas, desde a
descricao inaugural®* até hoje.”” O Unico estudo de base populacional,®®®'
estimou uma prevaléncia de 2,8/10° para as formas claramente familiares (147
doentes de 44 familias dinamarquesas).®® A prevaléncia de casos isolados foi
ligeiramente inferior (2/10°). %2 Constatou-se predominio do género feminino em
familias selecionadas (cerca de 1:3)%92°%9 @ mesmo no estudo populacional.®®

A coexisténcia de episédios de FHM e de MWA tipica dificulta o diagnéstico. O
risco relativo de MWA é cerca de sete vezes mais elevado em individuos com
FHM. ¢ Ha portadores de mutacdes que nunca tiveram auras motoras, mas tém
MWA % provavelmente uma expressao fruste ou incompleta de FHM. Ao contrario,
as alteracdes sensitivas negativas da MWA podem ser interpretadas erradamente
como paresias ou afasias, originando falsos casos de enxaqueca hemiplégica
esporadica (SHM).*°

Clinica

A FHM surge tendencialmente no final da infancia®® ou na adolescéncia,® mas ha
grandes variacoes de idade de inicio (do lactente® % ao idoso'®).

A frequéncia varia entre dois episédios ao longo da vida'® e cinco por semana.'®
Os dados sobre a frequéncia média sao divergentes. Ha autores a sugerir duas
crises por ano®'% e outros a afirmar que a frequéncia é semelhante a encontrada
na MWA. % Qs episddios diminuem com a idade,*®'” dando lugar a fenoétipos
atenuados a partir dos 50 anos.*® Os periodos de remissao podem ser de anos ou

mesmo de décadas.®
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Os sintomas e a sequéncia de fases da FHM pura tém muitas semelhancas com os
encontrados na MWA tipica.””'* No entanto, na FHM a idade de inicio é mais
precoce®'® e as auras sao mais longas, compostas ou complexas,®” incorporando
algum grau de paresia' e frequentemente sintomas do tronco cerebral.’® Os
sintomas visuais surgem mais vezes na MWA do que na FHM.®'** As auras duram
mais do que uma hora na maioria dos doentes, e mais do que um dia em
alguns.®®#°" Ha familias com uma diversidade fenotipica notavel, marcada por
sintomas paroxisticos complexos ou sinais neuroldégicos permanentes. Mesmo
nas formas puras, as carateristicas das auras e das cefaleias podem variar entre
familias, mas também entre diferentes membros de uma mesma familia, e até
entre diferentes episdédios ao longo da vida de um individuo.”” O exame
neurolégico durante os episodios pode evidenciar alteracdes da vigilia ou do
conteudo da consciéncia e sinais piramidais unilaterais.”® Em alguns individuos

encontram-se alteracdes cognitivas e sinais cerebelosos permanentes.

Auras

A paresia associa-se a sintomas visuais (74 a 89%), sensitivos (93 a 98%) ou a
afasia (79 a 83%).%'°” O feno6tipo mais comum da FHM relne os quatro tipos de
sintomas cardinais (65%). As combinacdes sem sintomas sensitivos sao
excecionais.®® A maioria dos sintomas tem topografia bilateral.®'*'%7

Os sintomas do tronco cerebral sao referidos por mais de 50% dos doentes
selecionados.®® Mais de metade de um grupo de doentes com FHM, cumpriam
critérios de enxaqueca basilar (BM),'*® sugerindo a partilha de mecanismos
bioldgicos.

Na maioria dos casos, a aura progride gradualmente de 5 a 30 minutos,®® em
sequéncia (visual ou sensitiva, motora, afasica).®®?>'* A duracao das auras
motoras ultrapassa as duas horas em 30% dos episodios, as 24 horas em cerca
de 2%, e dias ou semanas em crises raras.®®®>® A classificacao internacional de
cefaleias parece desajustada no que respeita a duracdao da aura da FHM (5
minutos a 24 horas).’

A aura motora pode variar entre a percecio de um membro pesado e a
hemiplegia,'**'*” atingindo o membro superior (Quase sempre), o membro inferior
e a regido oro-lingua-facial (mais de 50%) e o tronco (cerca de 30%).%° Os sintomas
sensitivos iniciam-se por formigueiros nos dedos, alastrando ao membro
superior, a face, a lingua, ao tronco e ao membro inferior.'”® Por vezes, ha

sintomas sensitivos negativos.'” O atingimento sensitivo tende a sobrepor-se e a
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ser mais extenso do que a paresia, particularmente no que respeita a face e a
lingua.®® A aura sensitivo-motora pode assumir trés padrdes topograficos:
unilateral nao alternante,” unilateral alternante e bilateral (na instalacao ou
durante a progressao).6o10¢

Os sintomas visuais negativos sao mais frequentes do que os produtivos.'” A
aura visual esta presente em apenas 75% a 90% dos doentes com FHM, sendo
praticamente universal na MWA.%°# A progressao inferior a cinco minutos é mais
frequente na FHM, sendo rarissima na MWA_ 60104

As alteracées da linguagem podem acompanhar sintomas sensitivo-motores

direitos, esquerdos ou bilaterais. ¢%81%

Cefaleias

O espetro de intensidade, duracao e carater das cefaleias é mais alargado na FHM
do que na MWA.®*% Quase todos os individuos tém cefaleias em todos os
epis6dios.®®*? No entanto, 1% dos doentes tém sempre aura sem cefaleia.®®' O
inicio das cefaleias segue-se habitualmente a aura visual (73%), mas pode ser
anterior a sequéncia de auras.®®*? As cefaleias da FHM ndo sdo pulsateis em 20%
dos individuos,®® ultrapassam as 24 horas em 30%,° podendo ser bilaterais ou
unilaterais (contralaterais ou ipsilaterais a aura).®® A coincidéncia de lado na MWA
€ mais rara em estudos prospetivos,'®®'"® sugerindo enviesamentos de memoaria

na entrevista classica.

Manifestacoes neurologicas complexas

Perturbacées da consciéncia

A maioria dos doentes mantém FHM pura ao longo da vida. No entanto, 40% dos
individuos®'® tém episédios de baixa da vigilia, entre a sonoléncia e o coma
profundo,'" frequentemente associados a sinais focais. Estes episédios sdao mais
comuns em jovens, mas podem ocorrer em quaisquer idades.®''? A recuperacao
da consciéncia e a reversao dos défices focais podem demorar meses.'"*""”

As manifestacdes encefalopaticas podem incluir convulsdes,'” confusao,''"'"®
delirio,'” sinais meningeos e febre,®*'""'"? pleocitose de liquido céfalo-
raquidiano'®®'? e edema cerebral."'?"'*'372 Embora raramente, estes episédios

podem levar a deterioracdo cognitiva''®*'?*'?® ou a morte.®''212913
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Crises epiléticas

No estudo dinamarqués 7% dos individuos com FHM tinham epilepsia,
independentemente dos episdédios de enxaqueca, ultrapassando a prevaléncia
habitual.®® As crises epiléticas, parciais ou generalizadas, sao faceis de controlar,
mas podem culminar em estado de mal epilético.''** As convulsées com febre
sao frequentes.®"*'3* A associacdo faz-se com mutacdes nos genes
CACNATA, 12 123.128132.137141. ATP AR 77:109.112,113,127.135,140,142:149 - GCCN ] A71.78,134.150.151, o PRRT D 80
Em cada familia, ha habitualmente apenas um ou dois doentes com epilepsia,

embora na FHM-2 a penetrancia seja mais alta (30-60%)."**">

Outros paroxismos

Na FHM as vertigens®®'® sao frequentes e as ataxias episodicas’ sao ocasionais.
Alteracbes da atencdo e da memoria podem persistir durante semanas ou
meses.""® Perturbacdes psiquiatricas agudas foram associadas raramente a
enxaqueca hemiplégica.®®s o534 A cegueira provocada repetitiva diaria
(transitéria, breve e em resposta a estimulos) segrega com FHM-3 em duas
familias'®'*' provavelmente por fendmenos bioelétricos retinianos analogos a

depressao cortical alastrante.

Expressdo em meios de diagndstico

No decurso de episédios complexos, podera encontrar-se edema cortical
contralateral ao défice motor,'**'*° alteracdes a difusdao das moléculas de agua e
captacao meningea de gadolinio na RM,™"571%° atividade difusa de ondas lentas
no eletroencefalograma'>''®'2¢43 e pleocitose linfocitaria no liquido céfalo-
raquidiano.®s8.120122 Documentou-se vasodilatacao cerebral''715e 161162 e

vasoconstricdo com hipoperfusao cerebral.'®*'

Alteracoées neurologicas permanentes

Ataxia cerebelosa

A ataxia cerebelosa e 0s nistagmos sdao 0s sinais permanentes mais frequentes
em doentes com FHM.226076.838891.105167172 Carca de 20% das familias publicadas
apresentavam sindrome cerebelosa estatica e cinética lentamente progressiva.'®
No entanto, a ataxia foi identificada em apenas 12 individuos, sendo 11 da
mesma familia,* em estudo populacional tendo os habitantes da Dinamarca

como denominador. A ataxia é tardia, com expressividade inferior a das auras,
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acompanhada por atrofia cerebelosa vermiana anterior.®”75:8:91.105167173 Contudo,
pode preceder o primeiro episédio paroxistico.6”75:8174175

A ataxia é tipica da FHM-1. Algumas mutacdes no gene CACNATA alteram os
canais Ca 2.1 do cerebelo, condicionando o influxo de calcio, levando a disfuncao
das células de Purkinje e a perda neuronal.”” Nao ha descricoes de ataxia na
FHM-3 (gene SCN1A), sendo rara e fruste na FHM-2 (gene ATP]A2)'%'13127147 @ ng
SHM. 2

Outras alteracoes permanentes

O atraso mental foi descrito em familias com mutagdes nos genes
CACNATA!#:124130140176177 @ ATP]A27277109.140.146.147.149 @ ng SHM.'®'%® A gravidade é
variavel, tal como o perfil temporal.'?®'?"'® H3 casos de regressdao cognitiva na
sequéncia de episddios graves de FHM.'"& 126127

Foram raramente descritos a irreversibilidade dos sintomas classicos de aura,® a
surdez neuro-sensorial,'’”* os movimentos involuntarios,®'¢>'7®'% a5 alteracdes
comportamentais'® e da personalidade.”

Foram documentados casos de hemiatrofia cerebral'®® e necrose laminar

unilateral'® e hiperintensidades subcorticais na ressonancia magnética (RM).'*

Fatores precipitantes

A enxaqueca hemiplégica tem dois fatores precipitantes classicos: traumatismos
cefalicos e administracao de contrastes iodados.88:89.109.184

Os traumatismos cefalicos estao particularmente ligados ao gene CACNAITA.
112.115.123,124138.18518 ) jntervalo entre o impacto e o inicio dos sintomas podera
atingir uma hora,"”® desencadeando excecionalmente episédios graves.
67.83,118,126,133.187.188 A mutacdo S218L no gene CACNAITA é um fator de risco para
coma profundo e morte.'"

Além de precipitantes comuns (stress, emocoes, luminosidade, falta ou excesso
de sono),’”® foram descritos outros (gravidez*''>'%41%° esforco fisico,’*'s"'*" e
sedacao com fentanil'®?). Algumas familias partilham os principais fatores

precipitantes,'®"'®* sugerindo mecanismos biolégicos desencadeantes comuns.

Genética

Identificaram-se mutacdes em trés genes associados ao transporte idnico
(CACNATA, ATPIA2 e SCNI1A). Os fenétipos causados por estas mutacdes
denominam-se FHM-1, FHM-2 e FHM-3.
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Uma mutacdo no gene CACNAITA estara presente em menos de 50% e uma
mutacdo no gene ATPIAZ2 em cerca de 25%, considerando as publicacdes
respeitantes a familias selecionadas. Estes niumeros elevados poderao explicar-se
pela tentacdo de privilegiar a publicacao de fenotipos complexos e de resultados
positivos. De facto, no estudo populacional dinamarqués,® apenas foram
descritas seis mutacdoes nas 44 familias. Noutra série de 20 familias, foram
encontradas mutacdes em apenas nove.”® Num grupo de italianos com FHM ou
SHM, 8% tinham mutacdes no gene ATPIAZ2, sendo os restantes negativos.'” A
FHM-3 ¢é extraordinariamente rara, conhecendo-se sete mutacdes no gene
SCNIA,&=1194195  respeitantes a nove familias. Dado que quase metade dos
doentes ndao tém nenhuma das mutacdes, ha certamente genes ainda por
identificar.”® Na auséncia de estudos funcionais, as novas mutacdoes tém de
interpretar-se com cautela, podendo corresponder a polimorfismos nao
patogénicos. As mutacdoes que segregam com FHM em grandes familias sao
provavelmente patogénicas, assim como as mutacoes de novo na SHM.
Encontram-se portadores assintomaticos ou sem aura motora em familias com
mutacdes nos genes CACNATA e ATPI1A2, denotando penetrancia incompleta (63
e 89%).5283103109.196.197 Pa|g contrario, a penetrancia € completa nas raras familias
SCNITA.

Recentemente, mutacdes no gene da proteina transmembranar rica em prolina
(PRRT2) foram identificadas como a causa de sindromes paroxisticas complexas
(convulsoes, discinesias paroxisticas, enxaqueca hemiplégica, ataxia episddica).”
8 O PRRTZ2 é o primeiro gene ndo associado a canais iénicos encontrado na FHM,

havendo quem ja use a sigla FHM-4.'%®

Genes, fenotipos e correlacoes

Nao ha relacOes sistematizaveis entre mutacdes e fenotipos.®''® A insuficiéncia
das descrigdes clinicas nos artigos sobre FHM dificulta-as. As tentativas de
distinguir clinicamente os trés tipos baseiam-se na duracdo das auras, nos
episodios complexos e nos sinais neurologicos permanentes. Tendencialmente, o
coma e a ataxia cerebelosa associam-se a mutacdoes CACNATA e a epilepsia a
mutacdes ATPJIAZ2. Mas ha casos em que estas associacdes sao cruzadas.
Encontram-se variacdes fenotipicas entre individuos com a mesma mutacao,
possivelmente associadas a elevada prevaléncia de polimorfismos em genes
modificadores.” Ao contrario, mutacdes de natureza diferente podem

determinar fenétipos similares. Por exemplo, a ataxia cerebelosa progressiva tem
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caracteristicas idénticas na FHM-1 (mutacdes pontuais missense) e na SCA6

(expansoes CAG).>®

CACNATA/FHM-1 (OMIM#141500)

O gene CACNAIA, localizado no cromossoma 19p13, codifica a subunidade o, de
um canal de calcio neuronal dependente da voltagem Ca 2.1 (ou de tipo P/Q).”* A
ataxia episddica tipo 2 (diversos tipos de mutacdes) e ataxia espinocerebelosa
tipo 6 (expansodes de tripletos de nucleotideos CAG) sdao doencas neuroldgicas
alélicas da FHM-1, 76201203

Estdo descritas mais de 25 mutacdes missense, sendo as mais frequentes as
T666M, R583Q e R1347Q." Quase todas as familias com FHM e ataxia cerebelosa
permanente tém uma mutacdo no gene CACNAITA.®®¥ A mutacdo T666M
apresenta combinacdes variadas, em numero e complexidade, incluindo
confusao,''® coma,''®722042%5 convulsdes,?® atraso mental,'’® ataxia,®*''® e atrofia
cerebelosa.'’®?*2 Em japoneses, 0 nistagmo posicional downbeat foi o
denominador comum.*®® A mutacao R583Q associa-se a sinais cerebelosos
tardios, progressivos e permanentes.®”®2” Alguns episddios foram associados a
traumatismo cefalico banal,’” mas na maioria ndo houve desencadeantes.?” A
atrofia cerebelosa é praticamente constante. A mutacao R1347Q inclui enxaqueca
hemiplégica precipitada por traumatismos cranianos ou esforcos fisicos, com ou
sem ataxia, perturbacoes da vigilia e epilepsia.”*"*® A mutacdao S218L esta
associada a fenodtipos exuberantes desencadeados por traumatismos cefalicos
banais, incluindo convulsdes, edema cerebral e coma irreversivel.''?'®® Em
ratinhos esta mutacdo aumenta as correntes de calcio, baixa o limiar da
depressao cortical alastrante (CSD) e facilita a recorréncia em resposta a um
estimulo Unico.?*® A CSD propagou-se ao hipocampo e ao talamo de modelos com
esta mutacao, nao ultrapassando o estriado no caso da mutacao R192Q (FHM

pura).?®

ATP1A2/ FHM-2 (OMIM#602481)

O gene ATPIAZ, localizado no cromossoma 123, codifica a subunidade o, da
Na‘,K*-ATPase, uma bomba idnica astrocitaria, que usa energia do ATP.”” Esta
bomba troca ides Na* por K*, criando um gradiente de fluxo de Na*, o que facilita
a remocao de K e glutamato da fenda sinaptica para as células gliais.'* Das mais
de 50 mutacbdes, a maioria sdao de tipo missense e associadas a FHM pura
(R593W, V628M, M731T, T376M).7*2"°
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As familias da descricao inaugural da FHM-2 apresentavam epilepsia.”” As
mutacées R65W,*"" 1286T,”"> T415M*'> e R763C* associam-se a FHM pura.
Algumas mutacbes podem associar-se a convulsdes?”''2127.135,140142:145,147:149,152,196
psicose aguda,®® coma,'”'"*'** hemiplegia prolongada,'” e atraso mental.'*'?¢
Fendtipos particularmente graves foram associados a determinadas mutagdes:
convulsées, coma e febre (G301R);""* convulsdes e perturbacdes cognitivas
(D718N e P979L);' convulsdes, febre, sinais meningeos e coma (G90OR)."* A
mutacao G615R foi associada a encefalopatia grave numa crianca, evocando o
quadro dramatico da mutacao S218L no gene CACNATA.'** A mutacao E700K foi
descrita numa familia com FHM pura desencadeada por traumatismos cefalicos e
coma apoés angiografia.'® Doentes com FHM-2 podem apresentar raramente
sinais cerebelosos permanentes.''*'?”'* A mutacdo R548H foi encontrada em
membros de uma familia com enxaqueca basilar (BM), sugerindo que a FHM-2 e a
BM sdo doencas alélicas,’” e a mutacdao C515Y foi associada a formas comuns de
enxaqueca.’’ As mutacdoes no gene ATPIAZ podem ser causa de aura motora

prolongada em criancas.'*

SCN1A FHM-3 (OMIM#609634)

O gene SCNIA, localizado no cromossoma 2g24, codifica a subunidade o de um
canal de sdédio neuronal dependente da voltagem Na 1.1, que tem acdo neuronal
inibitoria; a sua disfuncao induz hiperexcitabilidade neuronal.”®

Centenas de variantes no gene SCNITA tém sido associadas com uma ampla
variedade de epilepsias e encefalopatias graves. Sugerindo uma ligacdo biolégica
entre epilepsia e enxaqueca, sete mutacoes no gene SCNTA foram descritas na
FHM, em nove familias, com fenétipos variados: FHM pura (Q1489K, L1649Q,
[1498M),7819419% FHM e episédios de cegueira transitoria provocada (Q1489H e
F1499L),"**"*" FHM e epilepsia (L263V, T1174S).7" 3¢

Esporadicos

As taxas de detecdo de mutacdes na enxaqueca hemiplégica esporadica (SHM)
tém variado entre 1% e 12%,'°>'°"?"* subindo em jovens isolados com inicio precoce
e fenotipos complexos.'*® Provavelmente as séries de SHM pura com baixas taxas
de mutacdes estdo contaminadas por individuos com enxaqueca com aura tipica
exuberante, simulando enxaqueca hemiplégica.”® Por outro lado, o tempo e o

trabalho podem converter casos isolados em familiares.?’® Mutacdes no gene
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SCNITA nunca foram encontradas em casos esporadicos, ndo se justificando o

teste clinico.™®%”

Fisiopatologia

A hiperexcitabilidade neuronal e as alteracdes ao metabolismo do glutamato tém
um papel determinante na FHM. As muta¢bes conhecidas induzem
hiperexcitabilidade neuronal e reduzem o limiar para desencadear a depressao

cortical alastrante (CSD).

Canais de calcio

Os canais de tipo P/Q dos terminais pré-sinapticos do sistema nervoso central
tém uma elevada concentracdo de subunidade a, no cerebelo e no tronco
cerebral®'” e participam no controlo da libertacao de glutamato; a sua ativacao
aumenta a neurotransmissdo.'” Estes canais também tém alguma acao inibitoria
GABAérgica. As mutagdes associadas a FHM-1 induzem ganho de funcdao dos
canais Ca2.1 pré-sinapticos dos neurdnios excitatorios,*'® baixando o limiar de
excitacdo e abertura, levando ao influxo de calcio para o citoplasma, a libertacao
de glutamato para a fenda sinaptica e a reducdao do limiar desencadeante da
CSD.21e220

Bomba de sodio-potdssio

A bomba de sdédio-potassio astrocitaria ATP1A2 garante o transporte ativo de
sédio para a fenda sinaptica, promovendo um gradiente favoravel a remocao de
potassio e glutamato. As mutacdes no gene ATPIAZ2 induzem haploinsuficiéncia
da subunidade o, da bomba,”” prejudicando a remocdo de potassio e glutamato

para as células gliais.

Canais de sodio

Os canais de sddio dependentes da voltagem Na 1.1 expressam-se nos neurdnios
corticais, através da geracao e propagacao de potenciais de acao dos
interneuronios inibidores GABAérgicos. As mutacdes no gene SCNIA induzem
uma recuperacao mais rapida da inativacdo a voltagem negativa dos canais
Na 1.1.%" As mutacbes SCNTA associadas a FHM tém um comportamento dual,
podendo induzir ganho de funcdao (hiperexcitabilidade) ou perda de funcao
(hipoexcitabilidade).??2%
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Fenda sinaptica

As mutacOes dos trés genes aumentam os niveis de K* e de glutamato na fenda
sinaptica, por libertacao excessiva de glutamato (FHM-1) e de K* (FHM-3) ou pela
insuficiente remocdao de ambos (FHM-2),** induzindo excitabilidade neuronal,
reduzindo o limiar de génese da CSD e facilitando a sua propagacao.

Apesar de muitas semelhancas entre a FHM e as formas comuns de enxaqueca,
nao foi possivel reproduzir na FHM a hipersensibilidade ao éxido nitrico (NO),?**?%
nem ao peptideo relacionado ao gene da calcitonina (CGRP),?*2*° sugerindo
divergéncias na fisiopatologia. Também nao se reproduziu na FHM a reducao na
habituacdo de respostas aos potenciais evocados, documentada nas formas

comuns.?'

Diagnéstico e diagnostico diferencial

O diagnostico assenta na anamnese e na histéria familiar. Tendencialmente todos
0os membros da arvore genealdgica devem ser observados. O exame neuroldgico
intercritico é quase sempre normal, embora possa apresentar sinais permanentes
(ataxia, nistagmos, atraso cognitivo). A confirmacao genética garante o direito do
doente a um diagndstico preciso, evita o desperdicio de recursos em exames
inUteis e previne iatrogenias em situacdes de urgéncia.

O diagnéstico diferencial é um desafio com pertinéncia ou dificuldades variaveis,
consoante se trate de um episédio inaugural em individuos sem histéria familiar,
de episodios recorrentes em doente com casos idénticos na familia, ou de
situacdes intermédias. As alteracdes da vigilia ou da linguagem podem impedir o
doente de revelar episédios prévios ou mesmo o diagndéstico molecular ja

conhecido.

Episodio inaugural

O diagnostico de enxaqueca hemiplégica nao é formalmente possivel no episodio
inaugural.” O primeiro episédio de uma hemiparesia exige a exclusao de doenca
estrutural, principalmente nos casos de perfil temporal abrupto ou duracao
prolongada, na presenca de coma, febre ou convulsées, ou na auséncia de
cefaleias e de histéria familiar.

O diagnostico diferencial pode ser dificil em situacdes de emergéncia. Na via
verde do acidente vascular cerebral (AVC),”? o transporte do doente e os
procedimentos sdo executados em contrarrel6gio, ndo permitindo uma historia

clinica classica. Ha dados que favorecem a etiologia vascular: fatores de risco,
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perfil abrupto, auséncia de cefaleias ou de sintomas produtivos visuais ou
sensitivos. Um episddio exuberante de enxaqueca hemiplégica pode simular uma
encefalite; a discussao do diagnéstico diferencial pode complicar-se perante
alteracdes nas imagens de ressonancia magnética ou na citologia do liquido

céfalo-raquidiano.

Episodios recorrentes

E necessario aprofundar os antecedentes pessoais e familiares de défices
neuroloégicos permanentes (com excecao de nistagmos e ataxia cerebelosa), AVC
e deméncia. Algumas angiopatias cerebrais hereditarias podem incluir
paroxismos similares aos da enxaqueca hemiplégica: CADASIL (arteriopatia
cerebral autossémica dominante com enfartes subcorticais e leucoencefalopatia),
MELAS (miopatia mitocondrial, encefalopatia, acidose lactica e episédios tipo
enfarte cerebral), angiopatia amiloide e outras. A CADASIL é uma sindrome
complexa (enxaqueca com aura, enfartes cerebrais subcorticais, depressao,
apatia, disfuncdo executiva, incapacidade motora e deméncia) com graves lesoes
na RM, com mutacdes no gene NOTCH3 e outros genes do cromossoma 19.23323
Foi a semelhanca semiolégica entre a CADASIL e a FHM que levou a procura de
genes candidatos no mesmo cromossoma.** Foi descrita enxaqueca hemiplégica
em membros de uma familia canadiana com amiloidose por transtirretina,*® e é
classica a associacdo da enxaqueca com aura complexa as citopatias
mitocondriais.?®” Chegou a admitir-se que a enxaqueca hemiplégica poderia ser
uma forma monossintomatica de MELAS, o que foi contrariado por estudos
moleculares.?®

A enxaqueca hemiplégica pode iniciar-se no primeiro ano de vida. No entanto, em
lactentes é necessario discutir a hemiplegia alternante da crianca (AHC), uma
doenca esporadica que comeca por paroxismos motores, interrompidos pelo
sono, tornando-se grave e progressiva (deterioracao mental, ataxia e distonia).**
Identificou-se uma mutacdo no gene CACNATA em gémeos monozigdticos com
AHC, sugerindo uma sobreposicio de mecanismos moleculares entre FHM-1 e
AHC.""" A associacdo ao gene ATPIAZ2 (FHM-2) chegou a ser sugerida;'®’
recentemente a AHC foi associada a mutacdes no gene ATPIA3 (sem relacao com
FHM).>

A sindrome HaNDL (sindrome de cefaleias e défices neuroldégicos transitérios
com linfocitose no liquido céfalo-raquidiano) devera excluir-se nos casos

recorrentes, sem historia familiar.
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Outras variedades de enxaqueca

Frequentemente os individuos com enxaqueca hemiplégica nao tém familiares
em 1° ou 2° grau com aura motora."” Estas formas isoladas sao
semiologicamente diferentes da MWA tipica, sendo idénticas a FHM."** Alguns
poderdao resultar de penetrancia incompleta (familiares portadores
assintomaticos) ou de insuficiéncias de observacdo clinica; outros poderdao ser
expressoes de uma variedade de enxaqueca com aura de natureza multifatorial,
intrincando fatores ambientais e poligénicos complexos. Tém sido encontradas
mutacdes dos genes CACNATA e ATPIA2 em alguns individuos com SHM. O
estudo dessas mutacdes em doentes com SHM pode fazer o diagnostico e evitar
estudos desnecessarios. Finalmente consideramos a sindrome MUMS (migraine
with unilateral motor symptoms), proposta para caracterizar individuos com
enxaqueca acompanhada por fragueza muscular ipsilateral a cefaleia, poupando
a face, com marcha rostro-caudal, persistindo entre os episodios e associando-se
a sintomas sensitivos e alodinia, sem perturbacdes psicoldgicas.?*' A sua natureza
e significado permanecem incertos,*** como acontece com alguns sintomas
inexplicaveis, que rotulamos como funcionais ou psicogénicos.**?** A MUMS pode

confundir-se com a SHM.

Tratamento e orientacao

Os principios e orientacdes do tratamento da enxaqueca com aura sao aplicaveis
a FHM. Os doentes com historia familiar ou pessoal de coma precipitado por
traumatismo craniano deverdao abster-se de desportos de contacto,

particularmente os portadores da mutacao S218L.*

Fase aguda

Nao ha ensaios clinicos sobre a eficacia ou a seguranca dos triptanos na
enxaqueca hemiplégica. Um estudo retrospetivo concluiu pela eficacia e
seguranca dos triptanos;** no entanto, apés uma toma Unica de rizatriptano, um
doente manteve a aura durante meses.*** Autores de referéncia assumem o uso
off label em episdédios nao complicados,'” apesar das propriedades
serotoninérgicas vasoconstritoras. A procura de um farmaco para travar a aura
tem tido resultados frageis (cetamina nasal**®, verapamilo endovenoso,'®

acetazolamida oral**’) ou contraproducentes (nimodipina endovenosa'®’).
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Profilaxia

Nao ha ensaios clinicos robustos, mas a profilaxia medicamentosa podera fazer-
se em individuos jovens com episédios frequentes ou complexos. A flunarizina
reduziu a frequéncia de episddios em 85% numa série pediatrica. O verapamilo
oral foi eficaz em casos esporadicos.?*®**° A lamotrigina atenuou auras motoras,
sem efeito sobre as cefaleias.?*%?*' A acetazolamida foi eficaz em sete individuos,
tendo os episddios piorado com a suspensdao em dois.” O uso de propranolol foi

recomendado no passado,*? mas tem o risco de hipoperfusao cerebral.

Orientacdo

Os doentes e as familias deverao ser informados cabalmente sobre a natureza da
doenca, e possuir um relatério escrito, prevenindo futilidades diagndsticas ou
terapéuticas. Em Portugal serdao candidatos naturais ao “cartdo de pessoa com
doenca rara”, criado pelo parlamento e em fase de implementacao pela
Direcdo-Geral de Saude.

Os testes genéticos preditivos sao pouco pertinentes, atendendo ao progndstico

relativamente benigno e a falta de modificadores da histéria natural da doenca.
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3. Fragilidades, contradicoes e areas de incerteza

A enxaqueca é conhecida desde a antiguidade,? tem uma clinica bem detalhada e
uma epidemiologia robusta. Paradoxalmente, tudo isto tem tido uma
incorporacao limitada na compreensao dos mecanismos intimos da doenca.
Quanto ao conhecimento sobre a enxaqueca hemiplégica, é recente e baseado
em poucas centenas de familias selecionadas. Nao obstante, foram descobertos
genes e mutacdes, criados modelos experimentais e provadas alteracdes
funcionais. A genética molecular da FHM surgiu numa época em que 0s proprios
fendtipos eram ainda pouco apurados. Por exemplo, a descoberta no gene
CACNATA™ precedeu a valorizacao da epilepsia focal na FHM.** A partir de 1995,
0s primeiros resultados moleculares atrairam o interesse de todos, médicos e
cientistas. Hoje os artigos sobre genética ou fisiopatogenia da enxaqueca
servem-se largamente da enxaqueca hemiplégica, reservando-lhe um papel
central na estrutura dos textos. O investimento na investigacao da enxaqueca
hemiplégica tornou-se rentavel e de retorno rapido. Vale a pena identificar e

sinalizar as fragilidades, as contradicoes e as areas de incerteza.

Fragilidades

O conhecimento sobre a FHM teve incorporacdes relativamente homogéneas,
pouco diversificadas. Os dados sobre prevaléncia, demografia e impacto
socioeconémico da FHM sao frageis,***’® baseados em familias selecionadas, com
pouca diversidade geografica. Alguns grupos de investigacdo europeus
publicaram a maioria dos artigos. Falta um estudo populacional recente.

As correlacdes genotipo-fendtipo sdao inseguras, nao facilitando a selecao de
testes genéticos em funcao dum fendtipo, nem sequer a previsao da historia
natural em funcao duma mutacdo.® Prevalecem as metodologias e a linguagem
da biologia molecular em algumas publicacdes, sendo os fenétipos apresentados
de modo sucinto e pouco especifico. Sobretudo as alteracdes cognitivas, mentais
e psiquiatricas, paroxisticas ou permanentes, frequentemente associadas a FHM,
sao mal documentadas.®®’#%1%153 As auras motoras podem ser descritas por
defeito (mutacdes com baixa penetrancia)® ou por excesso (alteracdes sensitivas
interpretadas como paresias).”® As auras sensitivas oro-linguo-faciais podem

simular altera¢des da linguagem.
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Os fenotipos graves, de elevada penetrancia ou com resultado molecular positivo
estardo mais representados, sendo os fenétipos frustes provavelmente

subestimados, como é frequente nas publicagdes.

Contradicoes

A FHM aumenta sete vezes o risco para enxaqueca com aura (MWA), sugerindo
uma partilha genética ou fisiopatolégica. No entanto, a hipersensibilidade ao
NO?%%2” e ao CGRP, tipicas da MWA,?***2** ngao se replicaram na FHM. Além disso, a
pesquisa na MWA das mutacdes em genes da FHM tem sido desanimadora. Por
outro lado, o predominio do género feminino (3:1) é inesperado numa doenca
autossomica dominante, mesmo admitindo alguma contribuicio de fatores
endécrinos na formacao do fendtipo. Quanto ao quadro clinico, tornou-se
consensual que a ataxia cerebelosa estara presente em 20% das familias com
FHM': e que os sintomas basilares sao frequentes.'® No entanto, apenas uma das
44 familias do estudo populacional dinamarqués apresentava ataxia®, e os
sintomas basilares nem mereceram mencao em muitas descricoes. Também as
frequéncias médias das crises sao divergentes.®®#'%.1% Qg critérios de diagnostico
da classificacdo internacional de cefaleias' contemplam apenas os sintomas da
aura tipica (FHM pura). A semiologia episédica complexa é comentada, sem peso
especifico na construcao do diagnéstico, o mesmo acontecendo com a ataxia
cerebelosa permanente. A epilepsia, o atraso cognitivo e a precipitacao pelo
exercicio fisico nem sequer sao referidos, apesar de toda a evidéncia publicada. A
duracdao maxima prevista para as auras (24 horas) esta dissociada dos tempos

descritos em muitas publicacdes.

Areas de incerteza

Hereditariedade

Admite-se que a hereditariedade e o meio contribuam em partes iguais para os
fendtipos das formas comuns de enxaqueca.”® O padrdao de transmissao podera
estar mascarado pela baixa penetrancia e pela variabilidade.* A partilha de bases
biologicas e da genética entre as diferentes formas de enxaqueca (sem aura, com
aura, com aura tipica, basilar, hemiplégica) é incerta. Desconhecem-se os
mecanismos que permitem a sindromes de genética diferente (CADASIL, MELAS)
mimetizar a enxaqueca hemiplégica. Ha também poucas certezas sobre os

esporadicos, sendo os testes genéticos tendencialmente negativos. Poderao
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expressar mutacdes desconhecidas de baixa penetrancia ou resultar de uma
genética nao mendeliana (enxaqueca com aura-plus).

A FHM-1, a SCA6 e a ataxia episdédica tipo 2 (EA-2) sdao doencas alélicas
provocadas por mutacdes no gene CACNATA.** A antecipacao genética &
expectavel na SCA6 (expansao de trinucleotideos),?** mas também foi descrita na
EA-2 (mutacdao splice site)** O fendmeno nado foi estudado na FHM-1.
Nao se conhecem os condicionantes da enorme diversidade fenotipica entre
familias com a mesma mutacao, entre membros de uma familia, e mesmo entre
os episédios ao longo da vida de um individuo. Encontramos portadores
assintomaticos entre os familiares de probandos.?'*'” A penetrancia da FHM-1 e
da FHM-2 é incompleta.®*®'%1%° Desconhecem-se os fatores que silenciam as
mutacdes e os padroes de penetrancia. A percentagem de testes positivos na
FHM pura é inferior a 50%.%°% Havera genes ainda desconhecidos. Nao se sabe se
0 gene PRRT2® respeita a sindromes complexas com tracos de enxaqueca ou se

sera o primeiro gene nao i6nico da enxaqueca hemiplégica familiar (FHM-4).

Expressado clinica

Ndo é claro se o estatuto distintivo da aura motora, relativamente a outros
sintomas neuroldgicos focais transitérios, é uma arbitrariedade empirica, na
logica operativa das classificacdes nosoldgicas, ou se tem substrato biolégico. A
aura motora podera ser um marcador, uma linha de fronteira de uma doenca.
Mas podera ser apenas uma das diversas expressdes de um continuum. No limite,
no seio de uma familia com padrao dominante, poderemos afirmar o diagnédstico
de FHM em individuos desprovidos de aura motora? As auras visuais sdo menos
frequentes na FHM do que na MWA, ndao sendo o seu significado claro.®®'* As
lateralidades topograficas classicas da semiologia neurolégica podem ser
desrespeitadas na composicao das auras; a afasia pode acompanhar sintomas
sensitivo-motores esquerdos®”¢*#1°7 e as cefaleias podem ser ipsilaterais a aura.®
Em parte as incongruéncias poderdo atribuir-se a enviesamentos de memboria,
mas provavelmente terao algum significado fisiopatologico.

Algumas das caracteristicas principais da ataxia (penetrancia inferior a das auras,
inicio tardio, atrofia cerebelosa associada)'® tendem a ter excecdes, ndao sendo
claro em que casos ou circunstancias. A FHM e a MWA partilham alguns fatores
precipitantes,'® mas alguns sao tipicos da FHM (traumatismo cefalico banal,
contraste iodado, gravidez, esforco fisico), sendo incertos os mecanismos que

levam a ativacdo da depressdao cortical alastrante. Certas caracteristicas
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partilhadas pela FHM-1 e FHM-2 (ataxia cerebelosa, atraso mental, precipitacao
por traumatismo craniano) nao se encontram na FHM-3. Além destas
divergéncias, as mutacdes no gene SCNIA tém penetrancia completa e nunca
foram encontradas em casos esporadicos. Finalmente, atendendo a que o SCNTA
€é 0 mais importante gene associado a epilepsia, as crises epiléticas sao
inesperadamente raras. Estas caracteristicas distintivas da FHM-3 poderdao nao

resistir a expansao do numero de familias.
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4. Objetivos

O conhecimento em doencas raras progride frequentemente pela agregacao de

pequenas contribuicdes, podendo beneficiar de pontes imprevistas entre projetos

com temas diferentes e metodologias distintas. O objetivo geral do trabalho foi o

desenvolvimento de uma parte do material clinico acumulado na Consulta de

Cefaleias e no Rastreio de Ataxias Hereditarias em Portugal, procurando melhorar

0 conhecimento sobre enxaqueca hemiplégica familiar e sindromes relacionadas,

através da discussao de aspetos frageis, contraditoérios ou incertos.

Foram finalidades especificas:

1.

© © N O vk W

o

11.
12.

44

Determinar a prevaléncia da FHM com ataxia em Portugal.

Apurar a idade de inicio.

Apurar a relacao entre géneros.

Refinar o espetro fenotipico e sua relacao com os genétipos.
Caracterizar as cefaleias.

Sistematizar as incongruéncias das relagdes de lateralidade topografica.
Descrever os fatores precipitantes dos episédios.

Avaliar penetrancia e antecipacao.

Contribuir para os progressos em genética molecular.

. Avaliar o peso da heritabilidade e do ambiente na formacdao dos

fendtipos.
Testar a consisténcia e adequacao dos critérios de diagndstico.

Comparar as observacoes pontuais e o seguimento a longo prazo.
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| CAPITULO II

Doentes, familias e métodos

Os doentes e familias tiveram proveniéncias variadas e ocorreram em diferentes
épocas, em contexto quer de assisténcia clinica, quer de investigacao
epidemiologica.

As familias com ataxia cerebelosa foram identificadas no trabalho de campo do
rastreio de ataxias hereditarias em Portugal, cuja metodologia esta
publicada.?**#°¢

Os restantes doentes foram observados no ambito da consulta de cefaleias do
Hospital de Santo Antonio (HSA) do Centro Hospitalar do Porto (CHP).

A investigacdo genética desenvolveu-se na Unidade de Investigacdao Genética e
Epidemiolégica em Doencas Neuroldgicas (UnlGENe) e no Centro de Genética
Preditiva e Preventiva (CGPP) do Instituto de Biologia Molecular e Celular (IBMC)
da Universidade do Porto.

O trabalho beneficiou da colaboracdo ocasional médicos e outros profissionais
nao integrados nos projetos e com o apoio de outras instituicdes; estao referidas
nos artigos.

O rastreio de ataxias hereditarias agregou uma sequéncia de estudos transversais
de base distrital, abrangendo todas as regides portuguesas entre 1994 e 2004, e
cobrindo 95% da populacdo. Foram utilizadas multiplas fontes numa estratégia
de base populacional, baseando-se principalmente na pesquisa de médicos de
familia. Os dados foram ampliados e refinados até 2010. Os doentes foram
observados por neurologistas da equipa e classificados de acordo com critérios
homogéneos. Os dados clinicos foram registados e promoveram-se os estudos
moleculares.

A Consulta de Cefaleias foi criada em 1983, recebendo doentes de diversas
regides e garantindo cerca de 2000 consultas por ano. A consulta esta ligada ao
Centro de Estudos de Cefaleias do CHP, uma estrutura que coordena a
investigacao clinica e faz a ligacdao a biologia molecular.

O IBMC ¢é uma instituicdo de referéncia em biologia molecular,
neuroepidemiologia e aconselhamento genético de doencas neuroldgicas tardias.
Através das suas unidades UnlIGENe e CGPP, tem sido um parceiro permanente e

essencial dos projetos de ataxias hereditarias e de genética da enxaqueca.
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Os doentes e familiares foram observados pessoalmente e por outro
neurologista, pelo menos, em tempos diferentes. A maioria das familias foi
seguida periodicamente durante longos periodos.

As arvores familiares foram construidas e melhoradas com base nos testemunhos
de doentes ou familiares diretos; prescindimos do recurso a arquivos de registo
civil.

As observacoes clinicas e as colheitas de produtos biolégicos foram feitas, apos
consentimento informado escrito, em ambiente hospitalar, em centros de salde e
em domicilios. As amostras de DNA foram guardadas no biobanco autorizado do
IBMC.

O estudo foi autorizado pelo Conselho de Administracao do Centro Hospitalar do
Porto, ap6s pareceres favoraveis da Comissdo de Etica e do Departamento de
Ensino, Formacdo e Investigacao. Adotaram-se metodologias clinicas e genéticas

diversas, apropriadas a cada um dos estudos; estdao descritas nos artigos.
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Resultados

1. Enxaqueca hemiplégica familiar tipo 1

Artigo 1.

The prevalence of familial hemiplegic migraine with cerebellar ataxia and
spinocerebellar ataxia type 6 in Portugal

Barros ], Ruano L, Domingos J, Tuna A, Damasio J, Alonso I, Silveira |, Sequeiros J,
Coutinho P.

Artigo em preparacao.
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Abstract

Background

CACNAITA gene disorders present a variable familiar phenotype of ataxia,
migraine with aura and/or hemiplegic migraine. Prevalence data for these
conditions are scarce. The aim of this study is to report a minimal prevalence
estimate for familial hemiplegic migraine with cerebellar ataxia and SCAG6 in

Portugal.

Methods

Patients and families with SCA6 or familial hemiplegic migraine and
cerebellar ataxia identified through the Portuguese survey of hereditary ataxias
and spastic paraplegias were re-evaluated. Prevalent patients were confirmed to

be alive and affected at the 1 of January 201 3.

Results

One family with SCA6 and two families with other CACNATA gene mutations
were identified. From these families, 23 patients were alive and living in Portugal
in the prevalence day, for an estimated national prevalence of 0.22 per 100,000
inhabitants (95% confidence interval 0.15-0.33/10°)

Conclusion

The prevalence of familial hemiplegic migraine with cerebellar ataxia and SCA6

are both probably low in Portugal.
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Introduction

Familial hemiplegic migraine (FHM) is an autosomal dominant type of
migraine with aura (1). Diagnostic criteria require the presence of reversible
motor deficits, associated with at least another transient neurological symptom
and identical episodes in one or more first- or second-degree relatives (1). FHM
has a variable phenotype, including other paroxysmal symptoms or progressive
syndromes (1, 2). Cerebellar ataxia is the most relevant permanent phenotype, as
it can reach 20% of the FHM kindred. Half of the families affected with FHM (90%
of those with permanent cerebellar ataxia) have a missense mutation in the
CACNAITA gene, on chromosome 19p (3). The whole range of phenotypes
(migraine with aura, progressive ataxia, coma triggered by minor head trauma
and transient focal neurological deficits) can be found in affected members of the
same family with simple missense CACNATA mutations (4).

The worldwide epidemiology of FHM is largely unknown. The only
population-based study(5) has shown a prevalence of 3.0 per 100,000 inhabitants
in Denmark. The proportion of patients with CACNATA gene mutations was not
reported. In this study, 10 out of 147 patients presented cerebellar ataxia, most
of them belonging to the same family (2).

Several CACNATA gene mutations have also been associated to the allelic
diseases episodic ataxia type 2 and spinocerebellar ataxia type 6 (SCA6) (6).
SCA6 is caused by a CAG repeat expansions in the CACNATA gene on
chromosome 19p and presents with a pure late onset progressive cerebellar
ataxia (7). Patients with episodic ataxia due to CACNATA mutations often develop
persistent cerebellar symptoms and cerebellar atrophy (8).

SCAG6 has been reported in many populations worldwide, and is probably the
third most widespread form of autosomal dominant cerebellar ataxia (ADCA),
after Machado-Joseph disease and SCA2. Nevertheless, SCA6 prevalence was
found to be extremely variable in the few population based-studies that
performed the genetic analysis. While none patients were found in southeast
Norway (9) and Padua (10), the highest prevalence values were described in the in
Hokuriku district of Japan (1.7/10%) (11).

The aim of this study is to report a minimal prevalence estimate for FHM

with permanent cerebellar ataxia and SCAG6 in Portugal.
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Methods

A nationwide survey of hereditary ataxias and spastic paraplegias was
performed in Portugal from 1994 to 2004. Multiple sources were used to identify
affected patients in community and health-care settings: clinical files search,
active call for the collaboration of neurologists and geneticists, active survey of
general practitioners and investigation of probands’ families. Neurologists from
the research team evaluated all the patients using defined inclusion criteria and
extensive genetic testing was performed. Families without identified mutation
after genetic testing were systematically reviewed and grouped according to
clinical phenotypes. The complete methods of this study can be found elsewhere
(12). The families with AD HCA were tested for the most common SCA mutations,
including the CAG repeat expansion in the CACNATA gene responsible for SCA6.
Additionally, families that besides progressive ataxia had members with
hemiplegic migraine or episodic ataxia phenotypes were screened for mutations
in the CACNATA entire coding region.

Patients and families identified trough the survey were contacted and
clinically re-evaluated. Families were included in the study if they presented an
autosomal dominant progressive cerebellar ataxia associated to hemiplegic
migraine or episodic ataxia and/or carried a CACNATA mutation (CAG repeat
expansion or missense mutation). Prevalent patients were confirmed to be alive,
affected and living in Portugal at the 1 of January 2013. The reference
population was estimated in the last national census as 10,562,178 inhabitants
(June of 2011).

Results

In the national survey, 574 patients from 199 families were identified as
being affected with ADCA, yielding an estimated prevalence of 5.6/10°. The
pathologic mutation was identified in 63.8% of the ADCA families. Machado
Joseph disease (SCA3) was identified in 322 patients, and had the highest
prevalence (3.1/10°); followed by dentatorubro-pallidoluysian atrophy, found in
34 patients. The third most prevalent ADCA was due to CACNATA gene missense

mutations, in two unrelated families (13).
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In one family, with a R583Q mutation, a total of 33 patients from four
generations were identified, of whom 26 were directly observed (4). Five
phenotypes were present: slowly progressive cerebellar ataxia, migraine with
motor aura, migraine without aura, transient focal neurological deficits and coma
triggered by minor head trauma. The initial manifestation was a transitory
episode in 16, and ataxia in 10 patients. Isolated late-onset ataxia was seen in 17
patients. One sibship presented isolated late-onset ataxia, whereas their
descendants had early-onset ataxia and paroxystic episodes. In the other family,
with a R71347Q mutation, three patients from two generations presented a
phenotype of progressive cerebellar ataxia and hemiplegic migraine.

Only one family had SCA6, with two affected siblings with late onset
progressive pure ataxia, without other neurological symptoms.

A family with a phenotype of EA type 2 was also identified in the survey. The
mother had migraine without aura, while four out of eight siblings had paroxystic
episodes of ataxia, vertigo, nausea and migraine headache lasting from two to
five days. Genetic testing for CACNATA CAG expansion and point mutations) and
KCNAT mutations was negative. No permanent neurological symptoms were
observed; therefore this family was excluded from the prevalence estimates.

Overall, 30 patients from three families were observed trough the survey or
additional familial investigation. At the 1st of January 2013, 28 of them were
alive, and 23 lived in Portugal, for an estimated national prevalence of 0.22 per
100,000 inhabitants (95% confidence interval 0.15-0.33/10°) was obtained (Table
1).

Table 1 - Prevalence of familiar hemiplegic migraine with cerebellar ataxia and
SCAG in Portugal (2012) and affected families

Age at onset Prevalence
Mutation Patients  Families
median (range)  per 10° [95% Cl]
R583Q Exon 13 20 1 19 (1-50) 0.19[0,12-0,29]
R1347Q Exon 25 2 1 14.5(11-18) 0.02 [0,01-0,07]
SCA6 1 1 65 0.01 [0,00-0,05]
Total 22 3 - 0.22[0.15-0.33]
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Conclusion

To our best knowledge, this is first prevalence study of the spectrum of
hemiplegic migraine with cerebellar ataxia and spinocerebellar ataxia type 6. We
report a prevalence of 0.22 per 100,000 inhabitants in Portugal. This represents
a minimal prevalence estimate, and was mainly based in the results of a
multisource population based survey. This survey was probably the largest ever
performed for hereditary cerebellar ataxia. Although the survey covered all the
regions of Portugal (mainland and islands) and mobilized the majority of general
practitioners and health centres, some patients have probably been missed.

In this population-based survey, CACNATA mutations other than the SCA6
CAG repeat expansion were the third most frequent cause of autosomal dominant
hereditary ataxia, presenting in many of the patients with a progressive ataxia
phenotype. As these mutations have seldom been screened in surveys and other
prevalence studies of hereditary ataxia, they can represent an under recognized
cause of progressive cerebellar ataxia, mainly in patients with late onset pure
cerebellar ataxia. SCAG6 is probably a rare cause of ataxia in Portugal. As SCA6
seems to be relatively frequent in some countries, the association of hemiplegic

migraine and cerebellar ataxia might also be higher in those populations.
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Cerebellar Ataxia, Hemiplegic Migraine, and Related
Phenotypes Due to a CACNAIA Missense Mutation

12-Year Follow-up of a Large Portuguese Family
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Objective: To document and discuss the broad pheno-
typic variability in a Portuguese family with cerebellar
ataxia, hemiplegic migraine, and related syndromes caused
by missense mutation ¢.1748 (p.R583Q) in the CACNAIA
gene.

Design: Observational 12-year follow-up study.
Setting: Community and hospital care.

Patients: Sixteen patients in a 4-generation family were
identified in 1998 in a population-based survey. The fol-
low-up revealed 28 patients (25 of whom were ob-
served) and 32 unaffected relatives with an a priori risk
of 50%.

Resulis: Four major phenotypes (migraine with mul-
tiple auras, transient focal neurological deficits without
headache, coma triggered by minor head trauma, and
slowly progressive cerebellar ataxia) were present in vari-

ous combinations. The initial manifestation was ataxia
in 16 patients and a transient episode in 12 patients. Eigh-
teen patients did not have migraine, and 11 showed only
ataxia. The ¢.1748 (p.R583Q) mutation in CACNAIA was
confirmed in all 23 of the patients who were tested but
was not found in any of the 27 adult relatives. The
CACNAIA CAG repeat expansion was excluded.

Conclusions: A unique missense mutation in the
CACNAIA gene, which exhibits a very high penetrance and
expressivity, may present a phenotypic spectrum that is
broader than current descriptions. Single-gene disorders
can behave as complex traits, which reinforces the impor-
tance of genetic modifiers in the tightly regulated func-
tion of P/Q-type calcium channels. The clinical spectrum
of missense mutation CACNA1A-related disorders is much
broader than strictly familial hemiplegic migraine.

JAMA Neurol. 2013;70(2):235-240. Published online
November 12, 2012. doi:10.1001/jamaneurol.2013.591
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AMILIAL HEMIPLEGIC MI-

graine (FHM) is an autoso-

mal dominant type of mi-

graine with aura (MA).

Diagnostic criteria require
the presence of reversible motor deficits
that are associated with at least 1 other
transient neurological symptom and iden-
tical episodes in at least 1 first- or second-
degree relative.'* The phenotype of FHM
is remarkably variable,?? including other
paroxysmal episodes (coma,’’ sei-
zures,®! basilar aura,>!" elicited repeti-
tive transient blindness,"? episodic ataxia,"
and cerebrospinal fluid abnormalities'),
permanent neurological signs (ataxia,>>!>1¢
cognitive dysfunction,>'” and deaf-
ness'®), and, infrequently, delayed fatal ce-
rebral edema.” Cerebellar ataxia is the most
frequent of these phenotypes (up to 20%
of families?) and usually begins after par-
oxysmal episodes™®'?; however, ataxia
may be an isolated finding.>"

The first FHM gene was identified as
CACNAIA (GenBank NM_001127221.1)
on chromosome 19p13, which codes for
the a4 subunit of the voltage-dependent
calcium channel Cay2.1.1%° Dozens of ge-
netic mutations in CACNAIA have been
described and associated with a wide range
of phenotypes, including both pure' and
FHM-complex”!*?! syndromes. Half of all
families with FHM (90% of those with per-
manent cerebellar ataxia) have a mis-
sense mutation in CACNA1A."*

Furthermore, CACNAIA mutations
have also been associated with allelic non-
migrainous diseases (episodic ataxia type
2, progressive cerebellar ataxia, spinocer-
ebellar ataxia type 6, and epilepsy).*

We examined a family (Figure 1) with
multiple cases of MA, transient focal neu-
rological deficits (TFND) without head-
ache, coma triggered by minor head
trauma, and progressive cerebellar ataxia
caused by mutation ¢.1748 (p.R583Q)) in
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Figure 1. Pedigree structure. Black-filled quadrants indicate combinations of the 4 major phenotypes; gray-filled quadrants, individuals who are probably affected
but were not observed; single-underlined numbers, asymptomatic minors who were not tested; double-underlined numbers, individuals who were not tested for

other reasons; squares, males; circles, females; and diagonal lines, deceased.
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Figure 2. Sequencing of exon 13 in a healthy relative (IV:7) and a patient
(IV:10). A G-to-A substitution was detected at position 1748, which caused
an arginine-to-glutamine change in the P/Q-type «, subunit.

CACNAIA.” The 12-year follow-up period allowed us to
refine clinical information, identify newly affected indi-
viduals, and observe rare or unknown features.

B METHoDs B

In 1998, a family doctor referred a woman and 3 children with
progressive cerebellar ataxia and paroxysmal symptoms dur-
ing our systematic population-based survey of hereditary
ataxias and spastic paraplegias.** All of the available relatives
in 4 successive generations were examined in their homes in a
Portuguese fishing town. The present study was approved by
the Ethics Committee of the Hospital de Santo Anténio. After
written consent, DNA was obtained from the peripheral blood
of affected and healthy family members and was stored at
the authorized biobank at Centro de Genética Preditiva e Pre-
ventiva, Instituto de Biologia Molecular e Celular. Genetic
linkage to CACNAIA region markers was achieved, and the
mutation was detected after single-strand conformation
polymorphism and sequencing (Figure 2). The CACNAIA
repeat expansion was detected by fluorescently labeled poly-

merase chain reaction and capillary electrophoresis.”> We
have been monitoring known affected patients at our clinic
and observing all of the suspected and newly affected rela-
tives. The long-term follow-up allowed us to witness the
emergence of new cases, observe the temporal profile of par-
oxysms, and monitor the progression of ataxia and variability
between generations. In 2011 and early 2012, we promoted a
large clinical and laboratorial operation and updated pedigree
information (Figure 1). We performed new examinations,
and samples (blood or saliva) were obtained from patients and
asymptomatic adults with an a priori risk of 50%, including
migrants who had not been previously studied. Asymptomatic
minors did not undergo genetic testing. We considered unob-
served individuals as probably affected if suggestively de-
scribed by at least 2 first-degree relatives.

DR RESULTS

We examined 25 patients (24 are still alive). In addition
to these patients, the pedigree (Figure 1) includes 2 pa-
tients who died and 1 unreachable migrant (I11:11). We
also examined 34 relatives with an a priori risk of 50%.
Disease was confirmed in all individuals suggestively
described by first-degree relatives. We found typical
symptoms in 4 subjects who were initially described as
asymptomatic.

The mutation ¢.1748 (p.R583Q) in CACNA1A was con-
firmed in all 23 of the tested patients. The mutation was
not found in any of the 27 tested relatives with an a priori
risk of 50%: 23 were asymptomatic adults and 4 had mi-
graine with typical aura (II1:22, II1:25, IV:19, and IV:
23). The CACNAIA CAG repeat expansion was ex-
cluded in all of the family branches.

The Table lists the patients’ sex, age at the last ex-
amination or information, and age at onset. Ten pa-
tients had MA, 11 had TEND without headache, 8 had
coma triggered by minor head trauma, and 27 had pro-
gressive cerebellar ataxia (several patients had a combi-
nation of these symptoms). In addition, 1 woman (III:
31) had migraine without aura. The age at the last
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Table. Age at Onset of First Symptom and of All Clinical Features?

Age at Onset of All Clinical Features, y

Age at Last
Examination or Age at Inaugural TFND Without

Subject No. Sex Information, y Onset, y Symptom MA HA Coma Ataxia
l:2b F 94 50 Ataxia 50
® M 65 50 Ataxia 50
1582 M 84 45 Ataxia o 45
11:9 F 7is) 40 Ataxia e 74 e 40
I1:11 M 73 22 Coma 23 23 22 40
I1:14 F 69 20 MA 20 20 23 28
11:2 M 60 27 Ataxia 27
111:3 F 59 40 Ataxia 40
11:7 F 50 34 Ataxia 34
111:9 F 46 33 Ataxia 33
114 M 40 19 Ataxia 19
11:12 M 55 21 Ataxia . 35 21
111:14 F 53 14 Ataxia 16 14
11:17 M 43 20 Ataxia 20
111:24 M 45 20 Ataxia e e 20
111:27 F 40 6 Ataxia 19 e 19 6
111:30 F 45 18 TFND 18 18 18
111:32¢ M 43 8 TFND . 8 25
111:34 F 41 15 TFEND 16 15 16
111:37 M 35 7 TFND/coma 8 i 7 18
IV:A M 82 13 MA 13 28
IV:2 M 31 14 MA 14 20
1V:4 M 30 19 Ataxia . e 19
IV:6 M 29 7 Ataxia 15 18 7
IV:9 M 27 1 Coma e . 1 20
IV:10 M 20 2 TEND 15 2 3 14
IV:15 F 26 10 TFND 10 22
IV:16 F 21 12 TFND 12
All (N = 28)

Mean (SD) 475 (19.2) 21.0 (13.9) 16.1 (4.2) 18.6 (19.4) 16.0 (11.6) 25.5 (12.0)

Range 20-94 1-50 8-23 2-74 1-35 6-50

Median 44 19 15.5 15 18.5 21
Male (n = 16)

Mean (SD) 445 (18.2) 18.4 (13.6) 14.7 (4.8) 10.0 (9.1) 14.3 (13.1) 246 (11.4)

Range 20-84 1-50 8-23 2-23 1-35 7-50

Median 415 19 14.5 725 128 20
Female (n = 12)

Mean (SD) 51.6 (20.5) 24.3 (14.3) 18.3 (1.7) 23.6 (22.5) 21.0 (2.8) 26.9 (13.4)

Range 21-94 6-50 16-20 10-74 19-23 6-50

Median 48 19 18.5 16 21 23

Abbreviations: HA, headache; MA, migraine with aura; TEND, transient focal neurological deficits; ellipses, not applicable.
Ataxia indicates progressive cerebellar ataxia; coma was triggered by minor head trauma.

Patient was examined but not tested and is now deceased.
CIndividuals were probably affected but were not observed and are now deceased.
dUnreachable migrant who was probably affected but not observed.
€Distant-water fisherman who was examined but not tested.

observation (P=.25) and the age at onset (P>.99) were
not significantly different between the male and female
patients (Mann-Whitney test). Two individuals (I111:24
and I11:27) exhibited hearing loss due to homozygosity
for the 35delG mutation in GJB2, which is the most com-
mon form of autosomal nonsyndromic deafness in Eu-
rope.” Detailed member-by-member characterization is
provided in eTables 1, 2, and 3 (http://www.jamaneuro
.com).

MIGRAINE WITH AURA

The number of episodes, duration and type of aura, age
at onset, peak periods, accompanying symptoms, pre-

cipitating factors, and other features are described in
eTable 1 for each of the 10 patients with MA. There was
no record of auras with hyperacute beginnings (<5 min-
utes). Eight patients had compound auras including mo-
tor deficit. One patient (I11:27) showed isolated scintil-
lating scotoma, and 1 patient (IV:1) had solely sensitive
aura. The aura could be side locking or side shifting, even
during an episode. In addition, dysphasia could appear
with symptoms in any side of the body.

TFND WITHOUT HEADACHE

The age at onset and the clinical presentation, including
the number of episodes, peak periods, duration and type
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Figure 3. Kaplan-Meier curve for the age at onset of cerebellar ataxia.

of symptoms, accompanying symptoms, and precipitat-
ing factors, are described in eTable 2 for each of the 11
patients who had TFND without headache. Six of the pa-
tients reported 10 or more lifetime episodes. One pa-
tient (11:14) experienced a peak during her 50s and con-
tinues to have episodes at age 69 years. In one patient
(IV:15), episodes recurred at age 22 years after an 11-
year remission. Some of the patients displayed isolated
TEND, whereas other patients had variable combina-
tions of deficits. No patients presented with isolated vi-
sual symptoms. The majority identified recreational ac-
tivities with physical stress or minor head trauma as a
triggering factor.

COMA TRIGGERED
BY MINOR HEAD TRAUMA

The age at onset and the clinical presentation, including
the number of episodes, peak periods, duration, and clini-
cal features, are described in eTable 3 for each of the 8
patients with coma triggered by head trauma. All of the
episodes were precipitated by minor head trauma with-
out visible head damage and involved a negative or in-
conclusive investigation. Five patients reported a single
episode. Two early-onset patients (IV:9 and IV:10) de-
scribed several episodes of coma. Childhood play and
sports were the most frequent causes of head trauma. Some
episodes were accompanied by hemiplegia (II:11, III:
37, and IV:10).

PROGRESSIVE CEREBELLAR ATAXIA

Twenty-seven patients had permanent, slowly progres-
sive cerebellar ataxia. The patients’ ages at onset are pre-
sented in the Table and Figure 3. Except for one 20-
year-old woman (IV:16), all of the examined patients had
ataxic gait with variable severity; however, all of the pa-
tients were able to maintain some autonomy: 1 patient
(I1:11) had progression over 33 years using 1 crutch, 2
patients (I:2 and 11:14) used occasional support against
the wall while walking, 14 patients had staggering gait
and difficulty on half turns, and the remaining patients
were unable to perform tandem walking. Limb ataxia was

present in 13 patients, and 15 patients had dysarthria.
In addition, 3 patients presented with horizontal gaze nys-
tagmus. Cerebellar vermis atrophy was found in 6 of 7
patients who underwent brain magnetic resonance
imaging. Interestingly, one 39-year-old woman (I11:14)
with ataxia since age 14 years had normal findings on
magnetic resonance imaging.

SYNDROME COMBINATIONS

The 3 unobserved patients were described as having
isolated ataxia. In the 25 patients who were examined,
the 4 main syndromes were expressed in various com-
binations to produce 9 different phenotypes (Figure 1
and Table). Nine patients had isolated syndromes (8
had ataxia and 1 had TFND). Four patients had the 4
main syndromes. Among the 16 patients with 2 or more
syndromes, the first manifestations were variable (5
ataxia, 5 TFND, 3 MA, 2 coma, and 1 TFND/coma).
Ataxia and episodic symptoms began in the same year
in 3 patients. One patient (I1I:9) had ataxia since age 40
years, and she had a transitory episode of aphasia and
right hemiplegia that lasted 8 hours at age 74 years; vas-
cular investigation and cerebrospinal fluid analysis find-
ings were normal.

ANALYSIS OF FAMILY BRANCHES

All of the patients in the third generation of branch A
had isolated ataxia (Figure 1 and Table). Some of their
children had early ataxia accompanied by numerous par-
oxysmal episodes. Interestingly, the mean (SD) age at on-
set decreased from 33.5 (7.2) years t0 9.3 (5.3) years be-
tween 2 generations. In branch B (mean [SD] age at onset,
19.5 [10.9] years), MA was never observed. Branch C
(mean [SD] age at onset, 16.0 [8.7] years) had patients
with 3 different syndrome combinations. In branch D
(mean [SD] age at onset, 13.6 [5.9] years), there were
different combinations in each generation, although none
had isolated ataxia.

DR COMMENT

We describe a family segregating an autosomal domi-
nant variable phenotype due to mutation ¢.1748
(p-R583Q) in CACNAIA whom we followed up for a 12-
year period. The mutation was confirmed in all 23 pa-
tients tested and was not found in any of the 27 tested
relatives with an a priori risk of 50%; thus, the mutation
exhibited a very high penetrance and expressivity. The
CACNAIA CAG repeat expansion was excluded.

This is most likely the largest family with FHM type
1-related disorder ever reported and the family with the
widest phenotypic variation. Interestingly, no patients ex-
perienced some of the previously reported FHM-related
syndromes such as basilar migraine,*'! cognitive impair-
ment,” or epilepsy.”'°

Screening for FHM based on relatives’ testimonials was
specific but not sensitive. The diagnosis of FHM type 1
based on the first-degree relatives’ information seems re-
liable because all of the patients who were described as
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symptomatic were confirmed to have the disorder; how-
ever, exclusion of the diagnosis on the same grounds can-
not be considered because some subjects described as
asymptomatic were found to be affected after our exami-
nation. Ataxia was the most frequent phenotype and was
almost universal in adults. Chronic progressive cerebel-
lar ataxia appeared after paroxysmal episodes (9 pa-
tients), in advance of these (5 patients), or as an isolated
feature (11 patients); this confirms and adds robustness
to descriptions of the variable natural history of ataxia
in FHM type 1-related disorders.”'®!??3 The majority of
our patients, however, did not have nystagmus, which
disagrees with previous reports. One patient (I111:14) with
along history of ataxia had normal findings on brain mag-
netic resonance imaging, which suggested that atrophic
cerebellar degeneration is not a necessary pathological
expression of channelopathies.

The number and temporal profile of paroxysmal tran-
sient episodes were extremely variable. Syndromic com-
binations and age at onset were also rather variable. Par-
oxysmal episodes were more frequent in the second or
third decades and tended to attenuate with age, whereas
ataxia worsened with age. Only 10 of the 25 observed pa-
tients had MA, and only 8 of these 10 patients had
hemiplegic aura. This differs from most reported series
of CACNAIA-related disorders. Although aura varied in
type, location, body side, and topographic congruence
(eg, aphasia with right or left hemiparesis), the duration
was identical to MA but shorter than the duration usu-
ally described in FHM.? Headache was migrainous in char-
acter but mostly bilateral. Cumulative 10-year preva-
lence of migraine without aura in this family was lower
than in the general population.?® This may suggest that
migraine without aura and calcium channelopathies are
unrelated, which has previously been proposed.”

Six of the 11 patients with TEND without headache
also had MA, with similar age at onset for both syn-
dromes. Although some features of TEFND are similar to
aura, identified differences were lack of scintillating sco-
toma or isolated visual aura, longer duration, and more
frequent precipitating factors. Some patients with TEND
had early remission, whereas 1 had an apparent remis-
sion and another had the first episode at age 74 years.
These findings may suggest that there is a higher trig-
gering threshold for TEND, which may require multiple
and stronger endogenous and environmental stimuli. Epi-
sodic coma triggered by minor head trauma occurred in
patients with a younger age at onset and was often a single
event. The predominance of males could be explained
by a greater exposure to coma triggers during child-
hood. The frequent association of coma with TFND in
the same episode and shared precipitating factors sug-
gest a common pathogenesis.

The migrainous nature of sensorineural deafness,
which was found in 3 of our patients and previously de-
scribed"® in FHM, was excluded by genetic analysis. We
recommend judicious evaluation of atypical symptoms
before assuming that they are part of the channelo-
pathic spectrum.

All of the patients of the third generation in branch A
had isolated cerebellar ataxia. Disease onset was earlier
in the fourth generation, and the phenotype was more

severe and complex. The tendency for anticipation of age
at onset seems real; however, it is generally agreed that
true anticipation is mimicked by random variation in se-
verity and ascertainment biases. The absence of parox-
ysmal symptoms in the third generation can be attrib-
uted to a recall bias, which has been documented for
sporadic hemiplegic migraine.” A lifelong history of iso-
lated cerebellar ataxia does not preclude the later onset
of focal episodes (eg, patient 11:9).

It is widely accepted that mutations of CACNAIA
cause a variety of manifestations depending on differing
underlying mutations. In the present family, 1 missense
mutation manifested as a syndromic continuum with an
even broader and more heterogeneous spectrum than
previously reported. Functional studies will help to ex-
plain how the variability can be attributed to a single
mutation.

Electrophysiological studies have shown that the
R583Q mutation shifts the voltage dependence of acti-
vation to more hyperpolarized potentials and slows chan-
nel recovery from inactivation.” These alterations in chan-
nel properties result in increased P/Q currents (even at
weak depolarizations) that have been suggested to be the
cause for the initiation of cortical spreading depression
as a result of minor head trauma. In addition, increased
calcium influx probably results in neuronal dysfunction
and Purkinje cell death and thus correlates with the ataxic
features found in patients with the R583Q mutation.
Moreover, the clinical variability found in the present pa-
tients with the R583Q CACNAIA mutation is a good ex-
ample of how single-gene disorders can behave as a com-
plex trait and reinforces the importance of genetic
modifiers in the tightly regulated function of P/Q-type
calcium channels.

The clinical spectrum of CACNAIA-related disorders
is much broader than strictly FHM. A family history of
hemiplegic aura, coma triggered by minor head trauma,
and progressive cerebellar ataxia should be accepted as
diagnostic evidence for FHM. In contrast, migraine with
typical aura does not predict a diagnosis of channelopa-
thy, even in individuals from a susceptible family. Per-
haps this statement could be considered in the future re-
view process of the International Classification of
Headache Disorders.'
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OBSERVATION

Phenotypes of Spinocerebellar Ataxia Type 6
and Familial Hemiplegic Migraine Caused

by a Unique CACNA1A Missense Mutation
in Patients From a Large Family

Isabel Alonso, BSc; José Barros, MD; Assuncdo Tuna, MD; Joao Coelho, BSc;
Jorge Sequeiros, MD, PhD; Isabel Silveira, PhD; Paula Coutinho, MD, PhD

Background: Different mutations in the a;,-subunit of
the brain P/Q-type calcium channel gene (CACNAIA) are
responsible for familial hemiplegic migraine (FHM), epi-
sodic ataxia type 2, and spinocerebellar ataxia type 6
(SCA6). Missense and splice site mutations have been
found in FHM and episodic ataxia type 2, respectively,
whereas a CAG repeat in the CACNAIA gene was found
expanded in patients with SCA6.

Objective: To identify the disease causing mutation in
a large family of patients with phenotypes of hemiplegic
migraine with or without cerebellar signs or permanent
cerebellar ataxia without migraine inherited in a domi-
nant manner.

Patients and Methods: We examined 15 patients
from a large family identified through a systematic sur-
vey of hereditary ataxias being conducted in Portugal.
Linkage analysis was performed with CACNAIA gene
markers, and mutation analysis was performed by

single strand conformational polymorphism analysis
and sequencing.

Results: Genetic linkage analysis with CACNAIA intra-
genic markers showed positive LOD scores. The maximal
LOD score was obtained with the polymorphic CAG re-
peat (Z,,,,=4.47, 6=0). By single-strand conformational
polymorphism analysis, a shift in exon 13 of the CACNAIA
gene was detected in all patients. A G-to-A substitution was
then identified, resulting in an arginine-to-glutamine change
at codon 583 of this calcium channel o ,-subunit.

Conclusions: The disease-causing mutation in this fam-
ily was identified, showing that a unique mutation in the
CACNAIA gene causes several phenotypes, including
those of SCA6 and FHM, thus suggesting that SCA6 and
FHM are not only allelic diseases but are the same dis-
order with a large phenotypic variability.

Arch Neurol. 2003;60:610-614

AMILIAL HEMIPLEGIC mi-
graine (FHM) is a subtype of
migraine with aura showing
autosomal dominant inheri-
tance. Episodes of FHM are

cal disorder characterized by episodes of
cerebellar ataxia, often accompanied by
nausea, vertigo, and headache. Episodic
ataxia type 1 (EA1) presents interictal myo-
kymia during and between episodes due

From UnlGENe, IBMC, Porto
(Ms Alonso, and Mr Coelho and
Drs Sequeiros and Silveira);
Laboratorio de Genética
Médica, ICBAS, Universidade
do Porto (Ms Alonso and Drs
Sequeiros and Silveira), and
Servico de Neurologia, HGSA
(Drs Barros and Tuna), Porto;
and Servico de Neurologia,
Hospital Sao Sebastiao, Feira
(Dr Coutinho), Portugal.

(REPRINTED) ARCH NEUROL/VOL 60, APR 2003

characterized by some degree of hemipa-
resis occasionally associated with other
symptoms, such as fever, drowsiness, con-
fusion, or coma, which can be prolonged
for days or weeks. Onset usually occurs dur-
ing childhood or adolescence, although later
onset has been reported.' Permanent neu-
rological signs of the disease are present in
some patients, most often nystagmus and
ataxia. Genetic heterogeneity of FHM has
been established. A significant number of
FHM families show genetic linkage to chro-
mosome 19p13,% including all those with
cerebellar signs.*® Some FHM families with-
out cerebellar signs have been assigned to
chromosome 1q, whereas others are not
linked to any known loci.”

Episodic ataxia is a dominantly in-
herited paroxysmal cerebellar neurologi-

to mutations in a potassium voltage-
gated channel gene, located on chromo-
some 12.%9 Patients with episodic ataxia
type 2 (EA2) show interictal nystagmus,
and the disease gene maps to chromo-
some 19p."” Migraine with or without aura
may be present in some patients from EA2
families.!"!?

Spinocerebellar ataxias (SCAs) are
progressive neurodegenerative disorders
characterized by late-onset gait ataxia and
dysarthria. Seven dominantly inherited
SCAs are caused by polyglutamine expan-
sions: SCA1-2, Machado-Joseph disease,
SCA6, SCA7, SCA17, and dentatorubro-
pallidoluysian atrophy.>**

The gene responsible for FHM, EA2,
and SCA6 encodes an a,4-subunit of the
brain P/Q-type calcium channel and is lo-
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Table 1. Clinical Features of the Patients
Age at Onset, y
T No. of
Focal Neurological Migraine Triggered Coma or HM
Patient No./ Deficits Without Without Minor Head Impaired Episodes Duration of HM
Sex/Age, y HM PCA Headache Aura Trauma* Consciousness per Year Episodes, h
I-2/F/t 50
1I-1/M/t 50
11-6/F/64 40
11-7/M/62 22 40 22 22 8 8
11-10/F/58 23 23 23 3 2
111-1/M/50 27
111-3/F/39 34
I11-5/F/35 33 Gad S
I11-6/M/44 30 35 85
111-9/F/29 51 25 505 24 24 . e
I11-11/F/34 18 18 18 1 24
I1-12/F/31 16 16 16 21 B 3 1
[11-14/M/24 7 18 18 7 7 7 2 02
IV-1/M/18 13 6 48
IV-2/M/16 14 e . 2 48
IV-3/M/16 5 e 6 5 5 1 2
IV-4/M/9 3 e 3 2 12

Abbreviations: Ellipses, absence of the referred symptom; HM, hemiplegic migraine; PCA, permanent cerebellar ataxia.

*Focal neurological deficits precipitated by minor head trauma.
tNo neurological examination was performed. Deceased.

cated on chromosome 19p13. Missense and splice site
mutations have been found in FHM and EA2, respec-
tively, whereas a CAG repeat in the CACNAIA gene was
expanded in patients with SCA6.>*' A G293R missense
mutation in the CACNAIA gene is also responsible for
progressive cerebellar ataxia.**

To improve knowledge of the underlying mecha-
nism involved in hemiplegic migraine and progressive
cerebellar ataxia, we studied a large family in which
patients presented with phenotypes of either hemiplegic
migraine or progressive cerebellar ataxia, performed
genetic linkage analysis with chromosome 19p13 mark-
ers, and performed mutation screening in the CACNAIA
gene.

— R

We studied a Portuguese family ascertained during a syste-
matic, population-based survey of hereditary ataxias and spas-
tic paraplegias, initiated in 1993 and covering half of the Por-
tuguese population (5.6 million people).?> This family
consisted of 17 patients with hemiplegic migraine and/or pro-
gressive cerebellar ataxia in 4 consecutive generations. Fifteen
patients were clinically examined by one of us (P.C., J.B., or
A.T.) (Table 1). Age at onset ranged from 3 to 23 years for
migraine episodes (mean, 13.4+7.2 years) and from 16 to 50
years for cerebellar ataxia (mean, 31.7+11.5 years). The age at
examination varied from 8 to 71 years. Clinical manifestations
were pleomorphic, including episodes of altered consciousness
precipitated by minor head trauma, focal neurological deficits
precipitated or not by minor head trauma, and migraine with-
out aura, besides progressive late-onset cerebellar ataxia in a
few patients. One of these patients (I1I-3) was studied by brain
magnetic resonance imaging, which showed atrophy of the
cerebellum.

Peripheral blood samples were collected from patients and
their relatives after written informed consent was obtained. Ge-
nomic DNA was obtained from peripheral blood leukocytes by

standard techniques.*® Molecular analyses of genetic markers,
exons, and intronic sequences of the CACNAIA gene were per-
formed by polymerase chain reaction (PCR) amplification us-
ing the published primer sequences.*' The PCR was per-
formed with 1pM of each primer, 200uM deoxynucleotides,
ImM magnesium chloride, 10mM Tris (pH 9.0), 50mM po-
tassium chloride, 1 U of Taq polymerase, and 2% formamide
in a final volume of 12.5 pL. The PCR products of markers were
radioactively labeled and analyzed on 6% polyacrylamide gels.
Allele sizes were determined by comparing migration relative
to an M13 sequencing ladder.

Polymorphic markers, within a 4-centimorgan (M) inter-
val containing the CACNAIA gene tel-D19S840-19S1150-
(CAG),-D19S226-cen, according to the Fondation Jean Daus-
set Centre d’Etudes des Polymorphismes (Paris, France) data-
base, were selected for linkage analysis. Markers D19S1150 and
the polymorphic CAG repeat are intragenic. Analysis was per-
formed with the LINKAGE* software program version 5.22.
The disease was considered autosomal dominant with incom-
plete penetrance (95%) and with a disease gene frequency of
0.0001. The PCR products of exons and intronic sequences of
the CACNAIA gene were screened for molecular variants by
single strand conformational polymorphism analysis® and elec-
trophoresis in X0.5 Mutation Detection Enhancement gels (Bio-
Whittaker Molecular Applications, Rockland, Me) at 4°C. Con-
formational changes were confirmed by sequencing with Thermo
Sequenase cycle-sequencing kit (Amersham Pharmacia Bio-
tech, Uppsala, Sweden). Restriction analysis of exon 13 was per-
formed by PCR amplification, and products were digested with
the BanlI restriction enzyme (New England BioLabs, Beverly,
Mass) according to manufacturer instructions.

B RESULTS

The size of the CAG repeat, in the 3’ end of the CACNAIA
gene, responsible for SCA6 was determined in all 25
subjects available for this study. The repeat size in 12
patients, 9 at-risk individuals, and 4 spouses, ranged from

(REPRINTED) ARCH NEUROL/VOL 60, APR 2003
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7 to 14 units, which is within the normal allele inter-
val for SCA6. Further screening excluded SCAIL,
SCA2, Machado-Joseph disease, SCA7, SCAS,
SCA10, SCA12, SCA17, and dentatorubropallidoluysian
atrophy expansion.

Linkage analysis with polymorphic markers
D195840, D19S1150, the polymorphic CAG repeat, and
D19S5226 gave positive LOD scores (Table 2). The maxi-
mal LOD score was obtained with the intragenic CAG
repeat (Zn.x=4.47, 6=0). Haplotype construction with
chromosome 19p markers showed a common haplo-
type shared by all patients of this family (Figure 1), ex-
cept patient II-7, in whom a recombination occurred be-
tween the CAG repeat and marker D195226, located 3
cM from the CACNAIA gene (Fondation Jean Dausset
CEPH database). His affected offspring shared the same
recombined haplotype.

Mutation detection was performed by single strand
conformational polymorphism analysis after PCR am-
plification of each exon and exon-intron boundaries. A
mobility variant was detected in the exon 13 fragment
that showed a 3-band pattern (Figure 2A). By direct se-
quencing, a G-to-A substitution at position 2023 was iden-
tified (Figure 2B). This substitution produces an arginine-
to-glutamine change at codon 583 in the CACNAIA gene.
By restriction analysis with Banll restriction enzyme, this
mutation was excluded in 100 control chromosomes from
the Portuguese general population. After Banll diges-
tion, fragments of 123, 122, and 67 base pairs (bp) were
detected for healthy individuals, whereas in the patients
an additional band of 245 bp was also present, resulting
from the loss of a restriction site on the mutated allele.

B COVVENT

In this study, we describe the first family to our knowl-
edge in which patients presented phenotypes of hemiple-
gic migraine with or without cerebellar signs or perma-
nent progressive cerebellar ataxia without migraine due
to a unique missense mutation in the CACNAIA gene.
The disease locus in this family showed strong linkage
to intragenic markers in this gene. By mutation analy-
sis, we identified an R583Q substitution in all available
patients. This mutation had first been described in 2 af-
fected members from a family with hemiplegic migraine
and ataxia.”> We described a large family with 17 pa-
tients who presented with high clinical variability due
to this R583Q mutation.

The a;,-subunit of the P/Q-type calcium channel
gene is composed of 4 homologous domains (I-IV), each
containing 6 putative transmembrane segments (S1-S6)
and a pore-forming segment between S5 and S6.> The mis-
sense mutation identified in this family is located in the
S4 transmembrane segment of protein domain II, which
is thought to be the voltage sensor of the channel.

Mutation R583Q replaces a conserved, polar, posi-
tively charged arginine by a neutral glutamine, which can
increase hydrophobicity and reduce polarity in this vol-
tage sensor segment. This mutation causes a shift in the
activation and inactivation voltage dependence of the
channel to more negative potentials.” The hyperpolar-
ization shift increases intracellular calcium levels by al-

Table 2. Linkage Relationships Between the Disease Locus
and Chromosome 19p13 Markers

(C]
[ 1

Marker 00 01 02 03 .04 Z,, ©
D195840 229 194 143 083 024 229 0.0
D1951150 267 220 161 094 029 267 0.0
CACNATANt2023 292 240 177 1.07 035 292 00

(CAG)n 447 380 295 196 0.80 4.47 0.0
D195226 -7.22 269 225 153 962 274 0.069

tering P/Q-type calcium channel activity at weak depo-
larizations in mutants with this substitution.? Channel
recovery from inactivation in R583Q mutants is slower,
which can lead to an accumulation of inactivated chan-
nels during rapid depolarizations.? Another FHM mu-
tation due to an arginine-to-glutamine substitution also
located in the S4 transmembrane segment, but of pro-
tein domain I at codon 192, also causes an excess of in-
tracellular calcium due to altered gating properties.” The
abnormal calcium influx, mostly during high neuronal
activity, would explain the paroxysmal character of FHM
and the precipitation of episodes by sensory or emo-
tional stimuli.?? Calcium overload causes excessive re-
lease of excitotoxic neurotransmitters such as gluta-
mate, which can lead neurons to apoptotic death.

In this family, the mean age at onset for hemiplegic
migraine symptoms was in the second decade and ap-
proximately 20 years earlier than that for the cerebellar
signs. This onset of migraine symptoms is close to that
reported in other clinical descriptions of FHM due to mu-
tations in the CACNAIA gene.® The 2 patients previ-
ously described as having mutation R583Q began mi-
graine episodes at 17 and 40 years, respectively, whereas
cerebellar signs were first noticed in both patients when
they were in their 60s.?

Emotional stress was the most frequent triggering
factor of hemiplegic migraine in families with muta-
tions in the CACNAIA gene as described in a previous
study.® In the present family, patients with hemiplegic
migraine did not refer to emotional stress as a triggering
factor, whereas minor head trauma was referred to in ap-
proximately 4 patients (44%). However, this family is
unique in which cerebellar progressive ataxia was also
triggered by mild head trauma.

Expansion of a CAG repeat in the CACNAIA gene
causes not only SCA6 but also EA2 phenotypes in pa-
tients from the same family.*'** On the other hand, in a
family described by Yue et al,** a point mutation in this
gene originates severe progressive ataxia in some pa-
tients and episodic ataxia in others. Moreover, some fami-
lies had members with either hemiplegic migraine accom-
panied by cerebellar signs or episodic ataxia with headache
due to a point mutation in the CACNAIA gene.**333* In
this family, we found patients who only had symptoms of
progressive cerebellar ataxia, patients affected by hemiple-
gic migraine only, and patients with both hemiplegic mi-
graine and symptoms of progressive cerebellar ataxia. Thus,
the R583Q mutation causes phenotypes of SCA6 and FHM.
These results, in addition to those referred to herein,*!*?
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D195840 12] |[2f1

D191150 13 |[3]1

CACNATAN2023 |G G| ||G|A

(CAG)N 22| ||2|1

D195226 34| ||2[1
l 3<£ 4£ 5 7L408 92{*410 11IJ_‘I 12(% 13£
D195840 12 22 3 2[1 22 11 2[1 22 12 2 2
1991150 13 33 1 - 31 12 42 31 33 i3 33
CACNATAN2023 GG G G 6 G|A GG GG G|A GG GG GG
(CAG)n 22 22 2 - 21 34 45 21 22 2 2 2 2
D195226 32 42 5 - 42 53 31 41 4 4 32 4 2
I J)s 6 7IJ_'I 88) 94) 104) 113 12‘ 13[5 14‘
D195840 71 3 i 2 22 [ile 22 1A 1fi 12 1fi
D1951150 1|1 1|1 il 32 i1 32 4| 31 23 31
CACNATANt2023 Al 6 G |A AG GG [A/G 66 GlAl  GlA GG GJ|A
(CAG)n 1| 4 2 1 14 24 f1|3 24 4t 4fn 52 41
D195226 1] 1 51 203 43 25 43 3] sl 14 301
v 49'
D195840 1] 1
D1951150 12
CACNATAN2023 |A| G
(CAG)n 13
D195226 12

Figure 1. Pedigree and haplotypes of the described family. Black circles and squares indicate affected individuals with progressive cerebellar ataxia and
hemiplegic migraine; right side black symbols, patients with hemiplegic migraine; and left side black symbols, patients with progressive cerebellar ataxia.
Haplotypes of 4 genetic markers spanning 4 centimorgans within the CACNA1A gene are shown. The additional 2-allele marker CACNA1Ant2023 polymorphism is
also represented. The haplotype that segregates with the disease is boxed, and the inferred haplotypes are bracketed.
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Figure 2. Single-strand conformational polymorphism (SSCP) and sequencing of exon 13. A, Polymerase chain reaction products were analyzed on Mutation
Detection Enhancement gel by SSCP. A 3-band pattern shift was detected in all patients and in an at-risk individual. B, Sequencing of exon 13 fragment in 2
patients and 2 healthy relatives. A G-to-A base substitution was detected at the 2023 position, causing an arginine-to-glutamine change in the CACNA1A protein.
Individuals are identified according to the family tree.

suggest that EA2, SCA6, and FHM are not only allelic dis- CACNAIA aberrant transcripts.?” On the other hand, the
eases but are the same disorder with a large phenotypic tg mutant mice phenotype is caused by an amino acid
variability. The presence of several different phenotypes substitution in the pore-forming region of mice a;, pro-
strongly suggests the involvement of modifying polymor- tein domain I1.** This mutant expresses a milder pheno-
phisms in either this or other genes. type and shows less functional changes.* The (g and tgla
Mutations in the a;4-subunit orthologous mouse mutated channels exhibit a reduced calcium influx in Pur-
gene are responsible for 2 phenotypes: the tottering (tg) kinje cells.?
and the leaner (tgla). The tgla mice phenotype presents In conclusion, the mutation R583Q in the CACNAIA
severe progressive ataxia caused by a mutation in a gene causes a large variety of clinical phenotypes, in-
splicing consensus sequence, which gives rise to cluding hemiplegic migraine, permanent ataxia, and coma.
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Mutations not only in the pore-forming segments but
also in the voltage sensor transmembrane segments al-
ter the gating properties of neuronal P/Q-type calcium
channels, causing alterations in calcium influx through
neurons.
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A novel R1347Q mutation in the predicted
voltage sensor segment of the P/Q-type
calcium-channel o o-subunit in a family with
progressive cerebellar ataxia and hemiplegic

migraine

To the Editor:
The CACNAIA gene encodes the highly con-
served brain-specific P/Q-type voltage-gated
calcium-channel o o-subunit, expressed mainly in
the cerebellum. This channel mediates the entry
of calcium ions into cells. This gene is involved in
spinocerebellar ataxia type 6 (SCAO6), episodic
ataxia type 2 (EA2) and familial hemiplegic
migraine type 1 (FHM]1), which have been con-
sidered as distinct clinical entities (1, 2). Recent
studies have shown extensive clinical and genetic
overlaps between these diseases (3—6). Here, we
report a novel missense mutation, located in a
region considered to be the voltage sensor of the
P/Q-type calcium channel, responsible for both
progressive cerebellar ataxia and hemiplegic
migraine in all patients from one affected family.
We ascertained a Portuguese family with both
progressive cerebellar ataxia and hemiplegic
migraine, during a population-based survey on
hereditary ataxias (7). This family had three
patients, two of whom were clinically examined,
in two consecutive generations. The proband was
a 32-year-old woman presenting with slowly pro-
gressive ataxia since her childhood. She experi-
enced a 24-h coma, at the age of 18, after a car
accident without head trauma. Magnetic reson-
ance imaging study in this patient showed atro-
phy of the cerebellum. Nine years later, she had
the first episode of hemiplegic migraine that
occurred again at a later time. Her brother had
the first symptoms at 11 years of age with hemi-
paresis and aphasia, triggered by physical effort.
Hemiparesis and aphasia have recovered after
1 week, whereas the signs of gait ataxia have per-
sisted and slowly progressed. No headache was
present. Their mother, already deceased, has
never been clinically evaluated. We were told by

70

her family members that she had attacks of hemi-
paresis and aphasia precipitated by physical
effort, mainly during the summer season, since
she was 11years of age. By the age of 13, she
began to exhibit signs of a slowly progressive
ataxia.

Mutation analysis of the CACNAIA gene in
this family revealed a mobility variant at exon
25 in the two affected sibs but not in their healthy
relatives. By direct sequencing, a G-to-A substi-
tution at position 4315 was identified, which pro-
duces an arginine-to-glutamine change, at codon
1347, in the CACNAIA gene; this was not present
in 100 control chromosomes from the Portuguese
general population. This Arg;s47 is evolutionarily
conserved among o o-subunits from other species
such as Rattus norvegicus, Mus musculus, Droso-
phila melanogaster and Caenorhabditis elegans, as
well as in other «;-subunits. Other mobility vari-
ants were detected in this family, indicative of
several polymorphisms (Table 1).

In the present study, we report a new mutation
in the P/Q-type calcium-channel o;s-subunit
gene, in a Portuguese family with both slowly
progressive cerebellar ataxia and hemiplegic
migraine. This mutation replaces a polar
positively charged highly conserved arginine by a
neutral glutamine, at codon 1347. The two pre-
viously described mutations R192Q (1) and
R583Q (6, 8) are located in the S4-transmembrane
segments of protein domains I and II, respectively
(Fig. 1), which are considered to be the voltage
sensor segments, both replacing highly conserved
positively charged arginines by neutral glutamines.
The missense mutation in this family is similar and
is also located in the S4-transmembrane segment
but of protein domain III. Functional studies per-
formed in channels with the two previously



Table 1. Additional polymorphisms detected in Portuguese family

Letter to the Editor

Position Nucleotide Polymorphism Consequence Frequency
Intron 1 568 + 53 G—A - Not assessed
Exon 8 1457 A—G Gluzgs Not assessed
Intron 8 1474 — 31 A—G - Not assessed
Exon 20 3594 G—A G|y1 105Ser 0.03
Exon 23 4142 T—C Pheqsgs Not assessed
" \ /
?
S1[S2|S3|S4|S5 S6 S1|S2(S3|54|S5 S6 S$1|S2|S3|S4(S5 S6 S$1|S2|S3[S4(S5 S6
PolyQ
NFg* M Ris:Q
* Rsg3Q
¥ RizQ £C8

Fig. 1. Predicted structure of the P/Q-type calcium-channel o o-subunit showing the four homologous domains composed of
six transmembrane segments (S1-S6) and a pore-forming segment between S5-S6. The two previously described arginine-to-
glutamine mutations in segment 4 of protein domains I [M (1)] and II [ %(6, 8)], as well as the new mutation (V) in domain III,

are represented.

described mutations revealed similar altered gating
properties, which may cause an excess of intracel-
lular calcium (9, 10). This could explain the ini-
tially episodic symptoms and then the progressive
disease due to apoptotic death of neurons, prob-
ably by an excitotoxic mechanism.

We have previously described a large family in
which patients presented phenotypes of hemi-
plegic migraine, with or without cerebellar signs, or
permanent progressive cerebellar ataxia without
migraine due to a unique R583Q change in the
voltage sensor of the P/Q-type calcium-channel
o a-subunit (6). Now, we describe a novel mis-
sense mutation, also in the voltage sensor region
of this channel, again in a family with progressive
cerebellar ataxia and hemiplegic migraine. The
two formerly reported families with mutations
R192Q or R583Q have shown phenotypes of
FHM with or without ataxia (1, 8). We may,
thus, anticipate that a similar change in domain
IVS4 may probably produce similar symptoms,
whereas an arginine to histidine change in this
domain has been reported in a family with an
EA2 phenotype (11). To further establish pheno-
type/genotype correlation and to understand the
specific role of domains and segments in this
channel, the R1347Q mutation should be fully

screened in families either with hemiplegic
migraine and episodic or progressive ataxia.
Additionally, functional expression studies will
allow us to assess gating properties of altered
channels and, eventually, to identify the mechan-
ism that may lead to disease.

In conclusion, additional evidence was pre-
sented supporting a crucial role for highly con-
served arginine residues in the normal function of
the P/Q-type calcium channel.
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Abstract

Introduction Neuropsychological symptoms are rare in
familial hemiplegic migraine (FHM). There are no reports
of psychotic symptoms in FHM type 2 (ATPIA2). We
examined a family with a FHM phenotype due to a M731T
mutation in ATPIA2. A 10-year follow-up allowed us to
observe complex auras, including psychotic symptoms in
two siblings.

Case report Male, 48 years old, with an aura that inclu-
ded complex illusions with a feeling of time travelling,
coincident with other aura features. The aura was regarded
as mystical by the patient. Female, 38 years old, with a
complex migraine aura, during which she believed she had
the ability to time travel and was being followed by lob-
byists who wanted to steal this ability from her.
Discussion FHM type 2 must be included in the list of
differential diagnoses of acute psychosis in patients with a
previous history of migraine aura.
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Introduction

Familial hemiplegic migraine (FHM) is an autosomal
dominant type of migraine with aura (MA). The diagnostic
criteria require the presence of a reversible motor deficit
associated with at least one other transient neurological
symptom and similar episodes in relatives [1]. FHM may
be associated with mutations in the genes CACNAIA
(FHM1), ATPIA2 (FHM2) and SCNI/A (FHM3) [1].
Mutations in the ATPIA2 gene, on 1q23, which encodes
the alpha 2 subunit of the Nat,K*-ATPase [2], are some-
times associated with complex paroxysmal episodes or
permanent neurological signs [3, 4]. Reports of psychotic
symptoms in FHM1 are very rare [5—7]. There is no data
concerning familial cases caused by ATPIA2 mutations
(FHM2); however, a delusional misidentification syndrome
was described in one sporadic case [8].

A 10-year follow-up of a three-generation family
(Fig. 1) allowed us to document two siblings with illusion
of time travelling included in the migraine aura.

Patients and methods

All members with migraine aura were examined at home in
January 2002. Blood samples were collected for genetic
study, but patients IV:4, V:1 and V:3 refused testing. In
2007, a M731T mutation in the ATPIA2 gene was found
[9]. Individuals IV:6 and IV:7 were clinically followed
carefully. All living members were re-examined in January
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Fig. 1 Pedigree structure.
Migraine auras are represented

by different symbols (see
above). Gray-filled quadrants
represent typical aura of an
individual without ATPIA2
mutation. Arrow indicate
proband

X X
O[] Psychotic aura

(™™ visual aura
(»[d Sensitive aura

@] Aphasic aura

@®M®] Motor aura
(D[ Affected by hearsay

2012. At that time, the patients agreed to provide saliva,
and the genetic study was completed. An informed consent
form was signed by all family members.

Results

We examined 7 patients (6 still living). The M731T
mutation in ATP1A2 was confirmed in all five patients with
hemiplegic aura and in one case of typical aura (IV:3). The
mutation was not found in one patient who had a typical
aura in childhood (V:3). The detailed main features of
mutation carriers are described in Table 1. The age at onset
of the aura symptoms ranged from 9 to 15 years old
(average = 12.3 years; SD = 2.8 years). Three individuals
entered apparent remission at different ages. In contrast,
the matriarch, who died from pneumonia at 73, suffered
episodes her entire life. The number of episodes throughout
life ranged from 2 (V:1) to more than 100 (III:6). The
duration of the aura ranged from 15 min to 16 days (IV:7).
The clinical spectrum included visions of zigzag lines or
scintillating scotoma, numbness, hemiparesis, aphasia and
illusions of time travel. The motor aura affected the upper
limbs in all patients. The sensitive or motor auras were
bilateral in one case and shifted sides in the other five.
Aphasia was present in patients with either right- or left-
sided paresis. The headache exhibited a variable duration
and had a throbbing or tightening character with a mod-
erate intensity in most cases. Several different triggers were
reported.

@ Springer
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Siblings with psychotic aura

IV:4. Male, 48 years old, bricklayer. Between the ages of
20 and 35 years, his auras included a feeling of time
travelling. He felt as if he was being sucked into a spiral-
ling tunnel that led to a luminous and serene paradise. After
a few minutes in what he described as the afterlife, he was
sent back. These episodes were always part of the aura,
usually coinciding with aphasia and motor deficit. Between
episodes, he made mystical interpretations regarding these
phenomena and was proud to be a predestined.

IV:6. Female, 38 years old, office employee. At
37 years-old, while on vacation, she arrived by taxi at
her sister’s house, hundreds of miles away from the town
where she was supposed to be. She looked frightened
and restless, believing she was being followed by tele-
com operator lobbyists who were competing to provide
services for her ability to time travel. She became
aggressive against her relatives because she believed they
were accomplices of her pursuers. She would brandish a
knife, calling it “the key of time”. She was admitted to
the psychiatry department; at neurological examination
she had dysphasia and right central facial palsy. A 1.5-
tesla MRI and EEG were normal. All symptoms disap-
peared in a 48 h period. She did not comply with the
neuroleptics after discharge and continued having rare
episodes of hemiplegic migraine, including the feeling of
time travelling. She is aware that the migraine is the
cause of these symptoms and has not had another psy-
chotic episode.
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Discussion

Psychotic symptoms during the aura of hemiplegic
migraine have been described in few cases with FHM1 [6],
in a sporadic case linked to ATPIA2 gene mutation [8], and
in a few cases without genetic investigation [5]. Transient
or permanent neuropsychiatric features have been rarely
associated with ATPIA2 mutations: confusion [4], behav-
ioural disorders [10], borderline personality [11] and cog-
nitive retardation [3, 11]. This is the first description of
psychotic aura symptoms in FHM2, thus, widening its
phenotypic range. The complex aura in siblings IV:4 and
IV:6 exhibited a common trait, namely, the feeling of time
travel. Although the acute expression was dramatic in the
female, requiring a short hospitalisation, between attacks
she understood that her symptoms were due to the
migraine. Conversely, her brother believed these phenom-
ena to be unearthly. Non-genetic factors (low schooling
level and a secluded rural setting) might at least partially
explain his interpretation.

Initially, this family seemed to present with “standard”
FHM, but a long-term follow-up allowed unusual symp-
toms to emerge. Psychotic symptoms may be under-
reported, perhaps because patients feel embarrassed to
share this type of symptom with the doctor. This prolonged
follow-up gives patients and families a more accurate
perception and record of the symptoms.

We can speculate about the anatomical location of these
symptoms by analogy. There is evidence of a neural net-
work involved in mental time travel, consisting of the
medial prefrontal, medial temporal, medial parietal, lateral
parietal-occipital and lateral temporal regions [12].
Accepting that the cortex in these regions may be involved
via cortical spreading depression is not difficult. However,
the basis of voluntary mental time travel may differ from
that of illusionary time travel.

The prognosis of FHM tends to be good; however,
establishing an individual accurate prognosis may be dif-
ficult. The variability of the natural history and prognosis
as a function of different ATP/A2 mutations are well
known. Furthermore, individuals with the same mutation
may also have very different features, as presented in this
family. Two siblings had the illusion of time travelling, but
the other family members absolutely denied experiencing
such a symptom, even when directly questioned in private.
The motor aura lasted more than 1 h in only 2 episodes, but
the duration of those 2 was very long: 5 days (IV:6) and
16 days (IV:7). The classical FHM regression in old age
was contradicted in the case of the matriarch (III:6); con-
versely, her granddaughter (V:1) exhibited only two epi-
sodes and entered apparent remission at the beginning of
adolescence. These capricious and unequal syndromic
profiles suggest the existence of powerful endogenous or

@ Springer

environmental factors that trigger, modulate or inhibit the
genetic background.

Finally, we recommend that FHM2 must be included in
the list of differential diagnoses of acute psychosis in
patients with previous history of migraine aura.
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Introducao

A Enxaqueca Hemiplégica Familiar (Familial Hemiplegic
Migraine, FHM) é um subtipo de enxaqueca com aura com
modo de transmissdao autossémico dominante, caracterizado
pela presenca de hemiparésia durante as crises. Estudos gené-
ticos em familias de diferentes origens tém contribuido para a
localizag@o dos loci e genes responséveis pela doencga. A maio-
ria das familias afectadas com FHM e sinais cerebelosos, e que
estdo ligadas ao locus 19p13 (FHM1), apresentam mutagdes
no gene CACNAIA. Por outro lado, familias com FHM pura, e
que se encontram ligadas ao locus 1q23 (FHM2), apresentam
alteracoes genéticas no gene ATP1A2. Recentemente, uma
mutagdo no gene SCNIA foi associada a FHM (FHM3), refor-
cando a hipdtese de que alteracdes na homeostase idénica
contribuem para o mecanismo patogénico da doenca. A pre-
senca de mutagdes recorrentes na FHMI1 tem contribuido
para um melhor estabelecimento de correlagdes genétipo-
fenétipo. Contudo, para os restantes tipos de FHM, apenas o
estudo de novas familias e/ou a recorréncia das mutacoes
permitirdo compreender a verdadeira importancia de cada
um dos genes na expressao clinica da enxaqueca.

Objectivos
Este trabalho teve como objectivo estudar o envolvimento
do gene ATP1A2 numa familia portuguesa com FHM pura.

Material e Métodos

Marcadores genéticos localizados na regido 1g23 foram
genotipados para alguns membros da familia, tendo sido esta-
belecido o respectivo hapldtipo. O screening do gene ATP1A2
foi realizado por sequenciagao automatica, usando o DNA
genémico de um dos doentes da familia.

Resultados

Foi encontrada a mutacao missense M731T, previamente
descrita numa familia holandesa com FHM pura, e que é res-
ponsével pela doenga na nossa familia. Comparando os
haplétipos das duas familias verificou-se que esta mutacao é
recorrente e nao resultante de uma mesma origem genética.

Discussédo

A associa¢ao da mutagao M731T com a FHM pura sugere o
estudo preferencial desta muta¢ao em novos casos portugue-
ses de FHM que apresentem este fenotipo.

Palavras Chave: correlacdes gendtipo-fendtipo; enxaque-
ca; FHM2; mutacoes missense; Na',K*-ATPase.
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Introduction

Familial Hemiplegic Migraine (FHM) is an autosomal
dominant subtype of migraine with aura, with hemiparesis
characterizing the attacks. Genetic studies in families of
different origins have contributed for the localization of loci
and genes responsible for the disease. The majority of the
families affected with FHM and additional cerebellar signs
that are linked to 19p13 locus (FHM1) show mutations in
CACNAIA gene. On the other hand, families with pure FHM
linked to 1q23 locus (FHM2) present genetic variants in
ATP1A2 gene. Recently, a mutation in SCN1A gene was
associated with FHM (FHM3), supporting the hypothesis that
alterations in the ionic homeostasis contribute for the
pathogenic mechanism of the disease. For FHM1 several
recurrent mutations have been described and allow a more
accurate genotype-phenotype correlation. However, for the
remaining FHM types only the study of additional families
and/or finding recurrent mutations will allow to understand
the true importance of each gene for migraine clinical
expression.

Objective
This work aimed to study the involvement of ATP1A2 gene
in a Portuguese family with pure FHM.

Patients and Methods

Genetic markers located in the 123 region were
genotyped for some family members and haplotype analysis
was established. Scanning for mutations in the ATP1A2 gene
was performed by direct sequencing, using genomic DNA of
one patient of the family.

Results

We identified the M731T missense mutation, previously
described in a Dutch family with pure FHM, which is
responsible for the disease in our family. Comparison of
haplotypes of both the Dutch and the Portuguese family with
the M731T mutation indicated that the mutation is recurrent
rather than result of a common founder effect.

Conclusion

The association of M731T mutation with pure FHM
suggests the preferential study of this mutation in novel FHM
Portuguese cases presenting this phenotype.

Key-words: genotype-phenotype correlations; migraine;
FHM2; missense mutations; Na',K*-ATPase.
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Introducdo

A Enxaqueca Hemiplégica Familiar (Familial Hemiplegic
Migraine, FHM) é um subtipo raro de Enxaqueca com aura
(Migraine with Aura, MA) geralmente de expressao semio-
l6gica plural, incluindo obrigatoriamente algum grau de
parésia reversivel, que poderd progredir até hemiplegia.
Pelo menos um familiar do probando, em 1° ou 2° grau, tera
também aura motora (1).

A FHM apresenta um modo de transmissao autossémi-
co dominante e é geneticamente heterogénea (2) sendo
que mais de trés loci se encontram actualmente associa-
dos a doenca (3-6). Desde o mapeamento do primeiro
locus no cromossoma 19p13 (FHM1) (3) que vdrias muta-
¢oes patogénicas tém sido encontradas no gene CACNAIA
em familias com FHM, especialmente nas que apresentam
sintomas neurolégicos adicionais como a ataxia cerebelo-
sa ou o nistagmo (7,8). O gene CACNAI1A codifica para a
subunidade alfaix do canal de célcio neuronal dependente
de voltagem, Ca«2.1, maioritariamente expressa nas célu-
las de Purkinje (7,9). As correlagdes genétipo-fendtipo tém
sido estabelecidas para vérias mutacoes recorrentes do
gene CACNAIA, mas uma grande variabilidade na expres-
sdo clinica para a mesma mutacao sugere essa determina-
¢ao como mais complexa do que a priori esperado (8,10).
O segundo locus para FHM foi descrito no cromossoma
1g21-23 (FHM2) (4) tendo sido posteriormente descritas
varias mutacoes patogénicas no gene ATP1A2 (11,12). Este
gene codifica para a subunidade alfaz de uma bomba
sédio-potéssio da familia das ATPases, Na*,K*-ATPase, cuja
principal funcao é mediar o transporte iénico através da
membrana plasmadtica com o gasto de ATP (13). As muta-
¢coes no gene ATP1A2 foram encontradas em familias com
fen6tipo de FHM puro (12,14-17), apesar de alguns casos
de FHM com alteracoes cerebelosas associadas terem sido
apresentados (18), em familias com FHM e convulsdes
benignas familiares infantis (12) ou associadas a hemiple-
gia alternante da infancia (19,20). Recentemente, uma
nova mutacdo foi encontrada numa crianga com défices
neurolégicos episddicos severos e atraso mental perma-
nente (21), sugerindo que este gene poderd ter um papel
importante em outros distirbios neurolégicos. Um ntime-
ro relativamente pequeno de familias com FHM pura foi
estudado para o gene ATP1A2 e apenas duas mutagdes
recorrentes foram publicadas (16), o que impossibilita o
estabelecimento de correlacdes genétipo-fenétipo. Em
2005, um gene até entdo relacionado com diferentes for-
mas de epilepsia e localizado no cromossoma 2q24 foi
associado a FHM3, o gene SCN1A, gene esse que codifica
para um canal de sédio neuronal dependente de voltagem

(6). Uma tnica mutacao foi encontrada em trés familias

Volume 6 | N.°22 | Novembro de 2006

com a mesma origem genética, sendo o fendtipo associa-
do o de FHM puro, contudo com manifestagoes epilépti-
cas na infancia a surgirem em alguns elementos (6).
Apenas os estudos funcionais e os modelos animais pode-
rao demonstrar quais as vias que levam as mutagoes a
causar o fené6tipo de FHM. Contudo, o envolvimento des-
tes trés genes na FHM sublinha a importancia primordial
de uma alteracdo na homeostase iénica na patofisiologia

da enxaqueca.

Objectivo

Neste trabalho pretendeu-se estudar o envolvimento
do locus FHM2 e do gene ATP1A2 numa familia portugue-
sa com FHM pura.

Material e Métodos

A seleccao dos individuos obedeceu a seguinte sequéncia:

1) observacdo do probando em consulta formal de neu-
rologia;

2) construcdo da arvore familiar;

3) manifestacdo do interesse em observar os familiares
em 1° grau ou 2° grau;

4) manifestacdo do interesse em colher sangue periféri-
co para estudo genético aos familiares adultos em 1°
grau ou 2° grau;

5) convite verbal aos familiares veiculado pelo proban-
do, respeitando o cardcter nao sistemadtico e as omis-
soes como custos legitimos do seu direito ao sigilo;

6) explicacdo individual aos potenciais observados de
que se tratava de um trabalho de investigacao, aceitan-
do-se a ndo cooperacao ou desisténcia em qualquer
fase do processo, sem necessidade de justificacoes;

7) registo da recusa, aceitacdo parcial ou aceitacao

plena de colaboracao.

Os membros cooperantes foram observados por dois
neurologistas (JB e AM) de uma forma independente. Foi
usada a praxis neuroldgica cldssica (entrevista clinica e
exame neurolégico). Seis meses depois procedeu-se a uma
entrevista com a presenca simultanea de ambos os neuro-
logistas, para a redaccao de registos clinicos finais.

Dos individuos dadores de sangue do Hospital Geral de
Santo Anténio que aleatoriamente tinham sido recrutados
para participar no estudo genético da enxaqueca (n=244)
foi seleccionado um subgrupo (n=176) como populacao
controlo para este estudo. Os critérios de exclusao para este
estudo foram: a) a auséncia de enxaqueca ou de qualquer
outra forma de cefaleias, apds avaliacdo clinica e tendo em
conta os mesmos critérios (1); e b) a auséncia de DNA para

o teste genético. Destes 176 controlos, 132 eram do sexo
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masculino e 44 do sexo feminino. A média da idade de
observacao dos controlos era de 40,78+11,54. Todos os par-
ticipantes e controlos deram o seu consentimento informa-
do por escrito para a participacao neste estudo, estudo esse

que teve a aprovacdo da Comissao de Etica do hospital.

(9 ) g

?. “:o

Figura 1. Pedigree da familia portuguesa com FHM pura. O diagndstico
clinico é representado por diferentes simbolos: simbolos com a metade
inferior a negro representam FHM; simbolos com o canto superior
direito a negro indicam individuos afectados com MA; e simbolos com
um traco diagonal apontam os individuos falecidos. O probando é
indicado por uma seta. Os individuos examinados clinicamente
apresentam (+) e os casos em que ndo existe informagao clinica
disponivel sao indicados por (-).

Avaliacdo clinica

A familia descrita inclui dez individuos, tendo trés fale-
cido, de quatro geracgdes sucessivas, possivelmente afecta-
dos por enxaqueca com aura, com expressao semiologica
variavel e incluindo algum grau de parésia (Fig.1). A fami-
lia é oriunda do concelho de Alfandega da Fé, distrito de
Braganca e ndo tem histéria de outras sindromes genéti-
cas ou neurolédgicas, designadamente ataxia, vertigens,
epilepsia ou atraso cognitivo.

Um adulto ndo aceitou a colheita de sangue; optamos
por nao fazer colheitas as duas criancas.

V:5 (probando). Sexo feminino, 29 anos. Idade de inicio:
11 anos.

Os episodios iniciam-se por cintilagdes no centro do
campo visual, evoluindo em cinco minutos para escotoma
cintilante, unilateral e alternante, com desaparecimento
progressivo na periferia (10 a 60 minutos). Sem intervalo
livre, iniciam-se formigueiros na mao direita, pé e perna,
progredindo para a face e lingua (30 minutos a trés dias). Em
simultaneo inicia-se disfasia motora (1 hora a 5 dias) e hemi-
parésia sem compromisso da face (1 hora a 3 dias), que pode

progredir ocasionalmente para hemiplegia. A cefaleia foi

Sinapse

sempre hemicraniana e contralateral ao défice neurolégico
(90% das vezes), de localizacdo fronto-orbitdria, pulsétil,
agravada pelo esforco, intensa, acompanhada de vomitos e
fonofotofobia. A cefaleia tem uma durac@o tendencialmen-
te inferior ao conjunto das auras. Nenhuma crise foi precipi-
tada por stress fisico ou traumatismo minor. Em alguma cri-
ses notaram-lhe desorientacao temporo-espacial e/ou
sonoléncia no inicio dos episddios (10 a 30 minutos). Nunca
teve coma ou deterioracao importante da vigilia. A frequén-
cia média é de 6 crises por ano. Melhorou com acetazolami-
da, mas abandonou por sonoléncia. O exame neuroldgico
foi normal. A ressonancia magnética encefalica foi normal.

IV:2. Sexo feminino, 70 anos. Idade de inicio: 15 anos.

Os episédios comecam por sensacao de “mao pesada”
durante uma hora. Seguem-se em sequéncia: escotoma
cintilante, disfasia motora, formigueiros e/ou adormeci-
mento de mao, face, lingua e membro inferior. Cada fase
dura de 5 a 15 minutos; duracdo total de 30 a 90 minutos.
Depois de um intervalo livre de 5 minutos, comeca uma
cefaleia unilateral alternante, mais vezes esquerda, com
vomitos muito exuberantes e outras caracteristicas cldssi-
cas de enxaqueca. A duracao é de 12 a 72 horas (média 48
horas). A cefaleia é sempre homolateral a aura (mais vezes
esquerda). Tinha uma crise/més, muitas vezes prévia ao
periodo menstrual, ndao melhorando na gravidez. A partir
dos 50 anos (menopausa), terd cerca de 2 episddios por
ano. O exame neuroldgico foi normal.

V:1. Sexo masculino, 45 anos. Idade de inicio: 10 anos.

Os epis6dios paroxisticos comegam por adormecimen-
to nos dedos de uma das maos (90% a direita; 10% a
esquerda), com instalacao e desaparecimento graduais em
10 a 15 minutos. As cefaleias comecam a seguir, sdo leves a
moderadas, bilaterais, frontais, agravadas pelo esforco,
pulsdteis, com nduseas, sem vomitos. Aliviam espontanea-
mente em 30 minutos. Raramente teve auras visuais (zig-
zag cintilante) antes dos sintomas sensitivos. Nunca teve
alteracoes de linguagem. Na adolescéncia tinha cerca de 10
crises por ano; actualmente tem cerca de uma crise por
ano. As crises nunca precipitadas por traumatismos cefdli-
cos ou stress. O exame neuroldgico foi normal.

V:3. Sexo masculino, 42 anos. Idade de inicio: 16 anos.

Os episddios iniciam-se por formigueiros distais nos
dedos, bilaterais e assimétricos evoluindo para unilaterais
apods cinco minutos e mantendo-se por 15 a 20 minutos.
Ap6s um periodo de visdo enevoada bilateral apresenta
alucinacoes visuais, descritas como “tinel luminoso e
intermindvel em movimento”. Teve raramente sensacoes
complexas de levitacdo, de morte iminente e de poderes
sobrenaturais. Incorpora interpretacdes misticas e atitude

violenta nas descricoes, impossibilitando o refinamento
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semioldgico. Teve episodios de disfasia motora (até 2
horas). Teve um episédico tinico de hemiplegia esquerda
reversivel (24 horas de duracao) na sequéncia de uma pan-
cada leve na cabeca; As cefaleias sdo homolaterais a aura,
preenchem os critérios de enxaqueca e duram cerca quatro
horas. Teve seis a oito epis6dios ao longo da vida. O exame
neurolégico foi normal. As imagens de ressonancia magné-
tica encefdlica, horas depois da hemiplegia, foram nor-
mais. Fez diversos electroencefalogramas foram normais.

V:6. Sexo feminino, 26 anos. Idade de inicio: 9 anos.

Os episddios iniciam-se com aura visual produtiva
(espiculas e estrelinhas), com dez minutos de progressao.
Depois disso, em sequéncia, tem nduseas, encorticamen-
to da mao (15 min), pé e perna (10 min), face e lingua (20
min). Segue-se disfasia motora (20 min), mesmo se a alte-
racdo sensitiva € dos membros esquerdos (60% dos episo-
dios). A cefaleia é unilateral e alternante (homolateral ou
ndo a aura). Por vezes é bilateral. Tem uma duracao varia-
vel (duas a dez horas). Na gravidez teve duas crises. Tem
cerca de duas crises por ano, mas pode ter intervalos livres
superiores a um ano. O exame neurolégico foi normal.

VI:1. Sexo feminino, 15 anos. Idade de inicio: 13 anos.

Aos 13 anos teve um episodio de disfasia motora,
sequencial a pequeno traumatismo da face e da regiao
frontal. A duragado foi de cerca de 30 minutos. Nao teve
cefaleia. Aos 14 anos teve dois episédios de adormecimen-
to da mao e antebraco direitos, de aparecimento e resolu-
¢ao em cerca de 15 minutos, dificultando a escrita e pre-
cedendo em 10 minutos cefaleias bilaterais, moderadas a
intensas, pulsdteis, agravadas por esforco e acompanha-
das de vomitos. Em lactente teve cirurgia a cardiopatia
congénita, admitindo-se hip6xia cerebral transitéria. Teve
sempre falta de destreza psico-motora. O exame neurol6-
gico evidenciou uma leve ataxia cerebelosa estdtica. A res-
sonancia magnética encefalica apresentou discreta hiper-
densidades periventriculares em T2.

VI:2. Sexo masculino, 15 anos. Idade de inicio: 10 anos.

Teve cerca de dez episddios de visao enevoada e cinti-
lacoes, que duram cerca de 5 minutos, acompanhados de
adormecimento progressivo da mao direita, com cerca de
15 minutos de duracio, que lhe dificultam ou impedem a
escrita. As cefaleias sdo bilaterais, em peso, sem sintomas
acompanhantes, permanecendo cerca de uma hora. O
exame neurolégico foi normal.

III:2 e IV:7, ja falecidas, foram descritas como tendo

sofrido de episédios semelhantes as relatadas para IV:2.
Avaliacao laboratorial

1. Andilise do haplétipo

Foram colhidas amostras de sangue periférico aos indivi-
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duos da familia disponiveis para o estudo genético (IV:2, V:1,
V:5 e V:6). O DNA genémico foi extraido usando um proto-
colo de extraccao de DNA pelo método de extraccao salina
(22). Varios marcadores multialélicos envolvendo a regido
1923 (D1S2624, D1S2635, D1S2707, D1S2705, D1S2768,
D1S2844) foram testados para alguns membros desta fami-
lia com o objectivo de avaliar o possivel envolvimento do
locus FHM2 com a doenca na familia. As sequéncias dos oli-
gonucledtidos usados para amplificar o DNA foram obtidas
da Human Genome Database (http://www.gdb.org/). Apds a
amplificacao do DNA, os produtos de PCR foram detectados
num sequenciador automdtico (ABI 3700 DNA sequencer,
Applied Biosystems, Foster City, CA). Todos os gendtipos
foram analisados e determinados independentemente por
MJC e KRJV usando os softwares Genescan e Genotyper 2.1
(Applied Biosystems, Foster City, CA). Os hapldtipos foram
construidos avaliando a segregacdo e assumindo o menor

ndmero de recombinacdes.

2. Andlise de mutagoes

A amplificacdo por PCR foi realizada para os 23 exdes e
regioes intrénicas flanqueantes do gene ATP1A2, usando o
DNA do individuo IV:2. Os produtos de PCR obtidos foram
analisados em ambas as direc¢oes (forward e reverse) por
sequenciacdo directa, usando Big Dye Terminator Ready
Reaction Kit e um sequenciador automadtico ABI 3730
(Applied Biosystems, Foster City, CA).

Para a deteccdo da mutacdo M731T (T>C, nt 2296; Ac nr
NM_000702) foi feita a amplificacdo do exao 16 usando o par
de oligonucleétidos “exonl6F” (5-CCAAGACAAGCATG-
GAGTGA-3) e “exonl6R” (5-AAGGGACAGGGAACAGAGGT-
3), e DNA genémico como molde. Posteriormente, 0s pro-
dutos de PCR foram digeridos com a enzima de restricao
Ncol usando protocolos estabelecidos, e analisados em gel
de agarose a 3%. Esta mutacao provoca a perda de um local
de corte pela Ncol, resultando numa banda a 319 pares de
base para o alelo mutado, para além da banda normal a 155

pares de base.

Resultados
1. Andlise do haplétipo

Ao analisar o hapl6tipo obtido para a regido 1923 pode-
mos concluir a existéncia de um possivel envolvimento deste
locus FHM2 com a FHM nesta familia. A familia apresenta um
haplétipo tnico a segregar com a doenca em todos os doen-
tes com FHM testados (Fig.2). A estrutura desta familia e o
numero de amostras de DNA disponivel impossibilitou a ané-
lise de ligacao e respectivos calculos probabilisticos (como
p-e. 0 LOD score), contudo o caracter puro apontado pela cli-

nica fez-nos prosseguir com o screening do gene ATP1A2.
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Figura 2. Haplétipo da familia para a regidao 1q23. A presenca da
mutagdo M731T é representada por “Mutation+”. O haplétipo
associado a doenca é indicado por um rectangulo.

2. Andlise de mutacoes

A sequenciacdo do gene ATP1A2 mostrou a presenga de
uma mutacao missense nesta familia, M731T (Fig.3). Esta
mutacdo localiza-se no exao 16 (nt 2296 T>C) e causa a
substituicdo de uma Metionina por uma Treonina na posi-
¢do 731 da bomba de sdédio-potdssio (Na',K'-ATPase).
Podemos verificar que a mutagdo M731T segrega com o
fenétipo doente na familia. Todos os quatro individuos
estudados apresentam esta mutacdo, trés dos quais com
FHM e um com MA (ndo motora) (Fig.4). Esta mutacdo ndo
foi encontrada no painel de controlos portugueses. Foi
confirmada a conserva¢do do aminodcido Met™ entre
vdrias subunidade alfa da sub-familia das ATPases tipo Pz e

entre diferentes espécies, como se pode observar na Fig.5.

Discussao

Esta familia apresenta semiologia neurolégica transit6-
ria e completamente reversivel, complexa e varidvel, de
transmissdo autossémica dominante. Algumas caracteris-
ticas clinicas sao muito frequentes nesta familia: inicio dos
sintomas na infancia ou adolescéncia, fendmenos neuro-
légicos focais transitérios em sequéncia (por vezes de
muito longa duracgao), cefaleias tipo enxaqueca, unilatera-
lidade e alternancia de sintomas, duracao e periodicidade
varidveis. Algumas caracteristicas parecem estar ausentes:
epilepsias, comas de causa inexplicdvel, vertigens e ata-

xias. O exame neurolégico foi normal em todos os indivi-
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Figura 3. O electroforetograma mostra a alteragao heterozigética T>C
no nucleétido 2296, que conduz a substituicdo de uma Metionina por
uma Treonina.

Ladder W1 N7 VS VS

Figura 4. A segregacdo da mutacao M731T foi estudada por restricao
com a enzima Ncol. Os individuos com a mutacdo apresentam uma
banda a 319 pares de base, além da banda normal a 155. “C” representa
um controlo, “Br” o branco e “ND” o nao digerido.
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Figura 5. Alinhamento das sequéncias de aminodcidos das
subunidades alpha de ATPases de diferentes espécies. O aminoécido
Met™" localiza-se numa regido extremamente conservada da proteina
denominada o dominio “hinge” do loop M4-M5. Os nimeros de
aminodcido e de acesso SwissProt sdo mostrados para cada sequéncia.

duos observados (fica uma reserva para VI:1, havendo co-
morbilidade que a possa justificar), ndo parecendo haver
deterioracdo neurolégica com o tempo.

Podemos levantar algumas reservas pontuais ao diag-
nostico de enxaqueca: as duragdes de alguns episédios
ultrapassem largamente as previstas para as auras na classi-
ficacdo da IHS; ha descricoes de episddios bilaterais a suge-
rir envolvimento basilar; hd auras neuropsicolégicas com-
plexas; temos algumas cefaleias pouco importantes. No
entanto, o conjunto fenomenolégico permite, na opiniao
dos autores, assumir o diagndstico de FHM. H4 na literatu-
ra descricoes de muitas familias com estas caracteristicas.

Foi encontrada a mutagdo M731T no gene ATP1A2
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numa familia portuguesa com FHM, mutacdo essa que
pela primeira vez se apresenta como recorrente. Esta
mutacao pode ser considerada causadora da doenca nesta
familia uma vez que: a) ndo foi observada no painel de con-
trolos portugueses, com o estudo de mais de 300 cromos-
somas; b) segrega com o fenétipo doente na familia; c) foi
descrita numa familia holandesa com FHM pura (12); e d)
um estudo recente descreve que a variante M731T altera
quer o funcionamento quer a cinética da bomba (23).

A mutagdao M731T foi descrita anteriormente numa
familia holandesa com fenétipo puro de FHM (12).
Comparando as caracteristicas clinicas de ambas as fami-
lias podemos destacar: a semelhanga das auras, a ocorrén-
cia de crises de hemiplegia sem cefaleias, na nossa familia
manifestando-se nas primeiras crises da adolescéncia, e a
ocorréncia de fenémenos traumdticos como possiveis fac-
tores desencadeantes. A descri¢do de alucinagdes visuais
bem como a presenca de auras complexas permite esten-
der o espectro de auras associadas a FHM pura, como pre-
viamente proposto (15). As alteracdes apresentadas pela
sobrinha da probando (VI:1) podem ser explicadas por
uma possivel complicacdo surgida aquando de uma das
trés cirurgias a que foi sujeita em crianca, uma das quais
para correccao de uma cardiopatia congénita e as outras
duas a cada um dos ouvidos. Além disso, foi excluida a
existéncia de histéria familiar de ataxia o que viria a con-
firmar que as alteragdes nos exames neurolégicos e RMN
eram de etiologia desconhecida. Outra observacao impor-
tante a da existéncia de alteracoes auditivas em alguns
individuos doentes da familia (V:3, V:5 e VI:1), fenémenos
que foram descritos anteriormente (15) mas que carecem
de estudos adicionais para se concluir se poderao estar de
alguma forma relacionados o fenétipo FHM.

Numa perspectiva mais geral, os membros da familia
mostram atributos frequentemente observados em familias
portuguesas com FHM, nomeadamente: uma grande diver-
sidade de auras sendo por vezes muito prolongadas, défices
motores menos importantes do que os critérios de 1988 exi-
giam e que foram corrigidos com vantagem na revisao de
2004 (1), um cardcter homolateral da aura e cefaleia bem
como casos de cefaleia bilateral, um inicio em idade pedia-
trica, bem como uma evolu¢@o benigna da doenca sem alte-
racao dos défices neurolégicos. Curiosamente, algumas des-
tas particularidades tém sido descritas para doentes com
mutacoes no gene CACNAI1A (8). Alguns dos individuos nao
preenchem a totalidade dos critérios de FHM da nova classi-
ficacdo; para além de todas as atipias (tipo e duragdo) nas
aura, o numero reduzido de crises com hemiparesia e a
sobreposicdo de sintomas que tornam dificil o diagndstico

diferencial apontam para que algumas limitacdes na aplica-

Volume 6 | N.°2 | Novembro de 2006

¢ao do critérios possam continuar a acontecer. Esta hetero-
geneidade fenotipica intrafamiliar dificulta a defini¢ao de
um fenétipo familiar e sugere que uma extrapolacao de um
determinado fen6tipo para os restantes elementos da fami-
lia deva ser feita de forma cautelosa. Perante estas limita-
¢oes, é vantajoso que o estudo genético se estenda a varios
elementos da familia, incluindo individuos fenotipicamente
sauddveis, para confirmacdo de um diagnéstico clinico que
por vezes permanece duvidoso mesmo aplicando critérios
bem definidos.

Comparando os haplétipos de ambas as familias, portu-
guesa e holandesa, com a mesma muta¢cao M731T, pode-
mos verificar que esta mutagao € recorrente e nao resulta-
do de um mesmo efeito fundador. De notar que todas as
mutacoes recorrentes descritas para este gene terem sido
encontradas em familias portuguesas (16). Além disso, as
Unicas duas mutagoes descritas no gene CACNAIA em
duas familias Portuguesas com FHM e sinais cerebelosos
(24,25) foram encontradas em familias com diferentes ori-
gens, o que sugere que os fenémenos de recorréncia pare-
cem ser bastante frequentes na nossa populacao.

A bomba de sédio-potassio Na*,K*-ATPase é um membro
da familia das ATPases de transporte do tipo P2, estando
envolvida no transporte activo de catides através da mem-
brana plasmatica acoplada da hidrdlise de ATP. Assim, esta
bomba mantém um gradiente quimico através da membra-
na das células animais, fornecendo energia para funcoes
celulares multiplas tais como o potencial de membrana, a
excitabilidade, o controlo do volume celular e a homeostase
de solutos através de diferentes sistemas de transporte acti-
vo secunddrio. A estrutura tridimensional da bomba de
soédio-potdssio é até hoje desconhecida, contudo recente-
mente foi publicada uma estrutura cristalina de uma Ca*-
ATPase do reticulo sarcoplasmatico (26). De salientar que os
autores propde uma nova divisao para a principal ansa cito-
plasmaética da bomba (M4-M5) em trés dominios bem sepa-
rados, sendo o dominio P aquele que inclui o residuo de fos-
forilagdo Asp®™ (26). O aminodcido Met™ localiza-se numa
regido muito conservada dessa ansa, na regiao C-terminal do
dominio P perto do local de fosforilacao (26). Curiosamente,
na Na',K*-ATPase de rim do porco a Metionina homéloga
localiza-se na proximidade de um segmento essencial para o
enrolamento e maturacdo da bomba (27).

Mais de metade das mutac¢des descritas no gene
ATP1A2 foram encontradas na ansa M4-M5. Além disso, a
importancia dessa regido para o desempenho da bomba
pode justificar o facto das mutagdes recorrentes se locali-
zarem preferencialmente neste local.

O estudo da expressdo funcional da isoforma alpha:
humana da Na*,K*-ATPase mutada para M731T em Xenopus
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oocytes revelou uma expressdao normal da proteina embora
sem se detectar actividade eletrogénica (28). Um outro estu-
do semelhante verificou que embora a enzima permita um
crescimento celular normal, a bomba mutada encontra-se
funcional e cineticamente alterada, através de uma redugao
do retorno catalitico e de um aparente aumento na afinida-
de para o K' extracelular (23). Os autores sugerem que a
remocao excessiva de K* extracelular possa induzir o apare-
cimento espontaneo de ondas de depressao alastrante (23),
provéavel mecanismo para a aura da enxaqueca. Até a data,
todos os estudos funcionais realizados para varios alelos
mutados ligados a FHM2 apontam como possivel conse-
quéncia comum uma reduc¢ao na actividade da bomba atra-
vés de diferentes vias, como sendo: uma completa perda de
funcao (11,20,28,29), uma diminui¢ao na afinidade do K*
extracelular (30) ou uma diminui¢do no retorno catalitico
que anula um aumento da afinidade do K* extracelular (23).
Estudos adicionais sobre a sintese e o transporte das bom-
bas mutadas para a superficie membranar bem como a sua
estabilidade permitirao clarificar estes resultados funcionais
e cinéticos aparentemente contraditorios.

A presenca de mutacoes recorrentes em familias portu-
guesas abre a possibilidade de estabelecer correlacoes
gendtipo-fenétipo mais correctas e revela a importancia

deste gene em familias portuguesas com FHM pura.

Conclusao

Estes resultados apontam para uma associacdo da
mutacao M731T com a FHM pura, o que sugere que esta
mutacao deva ser estudada preferencialmente em casos

de FHM com clinica sugestiva. B
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Abstract

Background

SCNTA is the most relevant gene in epilepsy. Only seven SCNT1A mutations have
been found in nine familial hemiplegic migraine (FHM) kindred worldwide. In
2008, we presented a family with FHM due to the L263V SCNITA mutation, who
exhibited epilepsy and migraine occurring independently. We update their clinical

data and report a new family from the same village.

Methods

Patients and relatives were observed separately by two neurologists. Molecular
studies of CACNATA, ATPIA2 and SCNITA genes, and haplotype analysis were

performed.

Results

L263V SCNI1A mutation was found in all patients. The haplotype analysis supports
a unique mutational event. First family exhibited the co-occurrence of FHM and

epilepsy. The new family showed FHM, but no other neurological symptoms.

Conclusions

We described the coexistence, but separate occurrence, of hemiplegic migraine
and epilepsy in FHM3. Functional studies suggested a gain-of-function mutation.
Nevertheless, no case of epilepsy was observed in the new family. In spite of its
bioelectric activity, the SCNTA L263V mutation most likely requires a conjunction
of several endogenous or environmental induction stimuli to attain an
epileptogenic threshold. We believe the present study will contribute to the
phenotypic definition of FHM3 and contribute to better understanding its

physiopathogenesis.
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Introduction

Familial hemiplegic migraine (FHM) is a rare autosomal dominant migraine with
aura (MA). Diagnostic criteria for FHM require the mandatory documentation of
fully reversible motor deficit associated with other transient neurological
symptoms, and identical episodes in at least one first- or second-degree relative.'
FHM has a variable phenotype, which may include cerebellar ataxia and seizures.?
Three types of FHM have been described (FHM1, FHM2 and FHM3), associated
with mutations in genes encoding proteins that are involved in neuronal
excitability: CACNATA (MIM#601011),> ATPIA2 (MIM#182340)* and SCNIA
(MIM#182389),° respectively. However, no mutations have been identified in most
FHM-patients.? Recently, mutations in the proline-rich transmembrane protein 2
gene (PRRT2) were identified as a cause of paroxysmal syndromes, including

FHM.® Minor head trauma is frequently reported as a trigger for FHM1 and FHM2.2

Thousands of sequence variants in SCNTA gene, coding for the pore-forming
subunit of the voltage-gated sodium channel Na 1.1, have been associated with a
wide range of epilepsies and epileptic encephalopathies.”® Suggesting a biological
link between epilepsy and migraine, seven SCN1A mutations have been described
in FHM, with nine kindred identified worldwide. The Q1489K and L1649Q
mutations were reported in three German® and one Caucasian-American® families
with pure FHM. The F1499L and Q1489H mutations have been linked to FHM3
with elicited repetitive daily blindness in one French'® and one Swiss "' kindred,
respectively. More recently, 11498M mutation has been described in a Spanish
family with pure FHM,"? and T1174S mutation has been described in a Italian
kindred with both epileptic and FHM phenotypes;' furthermore, such missense
mutations have been involved in 2 families with epilepsies or migraine symptoms.
1415 Both epilepsy and FHM SCNTA mutations can cause loss-of-function, gain-of-
function or lead to a switch between overall gain- and loss-of-function.''®!”

In 2008, we presented a Portuguese family with FHM due to L263V mutation, in
which some members exhibited epilepsy occurring independently of migraine.'®
This mutation leads to a gain-of-function,'” which is congruent with the state of
excitability common to both diseases. However, we were not able to explain why
the paroxysmal episodes associated with this mutation manifest as migraine at

certain times and as seizures at others.
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In the current study, we update the clinical data of this kindred and report a new
family with FHM3. Both families share the L263V mutation, place of residence,
provenance, likely a common ancestor and some peculiar aura features. However,

they exhibit discordance for epilepsy.

Methods

Family 1 (fig. 1) was followed since 2004, and family 2 (fig. 2) throughout 2011.
All patients were observed separately, and on different occasions, by two
neurologists. Family members with an a priori risk of 50% were also observed.
Pedigrees were progressively improved through statements of patients and their
relatives. Due to ethical restrictions, we did not access civil registration records.
Deceased and non-located patients were also included in the pedigree. Some
patients (lll:4, IV:7; IV:5, V:3) were subjected to brain magnetic resonance
imaging (MRI) using different devices and at different times. DNA was obtained
from peripheral blood of affected and healthy family members after written
informed consent was obtained. Samples were stored at the authorised biobank
at Centro de Genética Preditiva e Preventiva at Instituto de Biologia Molecular e
Celular.

The molecular study of family 1 was previously described.’® The genetic study of
family 2 was performed by PCR amplification followed by direct bidirectional
sequencing of the coding regions and intronic flanking sequences of the
CACNAITA, ATPIA2 and SCNIA genes. Also, large gene rearrangements were
excluded by multiplex ligation-dependent probe amplification (MLPA). In order to
explore the possibility of a common mutational event for both families haplotype
analysis was performed in both. Haplotypes of three microsatellite markers
spanning 4.1 Mb within the SCN1A-locus region were genotyped in both families
by PCR and fragment analysis.

The present study was approved by the Ethics Committee of Hospital de Santo

Antonio.
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Results

Family 1 (fig.1 and table I) exhibited the co-occurrence of FHM and epilepsy as a
result of SCNTA gene L263V mutation.'®* Members of family 2 (fig. 2 and table II)
showed FHM, but no other paroxysmal or permanent neurological symptoms.

For approximately 100 vyears, both families have inhabited different
neighbourhoods of Porto, Portugal. The most remote ancestors suspected of
suffering from FHM were born between 1860 and 1890 in a rural village at the
intersection of Douro river valley and the valley of its affluent, Tamega, 50 miles
from the ocean (fig. 3). In 1878, the village comprised 2,428 inhabitants, 92% of
whom were illiterate.' Both families migrated to the coastal area at the beginning
of the 20™ century; and did not bear any family name in common. Nevertheless,
the matriarch of family 1 had no family name and the offspring of her legal
marriage is not known. Family names of the patriarchs of family 2 are also not
known.

Haplotype analysis revealed that the mutation found in both families occurred on
a common genetic background, since the same microsatellite markers alleles
were segregating with the mutation in both families. This shared haplotype
suggests that this mutation was inherited from a common ancestor and supports
a unique mutational event for the L263V mutation. We evaluated five patients
from family 1, as well as five patients from family 2. The occurrence of disease
was confirmed in individuals according to descriptions from first-degree relatives
and was dismissed in all relatives described as asymptomatic. The mutation
C.787C>G (p.L263V) in SCNT1A was confirmed in all of the tested patients.

Tables 1 and 2 list the patients’ phenotype. All individuals had normal
neurological examination, none had cognitive impairment or ataxia. Brain MRI
was normal, namely without cerebellar atrophy or periventricular hyperintensities.
Identical, familial or sporadic, cases were not identified at the regional hospital or

local healthcare centre.

e Family 1
The matriarch originated two branches, one of which is unknown. The offspring
previously reported by us'® corresponds to the matriarch’s informal relationship.
We evaluated five individuals suffering from migraine with multiple auras that
fulfilled diagnostic criteria for FHM. The mean age of these patients at last

assessment was 48.4 years, and their mean age at onset was 14 years (10-18
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years). All exhibited tens of episodes over their lifetime. Aura or sequences of
multiple auras lasted 40 to 60 minutes. Sensorimotor auras occurred in all
patients, sparing face and tongue in one. Symptoms’ progression was either
ascending or descending, in a non-systematic manner. In four patients the aura
shifted side in different episode, in the other patient it affected the right or both
sides. Motor and sensory aura shifted sides within a single episode in one patient;
other exhibited episodes where aura simultaneously affected upper right and
lower left limbs (or vice-versa). Aphasic aura occurred concomitantly with right- or
left-sided sensory-motor aura. Headache lasted an average of 16.8 hours, was
characterised as throbbing or tightening and ranged from mild to severe. Most
patients presented headache on the contralateral side of the aura although two
cases presented bilateral headache. The triggering factors were seldom identified.
Four individuals achieved apparent remission at ages ranging from 37 to 60
years; for these, the total number of episodes over their lifetime varied from 12
to more than 60. One female exhibited recurrent auras.

Generalised tonic-clonic seizures co-segregated with hemiplegic migraine in three
patients (lll:2, 1ll:6, IV:7), probably also in one deceased person (ll:3), and
complex partial seizures in one (lll:2) . Seizures occurred independently from FHM
attacks, beginning earlier in life's. Patients are under treatment with low doses of

carbamazepine or topiramate, being free from seizures.

e Family 2
Family 2 included four members who met diagnostic criteria for FHM, as well as
one individual with visual and sensory aura, without paresis. Mean age at onset
was 8 years (6-14 years), and 47.4 years at last assessment. All patients exhibited
dozens of episodes over their lifetime. In most patients aura lasted approximately
60 minutes, with one exhibiting long-lasting and recurrent auras, which extended
into the stage of headache, for a total duration up to 9 hours. The majority of
patients had multiple auras, but no single aura symptom was shared by all.
Scintillating scotoma, sensory aura and hemiplegia were reported by four
patients, and aphasic aura by two. Just one patient referred hemiplegia, since the
age of 68. The location of sensory or motor aura was identical in all patients with
occasional and non-systematic ascending or descending progression. Four
patients presented side-shifting auras, while one had always right sided auras. In
three, sensorimotor auras shifted sides within an episode, and one reported an

episode in which sensory aura shifted sides multiple times. Aphasia was more
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often associated with right-sided sensorimotor aura, but on some occasions was
associated with left-sided symptoms. Headache lasted an average of 27.6 hours,
was throbbing and severe. It tended to occur on the opposite side of aura, but
was also documented on the same side or bilaterally. Trigger factors were seldom
described. However, an adult had marked worsening in episode frequency and
severity, between 51 and 53 years, after a coma due mild head trauma. No
patient reported a history of febrile seizures, epilepsy or other types of

paroxysmal episodes.

Discussion and Conclusions

The occurrence of FHM3 in two families originating from the same village is an
improbable coincidence due to the very rare occurrence of this type of hemiplegic
migraine (only nine families have been reported worldwide®®'01"12.13.18)
Furthermore, as the disease in both families was shown to be caused by the same
mutation (all of the patients carried the L263V), its random occurrence is even
more unlikely. In fact, the haplotype analysis showed that the mutation occurred
on a common genetic background, suggesting it was inherited from a common
ancestor and from a single mutational event. Several factors prevented the
intersection of the two family trees, including migration to coastal area, informal
union with an unknown partner, lack of common family names and an ancient
rural tradition that often deprived women of family names. The families’ common
ancestor may have lived in the mid-19" century or even much earlier. If so, other
families may have also shared this ancestor, and the mutation could have
presumably circulated in the community of origin. This possibility makes
intriguing the apparent absence of other families with identical phenotypes in
that village. Migration to urban centres, low penetrance and underdiagnosis are
potential explanations.

Although both families share many traits with other FHM families, some
particularities deserve further discussion. The age of disease onset was earlier in
family 2 (childhood) compared to family 1 (adolescence). In addition, the older
age at onset in family 1 was associated with a higher frequency of apparent
remission. In family 2, one patient exhibited only hemiplegia without any other
aura symptoms, and other never displayed a motor aura; therefore, none of these

patients met diagnostic criteria for FHM. However, IV:1 is both an offspring and
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ancestor of individuals with motor aura and also carries the mutation. This case
illustrates a variable, almost capricious penetrance, as the mere presence of the
mutation does not determine the occurrence of motor aura, suggesting the
involvement of other endogenous or environmental factors.

Similar to our previously reported large FHM1 kindred (R583Q CACNAITA
mutation),’ motor aura may be paradoxically absent in individuals carrying FHM
mutation. This possibility raises the question as to whether a patient with
multiple auras and a dominant family history, but without motor deficits, should
be considered as meeting diagnostic criteria for FHM. Furthermore, it should be
stressed whether these individuals carry the same mutation as the affected
relatives. This discussion should be included at least as a footnote in
International Headache Classification.

Side-shifting during the same episode, crossed aura (affection of an upper limb
and the contralateral lower one) and the “paradoxical’ association of aphasia with
left-sided hemiparesis (in right-handed individuals) suggests that the intimate
mechanisms underlying migraine are bilateral, despite its tendency to produce
asymmetrical clinical manifestations. Some individuals exhibited long-lasting and
recurring (cluster) auras. This phenomenon would mean the existence of
additional bioelectrical phenomena, either associated with or sequential to the
spreading depression. This feature could place FHM close to epilepsy, in which
succession of paroxysmal episodes is a common feature.

In 2008, we described for the first time the coexistence, but separate occurrence,
of hemiplegic migraine and epilepsy in FHM3.'® Functional studies'” suggested
that the causative mutation induces a gain-of-function that favours the
hyperexcitability common to both conditions, which is similar to the intimate and
classical association between migraine and epilepsy. Nevertheless, the reason for
the same physiopathological mechanism eliciting a seizure in one instance and
migraine in another remains to be elucidated. The seizures presented by
individuals in family 1 were fully controlled using carbamazepine or topiramate in
low doses. No case of epilepsy (concomitant or co-occurring) was observed in
family 2, which is similar to previously reported families with loss-of-function
mutations (Q1489K and L1649Q)."” In spite of its bioelectric activity, the SCNIA
L263V mutation most likely requires interaction with endogenous (other genes,
hormones) or environmental induction stimuli to attain the epileptogenic
threshold. As a result, the mandatory, simultaneous and unlikely conjunction of

several factors makes epilepsy a rare occurrence in these families. Eventually, and
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opposite to other authors’ suggestions,”? we conclude that loss or gain-of-
function induced by the mutation is not a determining factor for a family with
FHM3 to exhibit associated epilepsy.

Finally, we call the attention for the head trauma as precipitant factor, well-known
phenomenon in FHM1 and FHM2, but not previously associated to FHM3.

We believe the present study will contribute to the phenotypic definition of FHM3,
which is based on a very small number of families, and will contribute to a better

understanding of the physiopathogenesis of this disorder.

Clinical implications:

e FHMS3 is clinically heterogeneous, with variable penetrance, even among
individuals sharing the same mutation.

e Epilepsy is an occasional and unpredictable FHM3 phenotype, easily
treatable.

e Motor aura may be absent in patients with complex phenotype and
carrying FHM3 mutation, jeopardizing the sensitivity of FHM diagnostic
criteria.

e Head trauma is a potential trigger for FHM3, as FHM1 and FHM2.
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Figure 1. Pedigree structure of family 1.
Black-filled symbols indicate hemiplegic migraine; ; black-filled quadrant, migraine without aura; vertical bar,
affected by hearsay. Arrow indicate proband; squares, males; circles, females; and diagonal lines, deceased.
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Figure 2. Pedigree structure of family 2.
Black-filled symbols indicate hemiplegic migraine; gray-filled, migraine with typical aura; vertical bar, affected by
hearsay. Arrow indicate proband; squares, males; circles, females; and diagonal lines, deceased.
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Mediterranean s€2

Fig. 3 The Douro and Tamega River valleys.
The cross represent the rural village of provenance of both families .
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4. Fronteiras da enxaqueca hemiplégica familiar

Artigo 8.
Monozygotic twin sisters discordant for familial hemiplegic migraine.
Barros |, Barreto R, Branddo AF, Domingos J, Damasio J, Ramos C, Lemos C,

Sequeiros J, Alonso |, Pereira-Monteiro J.

Artigo em preparacao.
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Abstract

Introduction

The high concordance rate of migraine in monozygotic twin pairs has for long
been recognized. In the current study, we present two monozygotic twins, and

other relatives, discordant for familial hemiplegic migraine

Methods

We evaluated 12 adult family members in 2012. Two monozygotic twins were
separately examined by two neurologists at different time points. Mutation
screening was performed for the FHM-related genes. Monozygosity of the twins

was ensured.
Results

Eleven individuals had a history of migraine or paroxysmal neurological
symptoms, including four patients with motor aura. No mutations were found in
the CACNATA, ATP1A2, SCNTA, PRRT2 and NOTCH3 genes. The monozygotic
twin sisters, aged 52, are discordant for age-of-onset, motor aura and
neuropsychological aura (forced thinking). Some family members presented

divergent phenotypes.
Discussion

Familial hemiplegic migraine is a monogenic disorder that is distinct from
migraine with typical aura. However, in certain families with motor aura, such as
this one, it is possible that the most exuberant phenotype is due to an
improbable combination of polygenic traits and non-genetic factors. In these
kindred we propose that hemiplegic aura is only a severe and complex form of

typical aura.
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Introduction

Migraine is a genetic disease,'? despite the importance of environmental factors
for its etiology. The high concordance rate of migraine in monozygotic twin pairs
has for long been recognized.***® A recent meta-analysis showed heritability
around 50% for migraine.’

The identified genes for familial hemiplegic migraine (FHM) provide the strongest
argument in favor of a genetic background. FHM is a rare autosomal dominant
migraine with aura (MWA). Diagnostic criteria require motor aura associated with
at least one other aura symptom, and identical episodes in at least one first- or
second-degree relative.® The three types of FHM are associated with mutations in
different ion channel genes (CACNATA, ATP1AZ2, and SCNIA).®! These mutations
are only found in a minority of patients and families;*'* further reinforcing the
presence of mutations in other genes, unknown to date. Recently, mutations in
the proline-rich transmembrane protein 2 gene (PRRT2) were associated with
hemiplegic migraine."

To our knowledge, only two studies on FHM involving pairs of monozygotic twins
were published. In 1995, Ducros et al reported a pair of 42-year-old twin sisters
discordant for pure FHM.? Recently, Castiglioni et al have described a pair of
monozygotic twins with identical FHM and paroxysmal kinesigenic dyskinesia,
due to PRRT2 mutation.'

In the current study, we present a family whose members present different types
of migraine, transmitted as an autosomal dominant trait. However, two
monozygotic twins and other first-degree relatives were discordant for familial

hemiplegic migraine.

Methods

After examining a woman (ll:18) who presented FHM, we evaluated 12 of her
adult family members in 2012 (fig. 1). Two monozygotic twins (11:12, 1l:13) were
separately examined by two neurologists at different time points, and were
subjected to 3-tesla brain MRI at age 52, on the same date. The medical records
of deceased family members (I:1, 1:8) were reviewed. The pedigrees were

progressively improved based upon the statements of patients and their relatives.
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The present study was approved by the Ethics Committee of the Hospital de Santo
Antoénio.

DNA was obtained from the peripheral blood of affected and healthy family
members after written informed consent. Samples were stored at the authorised
biobank at the Centro de Genética Preditiva e Preventiva at the Instituto de
Biologia Molecular e Celular.

Mutation screening was performed for the FHM-related genes. The genetic study
was performed by PCR amplification followed by direct bidirectional sequencing
of the entire coding regions and intronic flanking sequences of the CACNAITA,
ATPIA2, SCNIA, PRRT2 and NOTCH3 genes. Large gene rearrangements were
screened through multiplex ligation-dependent probe amplification (MLPA) for
CACNAITA, ATPIA2 and SCNTA. Monozygosity of the twins was ensured using an
identification panel consisting of 15 polymorphic markers plus amelogenin
(ESSplex Kit, Qiagen).

Results

The clinical characteristics of the presently described family are summarised in
Table 1 and Figure 1. The patriarch, six of his 12 children and 4 of 14
grandchildren had a history of migraine headache or paroxysmal neurological
symptoms. Four patients presented motor aura. Others had auras of various
types, either isolated or in combination. All family members who were diagnosed
with MWA or FHM also experience episodes of migraine without aura (MoA). The
neurologic examination was normal in all patients. No mutations were found in
CACNAITA, ATPIA2, SCNIA, PRRT2 and NOTCH 3 genes. Additionally, large gene
rearrangements were excluded for CACNATA, ATP1A2 and SCNIA.

e Twins clinical features
The monozygotic twin sisters, currently aged 52, physically indistinguishable
during childhood, were raised in different family environments from 11 years of
age onward. Monozygosity was confirmed by the concordance of the alleles in
both individuals for all the 15 polymorphic markers tested.
At menarche, one of them experienced the first paroxysmal neurological
episodes, followed by right-sided unilateral headache. These episodes began with

side-shifting scintillating scotoma for 5 minutes, followed by tingling and
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numbness of both hands, progressing toward the elbows, eventually reaching the
face, cheek and tongue. It lasted approximately 30 minutes. Manipulation of
objects during the episodes was imperfect. Unilateral headaches began during
the aura and were associated with severe vomiting. Symptoms disappeared
during sleep. The patient never seek medical care during the acute phase. The
frequency of complex episodes increased with age, reaching a peak of two
episodes per week during her third pregnancy at age 25. From that point on,
motor aphasia occurred during and after somatosensory symptoms. Abruptly fast
and repetitive sequences of compulsive thoughts coincided with aphasia; these
thoughts were unavoidable, strange and amazingly detailed. The themes were
always religious: monasteries, churches, biblical characters, faces of clergy,
liturgical garments and objects of Catholic worship. It lasted approximately 10
minutes and never occurred in isolation. In one fifth of these episodes, she
simultaneously experienced side-shifting weakness of one hand, which lasted 10
minutes. At age 35, she presented transient left brachiofacial hemiplegia (lasting
approximately four hours); that was associated with somatosensory and aphasic
auras. From age 45 onwards there was a progressive reduction of its frequency

with apparent remission in her fifties. Brain MRl was normal.

The other twin, at age 23, being 12 weeks pregnant, experienced an episode of
tingling of the right hand and forearm without headache that lasted for 30
minutes. During puerperium, she presented episodes of scintillating scotoma
followed by bilateral numbness of the face, lips cheek and tongue. Numbness was
followed by either left unilateral, right unilateral or bilateral headache. At age 26,
she has episodes of paraesthesia and numbness of both hands to the elbows.
Four years later, she presented aphasia appeared towards the end of the
somatosensory aura, irrespective of the laterality of other aura symptoms or
headache. Occasionally, these episodes would resolve during sleep; frequently,
they would respond to intravenous salicylates and metoclopramide. She currently
experiences six episodes per year. The patient never spontaneously reported
neuropsychological aura symptoms, and denied their presence when questioned.

Brain MRI was also normal.
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e Other peculiarities in this family

Besides the twins clinical features, some family members presented peculiar
characteristics: late-life generalised tonic-clonic seizures (patriarch); grand mal
seizures and death from status epilepticus at age 14 (lll:8); scintillating scotoma
without headache in approximately a third of episodes (lll:1); aura without
headache in a quarter of all episodes (lll:3); cluster temporal profile episodes,
with auras lasting for 4 days (Ill:8). One patient (Il:15) went into remission of FHM
episodes at age 47 following subarachnoid haemorrhage and surgical repair of

ruptured anterior communicant artery and anterior choroidal artery aneurysmes.

Discussion

This family presents a high incidence of migraine (with and without aura),
especially in the second generation. The transmission pattern is consistent with
autosomal dominant inheritance. However, phenotypes were variable between
siblings and generations. Several individuals (I1:12, 1I:15, 1I:18, 1lI:3) experienced
motor aura and had relatives with identical phenotypes, fulfilling the criteria for
FHM. However, their transmitting parents showed only MoA (I:1) or migraine with

visual aura (11:4).

The monozygotic twins present intriguing phenotypes. They share many clinical
similarities but also present major phenotypic differences, even though they have
the same genetic background and lived in the same environment until their teen
years. The temporal profile of migraine progression was drastically different. For
one of them the age of onset was menarche (11 years of age) with frequent
episodes and apparent remission before menopause. The other had her first
episode as an adult (age 22) with severe, albeit rare, episodes that still occur. The
twins have identical visual and aphasic auras, as well as bilateral somatosensory
auras, a rare phenomenon in FHM, which was not experienced by any other family
members. They also share improvement during sleep and worsening during
pregnancy, including prolonged aura clusters. Worsening with pregnancy
supports the diagnosis of FHM over trivial migraine (in which episodes tend to
improve). While the twins share many similarities, one experienced motor aura
and neuropsychological aura, while the other has never had either. Forced
thinking did not occur in other family members. Symptoms of this type are
usually associated with frontal or temporal lobe epilepsies.'*'®'® By way of

analogy, the aura sequence suggests that spreading depression may reach deep
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brain structures (deep left frontal operculum and limbic system). We may consider
this aura to be consistent with prior reports that associated epilepsy with
migraine, particularly with all three types of FHM. Interestingly, two deceased
family members (I:1, 11:8) had epilepsy. It remains unclear why this phenomenon

is so rare, not appearing even in a monozygotic twin.

Some individuals experienced bilateral somatosensory symptoms or dizziness
but failed to satisfy the diagnostic criteria for basilar migraine, due to the co-
existence of motor aura. However, the presence of dizziness in FHM has been
previously described; several authors defend that basilar migraine is a subtype of
FHM.'718

In this family, there is one curious case of FHM with remission after surgery for a
cerebral aneurysm. This outcome may have resulted from age-related remission
or a biological response to a brain insult. This hypothesis is attractive when
considering the role of non-genetic factors. This speculation may be interesting in
the near future in which a pathophysiological basis of invasive therapies for

migraine will be under discussion.'

In this family, the wide array of symptoms, severity, age at onset and frequency
(from a single episode to over 200 episodes across a lifetime) suggests that
genetic factors do not have an exclusive role in the clinical expression. It is
possible that the manifestation of the most exuberant phenotype is due to an
improbable combination of genetic and non-genetic factors (endogenous or

environmental factors, which may be precipitating or modifying).

There are a number of recurrent arguments stating that MoA and FHM are at the
extreme end of the proposed spectrum.’ However, studies devoted to testing the
presence of FHM mutations in other migraine types have yielded negative results.’
In this family, we did not found any mutations in the known FHM genes. An
unknown mutation may exist. However, the majority of individuals do not
experience motor auras and, additionally, major phenotypic differences were
found between a set of monozygotic twins. We may speculate this family presents
trivial migraine; it is known that given the right environmental context, some
individuals may develop motor aura, even though these individuals do not have a

specific FHM genotype.
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There is a clear genetic role in the determination of migraine phenotype.
However, genotype is not the only factor involved in the manifestation of clinical
phenomena; variable influence of non-genetic factors (inductive, favouring,
modifying) is presumed. The boundaries separating different types of migraine
are highly variable. In certain families, FHM is a monogenic disorder that is
distinct from migraine with aura. In other families, such as this one, we propose
that hemiplegic aura is a more severe and complex form of typical aura. Probably,
development in population-based epidemiological studies and molecular biology

are likely to shed light on this recurring dilemma.
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4. Fronteiras da enxaqueca hemiplégica familiar

Artigo 9.

Migraine-Induced epistaxis and sporadic hemiplegic migraine. Unusual features in
the same patient

Barros |; Damasio J; Tuna A; Pereira-Monteiro J. Migraine-Induced Epistaxis and
Sporadic Hemiplegic Migraine: Unusual Features in the Same Patient.
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Abstract

Background: Since the mid-19th century, epistaxis and migraine have been occasionally
associated with each other. Nevertheless, we found only two cases in the contemporary
medical literature. Sporadic hemiplegic migraine is a subtype of migraine with reversible
motor deficits, without similar episodes in relatives.

Case: We describe a 47-year-old male with a history of migraine with a scintillating scotoma
starting at the age of 20. In some of the episodes, he developed epistaxis in the resolution
phase of migraine. At the age of 35, he experienced a visual aura followed by transient
aphasia, left crural weakness and headache. Contralateral similar episodes occurred in the
subsequent months. Neurological examination and MRI were normal. Mutations in
CACNAIA, ATP1A2, SCN1A and NOTCH3 were excluded.

Discussion: Three distinct aspects deserve our consideration. This is the first report of
migraine-induced epistaxis involving aura; the scarcity of similar reports may be due to the
lack of a guided anamnesis. The complex aura presented had a peculiar topography,
inconsistent with the classical analytical neurological semiology. This may suggest that the
spreading depression affects the brain bilaterally but in an uneven and elective manner.
Lastly, the present report conveys that the late appearance of complex auras requires
improbable interactions between environmental and endogenous conditions in individuals
with a genetic predisposition.

José Barros Servico de Neurologia, Hospital de Santo Antdnio
Largo Abel Salazar
PT-4099-001 Porto (Portugal)
Tel. +351 222 002 479, E-Mail josebarros.neuro@hgsa.min-saude.pt
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Introduction

In the mid-19th century, Louis Calmeil described a spontaneous arterial hemorrhage
from the nose in the termination phase of migraine. Sacks [1], who reported the French
psychiatrist’s description, found migraine sufferers with engorged and purple
turbinates. In the 1960s, Ikonomoff and Simeonoff [2] examined individuals with
epistaxis and found that 71% of them were migraine sufferers, advocating that a
relationship was mediated by the diencephalon. Children with migraine are more
susceptible to epistaxis [3]. Topiramate, prescribed worldwide for migraine
prophylaxis, may trigger violent nose bleeding [4]. Despite all these observations, only
two cases of epistaxis associated with migraine without aura were described [5, 6].

Sporadic hemiplegic migraine (SHM) is a rare subtype of migraine with aura (MA).
Diagnostic criteria require the presence of reversible motor deficits associated with at
least one other transient neurological symptom, without similar episodes in relatives
[7]. Hand paresis is practically universal in SHM, whereas the lower limbs and face are
only affected in approximately 50% of all cases [7, 8].

Case

We describe a 47-year-old, right-handed male with a history of MA starting at the age of 20. The
episodes presented a stereotyped sequence beginning with a perception of vision through translucent
water fountains, exponentially progressing from the periphery of the visual hemifield (usually the
right one). A kinetic frame developed, consisting of fluttering and sparkling butterfly wings. The
scintillating scotoma lasted 10 min. A relentless frontal, bilateral, throbbing headache immediately
developed, aggravated by head movements and accompanied by phono-photophobia and nausea.

The headache reached its maximum intensity at 90 min, and an abundant epistaxis emerged from
the right nostril with bright red blood, but the patient had no nasal pain. The headache intensity
decreased immediately and was virtually absent within 15 min. He experienced over 20 stereotyped
episodes throughout his life. He also had episodes of migraine without bleeding and never presented
epistaxis in other circumstances. No other spontaneous hemorrhages or ecchymosis have ever been
observed. There were no nasal symptoms, arterial hypertension or analytical blood changes. He
occasionally took paracetamol or nimesulide but never used salicylates, ergotamine, triptans, nasal
vasoconstrictors or illegal drugs.

At the age of 35, he experienced a left scintillating scotoma, similar to previous ones. One hour
later, during a short taxi ride, he felt a slight numbness in his left fingers and difficulty in verbal
expression. When exiting the car, he fell to the ground. Motor dysphasia and left leg plegia were
observed at the local hospital. No signs in the face or upper limb were observed. The crural weakness
lasted for 2 h. He was transferred to a central hospital to clarify the possibility of a stroke. Upon
admission, he had a bifrontal, pressing headache with normal neurological examination. Another
episode occurred 3 months later, beginning with a right scintillating scotoma followed by aphasia and
right crural sensorimotor deficits. He had no headache. Twenty months later, he presented with a
scintillating scotoma, aphasia and right brachiofacial plegia followed by a bifrontal throbbing
headache. MRI (1.5 tesla) and blood tests were normal. Mutations in CACNA1A, ATP1A2, SCN1A and
NOTCH3 were excluded. He maintained episodes of visual aura until the age of 39. Afterwards, he
stopped having auras or headache altogether. His parents and six brothers never experienced
migraine or paroxysmal symptoms. His son, aged 23 years, has had side-shifting migraine with a
scintillating scotoma since the age of 12.
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Discussion

Three distinct aspects deserve our consideration: epistaxis, aura topography and
natural history.

This is the third report of migraine-induced epistaxis but the first involving aura.
Epistaxis appeared between the peak severity of headache and the beginning of its
resolution, similar to previous descriptions [5, 6]. Therefore, it could be considered as a
symptom of the resolution phase of migraine. This chronological profile is consistent
with one of the classical concepts of the resolution of migraine (lytic state or resolution
by secretion) which may include vomiting, diuresis, lacrimation, sweating or epistaxis
[1]. Co-occurrence of a throbbing headache and epistaxis could be due to the activation
of the trigeminovascular system, causing vasodilation of dependent branches of the
internal and external carotid arteries [6]. However, this attractive hypothesis presents
an epidemiological weakness: migraine is common but descriptions of migraine with
epistaxis are rare. The lack of similar cases reported is intriguing. The scarcity may be
due to the depreciation of this symptom or the lack of a guided anamnesis.
Interestingly, descriptions of migraine sufferers with epistaxis can be found on non-
scientific websites.

The inclusion of a specific question about epistaxis in the questionnaires of headache
research centers would allow us to estimate the prevalence, timing and features of
these episodes during migraine attacks, contributing to a better understanding of them.

The aura had a peculiar topography, inconsistent with the classical analytical
neurological semiology. Motor aphasia was accompanied by weakness, even when it
was in the left hand. The coexistence of aphasia and aura symptoms in the non-
dominant hand has been previously documented [8]. It is well known that hand paresis
is practically universal in SHM, whereas the lower limbs and face are only affected in
half of all cases [7, 9]. In this case, the lower limb was affected by weakness in the
absence of deficits affecting the face or upper limb. The headache location was not
contralateral to the aura, as previously described [10]. This set of evidence suggests
that the spreading depression can initiate in a stereotyped manner in the occipital
cortex (typical scintillating scotoma) and silently spread anteriorly or affect the
cerebral cortex in an uneven manner. The medial frontal cortex (or subcortical
structures) was affected in episodes of crural aura and primary somatosensory and
motor areas of the convexity were relatively spared. These findings support the
concept that pathophysiological phenomena of migraine are bilateral and pan-cerebral,
regardless of the laterality of their capricious clinical manifestations.

The natural history of this disease has some peculiarities. It started with MA at the
age of 20, and only 15 years later the patient exhibited three episodes of SHM followed
by progressive remission (migraine swan song). It could be argued that this is a
coincidence of two types of migraine. However, the scintillating scotoma, which is
stereotyped and distinctive, is common to both MA and SHM episodes. Assuming the
patient suffers from a single disease, the present case seems to demonstrate that the
appearance of complex auras requires improbable interactions between environmental
and endogenous conditions in individuals with a genetic predisposition.
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Interestingly, the patient’s son had similar episodes of MA. Some asymptomatic
relatives of SHM patients may be genetically affected but not subjected to strong
enough triggers. It will be interesting to see if our diagnosis will evolve to familial
hemiplegic migraine, which often occurs in ‘sporadic’ cases.
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4. Fronteiras da enxaqueca hemiplégica familiar

Artigo 10.

Sporadic hemiplegic migraine with normal imaging as the initial
manifestation of CADASIL
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Abstract

Background: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL)
can be present with negative family history and, especially in younger patients, with normal brain magnetic resonance. For
this reason, those CADASIL patients that present only with migraine may be misdiagnosed. In the case of migraine with
motor aura, sporadic hemiplegic migraine (SHM) is one of the possible misdiagnoses.

Case results: We present a case of a patient who, in the first years of her disease, met the clinical criteria for SHM.
A diagnosis of CADASIL was considered only when her sister presented with headache and an unknown
leukoencephalopathy.

Conclusions: This case illustrates the need for a careful review of the clinical and family history during the follow-up of

primary headaches.
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Introduction

Migraine is a prominent part of the phenotype of com-
plex Mendelian vasculopathies, including cerebral
autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) (1).
CADASIL is a small-vessel disease of the brain that
is phenotypically characterised by migraine with aura
(MA), subcortical ischemic events, mood disturbances,
apathy, cognitive impairment and MRI white-matter
abnormalities. The onset of symptomatic disease in
patients with CADASIL occurs in adulthood. MA is
the third cardinal symptom of CADASIL, present in up
to 40% of patients; frequently it is the first event, pre-
senting 10 years ahead of the other clinical manifesta-
tions (2). The age of onset of MRI white-matter
abnormalities is variable, but by the age of 35 years
all patients or asymptomatic mutation carriers have
developed MRI lesions (3). Since its first description,
some clinical heterogeneity between and within families
has been recognised. Hemiplegic migraine attacks ful-
filling the criteria for familial hemiplegic migraine
(FHM) according to the International Classification
of Headache Disorders II (ICHD II) (4) have already
been reported (5). The occurrence of hemiplegic attacks

in a young patient without familiar history of typical
CADASIL symptoms and normal MRI can contribute
to the misdiagnosis of sporadic hemiplegic migraine
(SHM). We present a clinical case whose migraine char-
acteristics changed over time, such that classification
changed from migraine with typical aura to SHM
and, finally, CADASIL.

Case report

A 29-year-old female illiterate farm worker presented in
1993 to the neurology outpatient clinic with a 4-year
history of paroxysmal alternating hemicranial and
throbbing headache, which was moderately intense,
with photophobia and phonophobia, aggravated by
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routine physical activity. No neurological focal symp-
toms were associated. She reported four episodes each
month, with durations ranging between 4 and 12 hours.
Her GP had diagnosed migraine without aura and
started flunarizine 10mg/day, which reduced the
number of attacks to one per month. She had a history
of euthyroid goitre, for which she was taking levotir-
oxin. The patient was also using an oral contraceptive;
there were no other known vascular risk factors. She
belonged to a very low-income family, where most of
the members worked in agriculture. There was no
known family history of migraine, stroke, dementia or
psychiatric disorders. Her parents were both alive. The
mother was 54 years old and reported daily tension-
type headaches. She had two sisters and five brothers
(ages between 32 and 15). Her GP sent her to a neurol-
ogy clinic because she reported three episodes of tran-
sient numbness in her left face, arm and leg, lasting
between 1 hour and 1day, without headache. The
patient also reported the sensation that an object
would drop out of her hand and that she had been
paralysed. She was not able to detail the sequence of
the symptoms. The interictal neurological examination
was normal. Computed tomography, blood analyses,
electrocardiography, echocardiography, electroenceph-
alography and cervical duplex ultrasonography were
also normal.

Between 1993 and 1996, the patient was kept on
flunarizine, and the transitory symptoms did not
recur. In 1996 (32 years old), during the follow-up
appointment, she reported an episode of transient
aphasia, lasting less than 1 hour, without accompany-
ing headache.

In 1998, at the age of 34 years old, she reported three
transient episodes of right hemiparesis and numbness,
without visual aura, followed by severe headache with
migraine characteristics. In one of the episodes, the
neurological deficits lasted 3 hours. The other two
episodes were shorter and associated with less severe
headache intensity. At that time, the MRI was
normal (T1, T2, FLAIR, DWI). SHM was suspected.

The patient was followed until 2005, when she was
41 years old. During this period, some episodes were
considered as likely to be hemiplegic migraine attacks,
although she was never observed during one of them.

In 2006, her older sister (45 years old) was also sent
by her GP with new daily persistent headaches and a
CT scan disclosing ischemic leukoencephalopathy, in
the absence of vascular risk factors. Her sister was wor-
ried because the mother had died at 64 years old of
unclassified stroke. This information was omitted by
the first patient. A brain MRI of the second patient
showed T2 white-matter hyperintensities, mainly peri-
ventricular with temporal predominance, but also in
basal ganglia, with no correspondence in T1 and no

gadolinium enhancement. CADASIL was suspected,
and a genetic test performed, revealing a mutation in
chromosome 19 in exon 11 (p.R558C). The first patient
performed a new MRI, at age 44, which showed similar
changes to those observed in her sister. Genetic testing
was also positive with the same mutation. The rest of
the family was referred to us. At the moment, one
brother and one sister had symptoms and were also
positive for the same mutation.

Discussion

A few patients with migraine have motor weakness
during the aura, qualifying them for hemiplegic
migraine. Those that have at least one affected first-
or second-degree relative are classified as FHM and
those with no family history as SHM (6). Before the
genes of FHM were known, it was thought that
CADASIL and FHM were allelic diseases, but this
was later proved to be an inaccurate hypothesis (7).
Although they are separate genetic and pathological
entities, it is still recognised that they share clinical
characteristics — both have migraine with aura as a
prominent part of the phenotype (8).

In this patient, at the first observation, her headache
syndrome fulfilled criteria for migraine without aura.
Subsequent transient neurological symptoms were
thought to be part of the migraine spectrum, possibly
representing typical aura without headache, after
excluding vascular or epileptic aetiology. Nine years
after the start of symptoms, she had her first episode
suggesting SHM. However, first-degree relatives were
not systematically observed. It was only after the obser-
vation of one sister with a typical MRI lesion that the
final diagnosis was made.

The risk of diagnosing a CADASIL as SHM in young
patients, especially among those under 30 years of age
and with normal brain MRI, is not well appreciated. In
our patient, until she was 34 years of age, we found the
coexistence of hemiplegic migraine, the absence of other
neurological syndromes and normal MRI. The clinical
suspicion of CADASIL is probably appropriate in all
sporadic cases of hemiplegic migraine and normal
MRI, regardless of the patient’s age (including those
aged 30 years or older). Furthermore, the diagnosis of
SHM should not be established solely based on the pro-
band interviews. We recommend clinical observation of
all the family suspects and also all first-degree relatives,
even when described as healthy.

Based upon this case report, when diagnosing SHM
physicians should be mindful to consider alternative
possibilities and long-term clinical and MRI follow-
up appears appropriate to exclude the subsequent
appearance of clinical and/or radiographic features
suggestive of CADASIL.

Downloaded from cep.sagepub.com at International Headache Society on January 21, 2012



Monteiro et al.

References

1.

Stam AH, Haan J, van den Maagdenberg AM, et al.
Migraine and genetic and acquired vasculopathies.
Cephalalgia 2009; 29: 1006-1017.

Chabriat H, Joutel A, Dichgans M, et al. Cadasil. Lancet
Neurol 2009; 8: 643-653.

Chabriat H, Levy C, Taillia H, et al. Patterns of MRI
lesions in CADASIL. Neurology 1998; 51: 452-457.
Headache  Classification ~ Subcommittee  of  the
International Headache Society. The International Classi-
fication of Headache Disorders: 2nd edition. Cephalalgia
2004; 24(Suppl 1): 9-160.

Hutchinson M, O’Riordan J, Javed M, et al. Familial
hemiplegic migraine and autosomal dominant arteriopathy

with leukoencephalopathy (CADASIL). Ann Neurol 1995;
38: 817-824.

6. Russel MB and Ducros A. Sporadic and familial hemiple-

gic migraine: pathophysiological mechanisms, clinical
characteristics, diagnosis, and management. Lancet
Neurol 2011; 10: 457-470.

. Dichgans M, Mayer M, Miiller-Myhsok, et al. Identificat-

ion of a key recombinant narrows the CADASIL gene
region to 8 cM and argues against allelism of CADASIL
and familial hemiplegic migraine. Genomics 1996; 32:
151-154.

. Joutel A and Debette S. Mendelian and complex causes

of migraine: bridging the gap. Cephalalgia 2011; 31:
259-261.

Downloaded from cep.sagepub.com at International Headache Society on January 21, 2012






CAPITULO |

Introducao

CAPITULO 1I

Doentes, familias e métodos

CAPITULO 11l

Resultados

CAPITULO IV

Discussao

CAPITULO V

Conclusoes

CAPITULO VI
Bibliografia






CAPITULO IV | Discussio

| CAPITULO IV

Discussao

Este capitulo é dedicado a uma discussao geral e transversal. As discussodes
especificas que incorporam cada um dos artigos poderdao ser relembradas ou

reformuladas.

Prevaléncia

O rastreio de ataxias hereditarias em Portugal®*®* deu-nos a oportunidade rara de
conhecer a prevaléncia da FHM com ataxia cerebelosa numa populacao: 0,22/ 10°
habitantes (artigo 1).

A ataxia cerebelosa foi descrita em 20% das familias publicadas,'™ mas em
apenas 12 cidadaos entre os 5 milhées de dinamarqueses, sendo 11 da mesma
familia.®® Das vinte familias com FHM que seguimos (dados nao publicados)
encontramos sinais cerebelosos em apenas duas e desconhecemos outras
familias portuguesas com este fenotipo.

A estimativa da prevaléncia minima foi muito baixa, mesmo para uma doenca
rara, mas igual a da Dinamarca e também influenciada por uma familia
numerosa.*** Provavelmente este fendtipo é raro na populacao.

Este foi o primeiro estudo de prevaléncia do espectro da FHM, tendo a ataxia
como motivo de inclusdao. O dado com impacto clinico mais relevante foi o
predominio da ataxia isolada, monossintomatica. Ora, noutros estudos de ataxias
hereditarias as canalopatias do calcio ndao foram testadas. Logo, as mutacdes no
gene CACNAITA poderdao ser uma causa oculta de ataxia cerebelosa pura;
provavelmente deverdo testar-se em doentes com ataxia cerebelosa pura tardia

de causa indeterminada.

Idade de inicio

A FHM manifesta-se na infancia ou na adolescéncia®®® e assim foi em quatro
familias portuguesas (artigos 4 a 8). No entanto, a grande familia FHM-1 (R583Q)
teve uma enorme heterogeneidade de idade inicio (artigos 2 e 3).°””> A média foi
de 21 anos, influenciada pela ataxia cerebelosa tardia. As sindromes transitorias
inaugurais surgiram de lactentes a idosos. Dos restantes 32 doentes com esta

mutacao (tabela da pagina seguinte), a doenca comecou na infancia em casos
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isolados'®*” e numa série francesa®, o inicio foi heterogéneo na grande familia
dinamarquesa® e foram tardios os italianos em quem a mutacdo foi
originalmente descrita.?*®” A ampliacdo do numero de familias podera confirmar
esta tendéncia para a diversidade.

Na FHM-1 (R1347Q) a ataxia cerebelosa foi precoce, mas a enxaqueca
hemiplégica foi tardia (artigo 4).”* Nas descricoes subsequentes a média foi de 4
anos."*®#® Na familia FHM-2 (artigos 5 e 6)*° a idade de inicio variou entre 9 e 15
anos, mais tardia do que o habitual.'326142149.181.212 Ag discrepdancias entre ambas
as familias e as publicacdes poderdao dever-se a enviesamentos de memoria, a
fatores ndo genéticos ou ao acaso facilitado pelo escasso niumero de doentes.
Nas duas familias FHM-3 os sintomas manifestaram-se na infancia ou na
adolescéncia (artigo 7), mas com divergéncias (10 a 18 anos versus 6 a 14 anos).
Atendendo a que as familias partilham a mesma mutacdao, provavelmente com
origem num ancestral comum, esta diferenca podera dever-se a influéncias

epigenéticas ou ndao genéticas.

Género

Observamos 27 homens e 30 mulheres, ndo encontrando um predominio
feminino claro, ao contrario de diversas publicacdes.®®%°2°%97 Na FHM-1 (mutacao
R583Q), a relacao entre homens e mulheres foi 4:3 (artigo 2). Na FHM-3 o
predominio também foi masculino (2:1). Ao contrario, na FHM-1 (mutacao
R1347Q) e na FHM-2 houve predominio feminino (1:2).

O predominio de género numa doeng¢a autossémica dominante é inesperado e
devera explicar-se. Em ratinhos mutantes, a acao patogénica da mutacao S218L
foi demonstrada predominantemente nas fémeas.”®® A evocacao de fatores
endoécrinos é tentadora, até pelo papel modulador das hormonas nas formas
comuns de enxaqueca, mas insuficiente para justificar marcadas desproporcoes
de género.®®92°097 Podera haver enviesamentos gerados por algum desleixo
masculino no acesso a cuidados médicos. Na verdade, nas grandes familias
estudadas sistematicamente ha paridade de género.®*'%

Na familia com coocorréncia de MoA, MWA e FHM (artigo 8), o predominio foi
claramente feminino (1:4). Esta desproporcao podera indiciar uma MWA tipica-
plus, de hereditariedade poligénica ndao mendeliana, ao invés de uma FHM com

baixa penetrancia de aura motora.
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Fenotipos
O estudo destas familias ajudou a melhorar a definicao fenotipica dos trés tipos
principais de FHM, através da confirmacdo de descricbes anteriores ou de

detalhes inéditos.

FHM-1 (mutacdo R583Q no gene CACNAITA)

A familia portuguesa com a mutacao R583Q no gene CACNAITA é a maior das
descritas na literatura e provavelmente a mais variada em sintomas, idade de
inicio e perfil temporal (tabelas dos artigos 2 e 3). Destacam-se quatro sindromes
principais, com agrupamentos variaveis: enxaqueca com aura, sintomas focais
transitorios, coma e ataxia cerebelosa progressiva.

Os sintomas neurolégicos focais transitorios (TFND) foram mais comuns do que a
enxagqueca com aura motora. Alguns doentes descreveram estes dois tipos de
episoédios, com idade de inicio similar. Contudo, os sintomas focais tiveram
caracteristicas distintivas (auséncia de sintomas visuais isolados, longa duracao e
fatores precipitantes), indiciando mecanismos bioldgicos divergentes. Ao
contrario, alguns doentes partilharam TFND, coma e fatores precipitantes. E
provavel que exista um tronco comum nos mecanismos fisiopatogénicos,
desconhecendo-se o que levara a coma, a TFND ou a sua simultaneidade.

A ataxia cerebelosa lentamente progressiva foi praticamente universal e surgiu
apoés os episdédios, antes destes, ou isoladamente. A variabilidade da histoéria
natural da ataxia na FHM-1 ja tinha sido descrita num estudo prévio a era
molecular'’ e em japoneses com a mutacdao T666M.'”” A nossa descricao
robusteceu e alargou o fenétipo da mutacao R583Q, mais tarde confirmado
noutra familia.®

A prevaléncia cumulativa aos 10 anos de enxaqueca sem aura (MoA) foi menor do
que na populacao geral,”® em contraste com os estudos que apontam a FHM
como fator de risco para as formas comuns de enxaqueca.®®®

Inicialmente incluimos a surdez neurossensorial no espetro fenotipico da FHM,
influenciados por uma descricao antiga.'” Acabariamos por determinar que os
doentes eram homozigotos para uma forma de surdez autossdmica recessiva.
Assim, recomendamos um escrutinio critico dos sintomas atipicos, perante a

tentacado de integra-los no quadro clinico.
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FHM-1 (mutacdo R1347Q no gene CACNAITA)

A mutacao R1347Q no gene CACNAITA foi originalmente encontrada numa
pequena familia portuguesa com ataxia cerebelosa permanente (artigo 4). Poderia
questionar-se a natureza patogénica, pela auséncia de enxaqueca nos familiares
do probando, mas logo foi considerada recorrente em familias alema®® e
holandesas.'*® Num caso, a ataxia piorou apds uma aura prolongada, evocando
um doente portugués, em que a ataxia permanente se iniciou ap6s o primeiro
episédio focal. Embora em canalopatias do calcio tenham sido propostos
mecanismos distintos para cérebro e para o cerebelo,*® esta constatacao parece

indiciar uma partilha.

FHM-2 (M731T no gene ATP1A2)

Na familia com a mutacdo M731T encontramos uma percecao de viagem no
tempo incorporada em aura complexa (artigos 5 e 6). Esta foi a primeira
descricao de sintomas psicoticos na FHM-2, alargando o seu espectro. Uma aura
devera ser inequivocamente localizavel a regides do encéfalo, o que é dificil neste
caso. A localizacao anatémica podera ser procurada por analogia com a viagem
mental voluntdria no tempo, que envolve as regides pré-frontal, temporal,
parietal (medianas) e parieto-occipital e temporal (laterais).?' E verosimil que a
depressao cortical alastrante atinja estas regidoes. No entanto, as bases
estruturais da viagem mental voluntdria no tempo possivelmente diferem das da
viagem iluséria.

A mutacdo foi descrita previamente numa familia holandesa com FHM pura.'™ A
partir da sequenciacdao no gene na familia portuguesa, passou a considerar-se
como recorrente e patogénica, uma vez que nao foi observada num painel de

controlos e segregou com o fendtipo (artigo 5).7

FHM-3 (mutacdo L263V no gene SCN1A)

Esperava-se que a epilepsia surgisse na FHM-3, atendendo as centenas de
mutacoes no gene SCNITA associadas a sindromes epiléticas. Em 2008 fizemos a
descricao original da segregacao da mutacdo L263V com enxaqueca hemiplégica
e epilepsia.” Esta coexisténcia foi descrita na FHM-1, logo a seguir.”*® Mais tarde,
estudamos uma familia com a mesma mutacao (artigo 7), com auras sensitivo-
motoras invulgares (recorrentes de longa duracdo, alternantes ou cruzadas),
podendo expressar fendmenos bioelétricos adicionais, associados a depressao

cortical alastrante. As salvas de auras evocam o estado de mal epilético, dado a
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sucessao de paroxismos. No entanto, nenhum destes individuos teve crises
epiléticas. Portanto, a associacao da mutacdao L263V a epilepsia ficou fragilizada

e a aguardar melhor prova.

Nas fronteiras da FHM

Numa familia com formas diversas de enxaqueca (artigo 8) coexistiram auras
neuropsicolégicas raras: pensamentos compulsivos e percecao distorcida do
corpo. Os pensamentos compulsivos estdao habitualmente associados a epilepsias
do lobo frontal ou temporal.?**?*** Por analogia, a sua incorporacdo na aura da
enxaqueca sugere que a depressdao cortical alastrante pode atingir estruturas
profundas, como o sistema limbico. A percecao distorcida do esquema corporal
faz parte da sindrome Alice no pais das maravilhas** atribuindo-se a
perturbacdbes em areas associativas somatossensitivas do cortex parietal; em
adultos, associa-se a enxaqueca com aura e a epilepsia parcial. Assim, as duas
auras neuropsicolégicas evocam a tradicional relacio da epilepsia com a
enxaqueca e sugerem sobreposicoes fisiopatolégicas. Curiosamente, nesta
familia o patriarca tinha epilepsia e uma crianca morreu em estado de mal
epilético. Nenhuma mutacdo foi encontrada.

Ha argumentos recorrentes a favor de fronteiras inclusivas entre a FHM e outras
formas de enxaqueca. No entanto, as pesquisas de mutacées da FHM na MWA
tém sido negativas. Existirao mutacdes incognitas. Nesta familia, a maioria dos
individuos nao teve auras motoras e encontram-se diferencas entre gémeas
monozigoticas. Podemos especular se esta familia apresentara uma forma
comum de enxaqueca, de hereditariedade poligénica ndao mendeliana, sendo a
hemiparesia apenas uma expressao grave de aura tipica. Assim, a aura motora
surgiria num contexto ambiental favorecedor, mesmo sem um gendtipo
especifico de FHM. O desenvolvimento de estudos epidemioldégicos de base
populacional e a biologia molecular responderdao provavelmente a duvida
recorrente sobre a natureza genética da FHM sem mutacdo conhecida.

Ainda na fronteira, temos um escotoma cintilante como denominador comum
entre um episédio invulgar (aura crural, sem cefaleias) e a crise tipica de
enxaqueca (paresia braquio-facial, com cefaleia pulsatil), sugerindo uma natureza

comum (artigo 9).
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Cefaleias

A classificacdo internacional adotou as carateristicas tipicas das cefaleias da
enxaqueca sem aura para a FHM; ndao encontramos suporte bibliografico que
sustente esta decisdo. Alias, a maioria dos artigos sobre FHM tratam a semiologia
das cefaleias com alguma superficialidade ou mesmo omissao.

Nas familias FHM-1 e FHM-2 diversos doentes nao tiveram cefaleias ou referiram
caracteristicas atenuadas (artigos 2 a 4). Na familia com coocorréncia de diversos
tipos de enxaqueca (artigo 8), as cefaleias tiveram carateristicas tipicas,
sugerindo uma enxaqueca com aura de hereditariedade poligénica, ao invés de

uma FHM de penetrancia atenuada.

Incongruéncias

Na semiologia neurolégica classica ha relacdes de lateralidade entre as lesdes
encefalicas e os sintomas. Em individuos dextros, espera-se que uma disfuncao
hemisférica esquerda possa provocar afasia e sintomas sensitivo-motores
contralaterais e, com menor certeza, cefaleias ipsilaterais. Esta légica nem
sempre é respeitada na enxaqueca com aura.

Nestas familias as principais desarmonias foram a coexisténcia de afasia com
sintomas esquerdos (artigos 2, 5, 7, 8 e 9), a bilateralidade das auras (artigo 8) e
as variacdes (sintomas alternantes, cruzados, em salva) durante um mesmo
episodio (artigos 7). Destaca-se a raridade da plegia exclusivamente crural (artigo
9), sabendo-se que o défice braquial é praticamente universal na composicao da
aura motora.®® A correspondéncia esperada entre aura unilateral e cefaleia
hemicraniana contralateral ocorreu raramente (artigo 2), havendo cefaleias
bilaterais com auras estritamente unilaterais (artigo 2) ou até coincidéncias de
lado (artigo 5).

Sabe-se que na MWA a coincidéncia de lado entre a aura e a cefaleia é mais rara
em registos prospetivos.'*®'"* Os nossos dados foram obtidos prospectivamente,
mas sem um suporte especifico para registo. Apesar desta limitacdo, parece
confirmar-se que a afasia e a localizacao das cefaleias sao independentes do lado
da aura sensitivo-motora,'”” e que as auras podem ser bilaterais ou alternantes
num mesmo episo6dio.®*® A maioria dos artigos sobre FHM ndao tem dados claros
sobre estas matérias, nem as discutem.

Estas variacOes topograficas sugerem que os fendmenos fisiopatogénicos da
enxaqueca podem ser bilaterais, apesar da imagiologia funcional demonstrar

alteracoes unilaterais ou claramente assimétricas na FHM."'7?*¢ Para explicar as
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afasias cruzadas, admitiu-se a bilateralizacao da depressdao cortical alastrante
através do corpo caloso ou a reorganizacao atipica da linguagem no hemisfério
direito, por analogia com algumas epilepsias e lesdes hemisféricas esquerdas
cronicas.’®” A plegia crural (artigo 9) sugere atingimento frontal medial, sendo
poupadas as areas somatossensorial e motora primarias da convexidade.

Assim, a CSD progredira de modo desigual ou eletivo, poupando areas corticais,
atingindo estruturas subcorticais ou originando fendémenos bioelétricos
acessorios. Imagens de tomografia de emissao de positroes (PET) e ressonancia
magnética funcional sugerem o envolvimento de diversas estruturas encefalicas
nos episédios de enxaqueca, com destaque para a protuberancia, o hipotalamo,
os ganglios da base e a substancia cinzenta peri-aquedutal.®®*?*® Esta por
desvendar o papel funcional destas estruturas, mas parece seguro que a

enxaqueca nao é uma doenca exclusiva do cértex cerebral.

Precipitantes

O traumatismo craniano banal foi referido como fator precipitante na FHM-1,
particularmente nos casos complicados com comas ou sintomas focais
transitérios, na FHM-2, na FHM-3 e mesmo na familia sem mutacao identificada
(artigo 2 a 4, 5, 7 e 8, respetivamente). Este desencadeante é classico na FHM-1,
raro na FHM-2"37148187 @ nunca tinha sido descrito na FHM-3. O esforco fisico foi
frequentemente reconhecido nas FHM-1. A mutacdo R583Q no gene CACNAIA
aumenta as correntes P/Q, facilitando a iniciacao da depressao cortical alastrante
em resposta a agressao;?”® é possivel que a mutacao R1347Q tenha uma funcao
idéntica. Porventura, nas outras familias haverdao outros mecanismos
funcionalmente equivalentes aos das canalopatias do calcio.

Na familia sem mutacao identificada (artigo 8) houve uma remissdao completa de
enxaqueca hemiplégica na sequéncia de hemorragia subaracnéideia e da cirurgia
reparadora; podera ser uma resposta biolégica a agressao ou uma coincidéncia
facilitada pela idade. Procedimentos endovasculares cerebrais?'?? ou aodrticos?*”
podem provocar enxaqueca com aura, mas desconhecemos casos de remissao. A
especulacao sobre os fatores fisicos na modulacdao fisiopatogénica pode vir a
interessar a discussdes futuras sobre terapéuticas invasivas para a enxaqueca

(neuroestimuladores).?’#2*
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Penetrancia

A mutacdo R583Q no gene CACNAIA foi confirmada nos doentes e excluida em
todos os adultos assintomaticos em risco, traduzindo uma penetrancia de 100%
(artigo 2). Noutras familias a penetrancia desta mutacdo foi dita incompleta,
devido a portadores assintomaticos ou com fenoétipos frustes.®>®* No entanto, a
ampla variacao de idades de inicio da familia portuguesa leva-nos a defender que
os portadores jovens sdao candidatos a manifestar o feno6tipo no futuro.?*” Assim,
a penetrancia sera provavelmente maior do que habitualmente se escreve.

Na FHM-1 com a mutacdao R1347Q (artigo 4) a penetrancia da aura hemiplégica
foi muito baixa, enquanto na FHM-2 (artigos 5 e 6) foi completa. Também na
FHM-3 (artigo 7) a enxaqueca teve uma penetrancia global de 100%, havendo no
entanto um salto de geracdo da aura motora. Na familia com coocorréncia de
MoA, MWA e FHM (artigo 8), o padrdao de transmissao foi autossémico dominante.
Todos os doentes com aura motora tinham familiares em 1° grau com fenotipos
idénticos, cumprindo formalmente os critérios para a FHM. No entanto, os
progenitores transmissores tinham formas comuns de enxaqueca. Estes saltos de
geracdo parecem sugerir que as mutacdes ou outros fatores genéticos sao

insuficientes para determinar a expressividade fenotipica.

Antecipacao

Todos os doentes das geracdes Il e lll do ramo A tiveram ataxia isolada tardia
(fig. 1, artigo 2), mas descendentes seus tiveram sinais cerebelosos progressivos
e paroxismos na infancia. A idade de inicio diminuiu cerca de 20 anos entre duas
geracdées. No ramo B ninguém teve MWA e no ramo D nenhum doente
desenvolveu ataxia cerebelosa isolada. Poderiamos atribuir a auséncia de
sintomas paroxisticos nos mais velhos a enviesamentos de memodria, a
semelhanca do que foi documentado na SHM.?'®* Mas estes doentes conhecem os
paroxismos dos filhos e negam semelhancas com o passado da sua fratria. Ha
uma tendéncia real para a complexidade em geracdes sucessivas. Este fendmeno
de antecipacao é dificil de explicar numa mutacao missence e tendo-se excluido a

concomitancia de uma expansao de repeticoes CAG no gene CACNAITA.

Heritabilidade e ambiente
A variabilidade fenotipica é a principal caracteristica clinica destas familias.
Doentes com a mesma mutacdo divergiram entre si e houve mudancas ao longo

da vida. Os sintomas raros parecem ter limiares desencadeantes muito elevados,
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exigindo a conjugacao simultanea e improvavel de multiplos e fortes estimulos

endbgenos (genéticos, epigenéticos, sistémicos) ou ambientais.

Mdxima variabilidade

A familia FHM-1 (mutacdo R583Q) é provavelmente a melhor expressao das
interacoes entre um gene modificado e outros fatores (artigos 2 e 3). Todos os
portadores tiveram algum tipo de sintomas, mas em muitos a expressao
fenotipica foi singela (ataxia cerebelosa monossintomatica, por exemplo). Nestes
a mutacao provocou danos neurolégicos permanentes, incluindo atrofia
cerebelosa, mas foi incapaz de desencadear episédios de enxaqueca. Sabe-se que
a mutacdao R583Q provoca disfuncées nos canais de calcio do cérebro e do
cerebelo.”™ Ao nivel do cerebelo o excesso de calcio intracelular induz fenémenos
similares a depressao cortical alastrante e, por uma via alternativa, aptoptose e
degenerescéncia cerebelosa atréfica.’®® A insuficiéncia relativa desta via
alternativa podera explicar que uma doente com ataxia ha décadas tenha sido
poupada a atrofia cerebelosa.

Nos sintomas atribuiveis ao cérebro, a heterogeneidade foi igualmente enorme.
Apenas um terco dos doentes tiveram aura motora e os sinais neurologicos focais
transitérios foram escassos, com longos intervalos livres ou remissdes precoces.
Um episddio Unico de afasia e hemiparesia direita apareceu apdés 34 anos de
progressao de uma ataxia isolada. A suscetibilidade ao traumatismo craniano foi
inconstante nesta familia, como em outras.”'7*'72 Estas variabilidades e
inconstancias podem dever-se exacerbacao ou atenuacao das complexas
interacOes fisipatogénicas,?”®*” induzidas por outros genes ou fatores ambientais.
Os fenotipos parecem organizar-se segundo uma diagonal ascendente imaginaria
na arvore genealdgica (figura 1, artigo 2), como se a expressao no ramo A
estivesse atrasada ou no ramo D estivesse adiantada uma geracao, com os outros
em transicdo. Todos se desenvolveram na mesma regido, a excecdo dos
emigrantes. Assim, a influéncia de fatores ambientais tradicionais é improvavel. A
variabilidade também ndao depende do género, fragilizando a hipotese hormonal.
O comportamento da mutacdao podera ser condicionado por outros genes,
polimorfismos ou fatores endoégenos dificeis de identificar. A variabilidade clinica
associada a mutacao R583Q é um bom exemplo de como uma variante num gene
pode comportar-se como um traco complexo e reforca a importancia de

modificadores genéticos na regulacao da funcao dos canais de calcio tipo P/Q.
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Grande variabilidade

Nas restantes familias, também houve grande variabilidade, sugerindo que o
efeito das mutacdoes pode ser altamente condicionado (potenciado ou frenado).
Alguns sintomas, como a aura motora, 0s sintomas psicéticos e as auras
neuropsicolégicas, ocorreram raramente e apenas em alguns doentes. O perfil
temporal variou muito em todas as familias, de um a centenas de episddios ao
longo da vida, mesmo em parentes muito proximos. Esta variabilidade aponta
para enormes desigualdades de limiar desencadeante, uma vez que a exposicao a
fatores precipitantes ambientais tera sido idéntica.

A divergéncia para FHM entre gémeas monozigoticas foi descrita previamente
noutro par.?’® A discussao dos fatores implicados na formacao de fenédtipos é
complexa nestes casos de homogeneidade genética. Havendo uma identidade
genética maxima (mutacao patolégica, mas também todo o genoma) e um
ambiente comum, fica pouco espaco para fatores enddgenos ou ambientais
adicionais. Provavelmente, em contextos muito semelhantes, pequenas
alteracdoes poderdao promover (ou silenciar) passos e interacdes do complexo
fisiopatogénico. No limite, a mutacdo podera nem ser a causa direta da doenca,
mas apenas um facilitador da expressao de outros genes ou fatores endbégenos.
A divergéncia de limiar epileptogénico nas familias portadoras da mutacao L263V
podera ter uma explicagdo similar, neste caso acrescida das diferencas

ambientais.

Critica dos critérios de diagnostico

Baixa sensibilidade

Muitos doentes nado satisfizeram diversos critérios de diagnostico da
International Headache Society (IHS), principalmente por auras incompletas ou
ausentes, por duracao curta ou excessiva dos episédios ou por cefaleias
inespecificas. A familia com mutacdao R583Q no gene CACNAIA tem continuum
sindromatico largo (artigo 2), aguém ou além da FHM stricto sensu.

O diagnostico de FHM em familias dominantes deveria basear-se numa
conjugacao coerente de caracteristicas clinicas, com critérios flexiveis. A aura
motora deveria demonstrar-se na familia, mas nao obrigatoriamente em cada um
dos doentes. As auras combinadas, os sintomas focais nao motores ou o coma
precipitado por traumatismo craniano banal deveriam aceitar-se como critérios,
em equidade com as auras motoras. A demonstracdo de ataxia cerebelosa

progressiva poderia ser um forte argumento de diagndstico, mesmo na auséncia
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de sintomas neuroldgicos paroxisticos. As crises epiléticas, o atraso mental e a
precipitacdo por exercicio fisico deveriam ser referidas em “comentarios”, pelo
menos.

A dicotomia operativa entre FHM e SHM é provavelmente artificial. O individuo
com os critérios de SHM (artigo 9) e o filho, que partilha os episodios de
enxagqueca com escotoma cintilante, ndo deverdao ter doencas diferentes. Tera
sentido classifica-los como SHM e MWA, respetivamente, ou a ambos como FHM?
Algumas familias ndo estardo sujeitas a necessaria combinacao de fatores
precipitantes, contribuindo assim para a alta frequéncia de esporadicos (50% dos
casos). A SHM nao resistira, enquanto entidade independente, ao progresso da
epidemiologia, do trabalho clinico sistematico e da genética molecular. Para ja,

poderia passar a nota de rodapé da FHM.

Baixa especificidade

A enxaqueca com aura faz parte do fenotipo da arteriopatia cerebral autossomica
dominante com enfartes subcorticais e leucoencefalopatia (CADASIL).?7*:28°
CADASIL e FHM foram associadas a loci do cromossoma 19, mas a descoberta
dos genes mostraria que nao sao doencas alélicas.?®® A MWA pode aparecer 10
anos a frente das outras manifestacoes da CADASIL*** e as lesdes na RM
encefalica podem preceder a clinica em 10 a 15 anos. Em jovens, a CADASIL pode
ser monossintomatica (enxaqueca com aura). Contudo, espera-se que a RM
encefalica mostre alteracdes da substancia branca a partir dos 30 anos, sendo
anormal em todos os doentes pelos 35 anos.?®® Uma doente que foi cumprindo
sucessivamente os critérios de diferentes tipos de enxaqueca (artigo 10),
satisfazia aos 34 anos os critérios de SHM e a RM encefalica era normal. Portanto,
a aura motora em jovens com RM encefdlica normal pode contribuir para um
diagnostico errado de SHM. Por isso, a suspeita clinica de CADASIL é
provavelmente apropriada em todos os casos isolados de enxaqueca hemiplégica
e RM normal, ndo excluindo os maiores de 30 anos.

A expressdao enxaqueca hemiplégica é datada e nao deveria ler-se literalmente.
Em alguns individuos com FHM a semiologia motora pode estar ausente ou nao ir
além de uma discretissima fraqueza. No limite, poderia até discutir-se a
pertinéncia de uma denominacao nova para a FHM. Parece razoavel manté-la, a
par de outros nomes e eponimos vagamente anacronicos que integram o

patrimoénio cultural da neurologia.
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Vantagens do seguimento clinico

Em investigacao clinica, o seguimento é naturalmente mais informativo do que a
observacao pontual. No entanto, é trabalhoso e atrasa os resultados, devendo
avaliar-se a sua pertinéncia em cada estudo. Encontramos argumentos a favor do
seguimento de longo prazo na enxaqueca hemiplégica, como é comum em
muitas doencas cronicas paroxisticas.

Uma boa parte da literatura sobre FHM tende para fenétipos sucintos e pouco
documentados e alguns denotam mesmo observacdes clinicas pontuais, sem
continuidade.

Os primeiros doentes da familia FHM-1 (mutacao R583Q) foram referenciados ao
rastreio de ataxias hereditarias sem mencao a sintomas paroxisticos (artigo 2 e
3).6”7* Estudamos o valor da presuncdo do diagnéstico com base em depoimentos
de familiares. Todos os descritos como suspeitos eram atingidos; quatro
individuos ditos assintomaticos eram doentes (inclusivamente cerebelosos).
Assim, a triagem baseada em testemunhos parece especifica, mas pouco
sensivel. O acompanhamento a longo prazo permitiu-nos testemunhar o
surgimento de casos novos, observar emigrantes, desenhar o perfil temporal dos
paroxismos, da ataxia e da variabilidade entre as geracdes. Esta metodologia
facilita a identificacdo de particularidades temporais (episddios tardios, picos de
frequéncia e remissoes).

Noutras familias, destacamos o aperfeicoamento da descricio fenomenoldgica
das auras (artigos 5, 6 e 8), quer pela evolucao da historia natural, quer da
confianca necessaria para partilhar sintomas embaracosos. Em 1998
descrevemos a coexisténcia independente de FHM e epilepsia na FHM-3, e
assistimos a sua difusao (mais de 40 citacdes na literatura).” No entanto,
teremos agora de relativizar esta associacdo, ao divulgar uma familia pura com a
mesma mutacao e origem. A histéria natural da CADASIL foi insuficiente e sé a
descoberta de um familiar doente permitiu corrigir o diagnéstico (artigo 10).
Provavelmente sé o seguimento de longo prazo permitira a intersecao das duas
familias FHM-3 ou a descoberta de ramos na aldeia de origem. Na investigacao
clinica e no suporte a genética molecular de uma doenca tao rara, os individuos
suspeitos ou assintomaticos devem ser observados, preferencialmente por mais
do que um neurologista e em tempos diferentes. O diagnostico ndao devera
apoiar-se exclusivamente na entrevista do probando. O tempo e o

acompanhamento neurolégico tornam os doentes e familias mais assertivos na
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percecao, na descricao e registo dos sintomas. O perfil caprichoso da histéria
natural pode necessitar de tempo para se desenvolver.

O espetro largo dos sintomas (paroxisticos ou progressivos, banais ou
sofisticados), as suas imprevisiveis exacerbacdes, misturas e siléncios, a histéria
natural caprichosa e a variabilidade familiar, fazem do longo seguimento destas

familias um trabalho muito interessante e mesmo prazenteiro.
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| CAPITULO V

Conclusoes

Tentaremos concluir respondendo a cada um dos objetivos propostos na

introducao.

1. Prevaléncia da FHM com ataxia em Portugal

Em Portugal e na Dinamarca, os unicos paises onde foi estudada, a prevaléncia
minima (0,22/10°) foi baixa, mesmo para uma doenca rara. A maioria destes
doentes tem ataxia cerebelosa isolada. Algumas canalopatias do calcio poderao
estar ocultas devido a esta apresentacdo monossintomatica insuspeita. As
mutacoes CACNATA deverdao, por isso, ser consideradas em todos os doentes

com ataxia cerebelosa pura tardia criptogénica.

2. Idade de inicio

Nos trés tipos de enxaqueca hemiplégica familiar, os paroxismos surgem na
infancia, com excecdes e variabilidade entre individuos, geracdes, ramos e
familias. As idades de inicio dos diferentes sintomas dum fendétipo complexo sao
tendencialmente divergentes. Na familia com a mutacao R583Q no gene
CACNATA a heterogeneidade da idade de inicio foi enorme. A ampliacdo do

numero de familias podera reforcar ou nao esta tendéncia.

3. Relacao entre géneros

Nao foi encontrado um predominio consistente do género feminino na FHM, ao
contrario dos consensos da literatura. Na maior das familias, seguida ao longo de
12 anos, o predominio foi masculino. O estudo sistematico e prolongado atenua
enviesamentos de selecao e da a medida justa do predominio ou do equilibrio de

género.

4. Espetro fenotipico e sua relacao com os genotipos
O estudo das familias portuguesas melhorou a definicao fenotipica dos trés tipos
principais de FHM, confirmando descricoes prévias e acrescentado detalhes

inéditos.
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Confirmacoes

A ataxia cerebelosa foi um fenoétipo frequente na FHM-1, podendo aparecer
isoladamente. Nas sindromes compostas, a ataxia foi tardia, concomitante ou
mesmo prévia aos paroxismos. Duas gémeas monozigoticas apresentaram auras
muito divergentes. Uma familia FHM-3 apresentou auras recorrentes, alternantes

ou cruzadas num mesmo episodio.

Contribuicées inéditas

A familia com mutacao R583Q no gene CACNATA é a mais numerosa e variada de
todas as FHM conhecidas, combinando diversos fenétipos. A ataxia cerebelosa foi
a manifestacao mais frequente, por vezes monossintomatica, e a maioria dos
doentes nunca teve aura motora. Sintomatologia psicoética incorporou a aura e
alargou o espectro semioldgico da FHM-2. Enxaqueca hemiplégica e epilepsia, em
coocorréncia independente, segregaram com a mutacdo L263V numa familia
FHM-3; no entanto, a epilepsia nao fez parte do quadro clinico de outra familia
com a mesma mutacao. Em doentes sem mutacao conhecida, encontramos auras

neuropsicoldgicas raras e aura motora exclusivamente crural.

5. Cefaleias
As caracteristicas tipicas da cefaleia da enxaqueca (unilateralidade, intensidade,
pulsatilidade e disautonomia) sao atenuadas ou ausentes em individuos dos trés

tipos de FHM. As cefaleias ndao parecem cruciais na definicao fenotipica da FHM.

6. Incongruéncias das relacoes de lateralidade topografica

Em todos os tipos de FHM ha incongruéncias nas relacdes topograficas de
lateralidade, no que respeita a auras e a cefaleias. Estas dissociacdes sugerem
que a depressdao cortical alastrante ou fenémenos bioelétricos associados

atingem o encéfalo de forma assimétrica, desigual e eletiva, porém bilateral.

7. Fatores precipitantes dos episadios

O traumatismo craniano banal foi um precipitante na FHM-1 (classico), na FHM-2
(raro, mas ja previamente conhecido), na FHM-3 (ndo descrito antes) e mesmo na
familia sem mutacdo conhecida. Na FHM-1, os sintomas neurolégicos focais
transitérios foram precipitados indistintamente por traumatismos ou esforcos

fisicos, sugerindo mecanismos moleculares comuns.
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8. Penetrancia e antecipacao

A penetrancia foi incompleta, particularmente a da aura motora. Sobe a 100%, se
aceitarmos quaisquer combinacdes sindromaticas. Provavelmente a penetrancia
na FHM aumentara com uma exploracao detalhada dos fendétipos, nao focada na
aura motora (pratica corrente na literatura). Na familia FHM-1 (mutacdo R583Q)
verificou-se maior complexidade e precocidade em geracdes sucessivas. Esta

antecipacao é original e inexplicada, tratando-se de uma mutacao missense.

9. Progressos em genética molecular

A articulacdo com a investigacdo molecular permitiu a descricao original das
mutacdes R1347Q no gene CACNAITA e L263V no gene SCNITA. Confirmou-se
ainda a natureza patolégica e alargou-se o espetro fenotipico das mutacdes
R583Q no gene CACNATA e M731T no gene ATPIAZ.

10. Heritabilidade e ambiente na formacao dos fenédtipos

Ha sintomas comuns numa familia, mas ausentes em alguns membros (aura
motora na FHM-1, epilepsia na FHM-3) ou expressando-se raramente (sintomas
neurolégicos focais transitérios ou coma na FHM-1). Ha sintomas excecionais
(auras neuropsicolégicas na FHM-2) a atingir uma minoria dos portadores. Todos
estes fenotipos terao um limiar desencadeante elevado, exigindo a conjugacao
simultanea e improvavel de estimulos enddégenos e ambientais. Mesmo gémeas
monozigodticas apresentaram divergéncias fenotipicas, apesar da partilha
genética e ambiental. A heritabilidade, os fatores enddgenos epigenéticos e o
ambiente terdo contribuicdes relativas na formacao dos fenotipos, para ja dificeis

de medir e sistematizar.

11. Consisténcia e adequacao dos critérios de diagnostico

Os critérios de diagnostico da International Headache Society para a FHM sao
pouco sensiveis. O diagndstico deveria basear-se numa conjugacdao coerente e
flexivel de caracteristicas clinicas. Os sintomas focais ndo motores, o coma
precipitado por traumatismo craniano banal e a ataxia cerebelosa deveriam
aceitar-se em equidade com os sintomas da aura tipica. A dicotomia operativa
entre FHM e SHM é provavelmente artificial. Os critérios de diagnéstico de SHM
deverao aplicar-se com critica, principalmente em jovens, pela possibilidade de se

tratar de CADASIL. A diversidade e plasticidade da FHM ndo ligam bem com os
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critérios da enxaqueca com aura tipica. A expressao enxaqueca hemiplégica nao

devera ler-se literalmente.

12. Observacées pontuais e seguimento a longo prazo

Na investigacao clinica da enxaqueca hemiplégica e no suporte a genética
molecular, o seguimento de longo prazo é vantajoso e adequado. Os individuos
suspeitos de FHM ou parentes assintomaticos deverdao ser observados,
preferencialmente por mais do que um neurologista e em tempos diferentes,

mantendo-se em observacao clinica de longo prazo.
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Posfacio

A Cephalalgia de julho de 2013 é inteiramente dedicada a nova versao da
Classificacao Internacional de Cefaleias (ICHD-3 beta) e foi apresentada na
Internet a 14 de junho,*® precisamente o dia em que se iniciou a impressao desta
tese. Jes Olesen apelou em editorial a sua utilizacao, desde ja: ICHD-3 beta is
published. Use it immediately.**

Pareceu-nos pertinente fazer uma analise preliminar dos novos critérios de
diagnostico, atendendo a énfase dada na tese a discussao da [ICHD-2.
Reproduzem-se nas duas paginas seguintes os conteudos sobre a enxaqueca
hemiplégica das versdes ICHD-2 e ICHD-3 beta.

O novo texto foi sensivel ao conhecimento atual sobre EHF. Uma nota ancorada
ao titulo adverte para a conotacdao excessiva da palavra hemiplégica na maioria
das linguas. Foi criado um tronco comum, diluindo a dicotomia artificial FHM/
SHM. A cada um dos tipos (FHM-1, FHM-2 e FHM-3) foi dado um cédigo de
diagnostico e, pressentindo mutacdes desconhecidas noutros genes, foi criado o
céodigo FHM, other loci. Um eventual tipo FHM-4 (gene PRRT2) ndo foi
considerado, apesar de esta sigla ja ter surgido precipitadamente na literatura.'®
O limite superior dos sintomas motores passou para 72 horas, extensivel até
algumas semanas. Ha alertas para o diagndstico diferencial com AIT e AVC e para
a provavel natureza nao esporadica de alguns casos isolados.

Contudo, a ICHD-3 beta herdou a iniquidade entre a aura tipica (critérios de
diagnostico) e os sintomas complexos. Os episédios exuberantes, a ataxia
cerebelosa progressiva e o traumatismo craniano banal mantém-se como meros
comentarios. A precipitacao pelo exercicio fisico, a epilepsia e o atraso cognitivo
permanecem ignorados. Em dois pontos esta versao piorou mesmo: cada um dos
sintomas ndo motores da aura tipica passou a ter um limite superior de 60
minutos, inclusivamente os sensitivos; é sugerido que 50% das familias com FHM
tém ataxia cerebelosa progressiva, um valor excessivo e sem suporte algum.
Aceita-se que uma classificacao clinica nao satisfaca todas as sensibilidades das
minorias que se dedicam a doencas raras. Mas nao parece razoavel que se
continue a formatar a enxaqueca hemiplégica no molde rigido da enxaqueca com
aura tipica; seguramente podera detalhar-se melhor uma futura revisao.

Merece uma mencao especial o trabalho em curso da IHS e da OMS,
harmonizando os coédigos da ICHD-3 beta e da ICD-11, facilitando a comunicacao
dos portadores de cefaleias raras com as seguradoras, as autoridades de saude e
a seguranca social.
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The International Classification of Headache
Disorders

2nd edition (ICHD-2)
January 2004

1.2.4 Familial hemiplegic migraine

(ICD-10 G43.105)

Description:

Migraine with aura including motor weakness and

at least one first- or second-degree relative has

migraine aura including motor weakness.

Diagnostic criteria:

A. At least 2 attacks fulfilling criteria B and C

B. Aura consisting of fully reversible motor
weakness and at least one of the following:

1. fully reversible visual symptoms including
positive features (eg, flickering lights,
spots or lines) and/or negative features
(ie, loss of vision)

2. fully reversible sensory symptoms
including positive features (ie, pins and
needles) and/or negative features (ie,
numbness)

3. fully reversible dysphasic speech
disturbance

C. At least two of the following:

1. at least one aura symptom develops
gradually over >5 minutes and/or different
aura symptoms occur in succession over
>5 minutes

2. each aura symptom lasts >5 minutes and
< 24 hours

3. headache fulfilling criteria B-D for 1.1
Migraine without aura begins during the
aura or follows onset of aura within 60
minutes

D. At least one first- or second-degree relative

has had attacks fulfilling these criteria A-E

E. Not attributed to another disorder’

Note:

History and physical and neurological examinations
do not suggest any of the disorders listed in
groups 5-12, or history and/or physical and/or
neurological examinations do suggest such
disorder but it is ruled out by appropriate
investigations, or such disorder is present but
attacks do not occur for the first time in close
temporal relation to the disorder.

Comments:

1. It may be difficult to distinguish weakness from
sensory loss.

New genetic data have allowed a more precise
definition of FHM than previously. Specific genetic
subtypes of 1.2.4 Familial hemiplegic migraine
have been identified: in FHM1 there are mutations
in the CACNA1TA gene on chromosome 19, and in
FHM2 mutations occur in the ATP1A2 gene on
chromosome 1. If genetic testing is done, the
genetic subtype should be specified
parenthetically.

It has been shown that FHM1 very often has basilar-
type symptoms in addition to the typical aura
symptoms and that headache is virtually always
present. During FHM1 attacks, disturbances of
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consciousness (sometimes including coma), fever,
CSF pleocytosis and confusion can occur. FHMI
attacks can be triggered by (mild) head trauma. In
approximately 50% of FHM1 families, chronic
progressive cerebellar ataxia occurs independently
of the migraine attacks.

FHM is very often mistaken for epilepsy, and
(unsuccessfully) treated as such.

1.2.5 Sporadic hemiplegic migraine

(ICD-10 G43.105)

Description:

Migraine with aura including motor weakness but

no first- or second-degree relative has aura

including motor weakness.

Diagnostic criteria:

A. At least 2 attacks fulfilling criteria B and C

B. Aura consisting of fully reversible motor
weakness and at least one of the following:

1. fully reversible visual symptoms including
positive features (eg, flickering lights,
spots or lines) and/or negative features
(ie, loss of vision)

2. fully reversible sensory symptoms
including positive features (ie, pins and
needles) and/or negative features (ie,
numbness)

3. fully reversible dysphasic speech
disturbance

C. At least two of the following:

1. at least one aura symptom develops
gradually over >5 minutes and/or
different aura symptoms occur in
succession over >5 minutes

2. each aura symptom lasts >5 minutes and
<24 hours

3. headache fulfilling criteria B-D for 1.1
Migraine without aura begins during the
aura or follows onset of aura within 60
minutes

D. No first- or second-degree relative has attacks

fulfilling these criteria A-E

E. Not attributed to another disorder’

Note:

1. History and physical and neurological
examinations do not suggest any of the disorders
listed in groups 5-12, or history and/or physical
and/or neurological examinations do suggest such
disorder but it is ruled out by appropriate
investigations, or such disorder is present but
attacks do not occur for the first time in close
temporal relation to the disorder.

Comments:

Epidemiological studies have shown that sporadic
cases occur with approximately the same
prevalence as familial cases. The attacks have the
same clinical characteristics as those in 1.2.4
Familial hemiplegic migraine.

Sporadic cases always require neuroimaging and
other tests to rule out other cause. A lumbar
puncture is also necessary to rule out
pseudomigraine with temporary neurological
symptoms and lymphocytic pleocytosis. This
condition is more prevalent in males and often
associated with transient hemiparesis and aphasia.



3rd edition, beta version (ICHD-3 beta)
July 2013

1.2.3 Hemiplegic' migraine

Description:

Migraine with aura including motor weakness.

Diagnostic criteria:

A. At least two attacks fulfilling criteria B and C

B. Aura consisting of both of the following:

1. fully reversible motor weakness

2. fully reversible visual, sensory and/or
speech/language symptoms

C. At least two of the following four
characteristics:

1. at least one aura symptom spreads
gradually over >5 minutes, and/or two or
more symptoms occur in succession

2. each individual non-motor aura symptom
lasts 5--60 minutes, and motor symptoms
last <72 hours?

3. atleast one aura symptom is unilateral®

4. the aura is accompanied, or followed
within 60 minutes, by headache

D. Not better accounted for by another ICHD-3
diagnosis, and transient ischaemic attack and
stroke have been excluded.

Notes:

1. The term plegic means paralysis in most
languages, but most attacks are characterized
by motor weakness.

2. In some patients, motor weakness may last
weeks.

3. Aphasia is always regarded as a unilateral
symptom; dysarthria may or may not be.

Comment:

It may be difficult to distinguish weakness from

sensory loss.

1.2.3.1 Familial hemiplegic migraine (FHM)
Description:
Migraine with aura including motor weakness, and
at least one first- or second-degree relative has
migraine aura including motor weakness.
Diagnostic criteria:
Fulfils criteria for 1.2.3 Hemiplegic migraine
A. At least one first- or second-degree relative
has had attacks fulfilling criteria for 1.2.3
Hemiplegic migraine.
Comments:
New genetic data have allowed a more precise
definition of 1.2.3.1 Familial hemiplegic migraine
(FHM) than was possible previously. Specific genetic
subtypes have been identified: in FHM1 there are
mutations in the CACNATA gene (coding for a
calcium channel) on chromosome 19; in FHM2
there are mutations in the ATP1A2 gene (coding for
a K/Na-ATPase) on chromosome 1; and in FHM3
there are mutations in the SCN1A gene (coding for
a sodium channel) on chromosome 2. There may
be other loci not yet identified. When genetic
testing is done, the genetic subtype (if discovered)
should be specified at the fifth digit.
It has been shown that 1.2.3.1 Familial hemiplegic
migraine (FHM) very often presents with brainstem
symptoms in addition to the typical aura
symptoms, and that headache almost always
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occurs. Rarely, during FHM attacks, disturbances of
consciousness  (sometimes including coma),
confusion, fever and CSF pleocytosis can occur.
1.2.3.1 Familial hemiplegic migraine (FHM) may be
mistaken for epilepsy and (unsuccessfully) treated
as such. FHM attacks can be triggered by (mild)
head trauma. In approximately 50% of FHM
families, chronic progressive cerebellar ataxia
occurs independently of the migraine attacks.

1.2.3.1.1 FHM1

Diagnostic criteria:

A. Fulfils criteria for 1.2.3.1 Familial hemiplegic
migraine

B. A causative mutation on the CACNATA gene
has been demonstrated.

1.2.3.1.2 FHM1
Diagnostic criteria:
A.  Fulfils criteria for 1.2.3.1 Familial hemiplegic
migraine
B. A causative mutation on the ATP1A2 gene has
been demonstrated.

1.2.3.1.3 FHM3
Diagnostic criteria:
A. Fulfils criteria for 1.2.3.1 Familial hemiplegic
migraine
B. A causative mutation on the SCN1A gene has
been demonstrated.

1.2.3.1.4 FHM, other loci

Diagnostic criteria:

A. Fulfils criteria for 1.2.3.1 Familial hemiplegic
migraine

B. Genetic testing has demonstrated no mutation
on the CACNATA, ATPT1A2 or SCN1A genes.

1.2.3.2 Sporadic hemiplegic migraineDescription:
Migraine with aura including motor weakness, and
no first- or second-degree relative has migraine
aura including motor weakness.

Diagnostic criteria:

Fulfils criteria for 1.2.3 Hemiplegic migraine

No first- or second-degree relative fulfils criteria for
1.2.3 Hemiplegic migraine.

Comments:

Epidemiological studies have shown that sporadic
cases occur with approximately the same
prevalence as familial cases.

The attacks in 1.2.3.2 Sporadic hemiplegic
migraine have the same clinical characteristics as
those in 1.2.3.1 Familial hemiplegic migraine.
Some apparently sporadic cases have known FHM
mutations, and in some a first- or second-degree
relative later develops hemiplegic migraine, thus
completing fulfilment of the criteria for 1.2.3.1
Familial hemiplegic migraine and requiring a
change of diagnosis.

Sporadic cases usually require neuroimaging and
other tests to rule out other causes. A lumbar
puncture may be necessary to rule out 7.3.5
Syndrome of transient Headache and Neurological
Deficits with cerebrospinal fluid Lymphocytosis
(HaNDL).
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