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Editorial

O presente numero, primeiro do ano 2022, contém seis artigos. Os autores sdo de
diversas regides do pais e do exterior, apresentando os mais diversos temas, Como segue.

® Comparacdo entre os Dominios da Fun¢éo Cognitiva e a Capacidade
Funcional de Centendrios de Mazo e coautores, onde é comparado o
desempenho cognitivo e funcional dessa classe especial de idosos, 0s raros
centenarios.

e Neurological Impacts of Covid-19 and Worldwide Scientific Production
about the Subject: A Bibliometric Analysis de Pereira e coautores, mostrando o
impacto nas publica¢gdes de artigos cientificos sobre a epidemia que esta
assolando o mundo.

® Aspectos anatomicos, fisiopatoldgicos e clinicos da Sindrome de Horner: um
guia ilustrado de Mazza e Oliveira, apresentando bem ilustrado artigo sobre o
tema.

® [esdio Medular por Traumatismo Raquimedular e Malformacéo de
Chiari tipo I: Uma Comparac¢do de Caracteristicas Clinicas de Galvao e
coautores, que comparam as caracteristicas dessas condi¢oes e sua
importancia no planejamento da reabilitacdo.

® Periodic limb movements during sleep vs seizures and epileptiform
discharges: some supposedly shared pathomechanisms de Najar e Gomes,
onde esclarecem os mecanismos fisiopatoldgicos dessas condi¢des.

® The arterial circle described by Willis, and the contribution of his successors de
Engelhardt e Levy, onde sdo revisados os trabalhos que resultaram no
conhecimento dessa estrutura arterial, em termos anatébmicos e de
nomenclatura.

Os Editores e a Direcdo agradecem a todos 0s autores e revisores que vem

prestigiando a Revista Brasileira de Neurologia, ¢rgao oficial do Instituto de Neurologia
Deolindo Couto da UFRJ, em parceria com a Academia Brasileira de Neurologia-RJ (ANER)).

Editores
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Comparacao entre os Dominios da Funcao Cognitiva e

a Capacidade Funcional de Centenarios
Relationship between the Domains of Cognitive Function and Functional

Capacity in Centenarians

Giovana Zarpellon Mazo! , Bruna da Silva Vieira Capanema? , Priscila Rodrigues Gil3,

Raquel Ester Lima da Silva*, Felipe Fank® , Pedro Silvelo Franco®

ABSTRACT

Objective: To verify the relationship between the domains of
cognitive function and functional capacity for basic activities of
daily living in centenarians.

Methods: This is a descriptive study with 66 elderly aged 100
years or more, 45 females and 21 males, mean age 102.14 +
2.71 years, residents in Greater Floriandpolis/SC. The domains
of cognitive function (Mini Mental State Examination - MMSE)
and functional capacity (Katz scale) of the centenarians were
evaluated. The data were treated by Kruskal-Wallis and
Bonferroni post hoc, with a 5% significance level.

Results: There was significant difference between MF and Mf
centenarians in all domains of MMSE: temporal orientation
(p<0.001), spatial orientation (p<0.002), immediate memory
(p<0.001), attention and calculation (p<0.013), memory and
recall (p<0.012) and language (p<0.001) and, Mf (More
Functional) and with FI (Less Functional) in the domains of
MMSE immediate memory (p<0.004) and language (p<0.004).
Conclusion: the domains of cognitive function are related to
functional capacity, that is, centenarians who have good
functionality have good cognitive function, with respect to
temporal and spatial orientation, memory, calculation, evocation
and language.

Keywords: Aged, centenarians,

function, cognition

activities of daily living,

RESUMO

Objetivo: Comparar os dominios da funcdo cognitiva com a
capacidade funcional para as atividades basicas de vida diaria de
centenarios.

Métodos: Trata-se de um estudo descritivo com 66 idosos com 100
anos ou mais de idade, 45 do sexo feminino e 21 do masculino, com
média de idade 102,14 + 2,71 anos, residentes na Grande
Florian6polis/SC. Foram avaliados os dominios da fungdo cognitiva
(Mini Exame do Estado Mental- MEEM) e a capacidade funcional
(escala de Katz) dos centenarios. Os dados foram tratados por meio
do Kruskal-Wallis e o post hoc de Bonferroni, com nivel de
significancia de 5%. Também analisou-se com o modelo de
regressdo multinominal, com intervalo de confianca de 95%.
Resultados: Houve diferenca significativa entre os centenarios MF
(Mais Funcional) e Mf (Menos Funcional) em todos os dominios do
MEEM: orientacdo temporal (p<0,001), orientacdo espacial
(p<0,002), memoria imediata (p<0,001), aten¢do e calculo (p<0,013),
memoria e evocagdo (p<0,012) e linguagem (p<0,001) e, os Mf e
com FI nos dominios do MEEM memodria imediata (p<0,004) e
linguagem (p<0,004).

Conclusdo: Os dominios da funcéo cognitiva estéo relacionados a
capacidade funcional, ou seja, centenarios que apresentam uma boa
funcionalidade nas atividades da vida diaria basica, possuem uma
boa func@o cognitiva, no que diz respeito a orientacdo temporal e
espacial, memoaria, calculo, evocacao e linguagem.

Palavras-chave: ldosos, centenarios, atividades de vida diaria,
funcionalidade, cognigcdo
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INTRODUCAO

De acordo com a Organizacdo Mundial da Saude (OMS),
a expectativa de vida no mundo aumentou e o nimero de
idosos com 100 anos ou mais, conhecidos como
centenarios, cresceu, de 95 mil para 451 mil, entre 1990 e
2015 e, estima-se que, para 2050, serdo 3.676 milhdes’.

Com o aumento da idade e a mortalidade reduzida,
haverd um crescimento no numero de idosos com
disfungbes sistémicas, capacidade funcional diminuida,
doencas crbnicas e comprometimento na satde mental? 3.

A funcdo cognitiva dos centenarios é uma area de
interesse de investigacdo, mas varia de acordo com o
método de avaliacdo utilizado®. E considerada um dos
parametros dificeis de estudar, visto que os centenarios
com baixos valores cognitivos, ndo se encontram aptos
para serem avaliados nesta componente®. Esta fungdo
basicamente é constituida por um conjunto de fung¢des
corticais, formadas pela memoéria, fun¢do executiva,
linguagem, praxia, gnosia e fun¢do visuoespacial e é de
extrema importancia ao idoso, pois permite compreender e
resolver os problemas do cotidiano®.

Outro aspecto importante a ser pesquisado é a
capacidade funcional, que é acompanhada por um
processo gradativo de perda com o avancar da idade’”. O
idoso é considerado saudavel quando é capaz de realizar
suas atividades basicas de vida diaria (AVDs) de forma
independente e autbnoma&?, mantendo suas aptiddes
fisicas e cognitivas®. As AVDs referem-se aquelas com a
finalidade de ter a capacidade de cuidar de si préprio,
sendo muito importante, principalmente para os idosos
mais longevos, como os centenarios®. Estudo de Jopp et al.
verificou que a capacidade funcional de centenarios
americanos foi elevada para desempenhar as AVDs e mais
limitada para as atividades instrumentais da vida diaria
(como exemplos: fazer refei¢des, limpezas domésticas etc.).

Segundo de Zeng et al.2 as func¢Bes cognitivas e a
capacidade funcional sdo fatores preditores de
sobrevivéncia em centenarios. Assim, questiona-se a
relagdo entre os dominios das func¢bes cognitivas e a
capacidade funcional para realizar as AVDs. Também,
investigar os centendrios permite, aprofundar o
conhecimento sobre o processo de envelhecimento e as
funcBes cognitivas e a capacidade funcional, que tendem a
diminuir em idades mais avangadas, mesmo na auséncia de
deméncia* °. Assim, este estudo tem como objetivo verificar
a relacdo entre os dominios da fun¢do cognitiva com a
capacidade funcional para as atividades basicas de vida
diaria de centenarios.

METODOS
Tipo de estudo e aspectos éticos

O presente estudo é caracterizado como
transversal descritivo analitico. A pesquisa faz parte do
Projeto SC 100: Estudo Multidimensional dos Centendrios
de Santa Catarina (Projeto SC100), desenvolvido no

Fungéo Cognitiva e Capacidade Funcional de Centendrios

Laboratério de Gerontologia (LAGER) do Centro de Ciéncias
da Saude e do Esporte (CEFID) da Universidade do Estado
de Santa Catarina (UDESC), e aprovado pelo Comité de
Etica Envolvendo Seres Humanos (CEPSH) desta instituicao,
n° 1.468.034/2014, sob o CAAE 21417713.9.0000.0118. A
pesquisa cumpre com as exigéncias do Conselho Nacional
de saude sob a resolucdo 466/2012. O termo de
consentimento livre e esclarecido foi assinado pelo
centenario ou por seu familiar/cuidador principal.

Populagdo e amostra
A populacdo foi composta por 90 centenarios da

mesorregido da Grande Florianépolis, SC, Brasil, conforme
o censo demografico de 2010, realizado pelo Instituto
Brasileiro de Geografia e Estatistica (Brazilian Institute of
Geography and Statistics, 2010). Para localizar esses
individuos foi efetuado um levantamento junto as
secretarias municipais de saude, grupos de convivéncia e
instituicdes de longa permanéncia para idosos, situadas
nos 21 municipios desta mesorregido. Realizou-se o calculo
amostral de 95% e com a margem de erro de 5%, desta
forma chegou-se uma amostra de 74 idosos. No entanto,
para este estudo foi utilizado a amostra de 66 centenarios
sendo 45 do sexo feminino e 21 do masculino, considerado
73,3% composta pela populagdo do estudo.

A amostragem do estudo foi intencional, com os
seguintes critérios de inclusdo: ter idade comprovada de
100 anos ou mais, ter respondido, com ou sem auxilio do
cuidador principal, as questdes do Protocolo de Avaliagdo
Multidimensional do Idoso Centenario - PAMIC™. Dentre os
critérios de exclusdo, aqueles idosos que ndo responderam
e/ou deixaram em branco alguma avaliacdo, foram
excluidos das analises.

Instrumento
O instrumento de coleta de dados utilizado foi o

Protocolo de Avaliagdo Multidimensional do Idoso
Centenario- PAMIC'™, que segue as recomendag¢des do
Manual do Entrevistador: Aplicagdo e Analise do Protocolo
de Avaliagdo Multidimensional do ldoso Centenario', os
quais foram desenvolvidos para o projeto SC100 do
LAGER/CEFID/UDESC. O PAMIC é composto por diferentes
instrumentos que foram traduzidos, modificados e
validados para o Brasil, distribuidos em 16 Blocos e
composto por 217 questdes.

Para o presente estudo foram utilizados alguns
blocos e questdes do PAMIC, de acordo com os seus
objetivos. Para caracterizar a amostra deste estudo foram
utilizados os seguintes blocos e questdes: Bloco 1-
Identificacdo do Idoso (Quest8es 3 e 4): dados sobre idade
e sexo; Bloco 4- Informag¢des Sociodemograficas do Idoso
(Questdes 47, 50 e 51); dados sobre estado civil,
escolaridade e se possui cuidador; Bloco 7- Condi¢Bes de
salde e habitos de vida do idoso (Questdes da 86 a 108):
dados sobre doencas relatadas e queda no ultimo ano.
Para identificar a orelha que o idoso ouve melhor para
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direcionar as perguntas da pesquisa foi aplicada a questdo
11 (qual o ouvido que o senhor(a) escuta melhor?) do
Bloco 2- Avaliagdo Auditiva.

Para avaliar a funcdo cognitiva e seus dominios
dos centenarios foi aplicado as questdes (12 a 46) do Bloco
3- Saude Mental do Idoso, referentes ao Mini Exame do
Estado Mental -MEEM, versdo brasileira modificada2. O
MEEM apresenta os seguintes dominios e pontuacdes
maximas: orientacdo temporal (5 pontos) orientacdo
espacial (5 pontos), memoria imediata (3 pontos), atencdo
e calculo (5 pontos), memoria de evocagdo (3 pontos) e
linguagem (9 pontos)2. Para o presente estudo foi
calculada a média total de cada dominio.

Para avaliar a capacidade funcional dos
centendrios para realiza¢do das atividades da vida diaria
(AVDs) foi aplicado as questfes (129 a 134) do Bloco 8-
Avaliacdo da Capacidade Funcional do Idoso, referente a
Escala de Katz adaptada transculturalmente para o
Brasil'3. Para o presente estudo, as fun¢des para as AVDs-
tomar banho, vestir-se, ir ao vaso sanitario, transferir-se,
manter-se continente e alimentar-se (index de Katz) foram
classificadas de acordo com Katz e Akpom™, e a
classificagdo da capacidade funcional'.(Quadro 1)

Quadro 1. Classificagdo das fun¢des da capacidade funcional (Escala de Katz).

Index de | Tipo de classificacio para as fungdes das AVDs
Katz *
A Independente para todas as atividades;
B Independente para todas as atividades menos uma; .
c Independente para todas as atividades menos banho e mais uma adicional;
D Independente para todas as atividades menes banhe, vestir-se e mais uma adicional;
E Independente para todas as atividades, menos banho, vestir-se, ir a0 banheiro & mads uma
adicional
F Independente para todas as atividades, menos banho, vestir-se, ir ao banheiro,
transferéncia e mais uma adicional
G Dependente para todas as atividades;
Ttens * | Classificagdo da idade funcional
AeB Mais Funcionais (MF)
C.DeE | Funcionalidade Imermeadiinia (FI)
FeG Menos Funcional (M)

AVDs= atividades da vida didria.
Fontes: a= (Katz e Akpom, 1976); b= (Rubenstein et al., 1984).

Procedimentos de coleta
Anterior a coleta foi realizado treinamento para

capacitar os entrevistadores, conforme recomendacdes do
Manual do Entrevistador: Aplicacdo e Andlise do Protocolo
de Avaliacdo Multidimensional do Idoso Centenario™.
Apbs, foi realizado contato telefénico com o responsavel
e/ou centenario, e feito o convite para participacdo da
pesquisa. Com o aceite, foi agendado uma data para inicio
da coleta. Anterior a coleta foi assinado o Termo de
Consentimento Livre e Esclarecido - TCLE pelo centenario
ou seu cuidador principal, posteriormente foi identificado
o0 ouvido que o centenario melhor escutava (Bloco 2-
Avaliagdo Auditiva: questdo 1) para direcionar as
perguntas e aplicar o MEEM (Bloco 3- Saude Mental do
Idoso: questdes da 12 a 46). As outras questdes referentes
aos blocos do PAMIC (Bloco 1: questdes 3 e 4; Bloco 4:
questdes 47, 50 e 51; Bloco 7: questdes da 86 a 108; Bloco
8: questdes da 129 a 134) foram aplicadas em forma de
entrevista, principalmente com o cuidador principal, para

Fungéo Cognitiva e Capacidade Funcional de Centendrios

evitar que o idoso ficasse cansado. A coleta de dados
ocorreu no periodo de marco de 2015 a marco de 2017.

Analise dos dados
Os dados foram organizados no programa Excel®

para Windows e analisados no IBM SPSS Statistics versao
20.0. Foi realizada a anélise descritiva, com medidas de
posicdo e dispersdao (variaveis numeéricas), frequéncia
absoluta e relativa (variaveis categéricas). Para verificar a
normalidade dos dados utilizou-se o Teste de Kolmogorov-
Smirnov. Utilizou-se o teste Kruskal-Wallis com post hoc de
Bonferroni para comparar as médias entre os dominios do
MEEM e a classificacgdo da capacidade funcional. Para
verificar a associagdo entre a capacidade funcional e os
dominios da fungdo cognitiva, foi realizada a regressao
logistica multinominal. A categoria de referéncia da
variavel dependente (capacidade funcional) foi “menos
funcional”. Foram calculadas a razao de chances (OR) e o
intervalo de confianca de 95% (IC95%). O modelo ajustado
foi controlado pela varidvel escolaridade. Utilizou-se um
nivel de significancia de 5%.

RESULTADOS

Participaram do estudo 66 centendrios, 45 do
sexo feminino e 21 do masculino, com média de idade de
102,14 + 2,71 anos. Verifica-se, na tabela 1, que a maioria
dos centenarios é vilvo (78,7%), possui cuidador (95,4%) e
tem dificuldade auditiva (69,2%). Quanto a escolaridade,
42,4% é analfabeto e 31,8% tem menos de 4 anos de
estudo. As doengas mais presentes foram a hipertensao
(35,5%), osteoporose (23,6%) e cardiovasculares (18,4%).

Tabela 1. Caracterizagdo dos participantes do estudo.

Varldvels f % Varlivels f %
Estado Civil Quedas
Selteiro 8 121 Sim 13 20

Casado 5 9.2 Nig 53 80

Vilve 51 TET

Classificaglo da Capacidade

Escolaridade (anos) Fundonal

Analfabeto ] dzd MF E] 36,5
1-4 n 3.8 ] 19 8,7

5-8 5 7.5 mf 3 e

>9 12 182
Possui cuidador Com Declinio Cognitive
Sien 63 | 954 MF 14 | .2
Nio 3 4.6 A 16 | 24,2
i 2 3.8
Doengas Total 51 2
Hipertensdo 27 355
Osteoporose 18 236 Sem Declinio Cognitivo
Cardiovasculares 14 184 MF 10 151
Depressio w0 131 A 3 a5
Diabetes 7 9,2 M 2 32
Total 15 8
Dificuldades
auditivas
Sim 45 69,2
Nio 2 308
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Em relagdo a classificagdo da capacidade
funcional dos centenarios, 36,5% foram classificados como
“Mais Funcional” (MF), 34,8% com “Funcionalidade
Intermediaria” (FI) e 28,7% “Menos Funcional” (Mf).

Os centenarios MF obtiveram maior pontuacdo
em todos os dominios da fun¢do cognitiva (MEEM):
orientacdo temporal (média=2,88; DP=1,98), orientacdo
espacial (média=3,46; DP=1,85), memodria imediata
(média=2,29; DP=1,26), atencdo e calculo (média=1,88;
DP=2,13), memoéria e evocacao (média=0,92; DP=1,24) e
linguagem (média=5,92; DP=2,79), quando comparados
com os Fl e Mf.

No presente estudo, 77,2% (51) centenarios
apresentaram déficit cognitivo. Os Mf obtiveram a menor
pontuacdo de acordo com o ponto de corte para idosos
longevos (KAHLE-WROBLESKI et al. (2007), com 31,8% (21)
centenarios. Nos idosos sem declinio cognitivo, os idosos
com maior pontuacdo foram os MF, com 15,1% (10)
centendarios.

Tabela 2. Comparacdo entre os dominios da funcdo cognitiva e a classificagdo da capacidade
funcional de centenarios (n=66).

Fungéo Cognitiva e Capacidade Funcional de Centendrios

Tabela 3. Associacdo entre a capacidade funcional (mais funcional) e os dominios da fung¢do
cognitiva.

OR Bruta OR Ajustada
MMais funcronal Intermedidrio Mais funcional Intermediano
OR (IC55%) OR (IC55%) OR. (IC95%) OR (IC95%:)

Onientagdo | o oo o 43 3 4ay € 58 n 5 3 501€ 7(1.07-2
Temporal 222(1.43-3.449) 1,66 (1,08-2 56) | 2,24 (1,43-3,50) 167 (1,07-2,61)
Orientagiio 3 Bas an , I 2.1 g€ % 4
e 1,73 (1,22-2.43) | 1,22 (0,88-1,70) | 1,95(1,32-287 1,35 (0,95-1,95)
Memdria

237 3 €| 183 59 1. €| 2 .5 Ty €
Imedialy 2,37 (1,46-3 85) 2,04 (1,25-3.32) | 3,33 (1,T1-648)% | 2,94 (1,50-5,7)
Atengdo e = = = 1 5.2 707 &
Gikeia 1,73 (1,12-2,6T) | 1,30 (0,81-2,08) | 2,18(1,28-3,720% | 1,57(091-2,72)
Memdna e B =

4,74 (1,25-17.97) | 4 7- 7- € 37-27,2
Evocacis 74 (1,25-17,97) | 4,11 (1,07-15,80) | 6,96 (1,67-30,5) 6,06 (1,37-27.2)

Linguagem | 1,56 (1,22-2.000% [ 1,43 (1,12-1,83) | 1,18 (145327 [ 1,99(1,33-2 98)%

Lomatorio

€ ) 22 ) 1 4t 9 B €
MEEN 1,19 (1,09.1,30) 1,12 (1,03.1,22) 1,27(1,13.1,44) 1,20(1,06.1,35)

Fungiio cognitiva Classificagio da Capacidade Funcional

Mais Funcional Funcionahidade Menos p-valor

Mediana (DP) Intermedidria Funcional

(n=24) Mediana (DP) | Mediana (DP)
(n=19) (n=23)

Orientagdo 4,00 (1,98)* 1,00 (1,76) 0,00 (1,10)* <0,001
Temporal® B
Orientagdo 4,00 (1,857 2,00 (1,66) 0,00 (1,97)* 0,005
Espacialtt B
Memoria 3,00 (1,26)* 3,0001,26)° | 0,000,258 <0,001
Imediatat. B
Atencio e 0,50 (2,13)F 0,00 (1,37) 0,00 (1,300 0,019
Cileulot B
Meméria e 0,00 (1,24)* 0,00 (1,04) 0,00 (0,28 0,014
Evocagio™
Linguagem™B 6,00 (2,79 5.00(2.49)° | 2.00 (2.49)"° 20,001

MF= Mais Funcionais; FI= Funcionalidade Intermedidria; Mf= Menos Funcionais; DP = Desvio

padrdo; H= Teste de Kruskal-Wallis; B= Teste de Bonferroni; # = diferenca significativa do
grupo MF com Mf; * = diferenca significativa dos grupos Fl e Mf.

Verifica-se, na Tabela 2, diferenca significativa
entre entre os dominios do MEEM e as classificacdes da
capacidade funcional. Entre a classificagdo MF e Mf houve
diferenca significativa em todos os dominios do MEEM:
orientacdo temporal (p<0,001), orientacdo espacial
(p<0,002), meméria imediata (p<0,001), aten¢do e calculo
(p<0,013), memoria e evocacdo (p<0,012) e linguagem
(p<0,001). Entre a classificagdo Mf com a FI houve
diferenca significativa nos dominios memdéria imediata
(p<0,004) e linguagem (p<0,004) do MEEM.

MEEN= Mini Exame do Estado Mental; OR = Odds Ratio; IC95% = Intervalo de confianga de 95%; €
=p<0,001.

A tabela 3 apresenta a associacdo entre a
capacidade funcional e os dominios do MEEM. Na analise
bruta, ser “mais funcional” se associou a todos os
dominios da fung¢do cognitiva, bem como ao somatério do
MEEM. A CF intermedidria se associou a orientacdo
temporal, memoria imediata, memdéria e evocagao,
linguagem e ao somatério do MEEM. J& na andlise
ajustada, todos os dominios da fung¢do cognitiva
apresentaram uma associacdo com a capacidade
funcional. A cada aumento em um ponto na escala da
orientacdo temporal, os centenarios apresentam 2,24
vezes (IC95%:1,43-3,50) mais chance de ser mais
funcionais em comparacdo aos menos funcionais,
independentemente da sua escolaridade. O mesmo foi
verificado para a orientacdo espacial (OR=1,95; 1C95%:
1,32-2,87), membobria imediata (OR=3,33; 1C95%:1,71-6,48),
atencdo e cdlculo (OR=2,18; 1C95%:1,28-3,72), memoria e
evocagao (OR=6,96; 1C95%:1,67-30,90), linguagem
(OR=1,18; 1C95%:1,45-3,27) e somatdério do MEEM
(OR=1,27;1C95%:1,13-1,44).

O modelo ajustado também mostrou que o
aumento em um ponto na escala da orientagdo temporal
aumenta em 67% (IC95%:1,07-2,61) a chance de o
centenario ter um CF intermediaria em relacdo aos idosos
menos funcionais. Além disso, a cada ponto a mais nas
escalas da memoéria imediata, meméria e evocacdo,
linguagem e do somatério do MEEM, hd um aumento de
2,94 vezes (1C95%:1,50-5,77), 6,06 vezes (1C95%:1,37-27,21),
1,99 vezes (1C95%:1,33-2,98) e 1,20 vezes (1C95%:1,06-1,35),
respectivamente, na chance de os centenarios terem CF
intermediaria em compara¢do aos idosos menos
funcionais, independentemente da escolaridade.
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DISCUSSAO

Os resultados do estudo indicam relagdo
significativa entre todos os dominios do MEEM com os
centendrios classificados como “mais funcionais-MF”’ e
“menos funcionais-Mf" e entre os dominios do MEEM
“memoria imediata” e “linguagem” com os idosos Mf e
“Funcionalidade Intermediaria- FI". Também verificou-se
que os centenarios MF obtiveram maior pontuacdo em
todos os dominios do MEEM quando comparados com os
idosos Fl e Mf.

Pesquisa realizada com idosos institucionalizados
e diagnosticados com Alzheimer, mostrou que a
capacidade funcional pode auxiliar na reducdo de danos
cognitivo's, o que é confirmado em nossos resultados
onde os centenarios, mesmo ndo apresentando uma
doenca neurolégica como o Alzheimer, demonstraram que
um bom desempenho funcional tem associacdo com uma
boa capacidade cognitiva quando comparados com
individuos que possuem funcionalidade intermediaria.
Estas evidencias sao consoantes com a presente pesquisa,
pois as analises de regressdo evidenciaram que a cada
aumento em um ponto nos dominios do MEEM, os
centendrios apresentam maiores chance de ser mais
funcionais em comparacdo aos menos funcionais,
independentemente da sua escolaridade.

Ainda, na presente pesquisa os centenarios com
menores resultados no dominio cognitivo da orientagao
temporal demonstraram ser menos funcionais. E evidente
a ligacdo existente entre a memoria e a orientacdo
temporal, visto que esta depende das experiéncias vividas
e armazenadas na memoéria'’. Logo, um declinio na
capacidade da memoria esta diretamente relacionado com
as principais dificuldades psicomotoras dos idosos, a nivel
de orienta¢do temporal. Um estudo de coorte realizado
em S3do Paulo com idosos acima de 65 anos, este dominio
teve grande capacidade de predicdo para perceber a
perda cognitiva, mostrando que os idosos que acertaram
mais questdes nesse dominio do MEEM, tem uma
tendéncia a fazer mais tarefas executivas'® presentes nas
fungdes diarias e corroborando com nosso estudo.

Ademias, os resultados evidenciam que os
centenarios MF parecem ter melhor orientacdo espacial
quando comparados com os idosos Mf. Durante o
envelhecimento, existe uma perda progressiva da
capacidade de orientacdo espacial, espacos grandes ou
desconhecidos e da velocidade e flexibilidade de
integracdo espacial, o que acaba afetando, até mesmo, a
capacidade do idoso de se deslocar no ambiente?. Esse
resultado pode ser explicado pela teoria a qual evidencia
que a capacidade temporal depende da memoria, ou seja,
0 cérebro tem o papel de antecipar futuros eventos
durante o deslocamento?. Esse mesmo comportamento é
presente em varias atividades motoras da vida diaria?'. A
reducdo do trabalho motor diario pode comprometer o
dominio da orientacdo espacial e o déficit de atengao,

Fungéo Cognitiva e Capacidade Funcional de Centendrios

também, pode ser prejudicial nessa funcdo cognitiva?.
Quanto as habilidades cognitivas, a Orientacdo Espacial, é
a capacidade de se localizar e deslocar a partir da
elaboracdo de rotas considerando um espa¢o ja
conhecido, além de criar trajetos novos a partir da
interacdo com o0 meio ambiente?3.

Estudos relatam que idosos com func¢des
executivas intactas sdo capazes de reter informacdes na
mem©éria de curto prazo, que ao identificar certos padrdes,
retém informagdes simultaneamente ao conhecimento
armazenado em sua memoéria de longo prazo para as
codificar, ou seja, utilizam a memdéria imediatazz.24. No
envelhecimento ocorre um declinio esperado da aptiddo
da memoria imediata, especialmente quando é necessaria
a manipulacdo ativa de informag¢des?s. Por sua vez, as
dificuldades da memoéria colocam limites na capacidade
funcional e outras aptidées cognitivas complexas,
prejudicando de forma importante a aprendizagem, o
raciocinio, a recordagdo de novas informacdes, decisGes
imediatas, e restringindo, portanto, a autonomia do
individuo?s, o que concorda com os dados encontrados na
presente pesquisa, onde se obteve escores mais baixos no
dominio meméria imediata em centendrios “Menos
Funcionais”.

Pesquisa com centenarios poloneses destaca que
os idosos classificados com boa funcionalidade,
demonstraram ter melhores desempenhos em atividades
que exigiam atenc¢do e calculo e citam que os melhores
preditores de sobrevida de idosos longevos sdo o
desempenho cognitivo e funcional, além disso, a cognicao
alterada reflete em modifica¢Ges na fungao cerebral, que
consequentemente afetardo as funcgfes fisiolégicas do
organismo, dentre elas, as tarefas cotidianas que exigirao
atencdo e cdlculo?.

A mobilidade na vida diaria requer o desempenho
simultaneo de tarefas cognitivas e motoras que, para
pessoas idosas, exigem esfor¢o adicional de aten¢do?’. Em
nosso estudo, os centenarios que foram classificados com
melhor funcionalidade (MF) apresentaram melhores
pontuac¢bes no dominio atengdo e calculo. Isso se justifica,
pois, a perda de atencdo, que é natural no processo de
envelhecimento, com o tempo, pode levar ao
comprometimento da mobilidade funcional®, ja que esta
funcdo é importante na regulacdo da mobilidade?.

A memoria de evocacdo pode ser influenciada
pelo o avanco da idade, e as altera¢Bes ficam bastante
visiveis nos erros (reconhecimento) acometidos devido ao
comprometimento  dessa  fungdo®, dentre seus
componentes destaca-se a atengdo, a qual é necessaria
para o processo de codificagdo das informacg8es visuais,
onde as func¢des executivas, também, tendem a diminuir
por estarem relacionadas com a dificuldade de evocar
informacdes visuais (cartas com digitos e letras)?'. Esses
comprometimentos estdo ligados a funcionalidade do
idoso no dia a dia, como na realizacao de tarefas simples
(tomar banho, vestir-se ou ir ao banheiro sozinho)3,
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as quais necessitam das fungdes executivas da memoria
de evocagdo para serem cumpridas, e isso fica evidente no
presente estudo, onde os centendrios com Fl e Mf
apresentaram pontuacdo baixa para funcdo cognitiva de
mem©éria de evocagao.

Quanto ao dominio da linguagem do MEEM,
verificou-se, na presente pesquisa, que os centendrios Mf
apresentaram diferenca significativa com os MF e os Fl.
Estudo3' evidenciou a influéncia da linguagem com o grau
de funcionalidade de idosos com 60 anos ou mais de
idade. Os autores verificaram a linguagem e o grau de
dependéncia para as atividades instrumentais de vida
diaria (AIVDs), comparando os idosos que participavam
das atividades com os que ndo participavam, com isso
notou-se uma dependéncia parcial de 20% nas AIVDs e um
déficit na linguagem de 6,7% dos idosos que nao
participavam do grupo. Além do que, o grupo com
intervengdo eram idosos 90% independentes.

Ainda, a linguagem esta diretamente relacionada

a consciéncia fonolégica e ao Iéxico mental®3, sendo
comum em distdrbios auditivos e fonol6gicos em idosos, e
quando ndo identificados podem alterar resultados de
avaliagbes  cognitivas, em  especial, habilidades
linguisticas®*. As habilidades do processamento da
capacidade motora, envolve diversas estruturas
anatdmicas que vao desde o cortex cerebral ao musculo
do érgdo que realizard o movimento, e pode envolver
outras habilidades como a Orientacdo Espacial,
possibilitando a capacidade de realizagdo de movimentos
aprendidos3®.

A presente pesquisa possui limitacdes, devido a
amostra reduzida da populacdo centendria e o déficit
auditivo dos centenarios, no qual dificulta o didlogo entre
o entrevistador e o idoso. Ainda, é valido destacar que
utilizamos apenas o instrumento que avalia as AVDs
basicas, isto &, o protocolo utilizado foi direcionado as
particularidades do centenario, evitando ao maximo o
cansaco do idoso durante as avalia¢des. Por se tratar de
um estudo transversal com protocolo a seguir, os
pesquisadores ndo puderam interferir nas respostas e
nem fazer deduc¢des. Em contrapartida, nota-se que um
dos pontos fortes deste estudo é a sua originalidade, ao
tratar dos dominios da funcdo cognitiva e da capacidade
funcional para as atividades basicas de vida diaria de
idosos muito longevos, como é o caso dos centenarios.

CONCLUSAO

Ao comparar os dominios da func¢do cognitiva com
a capacidade funcional, os centenarios que apresentam
uma boa  funcionalidade  apresentaram  dados
significativos, no que diz respeito a orientacdo temporal e
espacial, memdria, célculo, evocacdo e linguagem. A
manutencdo dessas habilidades é fundamental para que o
idoso tenha independéncia nas atividades da vida diaria

Fungéo Cognitiva e Capacidade Funcional de Centendrios

basica a medida que envelhece. Estudos adicionais sdo
necessarios para complementar nossos resultados, visto
que na literatura existem poucos estudos sobre esta
tematica em idosos muito longevos, como é o caso dos
centenarios.
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ABSTRACT

Introduction: The novel Coronavirus (COVID-19) was first
reported by officials in Wuhan City, in December 2019. It has
rapidly spread with confirmed cases in almost every country
across the world and has caused a global public health crisis.t
The epidemiological update of the World Health Organization on
9th March 2021 showed that over 2.7 million new cases were
reported. In this article, a biblometrical analysis of trending
topics and what is being researched regarding COVID-19 and
its neurological involvement is done.

Methods: This research was conducted on the Web of Science
Core Collection (WoS). For research in WoS, keywords in
English were used, according to DeCS - Descriptors in Health
Sciences. The search strategy with Boolean operators was: TS
= (SARS-CoV-2 OR COVID-19) AND TS=(Neurologic Findings
OR Neurology OR Neurologic Manifestations).

Results: In total, 392 scientific productions were identified and
included in this bibliometric analysis. The studies were published
in the period between March 2020 and March 2021, with
records prevalent in the themes of clinical neurology (n=234)
and neurosciences (n=134), as well as several other areas. The
thirty studies collected a total of 3395 citations, with variations
from 1433 to 26 and average of 113 citations per study. All were
published in 2020, with bigger prevalence in July (nine articles)
and June (six articles).

Conclusion: It is expected that this bibliometric survey will
serve as a manner of presenting the main topics of study within
neurology before COVID-19, in addition providing guidance for
future research.

Keywords: SARS-CoV-2. COVID-19. Neurologic Findings.
Neurology. Neurologic Manifestations.

RESUMO

Introducao: O novo Coronavirus (COVID-19) foi relatado pela
primeira vez por autoridades na cidade de Wuhan, em dezembro
de 2019. Ele se espalhou rapidamente com casos confirmados
em quase todos os paises do mundo e causou uma crise global
de saude publica. A atualizagéo epidemioldgica da Organizacéo
Mundial da Saide em 9 de margo de 2021 mostrou que mais de
2,7 milh6es de novos casos foram relatados. Neste artigo, € feita
uma analise biblométrica dos trending topics e do que esta
sendo pesquisado sobre o COVID-19 e seu envolvimento
neuroldgico.

Métodos: Esta pesquisa foi realizada na Web of Science Core
Collection (WoS). Para a pesquisa na WoS, foram utilizadas
palavras-chave em inglés, conforme DeCS - Descritores em
Ciéncias da Saude. A estratégia de busca com operadores
booleanos foi: TS = (SARS-CoV-2 OR COVID-19) AND TS=

(Neurologic  Findings OR  Neurology OR  Neurologic
Manifestations).
Resultados: No total, 392 producgdes cientificas foram

identificadas e incluidas nesta analise bibliométrica. Os estudos
foram publicados no periodo entre marco de 2020 e marco de
2021, com registros prevalentes nos temas de neurologia clinica
(n=234) e neurociéncias (n=134), além de diversas outras areas.
Os ftrinta estudos coletaram um total de 3.395 citacdes, com
variagcoes de 1.433 a 26 e média de 113 citagBes por estudo.
Todos foram publicados em 2020, com maior prevaléncia em
julho (nove artigos) e junho (seis artigos).

Conclusao: Espera-se que este levantamento bibliométrico
sirva como forma de apresentar os principais topicos de estudo
dentro da neurologia antes da COVID-19, além de fornecer
orientacdes para pesquisas futuras.

Palavras-chave: SARS-CoV-2. COVID-19.
Neurolégicos. Neurologia. Manifestacéo Neuroldgica.
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INTRODUCTION

The novel Coronavirus (COVID-19) was first
reported by officials in Wuhan City, in December 2019. It
has rapidly widespread with confirmed cases in almost
every country across the world and has become a global
public health crisis’. Weekly epidemiological update of the
World Health Organization on 9th March 2021 showed that
over 2.7 million new cases were reported?.

The designation of the etiological agent is Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).
Human transmission may occur through contact with
respiratory secretions of infected people. The World Health
Organization declared this novel coronavirus disease a
pandemic on March 11, 2020".

Although the main clinical manifestations are from
the respiratory tract, neurological disorders related to
COVID-19 have been reported increasingly in literature,
ranging from non-specific viral symptoms (such as
headache and myalgia) to severe damage to the central and
peripheral nervous system, as well as cerebrovascular
diseases, which demonstrates the neuroinvasive potential
of SARS-CoV-23. As disease cases increase, the number of
reports of neurological complications rise, which can be
directly related to the systemic or immune-mediated effects
of the virus*.

The alarming growth of the disease evidenced the
importance of investments in scientific research
productions on Covid-19. To provide better guidance to the
health coordination sector, knowledge on the subject has to
be aligned with measures to combat the infections. One of
the best ways to do this is through bibliometric analysis,
whose principle it is to analyze the scientific or technical
activity through quantitative studies of publications®.

In this perspective, knowledge on the world

scientific production about COVID-19 and its neurological
reflexes is necessary to guide future research, as well as to
summarize and disseminate the productions. Therefore, we
sought to develop a bibliometric analysis and answer the
research question: What is being researched and what are
the trending topics regarding COVID-19 and its neurological
involvement?

METHODS

Search strategy

This research was conducted on the Web of
Science Core Collection (WoS) to survey the scientific
production relevant to the topic. There was no cut by
publication time of articles or languages. Searches were
conducted online on March 11, 2021 with inclusion of all
results, no exclusion criteria were used for greater data
coverage.

For research in WoS, keywords in English were
used, according to DeCS - Descriptors in Health Sciences.
The search strategy with Boolean operators was: TS =
(SARS-CoV-2 OR COVID-19) AND TS = (Neurologic Findings

Covid-19: A Bibliometric Analysis

OR Neurology OR Neurologic Manifestations). Advanced
search in the Topic (TS) field includes searching for terms in
the following record fields: title, abstract, author keywords,
and Keywords Plus®.

Data extraction and analysis

Data collection and analysis were performed
using the RStudio® Software (version 1.4.1103), with the
appliance of the Bibliometrix and Biblioshiny packages. The
graphic productions generated from this software were:
Figure 1. Journals with respective number of publications
related to COVID-19 and neurological impact, Figure 2.
World Cloud with the most frequent keywords of the
authors and Figure 3. Country collaboration map for
publications related to COVID-19 and neurological impact.

The parameters applied in Graph 1 were the Top
15 of the most relevant sources from the quantity of
scientific productions published until March 11th. For the
word cloud, the field “Author's keywords” was analyzed by
measuring the frequency of the 50 most registered words.

The other elements analyzed in this article were:
Top 30 most cited studies, with name of the first author,
month and countries of study; Classification of study types;
Top 15 authors affiliations or institutions with number of
studies published.

RESULTS

In total, 392 scientific productions were identified
and included in this bibliometric analysis. The studies were
published in the period March 2020 and March 2021, with
records prevalent in the themes of clinical neurology
(n=234) and neurosciences (n=134), as well as several other
areas.

Table 1 lists, in descending order, the 30 most
cited studies, with their respective titles, main author,
country of affiliation, month and year of publication, and
number of citations. The thirty studies collected a total of
3395 citations, with variations from 1433 to 26 and average
of 113 citations per study. All were published in 2020, with
bigger prevalence in July (nine articles) and June (six
articles). Regarding the first author's country of affiliation,
three deserve mention: United States of America (USA),
with fifteen affiliations, United Kingdom (UK), seven, and
Spain, four. The most cited study was “Neurologic
Manifestations of Hospitalized Patients With Coronavirus
Disease 2019 in Wuhan, China” with 1433 citations,
published in June 2020, authored by Mao, Ling, China being
his country of affiliation.
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Table 1. Top 30 most cited studies, with name of the first author, month and authors
affiliation countries. Date accessed: March 2021.
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The fifteen most relevant sources of the analyzed
scientific productions (Graphic 1) add up to a total of 167
published documents, representing 42.6% of the grand
total included. Neurology being the most relevant source
with 22 records, followed by Neurological Sciences, with 21,
Frontiers in neurology, 19, European Journal of Neurology,
15, and American Journal of Neuroradiology, and Cureus,
with 13.

NEUROLOGY
HEURDLOGICAL SCIENCES
FRONTIERS IN NEURCLOGY

EURDPEAN JOURNAL OF NEURDLOGY

AMERICAN JOURNAL OF NEURDRADIOLOGY

CUREUS

JOURNAL OF NEUROLOGY

JOURNAL OF THE NEUROLOGICAL SCIENCES
HEUROLOGIA
ANNALS OF INDIAN ACADEMY OF REUROLOGY
ARQUIVOS DE NEURO-PSIQUIATRIA
CLINICAL MEUROLOGY AND NEURCSURGERY
EFILEPSY WA BEHAVIOR
JAMA NEUROLOGY
JOURNAL OF CLINICAL NEUROSCIENCE

Sources

&
wn
=1
&
2

N. of Documents

Graphic 1. Journals with respective number of publications related to COVID-19 and
neurological impact.

Source: the authors, 2021.

Table 2 presents the classification of the studies
in 7 categories: 1) Article; 2) Review; 3) Editorial material; 4)
Early Access; 5) Letter; 6) Correction and 7) meeting
abstract. With approximately 56% of the total, articles were
the most published type of study (220), followed by
secondary productions such as bibliographic reviews
(24%-95 publications), editorials (11% - 44 publications),
Early access (9% - 37 publications), Letter (7.6% - 30
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publications) and corrections and Meeting abstracts with,
respectively, 2 and 1 publishing.

Table 2. Classification of study types and number of articles published.

Artiches Published
Type of documenty }'_ A4 of 392

Article i) .l
Reviem L] M
Editorial material H 11
Eaxsly azess 37 4
Lotber 2] 185
Carrection : 0.5
Mueeting abutract 1 026

Source: the authors, 2021.

The authors' Top 15 affiliations/link institutions (
Graphic 2) show the highlight of studies carried out by the
University of London, with 22 scientific productions on
COVID-19 and its neurological manifestations. The
institutions of the United States of America were the most
productive in the subject (105 studies), making the country
the biggest world research center on the disease, with
emphasis on the University of California System (n=20),
Harvard University (n=16), Emory University (n=10), Harvard
Medical School (n=10), Johns Hopkins University (n=10),
Massachusetts General Hospital (n=10), New York
University (n=10), Yale University (n=10) and Cornell
University (n=9).

Affiliations/Institutions and Published studies number

;
]
!
]

Pubiished Shudies number

Graphic 2. Top 15 authors affiliations or institutions with number of studies published.

Source: the authors, 2021.

Figure 1 shows a cloud of keywords most
frequently used by authors, demonstrating that the more
recurrent, the greater the word length. The most discussed
topics were coronavirus, present in 208 studies, associated
with  neurological manifestations such as stroke,
encephalitis, Guillain-Barré syndrome, epilepsy, headache,
inflammation and delirium. The association of the
neurological study with telemedicine occurred in a relevant

Covid-19: A Bibliometric Analysis

way, as observed in the terms teleneurology, telehealth and
telemedicine highlighted. In addition, words such as
mortality, pandemic, anosmia and neuroinflammation are
also highlighted.

nErvans system

wmmneurological . ...

n:umnmcmalulnsulmns
ronavirus Mluunlsencenhallti rE'.,'.’.?'TFéE’.'.E‘.’E"’“
(.-““?L nltlllli!lhm i mai ac !unml‘
LD te BHBHHHS'I 0 nm @SV seizure .......
ndemic == teleneurology

0Emia !II'Sm

IB emed

'n lulluglu
encephalopathycViokines peyroloy mnnilestatlnns

guillain-barre syndrome coronavirus disease 2019

Figure 1. World Cloud with the most frequent keywords of the authors.

Figure 2 represents a map of collaboration between
countries, in which the red lines symbolize this exchange.
There is an intense collaboration between European
countries, with emphasis on Italy and the United Kingdom
(13 studies), Italy and France (12 studies), United Kingdom
and France (12 studies). In addition, the United States of
America makes contributions with countries from several
continents, such as France (10 studies), Canada (9 studies),
China (8 studies) and India (7 studies).

Figure 2. Country collaboration map for publications related to COVID-19 and
neurological impact.

DISCUSSION

An increased production about Covid-19 and its
relationship with neurological disorders is observed within
the scientific community with a strong social collaboration
in the context of the pandemic. When analyzing Table 1, it
is prominent that the top 30 articles were all published in
2020. Since the new virus emerged at the end of 2019,
there was no relevance for scientific production until then.

The highest observed frequency of publications was
in the months of June and July, likely because it was the
period after the first major peak of the pandemic. The
global wave of contamination lessened for a few days and
again jumped to a higher peak. This period was inviting for
scientific production because of the extreme need to find
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not only treatment but also prevention of infection.

Furthermore, the most cited article from Table 1
was published in Wuhan, China, likely because it was the
cradle of the first contaminations. The exponential growth
in COVID-19 cases results from its high capacity for
infection, the lack of previous immunity of the populations
and the lack of vaccination or treatment for the virus3.

Rapid neuroinvasion of COVID-19 generates
symptoms relating to the central nervous system such as
dizziness, headache, impaired consciousness, acute
cerebrovascular disease, ataxia and convulsions,
manifestations of the peripheral nervous system such as
impairment of taste, impairment of smell, impairment of
vision and nervous pain and manifestations of skeletal
muscle injury. In patients with COVID-19 that present
neurological manifestations, physicians should suspect
SARS-CoV-2 infection as a differential diagnosis to avoid late
diagnosis or misdiagnosis and lose the chance to treat and
prevent neurological sequelae and even avoid further
transmission, according to Mao, Ling et al**’.

According to the publications listed in Table 1, the
highest symptomatic incidences were myalgia, headache,
anosmia, encephalitis, encephalopathies, epileptic seizures,
Guillan Barre syndrome. SARS-Cov-2 has been shown to be
neuroinvasive and penetrates the central nervous system
through the medulla, olfactory and the infection extends
through extraneuronal pathways and other regions of the
brain3.

According to graph 2, the countries with most
publications are the United States of America and the
United Kingdom, with 105 and 31 publications on COVID-19
and its neurological manifestations, respectively. These two
countries have esteemed research institutes that do
research on clinical observation of patients and their post-
infectious effects.

Figure 2 shows the geographical links between
scientific publications, which highlights the United States
and Europe as the main vectors for the propagation and
production of relevant information regarding COVID-19 and
its neurological impact. These countries have a strong
economy with high public spending on scientific production
related to these research topics.

There were 392 observed publications in the
bibliometric analysis for this study. The medical scientific
society, through various scientific productions, has had a
fundamental role in improving the well-being of patients
after a COVID-19 infection. In the case of this article the
focus is on the neurological effects, but there are many
other long-term effects to be investigated that will need
scientific support to provide reliable information for good
management of these patients.

CONCLUSION

This bibliometric analysis presented a detailed
survey of worldwide publications on the relationship

Covid-19: A Bibliometric Analysis

between SARS-CoV-2 and its neurological effects. Thus, it is
expected that this bibliometric survey will serve as a
manner of presenting the main topics of study within
neurology before COVID-19, in addition providing guidance
for future research.
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Aspectos anatomicos, fisiopatologicos e clinicos da
Sindrome de Horner: um guia ilustrado

Anatomical, pathophysiological and clinical aspects of Horner
Syndrome: illustrated guide

Giordanno Santana Mazza', Giuliano da Paz Oliveira23

ABSTRACT RESUMO

Horner Syndrome (HS) is classically characterized by a triad of A Sindrome de Horner (SH) é classicamente caracterizada por uma
symptoms: miosis/anisocoria, ptosis and facial anhidrosis. It's triade clinica: miose/anisocoria, ptose e anidrose facial. Sua
pathophysiology is related to the interruption of the fisiopatologia esta relacionada & interrupgéo da via oculossimpatica,
oculosympathetic pathway, but the mechanisms that lead to the no entanto os mecanismos que levam a instalacdo da sindrome séo
onset of the syndrome are diverse, and some are even potentially diversos, e alguns até potencialmente fatais, evidenciando a
lethal, highlighting the importance of it's early diagnosis. This article importancia de sua identificacéo precoce. Elucidamos ao longo deste
elucidates main anatomical, etiopathogenic and clinical aspects of artigo os principais aspectos anatdmicos, etiopatogénicos e clinicos
this neurological disorder. desta condigao neuroldgica.

Keywords: Horner's Syndrome, Neuroanatomy, Multiple Palavras chave: Sindrome de Horner, Neuroanatomia, Causas
Causations. multiplas.
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INTRODUCAO

A Sindrome de Claude Bernard-Horner ou
simplesmente Sindrome de Horner (SH) é uma condicao
clinica resultante de uma disrupgao da via 6culo-simpatica,
Cuja apresentacdo tipica é a triade que envolve ptose,
miose/anisocoria e anidrose facial.’

A SH ocorre, em geral, secundariamente a
lesGes da via oculossimpatica, iatrogenias, condi¢des
genéticas ou até mesmo de maneira idiopdtica.22 O
complexo percurso das fibras simpaticas é extenso e
podem ser interrompidas em diversos pontos em seu
trajeto. Uma vez que algumas destas etiologias sdo
potencialmente graves, é fundamental ter uma abordagem
sistematica para diagnoéstico e tratamento.’- 20

Apesar de incomum, dada a importancia clinica
da sindrome de Horner como um sinal de alerta para
condi¢cdes mais graves, o presente estudo objetivou realizar
uma breve revisdo acerca da SH e suas varias facetas,
envolvendo aspectos anatdmicos e as mais diversas
etiologias envolvidas. - °

Um breve histérico

A SH possui sinonimia variada, podendo
também ser denominada de sindrome de Claude Bernard-
Horner (principalmente em paises de lingua francesa),
paralisia oculossimpatica e sindrome de Von Passow, nome
dado a associagdo da sindrome de Horner com
heterocromia de iris."?

As primeiras descri¢des da sindrome datam de
1727, apds observacdo de altera¢des na face e olho
ipsilaterais de animais submetidos a ressec¢do dos nervos
intercostais. Posteriormente, ela seria descrita de maneira
pormenorizada pelo fisiologista francés, Claude Bernard,
em 1852 e por diversos outros médicos, os quais
ofereceram suas respectivas interpretacdes .12 °

No entanto, somente em 1869 ela seria
formalmente descrita pelo oftalmologista suico Johann
Friedrich Horner. Horner relatou o caso de uma mulher de
40 anos com cefaleia, ptose, miose e anidrose a direita,
relacionando esses sintomas a danos cervicais simpaticos
por meio do uso de farmacos.°

Desse modo, o trabalho de Horner foi
fundamental para a compreensao das implica¢Bes clinicas e
abordagem farmacolégica da sindrome. No entanto, a
despeito dessa grande contribuicdo, deve-se ressaltar que a
construcdo do conhecimento em torno da sindrome da
interrup¢do da via oculossimpatica deu-se através da soma
das contribuicdes de  muitos outros  médicos e
fisiologistas. ®

Anatomia e Etiopatogenia

A via oculossimpatica é composta basicamente
pela associacdo de trés neurdnios: o de primeira ordem ou
central, o de segunda ordem ou pré-ganglionar e o de
terceira ordem ou poés-ganglionar.’2 A ilustracdo desta via
pode ser visualizada na Figura 1.
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Figurail. llustragdo demonstrando a anatomia da via oculossimpatica,
composta por trés neurdnios. Fonte: llustracdo original de Giordanno

Santana Mazza.

A compreensado da anatomia envolvida na
inervacdo simpatica do olho é fundamental tanto para o
entendimento da fisiopatologia da SH como para o rastreio
de suas possiveis causas.’® (Tabela 1)

Tabela1.

Diversas

etiologias

possiveis

classificadas de acordo com o sitio anatdmico lesado.

Neurdnlas de 17

aordem [Central)

Acidente Vascular
Cerebral (AVC)

Neurdnies de 27
erdem
|Pré-ganglionar)
Abscesso dentdrio
com acometimento

Neurdnios de 37
ordem
|pés-ganglionar)
Aneurisma

mandibular
Aneurisma Aneurismas Arterite temparal
Encefalite Cancer de mama Carcinoma

nasofaringeo

Doengas Céncer de pulmio Cefaleia em Trovoada
desmielinizantes [Sindrome de
(esclerose matipla Pancoast)
Hérnia de disco latroginica Dissecgio da artéria

cervical

cardtida interna

anatémica

e Medula espinhal (C1
-T2)

mediasting ¢
pesCogo

Etiologias Meningite T — Fistula cardtido —
mediastinal cavemasa
él:i:lr;:me de Arnold- i —_— Herpes zoster
subclivia
Sindrome de Massas Mediastinais | latrogénica
Wallenberg
Siringomielia Meuroblastomas Sindrome
paratrigeminal Rasder
Traumas Schwannoma
Tumores Trauma de plexo
intracranianos braguial
Tumores da Medula
espinal
Hipotalamo, Troco Apice do pulmio, Artéria cardtida
Localizagio | cerchral, mesencéfale | cavidade tordcica, interna, base do

crinio, fissura orbital
superior e seio
CaVernosos
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A partir do hipotdlamo o neurdnio de primeira
ordem segue atravessando o mesencéfalo e a ponte,
terminando no nivel C8-T2 da medula espinhal nas
colunas de células intermediolaterais (centro ciliospinal de
Budge)."s

O neur6nio de segunda ordem, por sua vez,
sai da medula e segue ao longo do apice do pulmdo. Em
seguida, ascende pelo ganglio estrelado e pela bainha
carotidea até fazer a sinapse no ganglio cervical superior
(GCS), situado ao nivel da bifurcacdo da artéria carétida
comum, préximo ao angulo da mandibula.

Deste ponto, o neurdnio de terceira ordem
parte da adventicia da artéria carétida interna e atravessa
0 seio cavernoso. Suas as fibras viajam brevemente com o
nervo abducente antes de se unir a divisdo oftdlmica do
nervo trigémeo e entrar na Orbita com o seu ramo
nasociliar. Uma vez na a 6rbita do olho, inerva o musculo
dilatador da pupila, bem como o musculo de Mdller,
responsavel por uma pequena parte da elevacdo da
palpebra.8 Além disso, parte das fibras também viajam
com o ramo frontal do nervo oftdlmico para inervar a pele
da testa.?®

O estudo de Maloney e colaboradores avaliou
450 casos de SH em um estudo retrospectivo ao longo de
13 anos (1964-1977). Observou-se que apenas 60% dos
pacientes possuiam uma etiologia primaria identificavel.
Dentre as etiologias encontradas, 13% dos pacientes
apresentavam lesdo central, 44% tinham lesdo pré-
ganglionar e 43%, lesdo pds-ganglionar. O estudo destaca
ainda que a despeito de toda investigacdo e reavaliacao
clinica, um percentual significativo de 40% dos casos ficou
classificado com causa idiopatica ou incerta."”

Ressalta-se ainda que em muitos casos o diagndstico da

SH é feito sem confirma¢do farmacolégica, geralmente
observado de forma retroativa, como uma consideracdo
tardia identificada em pacientes ja hospitalizados."- 24

O quadro clinico do paciente com uma SH de
etiologia central (envolvimento do nervo de 1 ordem)
pode envolver vertigem, cefaleia e déficits neurolégicos
focais.?’ As principais causas de SH pré-ganglionar
envolvem iatrogenia, neoplasias toracicas e cervicais.?’ A
sindrome de Pancoast é decorrente de tumores da regido
apical da caixa toracica e frequentemente cursa com dor
neuropatica e fraqueza no membro superior ipsilateral a
disrupc¢do simpatica. Esta sindrome é um exemplo classico
SH pré-ganglionar. O carcinoma de células escamosas e o
adenocarcinoma sdo as principais neoplasias que cursam
com sindrome de Pancoast. O neuroblastoma é uma outra
neoplasia que também é frequentemente associado a SH,
entretanto, diferentemente da Sindrome de Pancoast,
acomete predominantemente a populagdo pediatrica.™

Embora raro, Vinod e seus colegas citam o
procedimento de acesso venoso central como uma causa
iatrogénica possivel para SH. Ademais, procedimentos
cirlrgicos que envolvem a parte superior do térax ou o

Sindrome de Horner: um guia ilustrado

pescoco  (tireoidectomias, cirurgias ortopédicas e
neurocirurgias abordando a coluna cervical ou medula
espinal cervical) também sdo causas iatrogénicas possiveis
para esta sindrome. 29-19

A SH que ocorre por lesdo de neurénio de terceira
ordem também é chamada de SH incompleta, uma vez que
ndo apresenta anidrose.?° AS dissec¢des de artéria carétida
comum e a de artéria cardtida interna (ACl) sdo causas
comuns de SH pés-ganglionar.3-2¢ Devem ser suspeitadas
quando ha cefaleia em trovoada, unilateral e de inicio
subito, podendo cursar ainda com sintomas isquémicos
focais. Estima-se que a dissec¢do de ACI cursa com SH em
até 44% dos casos, boa parte deles como sintoma isolado.*
(Figura2)

Figura 2. Homem de 75 anos com quadro de cefaleia hemicraniana esquerda de
instalacdo subita associada a SH ipsilateral secundéria a disseccdo de artéria carétida
interna esquerda. A. Angiorresonancia arterial de vasos cervicais e intracranianos
evidenciando oclusdo de ACI esquerda secundaria a dissec¢do na sua origem, com “flame
sign” (seta). B. Ressonancia Magnética cervical ponderada em T1 com saturacdo de
gordura demonstrando hipersinal na ACI esquerda com sinal do crescente, sugerindo
disseccdo arterial (seta). Fonte: Arquivo pessoal dos autores. O (a) paciente autorizou e
assinou o termo de consentimento livre e esclarecido, CAAE: 03106518.3.0000.5214.

Entre as possiveis etiologias da SH pés-ganglionar,
destacamos a cefaleia em salvas, responsavel por cerca de
10% das causas diagnosticaveis de SH.24-2577 Qutras causas
de SH pés-ganglionar incluem: lesdes do seio cavernoso
(estas frequentemente associadas a oftalmoparesia) e,
mais raramente, tumores da base do cranio.4-1

SINAIS E SINTOMAS

Os sinais clinicos da SH podem ser sutis e em
diversos casos a triade classica pode ndo estar presente. A
analise de fotos e videos antigos do paciente sdo por
diversas vezes a chave para a percepc¢do da clinica.®

A ptose é discreta, em torno de 1 a 2 mm quando
presente, ipsilateral a lesdo, e é causada pela paresia do
musculo Muller, um mdusculo liso inervado pelo ramo
oculossimpatico que funciona como afastador da palpebra
superior.? (Figuras 3 e 4) Um estudo verificou que por volta
de 12% dos pacientes com SH, de fato, ndo apresentavam o
sintoma."”
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Figura 3. Paciente com diagndstico de Sindrome de Horner em que se nota nitida
anisocoria com pupila esquerda midtica, além de discreta enoftalmia e semiptose
ipsilateralmente. Fonte: Arquivo pessoal dos autores. O (a) paciente autorizou e assinou o
termo de consentimento livre e esclarecido, CAAE: 03106518.3.0000.5214.

Figura 4. llustracdo de uma mulher com sindrome de Horner a esquerda, demonstrando
semiptose palpebral ipsilateral e anisocoria com pupila esquerda menor que a direita.
Fonte: llustacdo original feita por Giordanno Santana Mazza.

Sindrome de Horner: um guia ilustrado

Com relagdo aos sinais pupilares, a miose
ipsilateral, e consequente anisocoria, sdo bem aparentes
nos primeiros 5s ao se apagar as luzes, no entanto, logo a
diferenca de dilata¢cdo torna-se menos aparente devido a
acomodacao pupilar retardada.® A fraqueza do musculo
dilatador da iris deve-se a paresia oculossimpatica, uma vez
que ndo had acdo simpdtica para se opor ao musculo
constritor da iris.?’

O grau anisocoria na SH varia a depender de
varios fatores como o diametro pupilar em repouso das
pupilas, a atencdo do paciente, a correta técnica de
propedéutica, o local e a gravidade da lesdo.20

A anidrose facial é caracteristica das leses de
primeiro e segundo nervos da via. A sudorese facial pode
estar preservada em lesdes pds-ganglionares distais
porque as vias anatdmicas estdo separadas das fibras
oculossimpaticas (Figural). A anidrose pode de dificil
percepcao pelo controle de temperatura de ambientes por
ar condicionado e dificlmente é uma queixa ativa do
paciente. Além disso, este sintoma pode estar associado a
outros como o rubor facial, hiperemia conjuntival e
congestdo nasal, sobretudo durante a fase aguda.2¢

A anidrose pode ser percebida em alguns
pacientes com base na histéria clinica obtida em anamnese
ou através do exame clinico.22 Outro sinal clinico
importante na SH é a heterocromia de iris, que acompanha
apenas 0s casos congénitos ou adquiridos até os dois anos
de idade. A heterocromia ocorre em consequéncia do fato
de os melandcitos serem estimulados pela via simpatica,
sabiamente lesada na SH. 3°

DIAGNOSTICO

O diagnéstico da sindrome de Horner em geral
combina a avaliacdo clinica em conjunto com testes
farmacolégicos sendo eles: o teste de cocaina, o teste da
hidroxianfetamina e o teste da apracloridina.3-2!

Cocaina toépica 2 -10% causa midriase nas pupilas
normais, inibindo a recaptacdo de noradrenalina nas
extremidades nervosas simpaticas, logo, a ndo dilatacdo
da pupila mediante a admnistracdo deste farmaco indica
desnervacdo simpatica, e assim confirma o diagnostico de
SH.26
A hidroxianfetamina a 1% estimula o terminal preé-
sinaptico a liberar noradrenalina. No olho normal, a
hidroxianfetamina provocara midriase. Este teste s6 pode
ser aplicado 24h ap0s o uso de cocaina e ou apraclonidina.
Ela é utilizada para fazer a localiza¢do da lesdo entres as
trés partes da via oculossimpatica, respectivamente: nao
dilatando em lesGes pds-ganglionares, dilatando pouco em
lesdes pré-ganglionares e dilatando normalmente em
lesdes do neurdnio de primeira ordem.?’ No entanto, por
se tratar de um medicamento de dificil acesso em muitos
paises, uma alternativa apresentada € a fenilefrina a 1%,
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que apresenta resultados
hidroxianfetamina.s

A apraclonidina é um agonista alfa
adrenérgico e pode ser utilizada para confirmar o
diagnéstico de SH. A instilacdo topica de 1% de
apraclonidina provoca uma dilatacdo da pupila atuando
sobre receptores alfa, que sdo estimulados no olho
ipsilateral a denervacdo. Quando aplicada no olho ndo
afetado, a dilatacdo da pupila ocorre em uma intensidade
menor, inferior a 0,5 mm.26

Além disso, exames de imagem sdo de
fundamentais investigacdo etiolégica. O exame a ser
escolhido depende do quadro clinico, do tempo de
instalacdo dos sintomas e também da relagdo com outros
métodos diagnosticos, como os farmacolégicos.®

Davagnanam e colaboradores ¢ criaram um
algoritmo diagnéstico combinando analise clinica, testes
farmacologicos e o uso de exames de imagem. Esse
protocolo sugere que a investigacdo de para as SH de
segunda e terceira ordem sejam investigadas de
preferéncia através da angiotomografia de torax e regido
cervical, uma vez que se trata de um exame com uma
sensibilidade adequada, ampla cobertura de trajeto,
incluindo uma varredura de padrdo ouro dos apices
pulmonares e uma boa velocidade de captura, permitindo
celeridade diagnostica, bem como a diminuicdo de
varia¢Bes na posicdo do paciente e conquanto a gera¢ao
de artefatos. Além disso, muito embora a ressonancia
magnética (RM) forneca uma resolu¢do melhor que a
tomografia de cranio (TC) é um exame pouco disponivel na
maioria das instituicdes além de mais dispendioso.
Ademais os autores ressaltam que o uso de outros
métodos de avaliacdo por imagens como a angiografia
digital e angiorressonancia podem ser utilizados a critério
clinico, levando em conta possivel o quadro clinico, a
disponibilidade do exame e as eventuais dificuldades no
diagnostico por outras técnicas. Diante da suspeita de SH
central, os autores sugerem ressonancia magnética de
cranio.®

comparaveis a

CONCLUSAO

Embora incomum, é importante saber
reconhecer, diagnosticar e investigar adequadamente os
pacientes com SH. A via oculossimpatica envolve trés
neurdnios: primeira ordem (central), segunda ordem (pré-
ganglionar) e terceira ordem (pos-ganglionar). As etiologias
da SH sdo variadas e incluem infeccBes, neoplasias,
vasculopatias e até lesbes iatrogénicas. Além do quadro
clinico composto pela triade clinica classica, testes
farmacoldgicos e neurorradiologicos sao frequentemente
indicados para o investigacao diagndstica da SH.

Apresentamos um guia ilustrado com
informacdes direcionadas sobre anatomia, quadro clinico
e exames complementares mais importantes no contexto
da SH, no intuito de fornece r um guia didatico sobre esta

Sindrome de Horner: um guia ilustrado

sindrome para os neurologistas e a comunidade médica
geral.
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ABSTRACT

Clinical and epidemiological characteristics of patients with
traumatic tetraplegia and Chiari malformation type | treated at a
neurorehabilitation center were compared through an analytical
and retrospective observational study, carried out through
electronic medical record analysis. In the group of patients with
Chiari malformation type | predominated female gender, with
gait, the presence of syringomyelia and anxiety disorders. In the
group with traumatic tetraplegia predominated male gender, use
of wheelchair and presence of spasticity and neurogenic
dysfunctions of the bowel and lower urinary tract. Patients with
Chiari malformation type | represent a group with different
clinical and epidemiological characteristics in relation to patients
with sequelae of spinal cord injury, traditionally the main group
treated within neurorehabilitation. Thus, patients with Chiari
malformation type | need a differentiated approach that
addresses their needs in neurorehabilitation.

Keywords: Arnold-Chiari  malformation;
Rehabilitation Medicine; Spinal cord diseases.

Physical and

RESUMO

Foram comparadas caracteristicas clinicas e epidemiolégicas de
pacientes com tetraplegia traumatica e Malformacéo de Chiari tipo |,
atendidos em centro de neurorreabilitacdo através de estudo
observacional analitico e retrospectivo, realizado por meio de analise
de prontuério eletronico. No grupo de pacientes com Malformacao de
Chiari tipo | predominaram mulheres, com marcha e que
apresentavam transtornos de ansiedade e a presenca de
siringomielia. No grupo com tetraplegia traumatica predominaram os
homens, com locomogao em cadeira de rodas e maior presenca de
espasticidade e disfun¢Ges neurogénicas do intestino e do trato
urinario inferior. Os pacientes com Malformacéo de Chiari tipo |
representam um grupo com diferentes caracteristicas clinicas e
epidemioldgicas em relagdo aos pacientes com sequelas de
traumatismo raquimedular, tradicionalmente o principal grupo
atendido dentro dos programas de neurorreabilitacdo. Desta forma,
os pacientes com Malformacéo de Chiari tipo | necessitam de uma
abordagem diferenciada que contemplem suas necessidades nos
programas de neurorreabilitagéo.
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Reabilitagcéo; Doencas da Medula Espinhal
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INTRODUCAO

A lesdo medular (LM) caracteriza-se pelo
desenvolvimento de déficits motores e/ou sensoriais,
disfuncdo vesical e/ou intestinal, dor neuropatica,
espasticidade, dentre outras consequéncias, resultantes de
lesdo em medula espinhal, seja ela traumatica ou nao
traumatica [1]. A LM traumatica ocorre em decorréncia
principalmente de acidentes de transito, atos de violéncia e
quedas. A LM ndo traumatica pode ocorrer em decorréncia
de compressdao medular, inflamagdo, infeccdo, isquemia,
dentre outras causas e pode manifestar-se de forma aguda
ou de forma insidiosa. A malformacdo de Chiari do tipo |
(MC-l) e sua forte associagdo com siringomielia, com
consequente compressdo medular, representa uma causa
de lesdo medular ndo traumatica [2].

Até onde sabemos, nenhum estudo anterior comparou
caracteristicas clinicas e epidemiolégicas de pacientes com
tetraplegia traumatica e malformacdo de Chiari tipo I. Os
pacientes deste estudo foram recrutados apds admissao no
Programa de Reabilitagdo em Lesdo Medular na Rede Sarah
de Hospitais de Reabilitagdo Unidade SARAH Fortaleza, no
periodo de janeiro de 2017 até janeiro de 2020. Os grupos
foram comparados em varidveis como idade, género,
procedéncia, escolaridade, idade do inicio dos sintomas,
realizacdo de procedimento cirdrgico, presenca de
siringomielia e escoliose, dor neuropatica, espasticidade,
disfuncdo neurogénica do trato urinario inferior, disfuncao
neurogénica do intestino, transtornos de humor, ocupagdo
e renda, uso de auxilio-locomocgao e alteracbes de exames
neurofisiolégicos. As hipdteses testadas foram geradas
antes da analise dos dados da experiéncia clinica. Essas
hipéteses eram de que pacientes com Malformacdo de
Chiari I, quando comparados aqueles com tetraplegia
traumatica, 1) seriam mais propensos a ser do sexo
feminino, 2) apresentariam maior idade, 3) teriam maior
probabilidade de ter um transtorno de ansiedade e/ou
humor, 4) seriam menos propensos a necessitar de auxilio
a locomogdo e 5) seriam menos propensos a apresentar
disfunc¢bes neurogénicas do intestino e bexiga e 6) seriam
menos propensos a apresentar espasticidade.

METODOS
Cenario

Os pacientes com traumatismo raquimedular e
malformacdo de Chiari do tipo | que participaram deste
estudo foram atendidos no Programa de Reabilitacdo em
Lesdo Medular na Rede Sarah de Hospitais de Reabilitagdo
- Unidade SARAH Fortaleza. Desde a inaugura¢do da
Unidade SARAH Fortaleza em 2001 até outubro de 2020,
foram atendidos no Programa de Reabilitacdo em Lesdo
Medular 5971 pacientes. As lesdes medulares traumaticas
representam a maioria dos casos atendidos (52,5%), sendo
constituida principalmente de jovens (72,7% entre 16 e 51
anos) do sexo masculino (86,3%).

Comparacgéo entre adultos com Malformacdo de Chiari tipo | e tetraplegia traumdtica

A Rede SARAH de hospitais de reabilitacdo possui 9
unidades em diversas capitais do Brasil, sendo 2 unidades
na cidade de Brasilia, e as demais distribuidas em
Fortaleza-CE, Belo Horizonte-MG, Salvador-BA, S&o Luis-MA,
Rio de Janeiro-R), Macapa-AP e Belém-PA. A reabilitacdo é
centrada no paciente e no seu potencial funcional, em
atividades contextualizadas, com participacdo ativa da
familia e apoiados por equipe interdisciplinar. Em 2019, os
hospitais da Rede SARAH atendeldt mais de 2,5 milhdes
de pessoas.

Recrutamento e selecdo

A populagdo estudada foi composta por adultos, com
diagnostico de Malformacdo de Chiari do tipo | e tetraplegia
traumatica, admitidos no Programa de Reabilitacdo em Lesdo
Medular na Rede Sarah de Hospitais de Reabilitagdo - Unidade
SARAH Fortaleza, no periodo de janeiro de 2017 até janeiro de
2020. Foram excluidos pacientes com outras comorbidades
neurolégicas. Foi adotada técnica de amostragem nao
probabilistica e intencional. Os dados foram coletados por meio
de um formuldrio com as seguintes variaveis: idade, género,
procedéncia, escolaridade, idade do inicio dos sintomas,
realizacdo de procedimento cirdrgico, presenca de siringomielia
e escoliose, dor neuropatica, espasticidade, disfuncdo
neurogénica do trato urindrio inferior, disfuncdo neurogénica do
intestino, transtornos de humor, ocupa¢do e renda, uso de
auxilio-locomocdo e alteragdes de exames neurofisiolégicos.

Tipo de estudo

Trata-se de um estudo observacional analitico e
retrospectivo, realizado por meio da analise de prontuario
eletrénico. O projeto foi elaborado conforme recomendac¢des da
Resolucéo 466/12 do Conselho Nacional Saide/MS e aprovado
pelo Comité Cientifico e de Etica em Pesquisa da Rede Sarah de
Hospitais de Reabilitagdo. A presente pesquisa ndo apresenta
conflitos de interesses entre os autores e os resultados obtidos.

Analise Estatistica

Foram realizadas analises estatisticas descritivas para
tracar os perfis dos pacientes e compara-los. Para analise
estatistica foram utilizadas distribuicdo de frequéncia e os testes
T de student, ANOVA, qui-quadrado, Tukey e analise de
correlacdo de Pearson com auxilio do programa SPSS versdo 21.
O nivel de significancia adotado foi de 5%.

RESULTS

De janeiro de 2017 a janeiro de 2020, um total de
150 pacientes foram selecionados, sendo 77 pacientes com
MC-I e 83 pacientes com tetraplegia traumatica. Conforme
os dados contidos na tabela 1, observamos
heterogeneidade em relacao a parametros
epidemiolégicos nos grupos estudados, sendo que, no
grupo com MC-I, houve predominio de mulheres, maior
escolaridade, maior média de idade, maior participagdo no
mercado de trabalho e menor recebimento de beneficio
social.
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Tabela 1. Parametros Demograficos

Sexo Masculino 0,6%: 20 4% < 0,05
[Sexo Femming 177,9% S ERTT < 0,05
idade média 45,9 anos 372 anos

Enzino médio completo 3T, T Il} 9%

[Ensine superior complata 18,2% iﬁ%

[Trabalo 19, 5% o

posent ados 18,4% 28,9% 12
Lhuxilio-doenga 19,5% 25 3% 38

LA miparo social 7 8% 19 3% I-’ 0,05

A siringomielia esteve presente em 37 pacientes
com MC-I (48,1%) e nenhum dos 83 pacientes com
tetraplegia traumatica apresentava esta complicagdo. Nos
pacientes que apresentavam siringomielia, a localizacdo
cervicotordcica predominou (67,6%), seguida das seguintes
localizagdes: cervical (18,9%), toracica (10,8%) e
toracolombar (2,7%). A presenca de escoliose apresentou
baixa prevaléncia e foi semelhante nos dois grupos (p:
0,538), ocorrendo em 9,6% dos pacientes com tetraplegia
traumatica e 16,8% no grupo com MC-l . A escoliose
predominou na regido toracica nos dois grupos (53,8% dos
pacientes com escoliose e MC-I e 62,5% dos pacientes com
escoliose e tetraplegia traumatica).

A maior parte dos potenciais evocados realizados
nos pacientes com MC-I ndo apresentava altera¢des (42
dos 57 pacientes que realizaram o exame). O oposto
ocorreu nos pacientes com tetraplegia traumatica, em que
33 dos 36 pacientes que realizaram o exame o apresentava
alterado.

O percentual de pacientes com marcha foi
superior no grupo com MC-l em relagdo ao grupo de
pacientes com tetraplegia traumatica (98,7% x 22,9%; p
<0,05).

A cadeira de rodas representou o auxilio-
locomogdo mais utilizado no grupo de pacientes com
tetraplegia traumatica em relacdo aos pacientes com MC-I
(85,5% x 5,3%; p <0,05). As demais formas de auxilio a
locomocdo utilizadas pelos pacientes estdo especificadas
na tabela 2.

Tabela 2. Locomogédo

:_\[ill cha D8, 1% 22 9% <0,05
[Cadeira de rodas 5.3% 85, 5% 00,05
Iltull;:::ln 14,3% 9, 6% 0,365
i_-‘-lrladul 11, 7% 10.8%% 0_E66

JAPoio ein lereemos 13%. 1,24 00,05
!

[Ortese 3 9% 13,3% <00,05
L

Uma maior proporcdao de pacientes com
tetraplegia traumatica apresentava espasticidade em
comparagao com o grupo com MC-| (90,4% versus 15,6%;
p<0,05). Dos pacientes que apresentavam espasticidade, foi
necessario, mais frequentemente, tratamento
medicamentoso para o0s pacientes com tetraplegia
traumatica em relagdo aos pacientes com MC-I (84% versus
25%; p<0,05).

Comparacgédo entre adultos com Malformacdo de Chiari tipo | e tetraplegia traumdtica

A dor neuropética foi frequente nos dois grupos e
ndo houve diferenca estatistica entre eles (p: 0,159),
estando presente em 67,1% dos pacientes com MC-l e em
77,1% dos pacientes com tetraplegia traumatica. A maioria
dos pacientes nos dois grupos fazia uso de tratamento
medicamentoso para dor neuropatica (60,3% dos pacientes
com MC-l e 675% dos pacientes com tetraplegia
traumatica), também sem diferenca estatistica (p: 0,384).

Uma maior propor¢do de pacientes com tetraplegia
traumdatica apresentava disfuncdo neurogénica do trato
urinario inferior em comparacdo com o grupo com MC-I
(97,6% versus 32,9%; p<0,05). O cateterismo vesical
intermitente era utilizado por 72,3% dos pacientes com
tetraplegia traumatica e por apenas um paciente com MC-I.

Um maior percentual de pacientes com tetraplegia
traumatica apresentava disfuncdo neurogénica do intestino
em comparacdo com o grupo com MC-l (97,6% versus
11,8%; p<0,05).

Um maior quantitativo de pacientes com MC-|
apresentava transtorno de ansiedade em comparagao com
0 grupo com tetraplegia traumdtica (29,9% versus 6%;
p<0,05). A presenca de depressdo foi semelhante nos dois
grupos (p: 0,179) e esteve presente em 39% dos pacientes
com MC-l e em 28,9% dos pacientes com tetraplegia
traumatica.

Maior numero de pacientes foi submetido a
tratamento neurocirdrgico no grupo com tetraplegia
traumdtica em relagdo ao grupo com MC-I (p <0,05).
Enquanto 79,5% dos pacientes tetraplégicos realizaram
cirurgia, apenas 42,9% dos pacientes com MC-l a
realizaram.

DISCUSSAO

As malformacBes de Chiari formam um grupo
heterogéneo de doencas definidas por anormalidades
anatémicas, com deslocamento do cerebelo, isoladamente
ou em conjunto com o tronco encefdlico, para o canal
vertebral [3]. Hans Chiari classificou em 1891 essas
malformacg8es em trés tipos (malformacdes de Chiari |, Il e
Ill) e, quatro anos depois, acrescentou a malformacdo de
Chiari IV [4]. O diagnostico da malformacdo de Chiari do
tipo | (MC-I) é baseado na documentacdo em ressonancia
magnética do deslocamento das tonsilas cerebelares
abaixo do forame magno em mais de 5 mm [5].
Deslocamento limitrofe das tonsilas cerebelares (entre 3 e
5 mm) é considerado patologico se for associada com
caracteristicas adicionais de MC-l, tais como outras
anomalias de juncdo craniocervical ou siringomielia [6].

Os dados disponiveis na literatura sobre as
caracteristicas clinicas dos pacientes com malformacdo de
Chiari do tipo | atendidos nos programas de reabilita¢cdo
sdo escassos e essa condi¢cdo neuroldgica tem sido cada
vez mais diagnosticada nos ultimos anos, devido a maior
disponibilidade de exames de ressonancia magnética [7].
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Com o maior numero de casos evidentes, torna-se
necessario uma melhor visdo sobre o perfil clinico desses
pacientes e identificacdo de suas principais demandas, a
fim de serem adequadamente abordadas em programas
de reabilitagdo.

Os pacientes com MC-I podem apresentar lesdo
medular cervical e por este motivo foram comparados com
uma populacdo que apresenta lesdo medular nesta mesma
topografia, no caso, os pacientes com tetraplegia por
traumatismo raquimedular, ja que esta é a principal causa
de lesdo medular atendida nos programas de reabilitacdo
ao redor do mundo. Essas condi¢Bes neuroldgicas podem
apresentar consequéncias semelhantes, como alteracdo de
forca nos quatro membros, dor neuropatica, espasticidade,
além de disfungdes neurogénicas do intestino e do trato
urinario inferior.

No grupo de pacientes com MC-I predominaram
as mulheres, os transtornos de ansiedade e a presenca de
siringomielia. No grupo com tetraplegia traumatica
predominaram os homens, um maior percentual de
realizacao de neurocirurgia, a presenca de espasticidade e
de disfung¢Bes neurogénicas do intestino e do trato urinario
inferior.

A frequéncia de siringomielia nos pacientes com
MC-I encontrada no nosso trabalho (48,1%) esteve de
acordo com o relatado na literatura, que varia entre 40 e 75
por cento [10]. A prevaléncia de hidrocefalia associada a
MC-I é de aproximadamente 10% [8]. As malformacdes de
Chiari do tipo | estdo também associadas a uma alta
incidéncia de anomalias esqueléticas da coluna cervical e
da juncdo craniocervical. Estas incluem impressdo basilar,
fusdo atlanto-occipital, assimilagdo atlanto-axial e sindrome
de Klippel-Feil [11].

A escoliose é a apresentacgdo clinica mais comum
da siringomielia e é geralmente secundaria a uma
siringomielia espinhal assimétrica [12]. Em nosso estudo, a
presenca de escoliose associada a siringomielia apresentou
baixa prevaléncia.

Enquanto a maioria dos pacientes com MC-|
apresentava marcha sem necessidade de auxilio a
locomogdo, a maioria dos pacientes com tetraplegia
traumatica utilizava cadeira de rodas para locomogao.
Dentre os pacientes com tetraplegia traumatica que
apresentavam marcha, houve maior necessidade de uso de
auxilio-locomocdo e oOrtese quando comparados aos
pacientes com MC-I.

N&o houve diferenca estatistica em relacdo a dor
neuropatica na compara¢do entre os grupos, sendo que,
em ambos, esta condicdo foi altamente prevalente e
merece uma abordagem apropriada. Também ndo houve
diferenca estatistica em relacdo ao diagndstico de
depressdao na comparagdo entre 0s grupos, porém o
transtorno de ansiedade apresentou prevaléncia quase
cinco vezes maior nos pacientes com MC-I em comparacdo
aos pacientes com tetraplegia traumatica. Tal resultado é

Comparacgéo entre adultos com Malformacdo de Chiari tipo | e tetraplegia traumdtica

de grande relevancia, visto que, os transtornos de
ansiedade influenciam de forma significativa o
desempenho dos pacientes nos programas de reabilitacdo.

Os pacientes com MC-I, apesar da ocorréncia em
menor frequéncia, ndo estdo isentos da presenca de
espasticidade e disfun¢des neurogénicas do intestino e do
trato urinario inferior. Em relagdo a este Ultimo, apesar da
possibilidade de sua ocorréncia, a chance da necessidade
de procedimento artificial para o esvaziamento vesical
neste grupo é infima, ao contrario dos pacientes com
tetraplegia traumatica, cuja necessidade de realizagdo do
cateterismo vesical é extremamente frequente. Este dado é
muito relevante, dada a influéncia das consequéncias
organicas e psicossociais que a disfun¢do neurogénica do
trato urinario inferior determina aos pacientes com lesdo
medular.

A escolha do manejo mais apropriado nos
pacientes com MC-lI permanece discutivel e enfrenta-se,
cada vez mais, a decisdo de como conduzir o cuidado de
pacientes assintomaticos e pacientes que apresentam
sintomas que podem ou ndo estar relacionados a esta
malformacdo [13]. A decisdo sobre a realizacgdo de
procedimento  cirlrgico apés um  traumatismo
raquimedular é mais objetiva, baseada em critérios de
instabilidade vertebral, o que pode explicar o resultado de
nosso estudo, onde houve maior realizacdo de
procedimentos neurocirdrgicos nesta popula¢do, quando
comparada aos pacientes com MC-I.

Os pacientes assintomaticos com diagndstico
incidental de MC-lI que ndo tém siringomielia podem ser
tratados conservadoramente com vigilancia clinica e por
ressonancia magnética. A cirurgia descompressiva €
indicada para pacientes com MC-l que sdo claramente
sintomaticos, apresentado-se com paralisia de nervo
craniano, mielopatia, sintomas cerebelares ou cefaleia
occipital grave. Para pacientes assintomaticos ou
oligossintomaticos com MC-| que estdo neurologicamente
intactos, mas tém siringomielia na ressonancia magnética,
0 manejo é controverso [13].

Se os pacientes forem levemente sintomaticos, a
MC-I ndo é necessariamente uma condi¢cdo progressiva e
0os sintomas leves podem permanecer estaticos ou
melhorar com o tempo. Portanto, é razoavel observar
pacientes que apresentam sintomas leves, embora haja
raros relatos de casos de deterioracdo subita. A cirurgia
deve ser oferecida se os sintomas piorarem
subsequentemente [9].

Limitagdes

A principal limitacdo deste trabalho se
relacionada ao seu carater observacional e as implica¢des
inerentes a este tipo de estudo, bem como a andlise
retrospectiva e baseada apenas em informag¢des contidas
em prontuarios.
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CONCLUSAO

Em conclusdo, o atendimento de pacientes com
MC-I representa um desafio, em virtude do diferente perfil
das demandas apresentadas por esses individuos em
relacdo aquelas presentes em pacientes com traumatismo
raquimedular, tradicionalmente o principal grupo atendido
nos programas de reabilitacdo que envolvem pessoas com
lesdo medular. Diante de pacientes com o diagnéstico de
MC-I, entender suas caracteristicas clinicas e
epidemiolégicas, bem como suas principais demandas é
essencial para uma melhor organizacdo e individualizagao
de seus programas de reabilitacdo. Diante disso, mais
estudos sdo necessarios para o melhor entendimento das
peculiaridades da popula¢do com MC-I.
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Periodic imb movements during sleep vs seizures and
epileptiform discharges: some supposedly shared

pathomechanisms

Movimentos periddicos dos membros durante o sono vs crises e
descargas epileptiformes: alguns patomecanismos supostamente

compartilhados

Lucas Lima Najar’
Marleide da Mota Gomes?

SUMMARY

This is a narrative review that assesses some possible
underlying abnormal mechanisms shared between periodic limb
movements during sleep (PLMS) and interictal epileptiform
discharges (IEDs) or epileptic seizures.

The underlying abnormal mechanisms of PLMS are
not clearly defined, but the hypotheses raised include a pure
motor mechanism originating in the brainstem, spinal cord or a
cortico-subcortical interaction, influenced by predisposing
factors, through neural networks.

PLMS rhythmicity appears to be closely linked to sleep
microarchitecture, and also to cortical arousals, as with some
types of epilepsy, which involve both the underlying sleep
rhythms and their intrinsic functions as well as the so-called
central pattern generators that produce rhythmic motor patterns.
However, the relationship between PLMS and epilepsy has not
yet been fully clarified. Rhythmicity and sleep fragmentation
appear to be common denominators between them, at least
more closely in sleep-related hypermotor epilepsy. To some
extent, the electroencephalographic changes of PLMS would
express an epiphenomenon of the involvement of some
underlying brain networks common to epileptic seizures and
IEDs.

Keywords: Periodic limb movements, seizure,

pathophysiology

sleep,

RESUMO

Esta € uma revisdo narrativa que avalia alguns
possiveis mecanismos anormais subjacentes compartilhados
entre 0s movimentos periodicos dos membros durante o sono
(MPMS) e as descargas epileptiformes interictais (DEIS) ou
crises epilépticas.

Os mecanismos anormais subjacentes dos MPMS
nao estdo claramente definidos, mas as hipdteses levantadas
incluem mecanismo motor puro originado no tronco cerebral,
medula espinhal ou uma interagdo cortico-subcortical, por
influéncia de fatores predisponentes, através das redes
neurais.

A ritmicidade dos MPMS aparece estar intimamente
ligada a microarquitetura do sono, e também aos despertares
corticais, como acontece com alguns tipos de epilepsia, o
que envolve tanto os ritmos subjacentes do sono e suas
funcdes intrinsecas quanto os chamados geradores de
padrdes centrais que produzem padrées motores ritmicos.

No entanto, a relacdo entre PLMS e epilepsia ainda
ndo foi totalmente esclarecida. Ritmicidade e fragmentacdo
do sono parecem ser denominadores comuns entre eles, pelo
menos mais intimamente na epilepsia hipermotora
relacionada ao sono. Em certa medida, as alteracBes
eletroencefalograficas de PLMS  expressariam  um
epifendbmeno do envolvimento de algumas redes cerebrais
subjacentes comuns a crises epilépticas e IEDs.

Palavras-chave: Movimentos periédicos dos membros, sono,
convulséao, fisiopatologia
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INTRODUCTION

There is a spectrum of motor events related to sleep
and paroxysmal nocturnal epilepsy that have clinical
similarities and perhaps also shared neurophysiological
mechanisms, not yet fully characterized.

Rhythmic movements during sleep include
normal variants of physiological movements, some related
disorders, and types of epilepsy such as sleep-related
hypermotor epilepsy (SHE). Recently, models for sleep
arousal have sought to clarify their etiology2.

Periodic limb movements during sleep (PLMS),
one of these rhythmic movements, are involuntary, sleep-
related phenomena characterized by periodic episodes of
repetitive and stereotyped limb movements that can cause
significant sleep fragmentation and daytime functional
impairments.

Polysomnographically, PLMS are recognized only
if they occur in a series of at least four consecutive
movements, each lasting 0.5 to 5 seconds but separated by
4 to 90 seconds. The number of PLMS per hour of sleep
constitutes its index (PLMI) and according to the ICSD-3, it is
considered abnormal when >15/h in adults and >5/h in
children™. Their identification can be a challenge in clinical
practice, as they are also associated with primary motor
disorders and respiratory disorders related to sleep and
associated awakenings3.

Regarding periodic limb movement disorder
(PLMD), it refers to patients with an abnormal PLMI, and
clinical sleep disturbance that cannot be explained by
another sleep disorder. So other associated sleep
disorders need to be excluded: namely RLS, narcolepsy,
REM sleep behavior disorder (RBD) and sleep-related
respiratory disorder3.

There are recent advances that have clarified
some aspects of the impact of periodic motor activity on the
microstructure and macrostructure of sleep and its effect
on daytime functioning3. However, it is still unclear whether
the electrophysiological changes would be functional
epiphenomena of some common underlying brain
networks of sleep and periodic movements. Here we try to
clarify the pathogenetic similarities between the
electroencephalographic expression of the PLMS and the
phenomena linked to epileptic seizures, regarding
predisposing factors and the neural networks of both
seizures and PLMS.

EPIDEMIOLOGY OF PERIODIC LIMB MOVEMENT
OF SLEEP: PREVALENCE AND RISK FACTORS

The prevalence of PLMS is estimated to be 4%-
11% in adults'. In population studies, age, male gender, and
restless legs syndrome (RLS) were all recorded as
independent risk factors for PLMS in adults (PLMI > 15/h)3.

PLMS usually increase with aging. They are often
comorbid with other sleep disorders such as restless legs
syndrome (RLS )and various clinical comorbidities (eg,

Periodic limb movements & epilepsy pathomechanisms

congestive heart failure, diabetes, migraine, cardiovascular,
liver and kidney disease, alcohol dependence,
syringomyelia), in addition to neurological or psychiatric 3.
PLMS can be precipitated by medications and psychoactive
substances, such as antidepressants and lithium3, and
several psychotropic drugs have been associated with
PLMI, increasing or decreasing them.

Serum ferritin has been the focus of several
studies with controversial results, probably reflecting
different phenotypes, but iron supplementation is routine
for patients with RLS/PLMD and low serum ferritin levels'3 .

The efficiency of dopaminergic agonists in
PLMD' seems to be linked to iron and dopamine
deficiencies in the CNS which supports the idea that the
brain dopaminergic hypoactivity is under PLMS
pathophysiology.

Chronic kidney disease and renal failure were
similarly associated with RLS and PLMS. Diabetes has also
been listed as a potential risk factor for PLMI > 15/h, but
this relationship decreases when proper adjustment of
confounding was undertaken3.

MACRO AND MICROSTRUCTURE OF SLEEP VS
PERIODIC LIMB MOVEMENT AND SEIZURES

Sleep is generally analyzed through its
macrostructural stages, which, by themselves, cannot
provide information about its functional structure and
stability. Sleep is characterized by the cyclical occurrence of
REM (rapid eye movement) and NREM (non-rapid eye
movement) sleep phases, the latter comprising slow-wave
sleep (N3 stage) and the lighter stages of sleep (N1 and N2).
However, the microstructure characteristics and the phasic
phenomena that occur during sleep also provide
complementary information about it. In NREM sleep, the
cyclic alternating pattern (CAP) is a recurrent physiological
EEG activity that occurs in the brain during sleep and
captures the microstructure of sleep and can be used to
identify its instability.

The CAP is composed of a higher excitation A
phase (k complexes, delta bursts, polyphasic bursts,
arousals) and a lower excitation B phase (baseline interval
between consecutive A phases)®. The different A phases
express the arousability-reactivity of the sleeping brain at
different ages and sleep stages; A1 is prevalent in younger
subjects during N3, whereas A2 and A3 express more sleep
disruption in adults'2.,

Regarding the segments of REM sleep, it also
has two distinct microstates: phasic and tonic. Phasic REM
sleep is the portion of REM sleep during which there are
bursts of rapid eye movements, which may be associated
with brief bursts of EMG activity and/or sudden increases in
sympathetic activity. Tonic REM sleep is the portion of REM
sleep that exists between the phasic bursts, in which low
muscle tone is consistentt. Consequently, sleep stages and
cycles represent the macrostructure of sleep and the CAP
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and segments of REM sleep, their microstructure.

PLMS are more frequent during stages 1 and 2
of NREM sleep, especially with their CAP and their rapid
activity subtypes (A2 and A3). Besides, PLMS become less
frequent during stage 3 of NREM sleep and REM sleep’3 .
Furthermore, PLMS are rarely recorded during the CAP B-
phase, a period of low EEG activation that does not appear
to support the emergence of PLMS, which are typically
confined to CAP A-phases3.

The number of PLMS-related awakenings (ie,
PLMlar) can be seen as a marker of sleep fragmentation,
but several studies have failed to relate PLMlar to the
severity of reported sleep complaints or subjective or
objective sleepiness3.

There are two main PLMS night patterns. One
begins shortly after sleep onset and dominates early sleep
cycles, influenced by circadian as well as homeostatic
influences, and a second type, where PLMS are more
evenly distributed across sleep cycles, with a predominant
peak commonly occurring in the middle of sleep cycles.
Being that in both patterns, the PLMI can vary significantly
between consecutive nights. Furthermore, it is recognized
that certain body positions in susceptible individuals can
affect the genesis of PLMS3.

Regarding sleep and interictal epileptiform
discharges (IED) or seizures, the main physiological issues
are presented as follows*.

Epileptic discharges may occur only during
sleep or potentialize during the sleep, or the wake-up time.
Besides, sleep deprivation may trigger seizures in some
kinds of seizures, mainly genetic generalized epilepsies,
like juvenile myoclonic epilepsy. Also, electrical activity in
different areas of the brain tends to be synchronized
during NREM sleep when IEDs and seizures are most
activated, and epileptiform activity during lighter stages of
sleep is related to sleep instability and the CAP patterns*.

Neuronal networks commonly shared between
sleep and epilepsy produce a vicious cycle, as nocturnal
seizures can disrupt sleep, on the other hand, antiepileptic
drugs and sleep disorders can contribute to sleep
fragmentation, which can worsen seizures. Most sleep-
related seizures are followed by arousal. In addition, many
predisposing factors can facilitate the occurrence of micro-
arousals and sleep instability, which increases or modulate
the occurrence of minor motor events and other sleep
disorders, which in turn induce IEDs and sleep-related
seizures®.

SIMILARITIES AND DIFFERENCES BETWEEN
PERIODIC LIMB MOVEMENT AND SEIZURES

Neural oscillations or brain waves are observed
throughout the central nervous system and at all levels of
the organization, and synchronization is a widespread
natural phenomenon occurring in networks of oscillators.

Periodic limb movements & epilepsy pathomechanisms

The types of brain waves are usually divided into the delta,
theta, alpha, beta, and gamma, measured in cycles per
second or hertz. However, specific types of neural
oscillations and also synchronization can appear in
functional situations, such as sleep and consciousness, and
also in abnormal situations, such as epilepsy - currently
understood as a network disease. Besides, neocortical
synchronization along sleep and wakefulness is frequently
linked with rhythmic oscillations of neuronal activity: slow
oscillation, delta, spindle, beta, gamma and ripples™. In
this section, we intend to outline the main known
pathological mechanisms for epileptic seizures and IED, as
well as PLMS, unfolding the questionable common
neuronal pathways.

The epileptic activity must be considered in
terms of the functional and dynamic connectivity of
dysfunctional neuronal networks™. Since some of these
networks are interconnected through reentrant
connections, this means that some nodes tend to receive
connections from others, such as the cortico-thalamic-
cortical system™. It is also known that seizures occur in
neuronal networks due to a change in the dynamic balance
between excitatory and inhibitory processes, with the
predominance of the first’3. At the local neuronal network
level, neurons and associated glia became increasingly
coupled in the transition to a seizure, recruiting more
distant neuronal networks™. Consequently, these circuits
have been described in various forms of epilepsy, such as
the thalamocortical system involved in absence epilepsies,
and also in several other forms of epilepsy’s.

It has been postulated that in seizures with
altered consciousness or with certain motor behaviors,
such as those of a repetitive nature or innate behavior,
there is the involvement of circuits in both cortical and
subcortical pathwayss.

On the other side, PLMS is often associated
with transient autonomic arousal, with tachycardia and
oscillation of blood pressure. This involves several cortical
and subcortical centers in the so-called “central autonomic
network” modulators of the brainstem mechanisms that
directly regulate autonomic functions'. Consequently, this
also involves many subcortical areas of the brain, but their
origin and pathophysiology remain unclears.1s,

In the review by Drakatos et al.3, three main
anatomical loci were discussed as the potential locus
minoris resistentiae: neocortical, subcortical, and the spinal
cord. Two distinct underlying pathological mechanisms
were discussed in this context: a pure motor, possibly
originating in the spinal cord, and a more cortico-
subcortical interaction given the PLMS rhythmicity closely
linked to sleep microarchitecture and its CAP periodicity,
not unlike the events apneic/hypopneic in obstructive sleep
apnea.

The link between the periodic limb movement
and intrinsic periodic fluctuations of the nervous system
affecting motor and autonomic systems during NREM sleep
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suggested the existence of a common brainstem
generator'e. Central pattern generators (CPG) have been
shown to exist in the spinal cord of many animals’. These
CPGs are genetically determined networks of neurons
capable of generating rhythmic motor patterns that have
been found to underlie vital functions like respiration,
locomotion and mastication’. CPGs are independent of
higher brain centers or peripheral sensory input’. Such
generators modulate their periodicity by descending
influences, probably reticular. This concept is supported by
previous studies with functional MRI, which point to the
red nucleus and other regions of the brainstem as
generators of PLMS. The lack of EEG cortical potentials and
other findings in the literature support the origin and
induction mechanism of the PLMS as subcortical’e.

It has been considered that in patients with
PLMS, functional alterations in the cortico-subcortico-
spinal networks involved in the generation of locomotion
may induce these motor patterns. However, it is still
unknown whether this reflects a process in which
dysfunction in the brainstem leads to an immediate
movement of the legs with delayed processing through the
thalamus to the cortex or somatosensory feedback of the
leg movement to the cortex, or perhaps a combination of
the two mechanismsz2.

/ " Arousal
thalamus ~
Xt2
brainstem
\ET

;7 Leg ™.
(movement
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Figure 1. The hypothesis regarding CNS areas involved in the leg
movements during sleep is associated with cortical arousals. At1: quick delay
from the brainstem event to the beginning of the leg movement. At2: slow
delay between the brainstem event and its transmission to the cortex.
Diagram based on Bansal et al2. The oscillations would be generated from
the brainstem, with supraspinal influence and electroencephalographic
manifestation, as well as with spinal influence and motor repercussion and
electromyographic manifestation.

A fascinating question relates to some possible
shared pathogenesis of NREM sleep parasomnias and
sleep-related hypermotor epilepsy - SHE - the only type of
epilepsy that has rhythmic features. The description of the
different nosological entities belonging to these groups
elucidates a possible common origin of the pathology of

Periodic limb movements & epilepsy pathomechanisms

awakening and outlines relevant characteristics that allow a
differential diagnosis. In particular, recognition of an
epileptic disorder requires specific medications, while most
disorders of arousal do not require any treatment. Also,
PLMS are often associated with EEG arousals. Bansal et al.2
in an approach with neuro-extremity analysis researched
the causal link between neural activity and leg movements.
The initial implementation was consistent with the
hypothesis of brainstem dysfunction as a potential source
of leg movements during sleep associated with cortical
arousals.

Here, we  discuss supposedly shared
pathomechanisms of sleep movement disorders such as
PLMS and the seizure motor phenomenon. The most
important researchers on the subject, Parrino et al.’, have
already addressed the topic for several years. They
recognize the role of arousal systems in giving rise to a
continuum of EEG modifications ranging from high-voltage
slow rhythms to low-amplitude rapid activities with
different characteristics, such as the A-phase subtypes of
CAP. These researchers recognize the physiological,
paraphysiological, and pathological motor activities during
NREM sleep. They suggest that there are CPG expressed by
an automatic sequence of EEG-vegetative events that need
a trigger (excitement), spontaneous or internal epileptic
outburst or external stimuli, expressed by a spectrum of
behaviors that appear the same, whether they are part of a
seizure or a parasomnia/sleep motor event. These results
will depend on several continuum factors (sleep stage,
delta power, neuromotor network), but all events share the
common trait of arousal-activated phenomena10. The CPG
would be a possible mechanism involved and has been
seen as a similarity between automatic motor behaviors in
both sleep disorders and frontal lobe epilepsy?.

Along with this, there is the CAP phase A with
instability and micro-arousals. Previous studies showed
that most seizures occurred in the CAP and always during
phase A. Contrarily, there are sleep-related movements,
epileptic or not. The PLM periodicity is parallel to the
recurrence of CAP cycles. The great majority of limb
movements occur during phase A of CAP, which occurs
during NREM sleep™. And CPGs bring an embryonic origin
of these movements that share a final common path to
neurophysiological expression. Hyperkinetic automatisms
in patients with epilepsy may resemble stereotyped
behaviors of our ancestors. Defensive postures, violent
gestures, emotional behaviours and sudden arousals
resemble archaic automatic motor sequences triggered by
CPG situated in subcortical structures’©.
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Figure 2. Do PLMS and epileptic seizures have some shared pathomechanisms? Would
the electroencephalographic alterations represent an epiphenomenon of some
dysfunctions, underlying structures, common neural networks?

CAP: cyclic alternating pattern; CPG: central pattern generators; IEDs: interictal
epileptiform discharges; PLMS: periodic limb movements of sleep

Regarding arousals, there is a variable
temporal relationship between EEG arousals and PLMs:
arousals may precede, follow, or accompany PLMs,
suggesting that arousals are not only a consequence of
PLMS but can be separated expressions of a common
mechanism?'. Sieminski et al."' evaluated the temporal
distribution of arousals around PLMS and the results
suggest that PLMs are followed by arousals, but the work
described a temporal relation, not a causal one.

As briefly presented by Sieminski et al.’", the
appearance of PLMS in their study showed cortical and
autonomic activation initiated after PLMS. This was
expressed by a significant increase in alpha+beta wave
power and heart rate, and shortly thereafter by an
increase in systolic blood pressure, moreover, they did not
detect changes in EEG, BP, and HR before PLMS. However,
some studies demonstrate that some forms of activation
begin before PLMS, and those leg movements are part of a
continuous activation process as presented by Ferillo et al.
apud Sieminski et al."" showing an increase in EEG activity
just before PLMS - about 3 s earlier for delta band activity
and 1 s earlier for the other EEG bands™. Although, in any
case, it appears that there is not a fully shared underlying
pathological mechanism, as the manifestations are
different.  Despite  the  differences in motor
phenomenology between sleep-related epilepsies and
PLMS, as these have long duration and long inter
movement intervals, they have stereotyped movements as
happens in SHE™.

Periodic limb movements & epilepsy pathomechanisms

Concerning sleep fragmentations, it really can
be triggered by some limb movements, which are related to
cortical arousals?. And it is also caused by epileptic activity
during sleep. Any sleep disorder can aggravate seizures
and it reinforces that the link between epilepsy and sleep is
reciprocal“.

Kim et al5 investigated the brain regions
associated with PLMS and the results suggest that the brain
regions activated before PLM onset indicates the cortical
contribution of PLMS pathomechanism.

Furthermore, stereotypies and repetitive
motor patterns observed in several physiological and
pathological conditions are linked to networks between the
cortex and basal ganglia. Thus, this framework could be
related to the phenomenon of seizures or even PLMS8.

Previous neurophysiological studies have
studied the relationship between sleep and PLMS2511. They
pointed out the cortical contribution of the MPMS®
pathomechanism, the temporal relationship of arousals
around the MPMS" and the hypothesis of brainstem
dysfunction as a potential source of leg movements during
sleep associated with cortical arousals2.

Probably, future studies combining functional
neuroimaging with stereoelectroencephalography may
contribute to testing hypotheses about cortico-subcortical
circuits and deeper brain subcortical regions of the brains.

CONCLUSIONS

It is already known that PLMs involve transient
autonomic arousal and activation of cortico-subcortico-
spinal networks also favoring rhythmic motor patterns.
However, a possible shared pathophysiological relationship
between PLMS and epilepsy remains an understudied area.
There seems to be a temporal relation between PLMs and
arousals, but not a causal one, unlike IEDs and seizures,
which lead to arousals. EEG changes would furthermore be
an epiphenomenon of some common underlying brain
networks to both seizures, IEDs and PLMs, all related to
arousal mechanisms.
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The arterial circle described by Willis, and the
contribution of his successors

O circulo arterial descrito por Willis e a contribui¢éo de seus sucessores
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ABSTRACT

The description of the base of the human brain and its
arteries that form a circle or polygon, as described and
depicted by Thomas Willis and collaborators (1664), and
that received his name - ‘circle of Willis’, has a long
history, where many renowned preceding authors are
included — the pre-Willisian anatomists, among which the
names of Giulio Casserio (1627), Johann Vesling (1647)
e Johann Jakob Wepfer (1658) deserve to be
highlighted. However, despite a complete description
and correct depiction of the arterial components of the
circle, their naming lagged behind. After Willis, a large

number of renowned authors - the post-Willisian
anatomists, studied this formation further. This period
begun with a poor contribution of Isbrand van

Diemerbroeck (1672). Next appeared authors who
provided names that became ephemeral, followed by
those who presented designations that would remain
permanently. Among the latter must be cited initially
Joseph Lieutaud (1742) and Albrecht von Haller (1756),
followed by Xavier Bichat with his posthumous work
(1803), and finally the definitive names being established
by Jean Cruveilhier (1834), this period closing with
Henry Gray’'s book (1858), who consolidated the
knowledge on the subject.

Keywords: Willis, arterial circle, nomenclature

RESUMO

A descricdo da base do cérebro humano e das artérias que
formam um circulo ou poligono, como descrito e ilustrado por
Thomas Willis e colaboradores (1664) e que recebeu seu
nome - ‘circulo de Willis’, tem uma longa histéria, onde
constam muitos autores de renome que o precederam — 0S
anatomistas pré-Willisianos, entre os quais os nomes de
Giulio Casserio (1627), Johann Vesling (1647) e Johann
Jakob Wepfer (1658) merecem ser destacados. Entretanto,
apesar da descricdo completa e ilustragdo correta dos
componentes arteriais do circulo, a denominacdo dos mesmos
ficou atrasada. Ap6s Willis, um grande namero de autores
renomados — os anatomistas pdés-Willisianos, continuaram a
estudar essa formacdo. Este periodo comegou com uma
contribuicdo pobre de Isbrand van Diemerbroeck (1672). A
seguir apareceram autores que proveram nomes que Sse
mostraram efémeros, seguidos por aqueles que apresentaram
designagdes que iriam permanecer de modo permanente.
Entre os ultimos devem ser citados inicialmente Joseph
Lieutaud (1742) e Albrecht von Haller (1756), seguidos por
Xavier Bichat com sua obra péstuma (1803), e finalmente, os
nomes definitivos sendo estabelecidos por Jean Cruveilhier
(1834), o periodo fechando com o livro de Henry Gray (1858),
gue consolidou o conhecimento sobre o tema.
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INTRODUCTION

The arterial circle (or polygon) of Willis is formed by
the internal carotid artery (ICA), the anterior cerebral
arteries (ACA) (A1), the posterior cerebral arteries (PCA) (P1),
the tip of the basilar artery (BA), and the anastomoses that
interconnect them, the anterior communicating artery
(ACoA) and the posterior communicating arteries (PCoA),
establishing links between the carotidal system, and
between the carotid and vertebrobasilar systems, i.e.,
between the right-left and anterior-posterior circulations
respectively (Figure 1)23 . The arterial circle as described by
Willis, and bearing his name, “and Wren's figure of the base
of the brain gives an accurate though somewhat stylized
view of the arterial circle”4, and came to constitute a
paradigmatic pattern recognized until the present days
(Box).

.....

Figure 1. Simplified schema of the brain with projection of the arterial circle (of Willis)
(based on Gray's “Anatomy of the Human Body")? (from Engelhardt and Levy, 2021 - with
permission)’.

ICA=internal carotid artery, ACA=anterior cerebral artery (A1=first segment), MCA=Middle
cerebral artery, PCA=posterior cerebral artery (P1=first segment), BA=basilar artery,
VA=vertebral arteries, and the anastomotic arteries, ACoA=anterior communicating
artery, and PCoA=posterior communicating artery

Thomas Willis (1621-1675), British physician, studied with the collaboration of the
physicians Richard Lower, Thomas Millington, and Chnstopher Wren, the nervous
system of man and of experimental animals, which resulted in an advanced knowledge
of the gross structure of the nervous system, its coverings, and circulation, published in
his Cerebri Anatome (1664). There, he described the arteries forming a circle or
polygon at the base of the brain, which later was named after hum [circle of Willis]. Thas
cirele resulted from the branching and anastemosing of the cervicocephalic anenies, the
two carotid and the two vertebral arteries. At the level of the base of the brain the trunks
of the intracranial [internal] ‘carotid arteries’ (arferiae caretidis) divide in an ‘anterior
branch’ [ACA] and a ‘postenior branch’ [PCoA] (ramum anteriorem et posteriorent),
the anterior branch of each side join [ACoA], and then course forward, the ‘posterior
branches” [PCoA] join with the branches [PCA] of the trunk [BA] resulting from the
fusion of the "vertebral artenes’ (arferiae vertebrales) [VA]. The basal view of the bramn
and its vasculature were depicted by Christopher Wren, physician and architect, and
excellent draughtsman’#¥, The anerial circle was named after the author — “circle (or
polvgon) of Willis™142, a designation that endures until the present days.

Box. The ‘arterial circle’ as described by Willis.

The arterial circle: Willis’ successors

A former paper focused on the analysis of the
works on the subject of pre-Willisian anatomists,
comprising Mondino de Luzzi (1316), Berengario da Carpi
(1520), Andreas Vesalius (1543), Realdo Colombo (1559),
Gabriele Falloppio (1561), Giulio Casserio (1627), Johann
Vesling (1647), and Johann Jakob Wepfer (1658), with
emphasis on the last three authors, culminating with the
establishment of the anatomy of the arterial circle,
described and illustrated in Thomas Willis' book (1664) -5 .
This period encompassed almost three and a half
centuries. :
Besides the description and the illustration of the
anatomy of the circle (or polygon), the name of the arterial
components of the circle should also be provided.
However, at the time, most were only described, and the
name of just one component was given - that of the
intracranial ‘internal carotid artery’ [ICA], besides the closely
related intracranial ‘vertebral arteries’ [VA], the union of
which originates the common trunk of the ‘basilar artery’
[BA], which takes part of the structure of the circle, but
remained unnamed, in the same way as the other
described and depicted component arteries, which also had
not received a specific denominatién

Here it will be described the additional
contributions of the post-Willisian anatomists, mainly
related to the denomination of the arterial components of
the circle that remained without a proper name, up until
the point when the current nomenclature became
established. The work of these anatomists lasted almost
two additional centuries.

THE DESCRIPTIONS FOLLOWING THAT OF WILLIS

After the publication of Willis' book, a large
number of anatomists continued to study this subject,
mentioning, to a variable extent, the existing findings.
Among the selected ones, those who provided new
information, i.e., the definitive names of the arterial
components of the circle, will be commented on with more
detail, while the others, despite their significance, will only
be mentioned briefly.

Isbrand van Diemerbroeck (1609-1674), Dutch physician
and anatomist, published the “Anatomy of the Human
Body” (Anatome Corporis Humani) (1672).

He described a complete arterial circle, but new additional
information in relation to Willis', regarding denomination,
was not provided. No illustration was presented.

Thomas Gibson (1647-1722), English physician and
anatomist, authored “The Anatomy of Humane Bodies
Epitomized’ (1682)8.

He described a complete arterial circle, added the term
‘vertebral trunk’, replaced later for ‘basilar artery’. The book
was illustrated with a figure copied from Willis, as he
acknowledged.
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Raymond Vieussens (1641-1716), French physician and
anatomist, published his “General Neurography”
(Neurographia Universalis) (1684)°.

Described a complete arterial circle, named the ‘cervical
artery' (arteria cervicalis), and the ‘arteriosus channel’
(canalis arteriosus), later replaced for ‘basilar artery’, and
‘posterior communicating artery’, respectively. He provided
two illustrations of the base of the brain, which completed
the circle in a complementary way.

Govard Bidloo (1649-1713), Dutch physician, and
anatomist, published the “Anatomy of the Human Body’'
(Anatomia Humani Corporis) (1685)°.

He did not provide a description. There is an illustration
showing a complete arterial circle, although atypical, in
which components remained unnamed, as stated in the
caption.

Pierre Dionis (1643-1718), French surgeon and anatomist,
authored ‘The Anatomy ofMan According to the Circulation
of the Blood' (L’Anatomie de I'Homme Suivant la Circulation
du Sang) (1690)".

The description of the arteries of the base of the brain is
incomplete. The illustration was copied from Bidloo,
without caption.

Humphrey Ridley (1653-1708), British physician and
anatomist, published the “Anatomy of the Brain” (1695),
the first book on the human brain written originally in
English language’2.

He described an incomplete arterial circle, introduced the
term ‘communicant branches’ to designate the ‘posterior
communicating arteries’. An illustration was provided
demonstrating an atypical and incomplete arterial circle.

William Cowper (ca 1666-1709), English surgeon and
anatomist, published The Anatomy of Human Bodies”
(1698)3.

The description did not add new contribution related to
denomination of the arterial components. He illustrated
his work, initially, with Bidloo’s complete, although atypical
circle. Next, he provided another figure, incomplete and
atypical, already published by Ridley, with the components
cited in the caption.

Frederik Ruysch (1638-1731), Dutch physician and
anatomist, produced “Twelf Problematic Anatomic Letters”
(Epistola Anatomica, Problematica, Duodecima) (1699)"4.

He described partially the arterial circle, without
introduction of new terms. The book was illustrated with a
complete circle.

Herman Boerhaave (1668-1738), Dutch physician,
chemist, and botanist, published the book “Medical
Foundations” (Institutiones Medicae) (1727)">.

Described without details the arterial circle, without the
introduction of new terms. He did not provide an
illustration.

The arterial circle: Willis’ successors

Joseph Lieutaud (1703-1780), French physician and
anatomist, in his book “Anatomical Essays” (Essais
Anatomiques) (1742) he describes the [intracranial] ‘internal
carotid’ and ‘vertebral arteries. The vertebral arteries, after
a short course, approach and join to form a single artery,
“which is named basilar artery” (...qu'on nomme basilaire)
[BA], which divides into two branches [PCA]. The internal
‘carotid artery' [ICA] divides into two branches, an internal
[anterior] and the other external; the ‘internal [anterior]
branch’ [ACA] approaches the similar one of the opposite
side, and exchanges some ‘anastomosis’ [ACoA], then
following forward; before the division, the internal carotid
artery emits a branch that communicates [PCoA] with the
‘branches’ [PCA] of the ‘basilar artery’. He provided some
well-drawn plates, but none of the base of the brain and its
arteries'.

He described the components of the arterial circle,
introduced the term ‘basilar artery’ (artére basilaire). He did
not provide an illustration of the circle.

Albrecht von Haller (1708-1777), Swiss physician, and
anatomist, pupil of Herman Boerhaaven, in his
“Anatomical Images” (lcones Anatomicae) (1756) includes
the “Arteries of the Brain” (Arteriae Cerebri) (Fascicle VII),
where the base of the brain and the arteries there present
are displayed (Plate ) The intracranial segment of the
‘internal carotid artery’ divides into an anterior and a
posterior branch, the ‘anterior branch of the carotid artery’
or ‘artery of the corpus callosum’ (anterior carotidis internae
ramus sive arteria corporis callosi) [ACA] present an
anastomosis [ACoA] [absent in caption], then follows
forward. The intracranial segment of the ‘vertebral arteries’
join together to form the ‘common vertebral trunk’
(truncum vertebralium communem), also named ‘cervical’
(according to Vieussens) or ‘basilar’ (basilarem) [according
to Lieutaud][BA], which at the anterior border of the pons
divide into four branches, two of which are the ‘posterior
cerebral arteries’ or ‘deep arteries' (arteria posterior aut
profunda cerebri) [PCA]; there are anastomoses between
those and the internal carotid arteries, the ‘communicating
arteries or Willis' circle (arteriae communicantes sive circulus
Willisiiy ~ [PCoA]'.  Another book was published
posthumously, the “Anatomical Descriptions of the
Arteries of the Human Body” (1813), edited by John Collins
Warren, American surgeon and anatomist, based on the
last London edition (1811), with additions and revisions,
illustrated by coloured engravings selected from the
Icones, with the division of the arteries adopted from
Xavier Bichat's Anatomie Générale. There, are described the
‘internal carotid artery’, or ‘cerebral artery’, the intracranial
segment emitting the ‘communicating artery’ [PCoA], and
an ‘anterior branch’ or ‘callosal artery’ [ACA], which
inosculates with the opposite one through a short and
transverse ‘communicating branch’ [ACoA]. Next are
described the intracranial parts of the ‘vertebral arteries’
[VA] that join to form the ‘basilar artery’ [BA], which divides
into four branches, the ‘superior branches’ [PCA] unite with
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the ‘communicating arteries’ [PCoA], anastomosing with
the internal carotid arteries, and “forming the great circle
of Willis™9:20

He described the components of the arterial circle, and
introduced the term ‘artery of the corpus callosum’ (later
substituted by the term ‘anterior cerebral artery’), named
the ‘posterior cerebral artery' (or ‘deep cerebral artery’)
[PCA], and the [posterior] ‘communicating arteries’ [PCoA].
Provided a complete illustration. Both books present
similar descriptions and illustrations.

Giovanni Domenico Santorini (1681-1737), Italian
physician and anatomist, published the “Anatomical
Observations” (Observationes Anatomicae) (1724), where
there is a partial description of the arterial circle?'. The
corresponding illustration was presented in the o.
Dominici Santorini's Principal Seventeen Anatomical Plates’
(Jo:  Dominici Santorini Anatomici Summi Septemdecim
Tabulae) (1775), drawn by the painter Giovanni Baptista
Piazzetta (intended to be the 2™ volume of the
“Anatomical Observations”), compiled and published
posthumously by his pupil Michael Girardi, with the
collaboration of Giambettista Morgagni, where all
unreleased anatomical observations and related
illustrations are found??2324,

He described some components of the arterial circle in the
first book. No illustration was provided. Later,
posthumously, another book was released, where the
components of the circle are described, however without
new names. An illustration of the base of the brain is
displayed, and the arteries of the circle are partially seen.

Félix Vicq d'Azyr (1748-1794), French physician and
anatomist, in his book “Tratise of Anatomy” (Traité
d’Anatomie) (Plate XIX) (1786) are displayed the arteries of
the base of the brain, drawn after have being injected.
There, it is represented the ‘internal carotid artery or
cerebral’ (artére carotide interne ou cérébrale) [ICA], cut after
the last curvature, giving origin to the ‘communicating
artery' (artére communicante) [PCoA], which joins with the
main branches [PCA] of the ‘basilar artery’ (artére basilair)
[BA]. The carotid artery gives origin to two branches, an
anterior and an external - the anterior branch curves over
the optic nerve, and receives the name of ‘callosal artery’
(artére calleuse) [ACA], which approaches the opposite one,
both becoming connected by a short anastomosis [AC0A]
[depicted], then running forwards. He further describes
the intracranial ‘vertebral arteries’, converging and forming
the ‘basilar artery’ [BA], which ramifies cephalically into the
‘deep cerebral arteries - posterior or deep of Haller) (artére
profonde du cerveau - posterior sive profunda Halleri) [PCA],
which gives origin to the ‘communicating arteries' (artére
communicante) [PCoA]. The superb illustrations were
drawn and engraved by Alexandre Briceau, draftsman to
the anatomy cabinet of Alfort Royal Veterinary School?>26 .

The arterial circle: Willis’ successors

He described the components of the arterial circle, without
new contribution to the nomenclature. There is a complete
and well-drawn illustration.

Samuel Thomas von Soemmerring (1755-1830), German
physician, and anatomist, published “On the Structure of
the Human Body” (De Corporis Humani Fabrica) (1792,
1800) in six volumes, among them one about the
arteries?7.28,

He described the components of the arterial circle, without
introducing new terms. He did not provide an illustration.

Marie-Francois-Xavier Bichat (1771-1802), French
anatomist and pathologist, in his book “Treatise of
Descriptive Anatomy” (Volume 1V) (Traité d'Anatomie
Descriptive [Tome IV] (1803) (completed posthumously and
published by Matthieu Frangois Régis Buisson, and
Philibert Joseph Roux, ex-pupils, who were collaborating
with Bichat's work), the arterial circulation of the base of
the brain is described, comprising the intracranial ‘internal
carotid artery’ [ICA] and its course, ramifying into the
‘anterior cerebral artery’ [ACA] (and the middle cerebral
artery), which runs forwards and anastomoses with the
opposite one by a short transversal branch, the ‘anterior
communicating’ [artery] ([artére] communiquante antérieur)
[ACoAl. He, further described the course of the intracranial
‘vertebral arteries’ [VA] that join to form the ‘basilar artery’
[BA], which ramifies into the ‘posterior cerebral arteries’
[PCA], the anterior [carotid] and posterior [vertebrobasilar]
circulation are in communication through the ‘posterior
communicating’  [arteries] ([artére] = communiquante
postérieur) [PCoA]. He regards these anastomoses as a
manner to make the distribution of the blood to the brain
livelier and uniform. He added that such anastomoses
make the arterial cerebral systems one whole, which may
even supplement each other in certain cases. No
illustration was provided?®3931,

He described the components of the arterial circle, and
introduced the terms ‘anterior cerebral artery’ and
‘anterior communicating’ artery. This description is a close
approximation to the present-day denomination of the
components of the arterial circle. An illustration was not
provided.

The brothers Bell, Scottish surgeons, anatomists,
and skilled draughtsmen made major contributions to the
anatomy of the human body, including of the nervous
system, and of its vasculature.

Charles Bell (1774-1842), authored and illustrated the
“Anatomy of the Human Body” (vol Il - ‘The Anatomy of
the Nervous System’) (1803), where he inserted a sketch of
the arteries of the base of the brain, with a complete circle
(‘circle of Willis'), and identified some components32. Later
he published the “Engravings of the Arteries” (1812),
showing the base of the brain and the local arteries (Plate
V), accompanied by an explanatory caption3®, a
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complementary book to illustrate the already published
“Anatomy of the Human Body” (vol Il - ‘The Anatomy of the
Heart and Arteries’) (1808), authored by his older brother
John Bell (1763-1820), where there is a full description of
arteries of the base of the brain34.353e,

Initially, Charles Bell provided a sketch of the complete
circle in the book he authored. Later, the description of the
components of the arterial circle was-presented by John
Bell, without new denomination. The illustration, with a
caption, also without new names, was published in a
complementary book, produced by Charles Bell.

Jean Cruveilhier (1791-1874), French anatomist and
pathologist, in his “Descriptive Anatomy” (Anatomie
Descriptive) (1834) describes the ‘internal carotid arteries’,
ramifying into three branches - one anterior, the ‘anterior
cerebral artery' (or ‘artery of the corpus callosum’) (artére
cérébrale antérieur), one external, and one posterior, the
‘posterior communicating artery' (artére communiquante
postérieure). The anterior cerebral artery approaches the
opposite one, becoming connected by an anastomotic
branch, the ‘anterior communicating artery’ (artére
communiquante antérieure), after which they continue their
course forward. Next, he describes the ‘posterior
communicating artery’ or Willis' communicating artery,
which arises from the internal carotid artery, bilaterally,
and course backward to join the ‘posterior cerebral
arteries’ (artéres cérébrales postérieures), terminal branches
of the ‘basilar trunk’ (tronc basilaire), the latter constituted
by the junction of the intracranial ‘vertebral arteries’ [VA].
He emphasizes the anastomosis at the base of the brain,
forming an arterial hexagon (hexagone artérial). He also
underlines that from this polygon, as from a centre, all
arteries of the brain leave. Finally, he ponders that
considering these large anastomotic communications, one
only of the four arterial trunks may suffice for the cerebral
circulation in the absence of the other three. The
description is perfect, but no illustration was presented3’.
He described the components of the arterial circle with the
complete present-day denominations, in a precise
manner. However, no illustration was provided.

Jones Quain (1796-1865), Irish anatomist, and William
James Erasmus Wilson (1809-1884), Scottish surgeon and
anatomist, published their “A Series of Anatomical Plates”
(including ‘The Vessels of the Human Body') (1836-42)38.
They described the components of the arterial circle,
without introducing a new term. A well-done illustration
was provided.

Henry Gray (1827-1861), British anatomist and surgeon,
published the first edition of his “Anatomy - Descriptive
and Surgical” (1858), based on dissections he performed
with the collaboration of Henry Vandyke Carter, anatomist,
surgeon, and skilled draughtsman, who also provided the
drawings that illustrate the book. There, it is described and

The arterial circle: Willis’ successors

displayed correctly the base of the brain and the vessels
related to the arterial circle, comprising the ‘anterior
cerebral artery’ [ACA] that arises from the ‘internal carotid
artery’ [ICA], passes forwards, and connects soon after its
origin with its congener of the opposite side by a short
anastomosing trunk, the ‘anterior communicating artery’
[ACoA], then the ‘posterior communicating artery’ [PCoA]
arises from the back part of the internal carotid, runs
backwards, and anastomoses, on each side, with the
‘posterior cerebral artery’ [PCA], terminal branches of the
‘basilar artery’' [BA], the latter formed by the junction of the
intracranial ‘vertebral arteries’ [VA]l. He comments,
regarding the circle of Willis: “The remarkable anastomosis
which exists between the branches of the internal carotid
and vertebral arteries, at the base of the brain, constitutes
the circle of Willis..It is by this anastomosis that the
cerebral circulation is equalized, and provision made for
effectually carrying it on, if one or more of the branches
are obliterated”. The book is still published under the title
“Gray’'s Anatomy” (Figure 2)3%40

He described the components of the arterial circle, with
the present-day designations. A complete illustration of
the arterial circle was provided.

Figure 2. Basal view of the brain with the arterial circle. The right half of the cerebellum
and pons have been removed (Gray, 1858 - p 337 [Figure 196]). Depicted by Henry
Vandyke Carter.?® !

COMMENTS

The description of arteries at the base of the
human brain constituted a focus of interest since the
restoration of human dissection. A number of descriptions
and illustrations of the arteries that form a circle or
polygon of Willis, with variable completeness, were
performed by many outstanding pre-Willisian authors,
among which the names of Giulio Casserio (1627), Johann

Revista Brasileira de Neurologia > Volume 58 > N°1 >»>JAN/FEV/MAR, 2022 39



Engelhardt and Levy

Vesling (1647), and Johann Jakob Wepfer (1658) should be
highlighted, culminating with the exemplary work of Thomas
Willis (1664), which earned him the eponym that remains in
use in the present days. Such initial research lasted over
three centuries. Despite a complete description and
depiction of the arterial components of the circle, at the end
of this period, their naming lagged behind’.

After Willis, a large number of renowned
anatomists, the post-Willisian, studied this formation
further. This period begun with a poor contribution of
Isbrand van Diemerbroeck (1672). Next appeared authors
who provided names that became ephemeral, followed by
those who presented designations that would remain
permanently, appearing in a gradual manner. Among the
latter must be initially cited Joseph Lieutaud (1742), and
Albrecht von Haller (1756). They were followed by Xavier
Bichat with his posthumous work (1803), where the
definitive basis of the nomenclature appeared, and the
definitive names were established by Jean Cruveilhier (1834).
However, their work was incomplete, as they did not provide
an illustration of their findings. This period was closed with
Henry Gray's book (1858), who not only utilized the already
given definitive names of the components, but also provided
a correct illustration of the arterial circle, consolidating the
knowledge on the subject. This period spanned almost two
centuries of research.

CONCLUSION

The study of the arteries at the base of the human
brain begun with the reintroduction of human dissections,
in the beginning of the 14™" century. The first period was
characterized by the achievement of the structural definition
of the component arteries, with the recognition of an
arterial circle or polygon - the ‘circle of Willis, in the 17t
century. A second period comprised the nomenclature of
the arterial components of this circle, which gradually came
to be established in the middle of the 19t century. The total
duration of this work lasted more than a half millennium,
requiring a large number of renowned anatomists to be
finally completed.
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