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RESUMO

Introducgéo: O potencial miogénico evocado vestibular (VEMP) pode ser usado para
testar as vias vestibulares centrais do mesencéfalo a coluna lombar, de acordo com o
musculo de registro. Objetivo: Comparar a lesdo medular na mielopatia associada ao
HTLV-1 (HAM) e na infec¢do assintomatica usando o VEMP com diferentes muasculos
de registro. Métodos: O VEMP foi registrado em 90 individuos (30 HAM, 30 portadores
assintomaticos e 30 controles negativos) no masculo oculomotor (0VEMP), testando o
reflexo vestibulo-ocular; no masculo cervical (CcVEMP) e no masculo séleo (SVEMP),
testando os reflexos vestibulares espinhais, respectivamente, nos niveis da coluna cervical
e da coluna lombar. O tipo de estimulacéo foi auditivo para oVEMP e cVEMP e galvanico
para SVEMP. As variaveis comparadas foram as laténcias das ondas eletrofisioldgicas.
Resultados: O grupo assintomatico foi semelhante ao grupo controle em relacdo ao
oVEMP (p=0,461), mas foi diferente em relacdo ao cVEMP (p <0,001) e sVEMP (p
<0,001). O grupo HAM apresentou as piores laténcias ¢ foi diferente do grupo
assintomatico para todas as modalidades de VEMP (p <0,001). A altera¢ao concomitante
nos trés VEMPs no mesmo individuo ocorreu em 2 (6,7%) portadores assintomaticos e
em 20 (66,7%) pacientes com HAM (p=0,001). A alteracdo em cada VEMP
separadamente foi identificada no grupo assintomatico em 3 (10,0%) individuos para
oVEMP, 10 (33,3%) para cVEMP e 13 (43,3%) para SVEMP. No grupo HAM, 0 oVEMP
foi alterado em 23 (76,6%) individuos, o cVEMP em 27 (90%) e 0 SVEMP em 30 (100%).
Conclusdo: O dano neuroldgico na infeccdo pelo HTLV-1 segue uma progressdo
ascendente que se inicia na fase assintomatica, aparentemente clinica, e a HAM afeta ndo

apenas a coluna vertebral, mas também o mesencéfalo.

Descritores: Testes de funcdo vestibular, Potencial evocado motor, Virus linfotropico

T tipo 1 humano, Equilibrio postural, Nervo vestibular, Saculo e utriculo



ABSTRACT

Introduction: Vestibular Evoked Myogenic Potential (VEMP) can be used to test central
vestibular pathways from the midbrain to the lumbar spine, according to the muscle
tested. Purpose: To compare the spinal cord alteration in individuals with HTLV-1-
associated myelopathy (HAM) and with HTLV-1-asymptomatic infection using the
VEMP recorded from different muscles. Methods: VEMP was recorded in 90 individuals
of whom 30 had HAM, 30 were HTLV-1 asymptomatic carriers, and 30 negative controls.
VEMP was recorded in the oculomotor muscle (0VEMP), testing the vestibulo-ocular
reflex, and in the cervical muscle (cVEMP) and soleus muscle (SVEMP), testing the
vestibulospinal reflex, respectively, in the cervical and in the lumbar spinal level. The
type of stimulation was auditory for oVEMP and cVEMP, and galvanic for sVEMP. The
compared variables were the latencies of the electrophysiological waves. Results:
HTLV-1-asymptomatic group was similar to the controls regarding oVEMP (p = 0.461),
but different regarding cVEMP (p < 0.001) and sVEMP (p < 0.001). HAM group has
presented the worst latencies and was different from the HTLV-1-asymptomatic group in
the VEMP of all the tested muscles (p < 0.001). The concomitant occurrence of VEMP
alterations in the three recorded muscles of the same individual was found in 2 (6.7%)
asymptomatic carriers and in 20 (66.7%) patients with HAM (p = 0.001). The analysis of
VEMP alteration per group and per muscle has showed that, in HTLV-1-asymptomatic
group, oVEMP was altered in 3 (10.0%) individuals, cVEMP in 10 (33.3%) and SVEMP
in 13 (43.3%). In HAM group, oVEMP was altered in 23 (76.6%) individuals, cVEMP
in 27 (90%), and SVEMP in 30 (100%). Conclusion: HTLV-1-neurological damage has
followed an ascendant progression beginning at the lumbar spine in the stage of a
clinically asymptomatic infection, whereas HAM has affected not only the spine, but also

the midbrain.

Keywords: Vestibular function tests, Motor evoked potentials, Human T lymphotropic

virus 1, Postural balance, Vestibular nerve, Saccule and utricle
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CONSIDERACOES INICIAIS

A proposta deste estudo surgiu a partir de pesquisas com o potencial evocado
miogénico vestibular (VEMP), desenvolvidas no Grupo Interdisciplinar de Pesquisas em
HTLV (GIPH), do qual faco parte desde 2016. Até entdo, todos os estudos utilizaram o
VEMP para avaliar a medula (FELIPE et al., 2008; FELIPE et al., 2013; LABANCA et
al., 2015). O uso do VEMP para a avaliacdo de individuos com mielopatias motoras tem
se mostrado valido para o diagnostico precoce da mielopatia associada ao HTLV-1
(HAM), seja com estimulo auditivo, seja com estimulo elétrico (FELIPE et al., 2008;
FELIPE et al., 2013; LABANCA et al., 2015; CAPORALI et al., 2018).

Na evolucdo do conhecimento sobre a fisiopatologia da HAM, pesquisadores
consideraram que a HAM comprometia a regido lombo-sacral (CERVILLA; CARTIER;
GARCIA, 2006; IWASAKI, 1993). Posteriormente, demostrou-se que a HAM é uma
mielopatia que compromete toda a medula, podendo acometer a medula cervical ainda na
fase assintomatica da doenca (FELIPE et al., 2008; FELIPE et al., 2013; LABANCA et
al., 2015). Mais recentemente, consideraram que o cOrtex é comprometido nas fases mais
avancadas da HAM (CHAMPS et al., 2019). A proposta do presente estudo foi dar
seguimento para a avaliacdo eletrofisioldgica do sistema nervoso central (SNC) de
individuos infectados pelo virus linfotropico humano de células T tipo 1 (HTLV-1)
assintomaticos e com mielopatia, de modo a melhor esclarecer alteraces subcorticais,
com base nas respostas eletrofisiologicas de vias neuronais ascendentes associadas ao
equilibrio corporal.

Eu tenho estudado o VEMP ha alguns anos. Na minha dissertacdo de mestrado,
avaliei o uso do VEMP na doenca de Meniére, uma labirintopatia periférica de
diagndstico clinico. Eu utilizei, para captagdo da resposta, os musculos extraoculares e 0
musculo esternocleidomastoideo com o objetivo de avaliar as respostas do utriculo e do
saculo, respectivamente. A novidade do meu estudo foi a captacdo simultanea das duas
respostas musculares, de modo a reduzir o tempo de realizagdo do exame. Esse estudo foi
publicado no Brazilian Journal of Otorhinolaryngology, tornando-se referéncia para a
técnica de VEMP simultaneo. Trés profissionais em Otoneurologia da Universidade de
Sdo Paulo (USP) estiveram em treinamento no servico de Otorrinolaringologia do
Hospital das Clinicas da Universidade Federal de Minas Gerais (UFMG) (22 e
23/01/2020) e um dos objetivos ressaltados pelos profissionais foi o interesse pela técnica
do VEMP simultaneo (ANEXO A).
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No VEMP, a resposta evocada demonstra a integridade da via anatdmica testada
e essa via varia de acordo com o musculo de captacdo da resposta. Assim, o VEMP
captado na musculatura ocular (0VEMP) relaciona-se a avaliacao da integridade da regido
subcortical, possivelmente mesencéfalo. A resposta em musculos cervicais (CVEMP)
avalia a medula cervical (C1-C2) e a resposta em musculos da panturrilha, sendo mais
utilizado o musculo séleo (SVEMP), avalia a medula lombar (L5-S1). Com base nisso, a
nossa hipétese foi que 0 OVEMP poderia ser um exame valioso para avaliacdo de um
comprometimento subcortical associado ao HTLV-1, visto que estudos recentes tem
mostrado que o HTLV-1 causaria comprometimento ndo apenas na medula, mas também
em todo 0 SNC, o que ja foi estabelecido nas fases mais avancadas da HAM. Porém, nada
é sabido sobre o portador assintomatico. Haveria um comprometimento no SNC mais
difuso ocorrendo de modo subclinico em individuos considerados portadores
assintomaticos do HTLV-1? Essa foi a nossa principal pergunta. Em acréscimo,
avaliamos ndo s6 o0 oVEMP desses individuos, mas também o cVEMP e 0 SVEMP a fim
de esclarecer o valor do VEMP para avaliar a extensdo do comprometimento neuroldgico
na infeccdo pelo HTLV-1.

O presente trabalho estd inserido na linha de pesquisa Infeccbes virais -
HIV/AIDS, HTLV-I/I1 e outros virus do Programa de Pds-graduacdo em Infectologia e
Medicina Tropical. O volume consta de introducdo, revisdo de literatura, objetivos,
materiais e métodos, resultados e discussdo, consideracfes gerais, concluses e
referéncias bibliograficas. Na secdo revisao de literatura, apresento 0 meu primeiro artigo
feito durante o doutorado, uma reviséo de literatura sobre 0 VEMP, publicado na revista
Audiology - Communication Research em maio de 2019. Na secdo materiais e métodos
apresento um fluxograma das etapas do estudo. Na secdo resultados e discussdo, 0
segundo e o terceiro artigos sdo apresentados. O segundo artigo, publicado na revista
PLoS One em dezembro de 2019, aborda o uso do oVEMP e do cVEMP na infecgéo pelo
HTLV-1. O terceiro artigo, publicado na revista Frontiers in Neurology em maio de 2020,
aborda o uso do oVEMP, do cVEMP e do sVEMP na infeccdo pelo HTLV-1. Em
apéndices e anexos, foram apresentadas as informacdes relacionadas a pesquisa na forma
de documentos que ndo foram apresentados nos artigos.

A tese segue a Resolucdo n°02/2013, de 18 de setembro de 2013, que regulamenta
o formato dos trabalhos finais, estabelecendo condigdes para a marcagéo da defesa de
teses e dissertacdes do Programa de P6s-Graduacdo em Ciéncias da Saude: Infectologia
e Medicina Tropical da Faculdade de Medicina da UFMG.
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1 INTRODUCAO

O HTLV-1 tem ampla distribuicdo mundial e estima-se que 15 a 20 milhdes de
pessoas estejam contaminadas (YOSHIDA; JEANG, 2005). No Brasil, a infec¢do pelo
HTLV-1 é considerada endémica e, aproximadamente, 2,5 milhdes de pessoas estdo
infectadas pelo virus, o que torna o Brasil o pais com maior nimero absoluto de casos.
(DOURADO et al., 2003; JACOB et al., 2007; SILVA et al., 2009).

O modo como a interacdo entre o virus e o hospedeiro se desenvolve é
determinante para o estado de portador assintomatico ou de doente. As doengas mais
frequentemente associadas ao HTLV-1 sdo a leucemia/linfoma de células T do adulto
(ATL) e a HAM e estima-se que 5% dos portadores possam desenvolver alguma doenca
relacionada ao HTLV-1 (CARNEIRO-PROIETTI et al., 2006).

A HAM ¢ doenca grave por causa das limitacbes motoras que acometem 0s
membros inferiores somadas a disfuncéo autonémica (BHIGJEE et al., 1991). Os sinais
e sintomas mais frequentes na HAM sdo espasticidade, hiperreflexia, parestesia em
membros inferiores, clénus e/ou sinal de Babinski, queixas urinarias, dor lombar,
constipacdo e sensibilidade vibratoria diminuida. (GOTUZZO et al., 2000). O diagnostico
é baseado nos sinais e sintomas associados a sorologia positiva para 0 HTLV-1
(CASTRO-COSTA et al., 2006). Logo, o diagnostico clinico € tardio.

O diagnostico se baseia na alteracdo do exame neuroldgico, alteracdes em exames
de imagem e no liquor, associado a sorologia positiva para 0 HTLV-1. Um estudo
demonstrou que alteragdes imunoldgicas da cascata inflamatoria precedem as
manifestacdes clinicas na HAM (STARLING et al.,, 2015). Com esse enfoque,
marcadores subclinicos de progndstico para a evolugdo de portador assintomatico para
HAM sdo de grande valor cientifico.

O tratamento &, ainda, apenas sintomatico e estudos tém avancado na busca por
um tratamento que de fato controle a evolucdo da doenca (ARAYA et al., 2016; BUELL
et al., 2016). O consenso é que qualquer medida terapéutica efetiva somente tera valor se
iniciada na fase inicial da doenca, ainda sem lesdo neuronal estabelecida (BUELL et al.,
2016). Por isso, o diagnostico precoce € muito importante.

A queixa de instabilidade postural pode ser uma das primeiras manifestacdes
clinicas que indicam evolugédo de portador assintomatico para HAM (LABANCA et al.,
2015). De fato, naqueles considerados como ‘“portador assintomatico”, alteragdes

eletrofisiologicas associadas ao trato vestibulo-espinal, vistas através do cVEMP,
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parecem indicar aqueles que evoluirdo para HAM (FELIPE et al., 2008; FELIPE et al.,
2013). Por isso, a queixa de tontura é um relato comum na fase inicial da HAM e precede
alteracdes objetivas no exame neurologico (LABANCA et al., 2015).

O VEMP é uma técnica complementar para a avaliacdo da funcao vestibular. O
VEMP é um potencial evocado de curta laténcia gerado por um reflexo muscular
vestibulo-espinal ou vestibulo ocular, que depende da integridade funcional da mécula
sacular e utricular, do nervo vestibular inferior, do nervo vestibular superior, dos ndcleos
vestibulares, das vias vestibulares e da placa neuromuscular (KANTNER; GURKOV,
2012).

Para o diagnostico eletrofisioldgico da lesdo subclinica medular relacionada a
HAM, publicacbes anteriores utilizaram o VEMP com captacdo de resposta na
musculatura cervical e de membros inferiores com o proposito de testar o trato vestibulo-
espinal descendente (FELIPE et al., 2008; FELIPE et al., 2013; LABANCA et al., 2015).

O VEMP com estimulacdo galvanica e captagdo da resposta eletromiografica em
membros inferiores (SVEMP) oferece informacdes sobre o trato vestibuloespinhal, o qual
se estende até a medula lombar (ILES et al., 2004; LIECHTI et al., 2008; WATSON &
COLEBATCH, 1998). O estimulo galvanico apresenta aplicabilidade clinica bem
definida para esse fim e o teste pode auxiliar na identificacdo de possivel alteracdo
medular associada ao HTLV-1 (FELIPE et al., 2013; CUNHA et al., 2013). Estudo piloto
realizado em pacientes assintomaticos e com HAM demonstrou alteracbes em pacientes
com HAM e em 30% daqueles assintomaticos, indicando possivel acometimento medular
(CUNHA et al., 2013).

O conceito mais aceito € que a HAM é uma mielopatia motora com
comprometimento cortical tardio (CERVILLA; CARTIER; GARCIA, 2006). Porém,
estudos tém demonstrado que o comprometimento cortical pode estar associado a HAM
ainda em sua fase inicial (CERVILLA; CARTIER; GARCIA, 2006). O presente estudo
permitird esclarecer essas questdes, principalmente por avaliar por meio de exames
eletrofisiologicos individuos infectados pelo HTLV-1 na fase assintomética comparando-

0S aos pacientes com HAM.
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2 REVISAO DA LITERATURA

2.1 Virus linfotropico humano de células T-tipo 1 (HTLV-1)

No ano de 1979 foi descrito o primeiro retrovirus humano, o HTLV-1 (GALLO,
2005). Estudos posteriores comprovaram a participacao do virus como agente etiologico
da leucemia de células T do adulto (ATL) (POIESZ et al., 1980; GALLO, 2005) e na
etiologia da HAM (TAYLOR; MATSUOKA, 2005). Estudos preconizam que a Africa é
0 reservatdrio primario desse retrovirus, sendo 0 mesmo endémico em diversas partes do
mundo (SANTOS; LIMA, 2005).

No Brasil, estudos de prevaléncia confirmam a presenca do HTLV-1 em todo o
pais. Entre doadores de sangue provenientes das diferentes regies do pais, a prevaléncia
é variavel, sendo de 0,08% no Norte e no Sul do pais (Manaus e Floriandpolis); 0,33%
no Nordeste e no Sudeste (Recife e Rio de Janeiro) e 1,35% em Salvador (CATALAN-
SOARES; PROIETTI; CARNEIRO-PROIETTI, 2001; SANTOS; LIMA, 2005). A
soroprevaléncia média encontrada entre doadores brasileiros aptos a doagéo € cerca de 20
a 100 vezes mais alta do que a relatada para os Estados Unidos e Europa. Esse fato, aliado
a extensdo territorial e ao tamanho da populacédo, indica que o Brasil abriga o maior
namero absoluto de individuos soropositivos para HTLV-1 entre todos os paises
endémicos (CARNEIRO-PROIETTI et al., 2006).

A transmissdo do HTLV-1 se da por via transplacentaria, durante o parto,
amamentacao, relacao sexual, transfusdo de sangue, hemoderivados contaminados e uso
de drogas injetaveis (SANTOS; LIMA, 2005).

O diagndstico sorologico da infeccdo pelo HTLV-1 baseia-se na deteccdo de
anticorpos especificos contra o virus. O teste de triagem mais utilizado é o ensaio
imunoenzimatico (ELISA) (RUDOLPH et al., 1993) e os testes confirmatdrios sdo o
Western Blot (WB) (LAL et al., 1992) e a deteccdo do DNA proviral, através da reacéo
em cadeia de polimerase (PCR) (HENEINE et al., 1992).

A historia natural da infecgcdo pelo HTLV-1 ndo est4d completamente elucidada,
principalmente porque o tempo decorrido entre a exposicao/infeccdo e o inicio de
sintomatologia é muito longo (BORDUCCHI; KERBAUY; OLIVEIRA, 1999).
Aproximadamente 95% dos individuos infectados permanecem assintomaticos ao longo
da vida (SANTOS; LIMA, 2005). Estudos demonstram que 0,25 a 4% dos individuos
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desenvolverdo HAM e outros 2 a 6% desenvolverdo ATL (YAMANO et al., 2002;
ORLAND et al., 2003).

2.1.1 Mielopatia associada ao HTLV-1 (HAM)

A HAM é uma doenga neurologica de progresséo lenta e irreversivel e a alteragdo
na marcha, caracterizada por uma paraparesia espastica, surge gradualmente com sinais
de envolvimento do trato piramidal (GOTUZZO et al., 2000). Uma minoria pode
apresentar uma progressdo rapida dos sintomas neurolégicos (MILAGRES et al., 2002).
Acomete mais mulheres do que os homens numa proporcao de 8:3, com inicio dos
sintomas na quarta década de vida (GOTUZZO et al., 2000).

Fortes evidéncias sugerem que o tecido nervoso seja lesado de forma indireta pelo
HTLV-1. Linfécitos infectados, que apresentam maior capacidade de migracdo para o
interior do SNC, possuem a capacidade de liberar citocinas e outros fatores neurotdxicos
que seriam lesivos as células do parénquima (JOHNSON, 2003).

Por outro lado, as lesbes de parénquima podem ndo estar limitadas a medula
espinhal, mas também ser observadas na substincia branca subcortical, o que foi
demonstrado em estudo histopatolégico e em exames de imagem como a ressonancia
nuclear magnética (RNM) (SILVA et al., 2003; PUCCIONI-SOHLER et al., 2012;
UMEHARA et al., 2007).

Outros estudos sugerem a ocorréncia de alteracdes inflamatorias simultaneamente
em todo o SNC, podendo ser observadas no cortex, cerebelo e tronco cerebral (GASCON
et al., 2017; TANAJURA et al., 2015; SCHUTZE et al., 2017; IWASAKI, 1993). Ha
relatos de comprometimento cognitivo, sendo encontradas alteracdes na inteligéncia
fluida, na memoria visual imediata e no processamento da informagio (GASCON et al.,
2017). Les0es temporais com distdrbios na memoria e aten¢do também foram observadas
(MENDES et al., 2014).

Um estudo descreveu alteragfes no SNC relacionadas ao HTLV-1, observando,
no encéfalo, &reas de inflamacao perivascular na substancia branca cerebral (CERVILLA,;
CARTIER; GARCIA, 2006). Achados histopatoldgicos mostram que uma inflamag&o
crénica acomete o SNC e a medula, sendo caracterizado por um infiltrado linfocitario
perivascular composto principalmente por linfécitos T-CD4+ na doenga inicial e
linfocitos T-CD8+ na doenca avancada, seguida por uma fase atréfica com menos
celularidade (TAYLOR; MATSUOKA, 2005).
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A HAM é uma doenca de elevada morbidade e ainda com tratamento apenas
sintomético. Apo6s 10 anos de inicio da mielopatia, 0 paciente estara limitado a uma
cadeira de rodas (GOTUZZO et al., 2000). Estudos tém avancado na busca por um
tratamento que controle a evolucdo da doenca (ARAYA etal., 2016; BUELL etal., 2016).
O consenso é que qualquer medida terapéutica efetiva somente tem valor se iniciada na
fase inicial da doenca, ainda sem lesdo neuronal estabelecida (LABANCA et al., 2018).
Por isso, o diagnostico precoce € muito importante.

Castro-Costa e outros (2006) elaboraram proposta de um modelo modificado para
0 diagndstico e classificagdo da HAM baseado em uma revisdo da literatura sobre o
assunto e nos critérios propostos pela Organiza¢do Mundial de Saude. Os resultados deste

estudo encontram-se resumidos no quadro 1.

Quadro 1. Critérios para os niveis de definicéo diagnostica da Mielopatia associada ao HTLV-1 (HAM)

Definido:
Paraparesia espastica progressiva, ndo remissiva associada a marcha suficientemente
comprometida para ser percebida pelo préprio paciente. Sintomas ou sinais sensitivos podem
ou ndo estar presentes. Quando presentes permanecem sutis e sem nivel sensitivo. Sinais ou
sintomas esfincterianos anais e urinarios podem ou ndo estar presentes;
Presenca de anticorpos anti-HTLV-1 no soro e liquido cefalorraquidiano (LCR), confirmados
por Western Blot (WB) efou detec¢do do Deoxyribonucleic acid (DNA) proviral no sangue
e/ou LCR;
Exclusdo de outras condicfes que se assemelham a HAM.
Provavel:
Apresentagdo monossintomatica: espasticidade ou hiperreflexia dos membros inferiores ou
sinal de Babinski com ou sem sinais sensitivos sutis ou bexiga neurogénica isolada confirmada
por testes urodindmicos;
Presenca de anticorpos anti-HTLV-1 no soro e LCR, confirmados por WB e/ou detec¢do do
DNA proviral no sangue e/ou LCR,;
Excluséo de outras condi¢fes que se assemelham a HAM.
Possivel:
Apresentacdo clinica completa ou incompleta;
Presenca de anticorpos anti-HTLV-1 no soro e LCR, confirmados por WB e/ou detecc¢do do
DNA proviral no sangue e/ou LCR;
N&o exclusdo de outras condi¢bes que se assemelham a HAM.

Fonte: CASTRO-COSTA et al. 2006
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2.2 Equilibrio corporal

O equilibrio é consequéncia da interacdo continua entre os sistemas vestibulares,
proprioceptivos e visuais, 0s quais sdo integrados e modulados por todos os niveis do
SNC.

As informacdes captadas pelos receptores periféricos chegam ao SNC por meio
da porcdo vestibular do nervo vestibulo coclear. O nervo vestibular possui dois ramos, 0
superior e o inferior. O primeiro recebe fibras provenientes do utriculo e canais
semicirculares anterior e lateral e 0 segundo, recebe fibras do saculo e do canal posterior.
Além disso, o nervo auditivo recebe fibras do s&culo e o nervo vestibular inferior recebe
fibras provenientes do 6rgdo de Corti, demonstrando as conexdes entre o aparelho
auditivo e vestibular (GUERRAZ; DAY, 2005; HAIN; RAMASWAMY; HILLMAN,
2002).

O sistema sensorial periférico possui receptores vestibulares que enviam
informacdes ao SNC sobre 0os movimentos e a posi¢do da cabeca no espaco. Esses 6rgaos
receptores sdo 0s canais semicirculares, que fornecem informacdes dos movimentos de
rotacdo da cabeca, o utriculo, sensivel a informacdo de movimento no plano horizontal e
inclinacdo da cabeca e o saculo, sensivel a aceleracdo vertical. O saculo e utriculo s&o
denominados 6rgdos otoliticos. Os reflexos otoliticos respondem a variagdes de
aceleracdo linear, principalmente por meio do trato vestibulo-espinhal lateral, que produz
uma excitacdo dos neurbnios para musculatura extensora ipsilateral com inibicédo
reciproca dos flexores (BONALDI, 2004; MUROFUSHI; CURTHOYS; GILCHRIST,
1996; DIDIER; CAZALS; AUROUSSOU, 1987).

A porcdo vestibular do VIII par projeta-se aos nucleos vestibulares lateral,
inferior, medial e superior no tronco cerebral. Os nucleos vestibulares medial e superior
recebem aferéncias principalmente dos canais semicirculares, projetando-se, por
intermédio do fasciculo longitudinal medial, aos nucleos oculomotores, cujos
motoneur6nios inervam 0s musculos extrinsecos oculares. Dentre os reflexos que se
destinam a manter essa estabilidade destaca-se o reflexo vestibulo-ocular. Este é
desencadeado por movimentos da cabeca que tenderiam a deslocar a imagem projetada
na retina. Movimentos oculares compensatorios sdo assim deflagrados a partir da
informacdo vestibular, sendo que os olhos tendem a se mover de tal forma a anular o
deslocamento da imagem que seria provocado pelo movimento da cabe¢a (BARMACK,
2003; BONALDI, 2004).
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O nucleo medial envia também projec@es bilaterais ao nivel cervical da medula
espinhal por intermédio do trato vestibulo-espinhal medial. Essas projec@es influenciam
0s motoneurdnios medulares que inervam masculos cervicais, participando de reflexos
que controlam movimentos do pescoco de maneira correlacionada e sinérgica aos
movimentos oculares (BONALDI, 2004).

A porcéo ventral do ndcleo vestibular lateral recebe aferéncias do utriculo e dos
canais semicirculares, contribuindo também para os circuitos vestibulo-oculares. A
porcdo dorsal desse nacleo, recebendo aferéncias do cerebelo e da medula espinhal, envia
projecdes ipsilaterais ao corno anterior da medula espinhal, por intermédio do trato
vestibulo-espinhal lateral. Essas projecdes sobre motoneurbnios que inervam os musculos
dos membros exercem excitacdo tdnica sobre musculos extensores dos membros
inferiores contribuindo na manutencéo da postura (GUERRAZ; DAY, 2005; BONALDI,
2004).

O nucleo vestibular inferior recebe aferéncias tanto dos canais semicirculares
qguanto do saculo e utriculo, além de projecdes cerebelares. Suas projecdes incluem
circuitos vestibulo-espinhais, integrando aferéncias vestibulares e cerebelares
(BONALDI, 2004; MUROFUSHI; CURTHOYS; GILCHRIST, 1996).

Os reflexos vestibulo-espinhais tém a funcéo de estabilizar a cabeca no espaco e
em relacdo ao tronco, assim como manter a postura ereta. Estimulos labirinticos levam a
diferentes padrdes de ativacdo na musculatura cervical e dos membros. Reflexos fasicos
de curta laténcia sdo mediados pelos canais semicirculares por meio do trato vestibulo-
espinhal medial (vestibulo-colico). Estes tém a funcdo de ativar musculos cervicais
especificos, com consequente estabilizacdo da cabeca no espaco, a partir de estimulos dos
canais semicirculares (BONALDI, 2004; COLLARD, 1994).

O trato reticulo-espinhal tem sua origem na formacé&o reticular bulbar, sendo que
a maioria dos neurdnios reticulo-espinhais ponto bulbares recebe aferéncias dos 6rgaos
otoliticos e canais semicirculares e se projetam principalmente para neurénios medulares
lombares e em menor nimero para neurdnios cervicais (BONALDI, 2004).

Nas lesOes do sistema vestibular, a vertigem decorre de informacGes sensoriais
labirinticas conflitantes com as informaces visuais e somatossensoriais. Muitas vezes, é
acompanhada de sintomas neurovegetativos, como nauseas, vomitos, sudorese, palidez e
taquicardia (STRUPP et al., 2017).
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INTRODUCTION

Vestibular-evoked myogenic potential (VEMP) is an
electrophysiological method used to assess integration of the
otolith organs and vestibular nerves with the brainstem and the
muscular system. Therefore, it 1s a complementary exam that
presents the differential of evaluating the central vestibular
function, and 1t is related to a disynaptic reflex that has been
considered to investigate brainstem function®?.

The VEMP is generated from the muscle reflex responses
resulted of the vestibulo-ocular, the vestibulomasseteric and
the vestibulospinal reflexes. These reflexes depend on the
functional integrity of the utricular and saccular maculae, the
mnferior and superior vestibular nerves, the vestibular nucle1, the
central vestibular pathways, and the neuromuscular plaques®*.
Changes in The VEMP are observed if any of the listed structures
present injury.

The VEMP has been utilized to study a variety of
vestibular diseases. Among peripheral diseases, Meniere’s
disease®®, vestibular neuritis®, superior semicircular canal
dehiscence®!? large vestibular aqueduct syndrome®?,
and vestibular schwannoma®*!? are highlighted, whereas
among central vestibular diseases, vestibular migraine®®,
Parkinson’s disease®, central ischemic lesions®*'®, and
motor myelopathies®®2 stand out.

The VEMP can be generated through auditory or galvanic
stimulation and evoked responses can be obtained from several
muscles such as extraocular, cervical, masseter, intercostal,
brachialis, soleus, or gastrocnemius. The basic principle is the
action of the muscular response in the postural control, either
through vestibulo-ocular, vestibulocollic, or vestibulospinal
reflex®¥_ With this approach, VEMP application varies
according to the type of stimulation and the electromyographic
muscular response®?. In its several modalities, this test presents
characteristics favorable to its use in clinical practice: objectivity,
non-invasiveness, easy execution, low cost, rapidity, and minimal
discomfort for the patient. As any other electrophysiological
examination, the examiner’s experience is a determining factor
for the test reliability®.

PURPOSE

This study aimed at revising the scientific literature addressing
the main techniques used to generate vestibular-evoked myogenic
potentials (VEMP) and their clinical applications.

RESEARCH STRATEGY

A systematic review of the literature was conducted, without
meta-analysis, based on the following question: What are the
different methods used to generate VEMP and their clinical
applications? A search was conducted in the PubMed, Web of
Science, MEDLINE. Scopus, LILACS, and SciELO electronic
databases for articles published between January 2012 and
May 2018. The following descriptors were used in the search:
Vestibular-evoked myogenic potential, auditory stimulation,
electric stimulation, postural balance, and vestibular nuclei.
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Vestibular-evoked myogenic potentials

Keywords were selected based on consultation with the Health
Sciences Descriptors (DeCS) and Medical Subject Headings
(MeSH), and were combined using the Boolean operator AND.
The following combinations were used: Vestibular-evoked
myogenic potential AND auditory stimulation; Vestibular-evoked
myogenic potential AND electric stimulation; Vestibular-evoked
myogenic potential AND postural balance; Vestibular-evoked
myogenic potential AND vestibular nuclei.

Through these search strategies, 396 publications were
found (205 in PubMed, 96 in Web of Science. 35 in MEDLINE,
52 in Scopus, and eight in SciELO). No publications were
found on the LILACS database. First, the article titles were
analyzed, and those associated with the theme proposed
for the review were selected. Titles should make reference
to VEMP. A second selection was conducted by analyzing
the abstracts, which should include the clinical application
of VEMP.

SELECTION CRITERIA

The articles met the following criteria to be included in this
revision: 1) be published in Portuguese, English, or Spanish
between January 2012 and May 2018; 2) titles should contain
the word VEMP and a clinical application should be described
in the title or abstract.

Articles that did not address VEMP and their clinical application
1n the title or abstract, did not mention the characteristics of the
VEMP used, and did not describe the results of the evaluation
were excluded. Articles repeated in the databases, literature
reviews, case reports, letters, and editorials were also excluded
from the review.

After analysis, 28 articles that met the inclusion criteria
were selected for review. The article selection process was
based on the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: the PRISMA
Statement®® (Figure 1).

TOTAL REFERENCES:
396 ARTICLES

EXCLUSION:

- By repetition 121
> _ldom &
A - Review Articles: 16

TITLE AND ABSTRACT
ANALYSIS: 253

EXCLUSION:
- Without raference to VBWP: 77
f————————————> - Without clinical application: 83
- Case Reponts 28
- Letters and editerials: 10

ANALYSIS OF ARTICLES IN
THE WHOLE: 55

EXCLUSION:
- Without characieristics of VEMP 13
- Without description of results: 8

—

‘ SELECTED ARTICLES: 28 |

Figure 1. Summary of the study selection criteria
Subtitle: VEMP = Vestil ked myogeni 5
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DATA ANALYSIS

Initially, the studies were analyzed through the reading of
their titles and abstracts. Subsequently, the studies included in
the review were read in full. The recommendations included
in the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE statement)®” were followed to analyze
the selected studies. The following data were extracted from
the articles after analysis: authors, year of publication, country
where the research was conducted, VEMP recording method,
method characterization, recording parameters, sample size,
clinical application, and results.

Chart 1. Characterization of the 28 studies included in the review

A descriptive analysis of the results was performed and, due
to the heterogeneity of the data, it was not possible to perform
a meta-analysis.

RESULTS

The Chart 1 presents a summary of the 28 studies included
in this review. The variables country of origin and design were
described to assist with characterization of the studies included
in the review, but are not part of the main outcomes. All articles
selected were published in English. The countries with the largest
number of publications were the USA (5; 18%)®10161829 and

500 Hz frequency

Year/ VEMP
Authors Design Sample recording | Method ch App
Country i
Galvanic stimulation on
the sternocleidomastoid
preslb et Smd Use of cervical and ocular
G 70 individuals intensity, air-conducted 3 Z
—_ ross- = 7 . < z VEMP to investigate
2017 / Taipei = with unilateral | VEMP cervical sound stimulation = St
Chang et al.® 3 sectional S 5 ; vestibular function in
(Taiwan) i iptive Meniere’s and ocular | (at 105 dB nHL intensity), Honks with Moniera's
disease and bone-conducted i di
vibration (at 142 dB
intensity), click at Hz
frequency
IR Use of cervical and ocular
2013/ Taipei | _O"OSS- i.#n:r'x;tue?g VEMP cervical m%nmmiﬁxm fENEEnvesle e
Lin etal.® 3 sectional N relationship with body
(Taiwan) 7 Meniere’s and ocular at 500 Hz frequency and SO 1
descriptive 5 z : balance in individuals with
disease 144 dB intensity PR
Meniere's disease
20 v R e
with acute Air-conducted tone burst 5 - Z
2013/ Cross- A 2 > 5 patients with vestibular
Walther and g Z unilateral VEMP cervical sound stimulation at = 2
= Mannheim sectional = neuritis to verify the
Blodow™ {Gormany) et vestibular and ocular 500 Hz frequency and AR
Y para neuritis and a 100 dB nHL intensity Sox
trol semicircular canals and
kbl the otolith organs
Air-conducted sound
S stimulation, click (at Use of cervical and
2014/ Cross- 16 individuals 3 s acas 5 2
g 5 C VEMP cervical | 105 dB nHL intensity) and | ocular VEMP in patients
®
onkyietal B?'Jé“/f;'e Sootonal | With SGDand | o ocular | tone burst (at 125 dB SPL | with SSCD to evaluate
P goup intensity), at 500 Hz intralabyrinthine pressure
frequency
Air-conducted sound
stimulation (at
: Cross- 22 individuals ; 120 dB SPL intensity) and | Use of cervical and ocular
Manzarietal® |201 3({15"’)55'”“ sectional | with SSGD and | VEMP @Ml one condicted auditory | VEMP to assist with
v comparative | a control group stimulation (at 130 dB FL diagnosis of SSCD
intensity), tone burst, at
125-8000 Hz frequency
S Air-conducted sound Use of cervical and
_ 1o 20.13 / CW' 29 individuals VEMP cervical stimulation, click, at ocular VEMP to evaluate
Zuniga et al. Baltimore sectional with SSCD and B2 S
(USA) presmmr | S e and ocular 500 Hz frequency and sensitivity and specificity
pare g 105 dB nHL intensity | in the diagnosis of SSCD
Air-conducted sound
10 subjects stimulation (at 95 dBnHL 5
2013/ Teh Cross- with vestibular intensity) and bone- ltise oflce::eal VEU':AP
Mahdi et al."? (Ira:) ran sectional schwannoma | VEMP cervical conducted auditory fum::nui: peer :&1
comparative and a control stimulation (at 70 dBnHL ibul 5’:;
group intensity), tone burst, at ARy SCTWannome.

Subtitle: VEMP = Vestibular-evoked myogenic potential; BPPV = Benign paroxysmal positional vertigo; SSCD = Superior semicircular canal dehiscence
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Chart 1. Continued...
Year / EME
Authors Country Design Sample recording | Method characterization Application
method
Air-conducted sound
stimulation, click
83 subjects (at 105 dB nHL intensity) | Use of cervical and ocular
2014/ Paris Cross- with vestibular VEMP cervical and tone burst (at VEMP to assess the
Chiarovano et al.(*% (France) sectional schwannoma S 128 dB SPL intensity) and | vestibular nerve function
comparative and a control bone-conducted auditory | in patients with vestibular
group stimulation, tone burst schwannoma
(at 135 dB intensity), at
500 Hz frequency
38 individuals
with migraine > Use of cervical and ocular
: Air-conducted sound 5 2
2015/ Cross- without aura, X o % VEMP to investigate
Kim et al.0% Gangwon-do sectional 30 individuals MEME convicali| it atioer s Dot vestibular function in
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Shalash et al.09 2017 / Gairo sl with Parkinson’s | VEMP cervical | stimulation, tone burst, e e
Z (Egypt) 2 disease and a and ocular at 500 Hz frequency and s sym!
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Ohetal 2013/ Jeonju @}:al with gcule Ltlx?ain VEMP ocular stimulation, tone burst, at | evaluate the otolith ocular
2 (South Korea) = T 1000 Hz frequency and | function involved in acute
TR ity 100 dB nHL intensity brain lesions
2016/ Cross- Airconducted sound | - EEESRer S o0y
Miller et al.(® Pittsburgh sectional i patetnke VEMP ocular Sinaiio. oo bursty ascending vesy;bub—
g T individuals at 500 Hz frequency and 3
(USA) descriptive 95 dB nHL intensity ocular pathways in
post-stroke patients
Galvanic stimulation on
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o | o | Jorne ||| ek ey (Ve ceventnd solte
Squair et al."® Vancouver sectional R P and air-conducted sound activity in individuals with
(Canada) comparative jury stimulation, tone burst, ty s
control group at 500 H= frogquency and spinal cord injury
125 dB intensity.
2R ke hmiiak Use of soleus VEMP
2016/ Belo Cross- Rl Galvanic stimulation on to assess spinal cord
Caporali et al.?® Horizonte sectional e diculopathy VEMP soleus | the sternocleidomastoid function in individuals
(Brazil) comparative andd 1 muscle at 2 mA intensity with schistosomal
group myeloradiculopathy
SRt Use of cervical VEMP to
213/ | Guea | Wi Human ki, tra T | Tt e
Felipe et al.@) Horizonte sectional T-lymphotropic | VEMP cervical 2 2 < -
(Brazil) comparative virus type 1 1000 Hz frequency and associated with HTLV-1
(HTLV-1) and a 118 dB HL intensity infection
control group
31 individuals .
w9 | Gos | e S | e
Pelosi et al.® Nashville sectional unilateral VEMP ocular 500 Hz % d of Bolated unilateral
(USA) descriptive utricular at Pequericyan it
dyaiinton 95 dB HL intensity utricular dysfunction

Subtitle: VEMP = Vestibular-evoked myogenic potential; BPPV = Benign paroxysmal positional vertigo; SSCD = Superior semicircular canal dehiscence
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Chart 1. Continued...

Year/ VEMP
Authors Design Sample recording | Method ch ization App
Bk method
30 individuals
with unilateral .
Moaas . Use of cervical and
2017/ Belo G di a0 Air-conducted sound ocular VEMP to assess
Silva et al.® tloizonto ".""“";I inmls VEMP cervical | stimulation, tone burst, vestibular function in
> (Brazil) oot |lwith sasttaian and ocular at 500 Hz frequency and | patients with Meniere’s
ik il 120 dBnHL intensity | disease and vestibular
and a contna)'l hys i
group
2012/ oo Bone-conducted auditory Use of cervical VEMP
SRS 4 Z 25 individuals A stimulation, tone burst, at to evaluate balance
Saka et al.® Nishinomiya sectional Ny | VEMP cervical S ;
(Japan) desoriptive with otosclerosis de 250 Hz frequency and in individuals with
60 dB nHL intensity otosclerosis
G 30 sailors on Air-conducted sound Use of cervical VEMP
Tal etal.®” A sectional medication for | VEMP cervical sheulation, oo el ) ] "’"?’"
(Israel) doonative | mobcn sekneas at 500 Hz frequency and and efficacy of motion
il 90 dB nHL intensity sickness medication
Air-conducted sound
St stimulation, click (at 3
Brantt and 2012/ Cr@» 38 individuals ) 80-90 dB nHL intensity) Use of cervngal VEMP
A Stockholm sectional with SSCD and | VEMP cervical as a screening test in
Ve ja (Sweden) comparative | a control groy, S Jone burs: (ar tients with SSCD
L group 130 dB SPL intensity), at | P2
500 Hz frequency
S Air-conducted sound 2 3
2016/ Cross- ?Nﬂi‘;‘ndmdt:;l.: stimulation, tone burst, :l:;guc::"v::'\ VEMI ‘;Ianr
Demirhan et al.= Istanbul sectional implant and a VEMP cervical at 500 and 1000 Hz implant to
(Turkey) Samparatve control group freq nHLeif\tae:gi:ym GE vestibular function
e Evaluation of VEMP
Cross Eﬁ‘;‘zﬁ:@:‘;b VEMP with galvanic stimulation
Tax et al®9 2013/ Sidney . -al vesﬁlbular cervical, Galvanic stimulation at to analyze the
: (Australia) comparative | dysfunction and ocular, and 1 mA intensity vestibulospinal reflex in
par o soleus individuals with bilateral
group vestibular dysfunction
2015/ Cross- 15 individuals ._:":::gzg:d;: :Dbzr::t Assessment of cervical
Sreenivasan etal.®™| Puducherry sectional with BPPV and a | VEMP cervical | 5 2 VEMP to define the
(India) comparative control group At X iz irequency and characteristics of BPPV
105 dB nHL intensity
L : Use of cervical VEMP to
50 individuals Air-conducted sound SR
Ga = 2014/ Cmqp with multiple i stimulation, tone burst, evaly ate the cgntnbuhqn
Gven et al. Cankaya sectional SAletasis anda VEMP cervical at 500 Hz frequency and of this myogenic potential
(Turkey) comparative trol 120 dB intensi to the diagnosis of
conI g ! & multiple sclerosis
e 20 individuals Air-conducted sound Use of cervical VEMP
S 2013/ Tehran 2 with multiple 7 stimulation, click, at to assess sensitivity in
&7
gaiishiagatal (Iran) m:‘lle sclerosis and a HELPEERE 500 Hz frequency and the diagnosis of multiple
P control group 95 dB NHL intensity sclerosis
14 individuals
Gt with unilateral Air-conducted sound Use of ocular VEMP to
. 2013/ Tokyo S5 peripheral stimulation, tone burst, investigate vestibular
(38) section:
[e=aiatal (Japan) s atai\lle vestibular pENE o at 500 Hz frequency and | function in individuals with
it dysfunction and 135 dBSPL intensity vestibular dysfunction
a control group
33 individuals
wmi]mc;gzltear Jiceonducied sound Use of cervical and ocular
Parkes et al 2017 / Toronto |  Longitudinal ity VEMP cervical | stimulation, tone burst, VEMP in individuals with
(Canada) cohort and ocular at 500 Hz frequency and g
VEMP and a 124 dB SPL intensity cochlear implant
non-exposed
group

Subtitle: VEMP = Vestibular-evoked myogenic potential; BPPV = Benign paroxysmal positional vertigo; SSCD = Superior semicircular canal dehiscence
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Brazil (3; 11%)?°?2%)_ Sample size of the studies ranged from
eight to 83 individuals with peripheral and central vestibular
disorders.

Regarding the design. eight (29%) studies were
descriptive©e151828303D 19 (68%) were comparative cross-secti
onal -1012-151821.293239) and one (3%) was longitudinal cohort®?.

With respect to the diseases, the most commonly investigated
clinical applications in patients with vestibular disorders
referred to Meniere’s disease®®, superior semicircular canal
dehiscence syndrome®!°32_ vestibular schwannoma®-'¥, and
central ischemic lesions5-21:3637),

Three methods of vestibular-evoked myogenic potential
(VEMP) recording were identified in the 28 articles assessed,
with the cervical and the ocular as the most commonly used
methods (Figure 2).

Concerning the type of applied stimulation, the number (%)
of studies using the sound or the electric stimulation were: 19
(68%), auditory - rarefaction tone burst(®”712141821.28-31.33.35-36.38-39).
three (11%), auditory - rarefaction tone burst and click®*3- 3")
two (7%), auditory - click®3?; two (7%), galvanic®*?; one
(3.5%), auditory - click and galvanic®; one (3.5%), auditory
- rarefaction tone burst and galvanic®®. The electric current
intensity of galvanic stimulation ranged from 1 to 5 mA©-192039,

Regarding the frequency of auditory stimulation, 500 Hz was
predommant usedin 21 (8 1%) studles(ﬂlo 12-16,18-19.28-2931: 3335—:9)
followed by 1000 Hz - applied in two (7%) investigations®™ ")
600 Hz - used in one (4%) survey®, 250 Hz - utilized in one
(4%) study©®, and one research used various frequencies®.

Regarding the type of stimulus conduction, 21 (81%)
studies used air-conducted sound-10:1#+19.2128293133.3539)  tyvg
(7%) researches applied bone-conducted vibration®*®, and
three (12%) surveys utilized both air- and bone-conducted
stimulation®121 _

All the studies that used VEMP to evaluate Meniere’s
disease®-¢29 adopted either cervical or ocular recording.
About the type of stimulus, two of these surveys®* used
rarefaction tone burst auditory stimulation at a frequency of

soked
voked myogt P

500 Hz and one® applied click auditory stimulation at 600 Hz.
Air-conducted sound®®, bone-conducted vibration®, and both
air- and bone-conducted stimulation® were also observed.

With respect to application of VEMP to superior semicircular
canal dehiscence®!%*?_this review verified that three studies®'?
used cervical and ocular VEMP recording and one used only
cervical recording. Of these studies, one® applied rarefaction
tone burst auditory stimulation at variable frequency, one®”
used click auditory stimulation at 500 Hz, and two®3? utilized
both rarefaction tone burst and click auditory stimulation at a
frequency of 500 Hz. The air-conducted sound stimulation was
the only chosen in all the studies®1032).

As forapplication to vestibular schwannoma®'?, one study®
used cervical and ocular VEMP recording and the other?
used only cervical recording. One®? utilized air-conducted
rarefaction tone burst sound stimulation at a frequency of
500 Hz and the other™ applied both air-conducted sound and
bone-conducted vibration stimulation using rarefaction tone
burst and click at 500 Hz.

About VEMP for testing central ischemic lesions®*2!:3837
this review found that one study'® used both cervical and ocular
VEMP, four(*6213637 ysed only cervical VEMP, two®71%) only
ocular VEMP, one® only soleus VEMP, and one® applied
both cervical and soleus VEMP. Of these studies, four®*6:239
used air-conducted rarefaction tone burst sound stimulation
at a frequency of 500 Hz, two’2" applied air-conducted
rarefaction tone burst sound stimulation at 1000 Hz, one®”
utilized air-conducted click sound stimulation at 500 Hz, one®®
used air-conducted rarefaction tone burst sound stimulation at
500 Hz and galvanic stimulation at an electric current of 2 mA,
and one®® applied only galvanic stimulation at 2 mA.

The Chart 2 shows a summary of the main characteristics
of the VEMP recording methods. Figures 3, 4, and 5 show
VEMP recording methods according to the type of stimulation
and neural pathway, positioning of the electrodes for muscle
response, and electrophysiological waveform generated.

mCervical and ocular VEMP
mCervical VEMP

= Ocular VEMP

= Soleus VEMP

mCervical and soleus VEMP

m Cervical, ocular and soleus YEMP

Figure 2. Distribution of the studies according to the methods of vestibular myogenic evoked potential (VEMP) recording

Subtitle: VEMP = Vestibular-evoked myogenic potential
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Chart 2. Summary of the main characteristics of the vestibular-evoked myogenic potential (VEMP) recording methods
Types of VEMP Ocular VEMP Cervical VEMP VEMP
Record of the response muscle E l?;;ﬁ:z:“y ievor Sternocleidomastoid Soleus or Gastrocnemius
Stimulation more used Auditory (sound) Auditory (sound) Galvanic (electric)
Neural pathway | Contral | vestibulo-ocular tract Medlall;. 5 Io.ss::)a ' L ves“MIms:an)a] .
Biphask: slectimphy=iclogical N10-P15 P13-N23 SL—ML
waveform
; N10 peak N with mean latency of 10 ms; P15 = Paositive peak P with mean latency of 15 ms;

Subtitle: VEMP =
ML = Medium-latency component (approximately 110 ms)

= ke :
P13 = Positive peak P with mean latency of 13 ms; N23 = Neaatlve peak N with mean latency of 23 ms; SL = Short-latency component (approximately 60 ms);

b
o) s soc obl
Supesior inferior Vestbular Medid Ocukomotor Inferior oblique
Sy, TV ikl R vseoe P mim TP pegmdod ™ mews P msde
stnmbas . fascicke
B) /_\
o0
PE1520 \
~
W0 1060 1wy N -
) ' e
. .
\ 2 /
134p% == /
AN f
vindon 507 N
/\ I\
7 BN

Figure 3. Ocular vestibular-

-evoked myogenic potential (ocular VEMP). (A) Type of stimulation and neural pathway; (B) Electrophysiological

waveform; (C) Positioning of the electrodes for recording
A ) Vesthular aucle lateral Lateral and
., Sternocleido-
Sacculus Inferice Vestibalar (psilaterad via} and medial 7
Aoy T e Y ™ P du et T voobdogid T 2
stiubas (contralateral) tract
B) CY ==,
=

P3G

273800

27

Figure 4. Cervical vestibular-evoked myogenic potential (cervical VEMP). (A) Type of stimulation and neural pathway; (B) Electrophysiological

waveform; (C) Positioning of the electrodes for recording

A
’ Stemlates diectly the
Gahamic  ® inferios vestibubr nerve
simlation

Lateral vesabular
nucleus >

Lateral vestibule Solens or
spinaltactand P Gastrocoemis
reticukum spinal tract muscles

C)

B)

Figure 5. Soleus muscle vestibular-evoked myogenic potential (soleus VEMP). (A) Type of stimulation and neural pathway; (B) Electrophysiological

waveform; (C) Positioning of the electrodes for recording

Audiol Commun Res. 2019;24:¢2037

7|10



DISCUSSION

The studies about VEMP with auditory stimulation have
evidenced this test as an assisting tool for the diagnosis of
several types of peripheral vestibular disorders, predominantly
Meniere’s disease®®*#") and superior semicircular canal
dehiscence (SSCD)®13_ as well as diseases related to central
vestibular disorders, such as motor myelopathies®**% and
Parkinson’s disease®*#-3),

In Meniere’s disease, some authors have reported that cervical
VEMP changes occur in consequence of the cochleosaccular
hydrops©®, while other authors have understood that the changes
depend on the stage of this disease®*#?_In the early stages of the
disease, increased amplitudes are observed in cervical VEMP
owing to hypersensitivity of the saccule, which would be caused
by saccular dilatation, whereas in late stages, the amplitudes may
be attenuated as a result of atrophy of the sensory epithelium
of the saccular membrane®. Concomitant changes in cervical
and ocular VEMP would be associated with involvement of the
saccule and the utricle, respectively®#?). Therefore, simultaneous
alteration of cervical and ocular VEMP occurs more commonly
i the advanced stage of Meniere’s disease@®#.

The literature reports that, m SSCD, the cervical and the
ocular VEMP recording presents a pattern of response that is
different from those observed in other vestibular diseases®?.
Electrophysiological response with auditory stimulation at lower
sound intensity (approximately 70 dB nHL) is observed, as well
as waveforms with increased amplitude on the compromised
side, keeping the normal morphology®*3?. This finding has
been associated with a change in the bone layer that covers the
superior semicircular canal®'® that when thinner, can cause a
decrease 1n impedance and, consequently, an increased sound
transmission to the labyrinth, with greater sensitivity of the
saccule to sound stimulation. VEMP response at low sound
stimulation associated with higher wave amplitude that increases
according to the level of sound intensity for both the cervical
and the ocular potentials, suggest the diagnosis of SSCD and
indicate that the central vestibular system is not affected in
this syndrome(®-132,

Regarding central lesions, studies addressing infectious
myelopathies showed that cervical VEMP responses were
altered in over half of the individuals with myelopathy®**.
Cervical VEMP enabled to diagnose a spinal disfunction that
was subclinical, in addition to assessing the disease evolution®®.

In Parkinson’s disease, cervical VEMP and ocular VEMP
were used to evaluate the postural control. A study that assessed
the vestibulocollic reflex in individuals with Parkinson’s disease
reported that cervical VEMP responses showed reduced amplitudes.
According to the authors, these findings suggest reduction in the
reflexes that correlate with the vestibular activity®. Another
study showed changes in cervical and ocular VEMP responses
in patients with Parkinson’s disease and postural instability®?.

About the type of sound stimulus used to generate VEMP,
the tone burst auditory stimulation was identified in several
studies and 1t 15 justified by the fact that the threshold of saccular
excitability is lower for this type of stimulus when compared to
click stimulation, and it is more comfortable for the individual®.
The frequency of 500 Hz is the most common choice because
it generates a more homogeneous and constant response®*.

With respect to the comparison of air-conducted sound and
bone-conducted vibration auditory stimulation, some authors

8/10

Vestibular-evoked myogenic potentials

believe that the advantage of the latter lies in the possibility of
testing individuals with conductive hearing loss”>!73%_ However,
bone-conducted stimulation 1s seldom used, considering that
galvanic stimulation, which 1s independent of the middle ear,
offers more robust electrophysiological response®*:49.

Studies have observed that VEMP obtained through galvanic
stimulation presents the advantage of acting on the postsynaptic
membrane, next to the vestibular nuclei and, when associated
with other vestibular battery tests, enables distinction between
peripheral and central vestibular disorders®#?_ As galvanic
stimulation reaches the terminal axons of the vestibular nerve
in the junction with the vestibular nucleus, when comparing
the response to VEMP using auditory stimulation with that
of VEMP using galvanic stimulation in the same patient, 1t
is possible to differentiate whether the lesion 1s vestibular or
retrovestibular®>#-7_For example, in the presence of peripheral
vestibular neuropathy, VEMP with auditory stimulation will
show altered results, whereas VEMP with galvanic stimulation
will present normal result®.

VEMP with galvanic stimulation has been proved to
be an important tool for the subclinical diagnosis of motor
myelopathies®?2% and for the definition of the level of spinal
cord involvement®®2Y. For instance, when assessing patients with
motor or traumatic myelopathy and submitting them to VEMP
with galvanic stimulation with the response recorded in different
postural muscles (e.g. cervical, intercostal, and soleus), it 1s
possible to infer about the topodiagnosis of the medullar lesion
based on which muscle presented VEMP response. In clinical
practice, recording of soleus VEMP triggered by auditory
stimulation is difficult to obtain due to lower accumulation of
energy, compared with that of the galvanic method, which is
much more robust®®_ Thus, for the VEMP of the soleus muscle,
the best stimulus 1s the galvanic one. For ocular and cervical
VEMP, the response can be generated with both auditory and
galvanic stimuli.

The different methods related to the parameters used to
perform VEMP and the presentation of the results limited the
comparison among studies. On the other hand, the importance
of using different VEMP recording methods to assess otolith
function and vestibular pathway is the diversity of vestibular
diseases that can be evaluated through VEMP. Therefore, in
vestibular electrophysiology research, VEMP has emerged as
an outstanding complementary examination to assess vestibular
function. The use of VEMP, coupled with other vestibular tests,
enables a more comprehensive evaluation and, consequently, a
better knowledge about the structures contained in the labyrinth
and their neural pathways.

CONCLUSION

In this article, we reviewed the clinical aspects of VEMP,
the stimulus modalities and the muscles most used to register
the evoked response. Cervical VEMP, ocular VEMP and soleus
VEMP are the most used. The auditory stimulus is the most used
to generate the cervical and ocular VEMP, while the galvanic
(electric) stimulus 1s the most used to generate the VEMP of the
soleus muscle. These tests are very important for the evaluation
of peripheral and central vestibular system function.

Audiol Commun Res. 2019;24:¢2037
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3 OBJETIVOS

3.1 Objetivo geral

e Avaliar, por eletrofisiologia, a extensdo do comprometimento neurol6gico na
infeccdo pelo HTLV-1

3.2 Objetivos especificos

e Caracterizar as respostas do VEMP ocular, cervical e do musculo séleo em

individuos com infec¢do assintomatica pelo HTLV-1 e com mielopatia;

e Comparar as respostas do VEMP ocular, cervical e do musculo séleo em

individuos infectados pelo HTLV-1 assintomaticos e com mielopatia.
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4 METODOLOGIA

Para evitar redundancia, as informac@es referentes aos materiais e métodos que

estdo nos artigos foram suprimidas desta seccao. Abaixo, um fluxograma do estudo.

ARTIGO 1

Applications of vestibular-evoked myogenic potentials: a systematic literature review

RECRUTAMENTO DOS PARTICIPANTES
Individuos acompanhados pelo GIPH

GRUPO CONTROLE GRUPO
ASSINTOMATICO

GRUPO HAM

Entrevista clinica e exame neurolégico

AVALIAGAO ELETROFISIOLOGICA

VEMP DO MUSCULO
SOLEO

VEMP OCULAR VEMP CERVICAL

ANALISE DOS DADOS

Anélise comparativa das respostas do

VEMP ocular e cervical

Anélise comparativa das respostas do
VEMP ocular, cervical e do musculo

séleo

ARTIGO 2
Ocular vestibular evoked myogenic
potential (VEMP) reveals mesencephalic

HTLV-1-associated neurological disease

ARTIGO 3
Vestibular Evoked Myogenic Potential
(VEMP) from different muscles informes
about the extent of neurological

impairment in HTLV-1 infection

Figura 1: Fluxograma do estudo
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Abstract

Purpose

Vestibular Myogenic Evoked Potential (VEMP) evaluates vestibulo-ocular and vestibulo-
collic reflexes involved in the function of the otolithic organs and their afferent pathways. We
compared the results of cervical and ocular VEMP in HTLV-1 associated myelopathy (HAM)
and HTLV-1-asymptomatic infection.

Participants and methods

This cross-sectional study included 52 HTLV-1-infected individuals (26 HAM and 26 asymp-
tomatic carriers) and 26 seronegative controls. The groups were similar regarding age and
gender. Participants underwent simultaneous ocular and cervical VEMP. The stimulus to
generate VEMP was a low-frequency tone burst sound tone burst, with an intensity of 120
decibels normalized hearing level, bandpass filter from 10 to 1,500 Hertz (Hz), with 100 sti-
muli at 500 Hz and 50 milliseconds recording time. The latencies of the electrophysiological
waves P13 and N23 for cervical VEMP and N10 and P15 waves for ocular VEMP were com-
pared among the groups. The absence or delay of the electrophysiological waves were con-
sidered abnormal results.

Results

Ocular VEMP was similar among the groups for N10 (p =0.375) and different for P15
(p<0.001). Cervical VEMP was different for P13 (p = 0.001) and N23 (p =0.003). About ocu-
lar VEMP, in the HTLV-1-asymptomatic group, normal waves were found in 23(88.5%) indi-
viduals; in HAM group, normal waves were found in 7(26.9%). About cervical VEMP, 18
(69.2%) asymptomatic carriers presented normal waves and only 3(11.5%) patients with
HAM presented normal waves. Abnormalities in both VEMPs were found in 1(3.8%) asymp-
tomatic carrier and in 16(61.5%) patients with HAM.
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Conclusion

Neurological impairment in HAM was not restricted to the spinal cord. The mesencephalic
connections, tested by ocular VEMP, have been also altered. Damage of the oculomotor
system, responsible for eye stabilization during head and body movements, may explain
why dizziness is such a frequent complaint in HAM.

Introduction

The Human T-cell lymphotropic virus type 1 (HTLV-1) infection affects approximately 5-10
million people worldwide [1]. The majority of the infected individuals remain asymptomatic
throughout their lives [2]. The host genetic and immunological factors seem to be related to
the development of HTLV-1-associated diseases [1.2].

The range of neurological manifestations of HTLV-1-associated myelopathy (HAM)
includes not only the spine, with the classical motor limitations affecting the lower limbs, but
also the autonomic dysfunction [3]. In fact, inflammatory alterations due to HAM can be
detected in the cortex, subcortical white matter, cerebellum, and brainstem, mainly in the
advanced phases of this disease [4-7].

The complaint of dizziness has proven to be frequent in patients with HAM and can be one
of the first symptoms of HTLV-1-neurological impairment [8,9]. Therefore, individuals
infected with HTLV-1 may present vague complaints, with no motor, sensitive, or autonomic
abnormalities [4-6]. HAM diagnosis is based on clinical criteria that reveals established neuro-
logical damage [10].

Vestibular Evoked Myogenic Potential (VEMP) has been established as a reliable and prac-
tical physiological test of the otolithic organs saccule and utricle and their pathways [11]. A
normal VEMP depends on the functional integrity of the saccular and utricular maculae, the
inferior vestibular nerve, the superior vestibular nerve, the vestibular nuclei, the central vestib-
ular pathways, and the neuromuscular plaques involved in these reflexes [12-15]. Thus,
VEMP tests the peripheral and central vestibular pathway, including the brainstem [11,12] and
the vestibular reflexes such as the vestibulo-ocular, the vestibulo-collic and the vestibulospinal
(11-14].

The subclinical spinal cord injury related to HAM has been already shown through VEMP
of cervical and of lower limbs muscles, exams that are used to test the vestibulo-collic reflex
[8,9,13,16,17]. The present study proposes the use of VEMP of the oculomotor system (ocular
VEMP) to test the brainstem pathways associated with body balance to verify the extension of
the HTLV-1-neurological damage.

Methods
Study design

The study was a comparative cross-sectional analysis. Cervical VEMP and ocular VEMP were
compared between individuals with definite HAM, HTLV-1-asymptomatic carriers and
healthy controls.

Ethical aspects

This research was conducted in accordance with the principles expressed in the Declaration of
Helsinki and was approved by the Research Ethics Committee from Universidade Federal de

PLOS ONE | https/doi.org/10.1371/oumal.pone.0217327 December 27, 2019 2/14
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Minas Gerais (COEP UFMG), logged under protocol number CAAE 929285183.0000.5149,
All participants provided voluntary written and declared that they were aware of the
study procedures and their choice 1o participate. The written informed consent (as described
in the PLOS form) was obtained for image publicats

Sample size

The sample size was calculated using G* Power software 3.1.9.2 (Heinrich-Heine Universitat
Disseldorf, Dissseldorf, Germany, 2007) to achieve a power of 80% and a significance level of
5% based on the mean and standard deviation of the P13-N23 response of patients with HAM
and healthy controls [£]. The final calculation included 26 participants per group.

Participants

The groups of study were recruited from a cohort of former blood donors infected with
HTLV-1 who have received follow-up from the Interdisciplinary HTLV Research Group
(GIPH) since 1997, in Belo Horizonte, Brazil [18]. The GIPH evaluates the natural history,
clinical manifestations and epidemiological aspects of HTLV infection.

Seventy-cight individuals, 32 to 60 years of age, were invited to participate in this study.
The participants consisted of 26 individuals with definite HAM, 26 with HTLV - 1-asymptom-
atic infection, and a control group of 26 individuals not infected by HTLV- 1. The control
group consisted of the active blood donors followed by GIPH as the negative controls,

The classification of the participants infected by HTLV-1 regarding neurological
impairment followed the Expanded Disability Status Scale (EDSS) [19] and the Osame s
Motor Disability Score (OMDS) {20): asymptomatic individual, (EDSS and OMDS—0 on
both scales) and definite diagnosis of HAM (EDSS and OMDS greater than 1 on both scales).

Individuals with positive serology for the Human Immunodeficiency Virus (HIV), HTLV-
2, or any other blood-tested disease were excluded, as well as an undetermined serology for
HTLV-1 and a positive Venerea! Discase Research Laboratory (VDRL) test.

C ing all the participants, we excluded the individuals with Jogical di otie
tis, tympani brane perforation, history of otologic surgery or peripheral vestibular dis-
case, as well as individuals with any alteration in the clinial neurological examination of the

cranial nerves or unable %o perform cervical rotation.

Vestibular evoked myogenic potential (VEMP)

VEMP was performed with Labat™® equipment, using two channels. The stimuli were pre-
sented through ER 3A insertion ph with disposable foam eartips. Tone burst stimuli at an
i ity of 120 decibel lized hearing level (dB nHL) were used. In this study, a band-
pass filter of 10 to 1,500 Hertz (Hz) was used. To obtain each record, 100 stimuli were pre-
sented at a frequency of 500 Hz at a rate of four stimulii per second. The total duration of the
100 stimuli was 25 seconds. The scan window was 50 milliseconds (ms). Each subject under-
went at least two stimulations per side, to verify the replication of the potential, and each stim-

wation was composed of 200 stimuli repeated in two ive cycles, no pl (ramp = 2
and plateau » 0). The impedance values, which had to be bedow 5 kifoohm (K1), were checked
before each record [11].

The recording of cervical VEMP and ocular VEMP was performed simultancously, Chan-
nel 1 electrodes were used to record ocular VEMP and channed 2 dectrodes to record cervical
VEMP (11},

The active electrode related to cervical VEMP was placed on the same side of the auditory
stimulus at the anterior border of the stemocleidomastoid muscle in its upper thisd, and the

PLOS ONE | hittps /00 om/1 01371 flourmal pore (R 1727 December 27, 2019 EIAL]
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reference electrode was placed in the sternal notch region. For ocular VEMP recording, the
active electrode (negative electrode) in channel 1 was placed approximately 1 centimeter (cm)
below the lower eyelid of the opposite side of the auditory stimulus, and the reference electrode
(positive electrode) was placed at a distance of approximately 1 cm from the active electrode.
The ground electrode was placed on the forehead (Fpz) (Fig 1).

Participants were instructed to sit on the chair and keep their heads rotated to the opposite
side of the stimulated ear, causing contraction of the sternocleidomastoid muscle. At the same
time, the participant was instructed to look at a stationary target located on the wall in front of
him and then immediately at a fixed point located above the target, which formed a vertical
viewing angle of approximately 30° above the horizontal plane. The protocol of simultaneous
ocular and cervical VEMP is available at doi.org/10.17504/protocols.io.zmz476.

The ocular VEMP is composed of two sets of biphasic waveforms. The first biphasic poten-
tial has a negative peak (N) with an average latency of 10 ms, followed by a positive peak (P)
with an average latency of 15 ms, which is known as N10-P15. The cervical VEMP consists of
two sets of biphasic waveforms. The first biphasic potential has a positive peak (P) with an
average latency of 13 milliseconds (ms), followed by a negative peak (N) with an average
latency of 23 ms, which it known as P13-N23 (Fig 2).

The American Society of Encephalography and Evoked Potentials’ criteria for evoked
potentials were considered for the analysis of the latency values of the cervical VEMP and ocu-
lar VEMP waves. The definition of altered latency values includes those that exceed 2.5 stan-
dard deviations (SD) [21]. Thus, for ocular VEMP, we considered normal latency values
within the range of 7.5 to 12.5 ms for N10 and within the range of 12.5 to 17.5 ms for P15. For
cervical VEMP, we considered normal latency values within the range of 10.5 to 15.5 ms for
P13 and within the range of 20.5 to 25.5 ms for N23 [22,23]. The validation of the analyzed ref-
erence values was guaranteed by comparing these with parameters already established in other
national and international peer reviews [11,24,25].

The parameters considered in the VEMP analysis are the latency and amplitude of the
waves. However, the amplitude may vary according to age, muscular strength [24,26], and
Meniere’s disease [27,28]. Therefore, amplitude was not considered in the analysis since this
variable is not consistent to define neural conduction abnormalities.

VEMP results were classified as normal and altered. Latency prolongation and no response
were considered as the altered results. Ocular and cervical VEMP were compared between the
groups infected and not infected by HTLV-1.

Statistical analysis of data

Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS), ver-
sion 20.0. Regarding the continuous variables (latencies in milliseconds) the normality of the
samples was assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Since the distri-
bution of the variables was not normal, the comparison between groups was performed using
the Kruskal-Wallis test. Chi-square or Fisher’s Exact test were used to compare nominal vari-
ables between groups. The adopted level of significance was 5% (p<0.05). The magnitude of
the difference of normal or altered VEMP between groups was calculated using the odds ratio
(OR). The confidence interval (95%) was calculated in order to evaluate the sample variability.

Results

The characteristics of the studied population and the classification in the neurological scales
are described in Table 1. The groups were similar regarding gender and age.

PLOS ONE | https/doi.org/10.1371/joumal.pone.0217327 December27, 2019 4/14
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Fig 1. Simultaneous cervical and ocular VEMP. (a) ground electrode. (b) auditory stimulus. (c) active electrode on channel 2 at the
anterior border of the sternocleidomastoid muscle in its upper third. (d) reference electrode on channel 2 at the sternal notch region. (e)

active electrode on channel 1 below the lower eyelid. (f) reference electrode on channel 1 below the active electrode. The written
informed consent was given by the person.

https://doi.org/10.137 1/journal.pone.0217327.9001

The VEMP latencies were different among the groups. Table 2 indicates the comparative
analysis and identifies the groups with a relevant difference. The data points behind means,
medians and variance measures was included in S2 Table.

Table 3 describes the frequency of normal and altered results for cervical and ocular VEMP
in each group. The seronegative group of healthy controls was not included in the table
because of normality in all the exams (cervical and ocular VEMP). The comparison of the con-
trols with the group of asymptomatic carriers showed no difference between groups for ocular
VEMP (p = 0.118) and difference for cervical VEMP (p = 0.002).

The VEMP result was categorized as 1) latency delay of N10-P15 waves (ocular) or of
P13-N23 waves (cervical); 2) absence of wave; 3) normal wave. Fig 3 shows the comparative
analysis for ocular VEMP and Fig 4 for cervical VEMP.

PLOS ONE | https/doi.org/10.1371/foumal.pone.0217327 December 27,2019 5/14
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Discussion

The auditory stimubus that evokes VEMP goes through the vestibular regions of the brain,
especially the pre-motor cortex, the inferior and medial temporal gyrus, the Brod, area,
as well as the typically auditory areas, such as the primary auditory cortex [29].

PLOS ONE | https 1/ om1 0,137 foumal pone 0217327 December 27, 2019 /14
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Table 1. Comparison of the groups with HTLV -1

and the disability scales (EDSS and OMDS).

yelopathy (HAM), asymp

ic infection and healthy controls according to general characteristics

Variables Control (n = 26) Asymp ic (n = 26) HAM (n = 26) p-value
Age 53.27 (3.39) 53.73 (7.65) 55.69 (4.44) 0.073*
Female 18 [69.2] 16 [61.5] 19(73.1] 0.662°
Male 8 [30.8] 10 [38.5] 7 (26.9]
EDSS 0(0) 0(0) 3 (2.08) <0.001°
OMDS 0(0) 0(0) 230 (1.85) <0.001°

EDSS, expanded disability status scale; OMDS, Osame motor disability score; n, number of participants. Data are expressed as mean (standard deviation); absolute

number [percentage].
* Kruskal-Wallis Test (p<0.05)
b Chi-square Test (p<0.05)

https://doi.org/10.1371/journal pone.0217327.t001

Table 2. Comparison of the groups with HTLV-1-associated

The latency delay of cervical VEMP has been related to the demyelination of the primary
afferent axon of the vestibulo-collic tract and/or involvement of the vestibular nucleus [30-
32]. The absence of electrophysiological response may be explained by a severe impairment of
the vestibular-spinal pathway [33].

When the evoked potential changes from a prolonged latency to no response, itis under-
stood that there is a worsening in the neuronal damage [11,24,25]. This pattern of response
was previously observed in a cohort study of individuals infected by HTLV-1 with myelopathy
and asymptomatic carriers that were tested by cervical VEMP [8,13]. Axonal degeneration
along the spinal cord may play a more prominent role in disease progression in HAM/TSP
and may explain the significant correlation of VEMP alteration in early stage HAM and even
in the HTLV-1-asymptomatic carrier who has more chance of evolving to HAM [13].

Regarding cervical VEMP in the present study, we found that the great majority of the
patients with definite HAM presented alteration in cervical VEMP response (88,5%). This data
confirms previous studies that disclosed a cervical spinal cord damage in HAM, emphasizing

th

1
yelopathy,

VEMP (P13 and N23 waves) and ocular VEMP (N10 and P15 waves).

and healthy controls according to the latency (ms) of cervical

Variables G1 G2 G3 p - value * Comparison groups p - value **
(n =26) (n =26%) (n=26")
Ocular VEMP Lat N10 10.49 (0.65) 10.38 (0.92) 11.51 (2.80) 0.375 -
Lat P15 15.40 (0.66) 15.74(1.35) 18.17 (3.30) <0.001 G1XG2 1.000
G1XG3 <0.001
G2XG3 0.002
Cervical VEMP LatP13 12.80 (0.91) 13.73(1.03) 14.83 (3.22) 0.001 G1XG2 0.007
G1XG3 0.002
G2XG3 1.000
LatN23 2230 (1.36) 23.04(244) 25.75 (4.43) 0.003 GIXG2 0.919
G1XG3 0.003
G2XG3 0.060

Gl, group control; G2, group of asymptomatic individuals; G3, group of individuals with HAM; SD, standard deviation; Lat, latency; n, number of participants. Data are
expressed as mean (standard deviation).
“For Lat N23 data analysis, one case in which the response was absent was excluded.
“For Lat P13 and Lat N23 data analysis, 3 and 6 cases, respectively, in which the response was absent were excluded. For Lat N10 and Lat P15 data analysis, 2 and 3 cases,

respectively, in which the response was absent were excluded.

* Kruskal-wallis Test (p<0.05).
** Bonferroni Test.

https:/doi.ora/10.1371/journal.pone.0217327.t002
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Table 3. Comparison of the groups with HTLV-1- iated myelopathy (HAM), asymp ic infection and healthy ! ding to the result (; 1/
altered) of ocular and cervical VEMP.
VEMP type VEMP result
Comparison between groups | Normal- n (%) Altered - n (%) p-value OR CI (inferior-superior)
Delayed wave | Absent wave
Ocular n (%) Asymptomatic 23(88.5) 3(11.5) < 0.001 328 1.71-6.28
3115 | 0(00)
HAM 7(26.9) 19(73.1)
8308) | 11423
Cervical n (%) Asymptomatic 18(69.2) 8(30.8) < 0.001 6.00 2.00-17.93
168) | 70269
HAM 3(11.5) 23 (88.5)
2769) | 21(808)
Cervical and Ocular n (%) Asymptomatic 25 (96.1)* 1(3.8)" < 0.001 25 1.52-4.090
HAM 10 (38.5)* 16 (61.5)**
n, number of participants; OR, odds ratic; CI, confidence interval; Data are exp d as absolute number (p ge)

*Normal cervical and ocular VEMP or just one altered.
**Cervical and Ocular VEMP altered.
Chi-square test or Fisher's Exact (p<0.05)

https://doi.ora/10.1371/journal.pone.0217327.t003

that the medullary abnormalities in HAM are not restricted to the thoracolumbar level
[13,34,35].

Regarding ocular VEMP, 61.5% of the patients with definite HAM and alteration in cervical
VEMP, presented also alteration in ocular VEMP (Table 3). The neural connections involved
in the generation of ocular VEMP are mainly mesencephalic [19,36-38]. The presumed path-
way includes the vestibular primary afferent, the vestibular nuclear complex, the medial longi-
tudinal fasciculus, the oculomotor nucleus and the oculomotor nerves [36]. Thus, a latency
delay or an absence of response depends on the disorganization of the primary afferents

p<0.001

p<0001
— eeoue —f—
- i
90% s’

30%

70% 4

+NoRespense

S0% 1000% increased Latency

83.5% 20.8%

+Nomal

a1 a2 a3

Fig 3. Comparison of ocular VEMP responses in individuals with HTLV-1-associated myelopathy, with
asymptomatic infection and seronegative controls (n =78). G1, group control; G2, group of asymptomatic
individuals; G3, group of individuals with HAM. Chi-square or Fisher's Exact test (p<0.05).

https://doi.org/10.137 1/journal.pone.0217327.003
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Fig 4. Comparison of cervical VEMP resp in individuals with HTLV-1- iated myelopathy, with asymp ié ifection aud
controls (n = 78). G1, group control; G2, group of asymptomatic individuals; G3, groupofmdmdualswrth HAM. Chi-square or Fisher's Exact test (p<005)

https://doi.ora/10.1371/journal.pone.0217327.0004

involved in the vestibulo-ocular reflex [36,37]. Currently, the major pathophysiological mecha-
nism considered to explain CNS involvement in the HTLV-1 neurological disease is an
immuno-mediated chronic inflammatory process in response to HTLV-1 infection, which
damages nearby CNS components [39]. The higher frequency of simultaneous alteration in
ocular and cervical VEMP in HAM group confirms a spread of neurological impairment in
these individuals when compared to the group with asymptomatic infection.

VEMP can detect subclinical neurological changes in HTLV-1 infection [13,16,29]. We
showed that many of those labeled as asymptomatic carriers, presented altered cervical VEMP
and normal ocular VEMP, indicating alteration in cervical spine but not in the upper CNS.
When effective therapeutic options for HTLV-1 neurological disease are available, the subclin-
ical diagnosis of neuronal injury will have implications in decision-making regarding the
beginning of the treatment in the stage of incipient damage. For example, recent studies have
shown that low doses of corticosteroid can be beneficial in slowing HAM progression if treat-
ment is implemented at the onset of the HTLV-1-neurological manifestation [40].

PLOS ONE | https/doi.org/10.1371/foumal.pone.0217327 December 27, 2019 9/14
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Limitations

We do not include image and immunological data, such as proviral load and inflammatory
markers in the serum. In the GIPH cohort, neither the image nor the proviral load have a good
positive predictive value for the classification of the patients in the spectrum of HTLV-1 neuro-
logical disease [41,42].

The spinal cord atrophy seen in magnetic resonance imaging (MRI) and clinical disability
have been correlated in advanced HAM [43], but not in early stage HAM [44]. The serum
inflammatory profile that is typical of HAM does not present a good validity to be used in the
clinical practice to differentiate the real HTLV-1-aymptomatic carrier from those who are
developing HAM [45,46]. Therefore, although image and immunological data could add infor-
mation to the present work, the lack of these results does not influence the valuable informa-
tion that in HTLV-1 infection classified as asymptomatic, the cervical spine can present
subclinical alterations, but not the upper CNS. On the contrary, in HAM, abnormal cervical
VEMP and ocular VEMP have showed alterations in the spine as well as in the upper CNS,
which is in line with the findings of cognitive alterations in HAM [47].

In HTLV-1-asymptomatic infection, subclinical alterations can be disclosed by electrophys-
iological tests but not by MRI [44].

Conclusion

The mesencephalic impairment in HAM, showed by ocular VEMP changes, confirmed that
HTLV-1 neurological disease in HAM is not restricted to the spinal cord. The alteration of the
oculomotor system responsible for the eye stabilization during head and body movements can
explain the high frequency of dizziness in patients with HAM. The impairment in cervical
spine, showed by cervical VEMP changes, was found in HAM as well as in asymptomatic carri-
ers. This fact shows that cervical spinal cord damage is indeed frequent and may represent an
earlier stage in in relation to upper CNS involvement.
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Introduction: Vestibular Evoked Myogenic Potential (VEMP) can be used to test
central vestibular pathways from the midbrain to the lumbar spine, according to the
muscle tested.

Purpose: to compare the spinal cord alteration in individuals with HTLV-1-associated
myelopathy (HAM) and with HTLV-1-asymptomatic infection using the VEMP recorded
from different muscles.

Methods: VEMP was recorded in 90 individuals of whom 30 had HAM, 30 were HTLV-1
asymptomatic carriers, and 30 negative controls. VEMP was recorded in the oculomotor
muscle (0VEMP), testing the vestibulo-ocular reflex, and in the cervical muscle (cVEMP)
and soleus muscle (sVEMP), testing the vestibulospinal reflex, respectively, in the cervical
and in the lumbar spinal level. The type of stimulation was auditory for oVEMP and
cVEMP, and galvanic for sVEMP. The compared variables were the latencies of the
electrophysiological waves.

Results: HTLV-1-asymptomatic group was similar to the controls regarding oVEMP (p
= 0.461), but different regarding cVEMP (p < 0.001) and sVEMP (p < 0.001). HAM group
has presented the worst latencies and was different from the HTLV-1-asymptomatic
group in the VEMP of all the tested muscles (p < 0.001). The concomitant occurrence
of VEMP alterations in the three recorded muscles of the same individual was found
in 2 (6.7%) asymptomatic carriers and in 20 (66.7%) patients with HAM (p = 0.001).
The analysis of VEMP alteration per group and per muscle has showed that, in
HTLV-1-asymptomatic group, oVEMP was altered in 3 (10.0%) individuals, cVEMP in
10 (33.3%) and sVEMP in 13 (43.3%). In HAM group, oVEMP was altered in 23 (76.6%)
individuals, cVEMP in 27 (90%), and sSVEMP in 30 (100%).
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Conclusion: HTLV-1-neurological damage has followed an ascendant progression
beginning at the lumbar spine in the stage of a clinically asymptomatic infection, whereas
HAM has affected not only the spine, but also the midbrain.

Keywords: vestibular function tests, motor evoked human T- pic virus 1, p
vestibular nerve, saccule and utricle
INTRODUCTION VEMP varies according to the type of stimulation and to the

Human lymphotropic T-cell virus type 1 (HTLV-1) is widely
disseminated worldwide, and it is estimated that 15 to 20
million people have been infected (1). The means through which
the interaction between the virus and the host develops is a
determining factor in the state of the asymptomatic carrier or
disease (2, 3).

Numerous diseases are correlated with HTLV-1 infection:
uveitis, Sjogren’s syndrome, infectious dermatitis, polymyositis,
arthropathies, thyroiditis, ~polyneuropathies, lymphocytic
alveolitis, cutaneous T-cell lymphoma, strongyloidiasis, scabies,
leprosy, tuberculosis, and HTLV-1 associated myelopathy
(HAM) (4-6).

In HAM, the site of major involvement is the lower thoracic
spine, although the entire neuro-axis can also be involved (7).
Alterations in the cervical spine have been identified even in
the asymptomatic phase (8). Moreover, the parenchymal lesions
may not be limited to the spinal cord (9-11). In fact, there is
evidence of diffuse involvement of the central nervous system
(CNS) caused by HTLV-1 infection (7, 12). Reports of cognitive
impairment have been associated with this infection, including
changes in fluid intelligence, semantic memory, attention, and
information processing (13, 14).

Postural instability is a frequent clinical manifestation in
HAM (15). The complaint of dizziness can be one of the first
clinical manifestations of neurological alteration, indicating a
possible evolution from asymptomatic carrier to HAM (15).
Some patients considered to be “asymptomatic carriers” present
electrophysiological changes in the vestibulospinal tract, which
participates in the postural control (15).

Vestibular Evoked Myogenic Potential (VEMP) is an
electrophysiological test of a tri-synaptic reflex that evaluates the
peripheral vestibular system and the central function related to
the labyrinth connections. It is considered a test that evaluates
the brainstem response (16, 17). The muscles that are the most
commonly used to record VEMP are the oculomotor, also
called ocular VEMP (oVEMP); the sternocleidomastoid, also
called cervical VEMP (cVEMP); and the soleus muscle, also
called soleus VEMP (sVEMP) (18-20).

In oVEMP, the activation of the vestibulo-ocular reflex is
presumed to follow the vestibular primary afferent, possibly
medial longitudinal fasciculus, nucleus, and oculomotor nerves,
including the mesencephalic connections (18). In ¢VEMP,
the vestibulocollic reflex goes through the primary vestibular
afferent, medial vestibulospinal tract and spinal accessory nerve
(18). In SVEMBP, the vestibulospinal reflex is conducted through
the inferior vestibular nerve, lateral vestibular nucleus, lateral
vestibulospinal tract, and reticulospinal tract (21-23). Thus,

muscle used to record the electromyographic (EMG) response.
To better characterize the neurological disease associated with
HTLV-1 infection, this study aims at comparing VEMP recorded
from different muscles in patients with HAM and in HTLV-1
asymptomatic carriers, assessing the CNS at different levels.

METHODS
Ethical Aspects

This research was conducted in accordance with the principles
expressed in the Declaration of Helsinki and was approved by the
Research Ethics Committee from Universidade Federal de Minas
Gerais (COEP UFMG), logged under protocol number CAAE
92928518.3.0000.5149. This protocol number refers to a main
project that includes subprojects of which the present study is one
of them. All participants provided voluntary written consent and
declared that they were aware of the study procedures and their
choice to participate.

Study Design

This study was a comparative cross-sectional analysis. The
oVEMP, the cVEMP, and the sVEMP were compared among
individuals classified as definite HAM, HTLV-1-asymptomatic
carriers, and healthy seronegative controls (24).

Sample Size

The sample size was calculated using G* Power software 3.1.9.2
(Heinrich-Heine Universitat Diisseldorf, Diisseldorf, Germany,
2007) to achieve a power of 80% and a significance level of
5% based on the mean and standard deviation of the P13-N23
waves in the cVEMP response of patients with HAM and healthy
controls (15). The final calculation estimated an inclusion of 30
participants per group.

Participants

The studied groups were recruited from a cohort of former blood
donors infected with HTLV-1 who have been followed by the
Interdisciplinary HTLV Research Group (GIPH) since 1997, in
Belo Horizonte, Brazil. The GIPH evaluates the natural history,
clinical manifestations, and epidemiological aspects of HTLV
infection (25).

Ninety participants of the GIPH cohort were invited to
participate in this study. They consisted of 30 individuals with
definite HAM, 30 with HTLV-1-asymptomatic infection, and a
control group of 30 individuals not infected by HTLV-1 (24).
The control group consisted of active and healthy blood donors.
They were submitted to clinical interviews and neurological
examinations before being submitted to VEMP.
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The classification of the participants infected by HTLV-
1 regarding neurological impairment followed the Expanded
Disability Status Scale (EDSS) (24, 26) and the OMDS scale
(24, 27): asymptomatic individual (EDSS and OMDS - 0 on both
scales) and definite diagnosis of HAM (EDSS and OMDS greater
than 1 on both scales).

Individuals with a positive serology for the Human
Immunodeficiency Virus (HIV), HTLV-2, or any other blood-
tested disease were excluded, as well as an undetermined serology
for HTLV-1 and a positive Venereal Disease Research Laboratory
test. To avoid confusion factors related to the exam, we excluded
individuals using metal prosthesis; with neurological diseases,
neoplasms, otitis, and tympanic membrane perforation; with
a history of cranio-encephalic trauma or otologic surgery, and
peripheral vestibular disease; as well as individuals unable to
perform cervical rotation and that were unable to remain in an
orthostatic position.

Vestibular Evoked Myogenic Potential
(VEMP)

VEMP can be evoked by either auditory or electrical stimulus
(galvanic) (20, 21). The technique to perform the test using
auditory stimulus is simpler when compared to the galvanic
test. However, the recording of VEMP in lower limbs (soleus or
gastrocnemius muscle) triggered by auditory stimulus is more
difficult because of the lower accumulated energy up to the
final neurological path when compared to the galvanic stimulus,
which is a more robust one. Thus, the galvanic stimulus is more
appropriate to record VEMP in the lower limbs (21). However,
it is more uncomfortable for the patient when compared to the
auditory stimulus. Because of this, in the present study, we have
used the auditory stimulus to obtain oVEMP and cVEMP, and the
galvanic stimulus to obtain sVEMP. The parameters considered
in the comparison of VEMP analyses were the latency and the
reproducibility of the EMG wave.

Ocular VEMP (oVEMP) and Cervical VEMP

(cVEMP)
The oVEMP and cVEMP were performed simultaneously (model
Labat/Epic Plus, Labat Asia Pvt Ltd., Mohali, India), using two
channels. The stimuli were presented through ER 3A insertion
phones (of brand Etymotic Research Inc.), with disposable foam
ear tips. Tone burst stimuli at an intensity of 120 decibels, a
normalized hearing level (dB nHL), were used. In this study,
a bandpass filter of 10 to 1,500 Hertz (Hz) was used. To
obtain each record, 100 stimuli were presented at a frequency of
500 Hz at a rate of four stimuli per second. The scan window
was 50 milliseconds (ms). Each subject underwent at least
two stimulations per side in order to verify the replication of
the potential. The impedance values, which had to be below
5 kiloohms, were checked before each recording (16).

For oVEMP recordings, the active electrode (model Grass
Gold Electrodes Silicone, Natus) on channel 1 was placed ~1
centimeter (cm) below the lower eyelid, and the reference
electrode was placed distant approximately 1 cm from the active
electrode. The ground electrode was placed on the forehead

(Fpz). For cVEMP recording, the active electrode on channel 2
was placed on the opposite side of channel 1, on the anterior
border of the sternocleidomastoid muscle in its upper third, while
the reference electrode was placed in the sternal notch region
(Figure 1).

The participants were instructed to sit on the chair and
keep their heads rotated to the opposite side of the stimulated
ear in order to contract the sternocleidomastoid muscle. We
compared reflexes of approximately similar size, where the
cVEMP asymmetry between sides was <34%. At the same time,
the participant was instructed to look at a stationary target
located on the wall in front of him/her and then immediately at
a fixed point located above the target, which formed a vertical
viewing angle of approximately 30° above the horizontal plane.
The oVEMP and cVEMP protocols are available at dx.doi.org/10.
17504/protocols.io.zmzf476.

The oVEMP trace is a biphasic wave. The two phases are
characterized by a negative peak with an average latency of 10
milliseconds (ms) (N10), followed by a positive peak with an
average latency of 15 ms (P15), which is known as N10-P15. The
cVEMP trace consists also of a wave with two phases. The first
peak is positive with an average latency of 13 ms (P13), followed
by a negative peak with an average latency of 23 ms (N23), which
it known as P13-N23 (Figure 2).

Soleus VEMP (sVEMP)

Galvanic stimulation has been considered a tool to activate the
vestibular system inducing both ocular and postural movements
(21). The stimulus usually varies from 2 to 4 mA and the duration
goes from 20 to 400 ms. The higher the current, the shorter the
time of the stimulus (21, 22, 28). The EMG response, that is the
VEMP, can be recorded in a muscle involved in either the ocular
or the postural movements. The EMG response in the soleus
muscle is characterized by a short latency (SL) wave, beginning
at around 60 ms, followed by a response in the opposite direction
at medium latency (ML), beginning at around 100 ms (21, 22, 29);
Both SL and ML responses can only be detected if the muscle is
actively contracting (21). In the soleus, SL and ML responses to
the transmastoid stimulation are clearest when the subjects head
is turned to one side. Both SL and ML responses invert when
the head is turned to the opposite side or when the cathode and
anode are reversed (21, 22). Cathodal stimulation has been shown
to excite, and anodal stimulation to inhibit the vestibular nerve
afferent discharge (30). The responses that invert in response to
stimulation of opposite polarities and have latencies similar to
those previously described, are taken to be of vestibular origin
(21, 22).

In the present study, the galvanic vestibular stimulation (GVS)
was characterized as a direct, monophasic, and rectangular
current with an intensity of 2mA and duration of 400 ms
(model EvP4/ATCPlus, Contronic, Ltd., Pelotas, Brazil). The
galvanic stimulus was offered at randomized intervals of 4-
5s and responses to 120 stimulations were measured. The
bipolar current was applied on the mastoid processes using
self-adhesive, circular surface electrodes (3 cm diameter; model
CF3200, Valutrode, Axelgaard, Fallbrook, CA).
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eyelid, and (f) reference elactrode on channal 1 below the aciive electrode.

FIGURE 1 | Simuitaneous cervical and ocular VEMP: (a) ground electrode, (b) auditory stimuius, (c) active electrode on channal 2 at the anterior border of the
sternocleidomastoid muscle in s upper third, (d) reference elecirode on channel 2 at the sternal notch region, (e) active electrode on channeal 1 below the lower
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FIGURE 2 | Examples of tracings: (A) normal ocutar VEMP and (B) normal carvical VEMP.

For transmastoid stimulation, the two current polarity settings
were cathode left and anode right (CLAR) and cathode right and
anode left (CRAL). The stimulation polarity was controlled by a
computer. For each test, four sets of 30 stimuli were applied and
distributed, resulting in 30 responses recorded from the left lower
limb (15 CLAR and 15 CRAL stimuli) and 30 responses recorded
from the right lower limb (15 CLAR and 15 CRAL stimuli). This
procedure was repeated for each leg to ensure data replication.

During the acquisitions, the subjects stood barefoot on a flat
surface with their eyes closed, feet close together, and bodies
leaning forward to contract the soleus muscle. To induce a
stronger response, subjects were instructed to turn their heads
approximately 90° to the side contralateral to the leg undergoing
EMG response recording.

The EMG response triggered by GVS was measured using self-
adhesive electrodes (model 2223BRQ, 3M, Saint Paul, MN). A
pair of recording electrodes were placed bilaterally 5cm below
the popliteal fossa, which coincides with the position over the
soleus muscles. Each pair was placed vertically distant 5 cm from
each other. This distance can vary from 3 to 10 cm, according to
the best recorded wave (21, 22). A reference electrode was placed

on the back of the thigh at approximately 10 cm above the upper
most recording electrode. The sVEMP was first measured in the
left leg and then in the right leg. The tests were performed with a
2-min resting interval to avoid muscle fatigue (Figure 3).

The EMG signals were measured, corrected, with a bandpass
filter of 10 to 1,000 Hz, and digitized at a sampling frequency
of 5,000 Hz. Data were recorded during 500 ms, starting 100 ms
before GVS. The EMG responses to 15 consecutive stimuli
associated with each polarity configuration (ie., CLAR and
CRAL) were averaged to produce the final traces. The sVEMP
protocol is available at dx.doi.org/10.17504/protocols.io.nxbdfin.

The EMG tracings were analyzed for the time of onset,
in milliseconds, of the short latency response (SL), and the
mean latency response (ML). Following the superimposition
of traces with inverted polarity (ie., CRAL and CLAR), the
point where the traces diverged from the EMG baseline,
which marked the onsets of SL and ML, could be visualized
and measured by a cursor. The first trace divergence, which
occurred at approximately 50 ms, marked the onset of the SL
response. Following this, the traces returned to baseline and then
diverged again. The second trace divergence, which occurred at
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FIGURE 3 | Veestibutar-evoked myogenic potential triggered by galvanic
vastibular stimutation. The figure shows: the standing position of the patient
(barefoot on a hard flat surface with eyes closed, feet close together, and body
leaning forward in order to cause the soleus muscie contraction); the
equipment used for stimulus generation (a); the electrode positions for GVS
(b); the electrode position for electromyography on the soleus muscle (c); the
equipment for signal processing (d); and the laptop (e) connected to (a) and
(d).

approximately 100 ms, marked the onset of the ML response. The
end of this response was defined as the point at which traces
return to the baseline. To obtain a single value of the components
of SL and ML, it was considered the worst response between the
right and left sides (Figure 4).

Statistical Analysis of Data

The parameters considered in the VEMP analysis are the latency
and amplitude of the waves. However, the amplitude can vary
according to age, muscular strength (31), and cochlear diseases
(32, 33). Although these variables were controlled in the present
study, muscular atrophy in the lower limbs is characteristic of
HAM and could therefore act as a possible bias, inducing false
positive results. Therefore, the amplitude was not a variable in
the analysis.

VEMP results were classified as normal and altered. The
results with latency prolongation or no response were considered
as altered. The VEMP latency prolongation was defined as
a delay of 2.5 standard deviation (SD) when compared to
the values of a normal control population, according to the
American Society of Encephalography and Evoked Potentials’
criteria for evoked potentials (34). The latency values used
in this study for the purpose of comparison were the VEMP

now
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FIGURE 4 | Example of traces obtained by VEMP recording from soleus
muscle.

latencies of the HTLV-1-seronegative group. The validation of
the analyzed reference values was guaranteed by comparing these
latencies with parameters already established in other national
and international peer reviews (16, 35). Among the tested
participants, in order to obtain only one value for the peaks N10-
P15 (oVEMP), P13-N23 (cVEMP), and SL-ML (sVEMP), the
worst response between the right and left sides was considered.
Statistical analysis was performed using the Statistical Package for
Social Sciences (SPSS), version 20.0. The normality of the samples
was assessed using the Kolmogorov-Smirnov and Shapiro-Wilk
tests. The results of oVEMP, cVEMP, and sVEMP were compared
between the groups infected and not infected by HTLV-1. The
comparison between groups was performed using the Kruskal-
Wallis test, ANOVA test, Chi-square or Fisher's Exact test,
Kruskal-wallis with Bonferroni correction, and ANOVA with
Bonferroni correction. The adopted level of significance was 5%
(p < 0.05).

The receiver operating characteristic curve (ROC) was
performed with the objective of identifying the sensitivity and
specificity for each latency cutoff of oVEMP, cVEMP, and sVEMP,
considering the neurological examination as the gold standard.

RESULTS

The general characteristics of the studied sample can be seen in
Table 1. The groups were similar in relation to gender (p = 0.549)
and age (p = 0.069).

The comparison of oVEMP, cVEMP, and sVEMP among the
groups regarding the delay of latencies of each peak of the
biphasic waves is shown in Table 2. The statistical analysis has
showed that, in cVEMP and sVEMP, the change has started in
the first component of the wave, followed by a delay in the
second component. This can be seen by comparing the latencies

Frontiers in Neurology | www.frontiersin.org

May 2020 | Volume 11 | Article 433

51



Siva et al

VEMP and HTLV-1 Neurological Impairment

between HTLV-1-asymptomatic group and the controls. The
latency of the first components were different (P13, p = 0.039;
SL, p < 0.001), while the latency of the second components
have remained similar between groups (N23, p = 0.575; ML, p
= 0.187). The comparison between HTLV-1-asymptomatics and

TABLE 1 | General characteristics of the patients with HTLV-1 associated
myelopathy (HAM), HTLV-1-asympiomatic carriers and seronegative controls,
EDSS and OMDS disability scales {n = 90).

Variable Gi{n=30) G2(n=230) G3(n=130) p value
Age 53 [50/56) 56.5 [49/60] 57 [52/59] 0.062°
EDSS 00/ 0o/ 1751545  <0.001*
OMDS 0o 0j0/0] 1.0[1.0/3.0} <0.001*
Gender

Female 20(66.7) 18 (60.0) 22(733)

Malo 10(33.3) 12 (40.0) 8(26.7)
G1, HTLV-1 : G2, HTLV-1 ic carmers; G3, HAM; n, number of

participants; median [1° quartie / 3- quartle] for continuous variables with asymmefric
distribution; absolute number (psrcentage) for categanical variables; EDSS, axtended
2 Kruskal-Walls Test (p = 0.05).

& Chi-square Test (p < 0.05).

HAM has showed a delay in the first components for both groups
(P13, p= 1,000; SL, p = 0.199), and the second components have
not changed comparing to the controls. With regard to oVEMP,
the prolonged latency was observed only in the HAM group.

Figure 5 shows the comparative analysis of oVEMP, cVEMP,
and sVEMP, considering the latencies categorized as normal,
latency prolongation, and no response. It shows the progressive
VEMP alteration from the asymptomatic stage to HAM and
from the lumbar spinal damage, detected by sVEMP, to cervical
damage, detected by cVEMP, and a more frequent mesencephalic
alteration, detected by oVEMP, in patients with HAM as
compared to HTLV-1-asymptomatic carriers.

In Table 3, oVEMP, cVEMP, and sVEMP were categorized
as normal and altered and the results are presented as an
analysis between-groups, according to VEMP stratification of
the altered results per group. When a concomitant alteration in
VEMP recorded from the three muscles was considered, HTLV-
1-asymptomatic group did not differ from the normal controls (p
= 0.983), but it was different from the HAM group (p = 0.001).

To evaluate the use of VEMP tests in clinical practice, VEMP
latencies were then compared to the neurological examination
as the gold standard. We have constructed ROC curves to
evaluate latency prolongation of N10-P15 for oVEMP, P13-N23
for cVEMP, and SL-ML for sVEMP (Figure 6). The better cut-off
points regarding the HTLV-1 infected population were 11 ms for

TABLE 2 | Comparison among the groups HTLV-1 associated myelopathy (HAM), HTLV-1-asymptomatic carriers, and seronegative controis regarding the VEMP latency

recorded in ocular, cervical, and soleus muscles {n = 90).

EMG waves latencies’ G1 (n=30) G2 (n =30) G3 (n =30) p value ‘Comparison groups p value*™

Ocular VEMP*

N10 10.63 [9.98/11.00] 10.3819.91/10.93] 10.40 [9.95/13.60] 0.675° - <

P15 15.39 {0.63) 16.11 (2.08) 18.47 (3.03) <0.001° G1 XG2 0.461
G1 XG3 <0.001
G2XG3 0.001

Cervical VEMP?

P13 12.93 (0.92) 13.71 (0.97) 13.99{(1.73) 0.006° GI1XG2 0.039
G1 XG3 0.013
G2XG3 1.000

N23 2228(1.32) 2327 @270 26.59 (6.41) 0.005° G1 XG2 0575
GI1XG3 0.004
G2XG3 0.043

Soleus VEMP*

sL 55.81 (3.47) 50.62 (4.25) 62.25(3.10) <0.001° G1XG2 <0.001
G1 XG3 <0.001
G2XG3 0.199

ML 111.88(7.36) 115.87 (9.13) 128.90 (3.48) <0.001° G XG2 0.187
G XG3 <0.001
G2XG3 <0.001

G1 HTLV-1 seronegative; G2, HTLV-1-asymplomatic carmiers; G3, HAM.

(BMG) wave: N10and P15 for ocular VEMP; P13mdl‘123foroemleEMPSL(shonlalmcy) ML {medumla:smyjbrsdasVHMP n= numba
olparbapams median [1° quartile / 3° quartle] for continuous variables with asymmetric distribution; mean

variables withi

The cases of lack of lafency ware exciudad from this analysis: 15 HAM in ocular VEMP?; 25FIAMw9mLV1asynpmnlcmnmnmmIVWF" and 20 HAM and 6

HTLV-1-asymptomatic carriers in soleus VEMPE.
dKruskal-Walls Test (p < 0.05).
“eAnova (p < 0.05).
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FIGURE 5 | Comparison of VEMP recorded from ocular, cervical, and soleus muscles in the groups HTLV-1 seronegative {n = 30), HTLV-1-asymptomatic carriers (0 =
30) and HAM patients (7 = 30). G1, HTLV-1 seronegative; G2, HTLV-1-asymptomatic camers; G3, HAM; The altered responses were categorized as the latency
prolongation and the lack of latency of N10-P15 for ocular VEMP®; P13-N23 for cervical VEMP®; SL-ML for soleus VEMPS. *p < 0.001, Fisher’s Chi-Square or Exact
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N10, with a sensitivity of 70.0% and a specificity of 91.7%; 16 ms
for P15, with a sensitivity of 83.3% and a specificity of 93.3%;
15ms for P13, with a sensitivity of 60.0% and a specificity of
93.3%; 25 ms for N23, with a sensitivity of 90.0% and a specificity
of 83.3%; 65 ms for SL, with a sensitivity of 76.7% and specificity
of 86.7%; and 123ms for ML, with a sensitivity of 100.0%
and a specificity of 80.0%. The criterium of using the worst
EMG response between the sides contributed to increase the
sensitivity of the test, since only one altered side was enough to
categorized the patient as altered whereas the normal result was
categorized like that only when the waves were truly normal in
both sides.

Figure 6 shows that the area under the ROC curve was greater
for the second component of the biphasic waves in VEMP of the
three tested muscles. Therefore, this component was shown to be
the most reliable to define early EMG changes.

DISCUSSION

The HAM diagnosis is based on a set of clinical criteria
established by an international consortium in 2006 (24).
However, the clinical manifestations related to HAM seem to
precede the diagnosis of definite HAM in years, in such a way
that they are more frequent in the considered asymptomatic
HTLV-1-carriers than in the non-infected individuals (36-38).
More recently, a longitudinal study based on eight years
of follow-up has confirmed that the asymptomatic carrier
has presented elevated morbidity related to HTLV-1, such as,
autonomic changes, including alteration in bowel habits, urinary
incontinence or urgency, erectile dysfunction, as well as motor
disabilities (39). Thus, the diagnosis of HAM based on clinical
criteria establishes the final event of neurological sequelae as
the initial mark to define the diagnosis of a disease of chronic
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TABLE 3 | Stratified between-groups comparison of VEMP recorded in ocular, cervical, and soleus muscles of HAM (n = 30), HTLV-1-asymptomatic carriers (7 = 30),

and HTLV-1-seronegative (1 = 30) groups.

Electrophysiological Evaluation (VEMP) G1 (n = 30) G2 (n = 30) G3 (n =30) p value* Comparison groups p value**
N (%) N (%) N (%)
Normal 30 (400.0) 12 (40.0) 0(0.0) <0.001 G1XG2 0.002
GI1XG3 <0.001
G2XG3 0.003
Oy OVEMP altered 0(0.0) 0(0.0) 0.0 = = =
Oy CVEMP alterad 0() 5(16.7) 00.0) 0.025 = =
Oniy SVEMP altered 0 7(233) 000 0.876 - -
OVEMP + cVEMP aterad 00 0(0.0 0.0 = < =
OVEMP + SVEMP aftered 00) 133 3(10.0) 0741 = -
CVEMP + sVEMP alterad 00) 3(10.0) 7(23.3) 0.689 - -
OVEMP + cVEMP + sVEMP altered 0(0) 2(6.7) 20 (86.7) 0.001 G1XG2 0.983
G1XG3 0.004
G2XG3 0.001

G1, HTLV-1 seronegative; G2, HTLV-1-asymptomatic camiars; G3, HAM: oVEMP, ocular VEMP; cVEMRP cervical VEMP; sSVEMP soleus VEMP

“Fishar's Chi-Squars or Exact Test {p = 0.05) Bonferroni Test.

evolution. In this context of a late diagnosis for HAM, VEMP
is a very useful electrophysiological tool, as it contributes to
the detection of alterations related to HTLV-1 before a visible
alteration in the neurological examination. VEMP tests the
vestibulo-ocular reflex that is related to the stabilization of the
image in the retina with the movement of the head and tests the
vestibulospinal and reticulospinal tracts related to the postural
control (40).

Regarding oVEMP, it is assumed that the neural connections
involved in EMG response are mesencephalic (18, 19, 26, 41).
The altered responses, such as the latency prolongation or the
absence of EMG waves, depend on the disorganization of the
primary afferents involved in the vestibulo-ocular reflex (18, 19).
In this study, we have found that oVEMP was more frequently
altered in the HAM group when compared to the HTLV-1-
asymptomatic group (Figure 5). In addition, the worst changes
were seen in the HAM group. While in this last group the
lack of EMG response was the most common change, in the
asymptomatic group, this alteration was not found. The oVEMP
response in the asymptomatic group did not differ from the
controls. These results reinforce the hypothesis that midbrain is
compromised in HAM but not in HTLV-1-asymptomatic carriers
(7, 12-14).

Regarding cVEMP, as expected, EMG responses were worse in
the HAM group when compared to the HTLV-1-asymptomatic
group. These data confirm that HAM compromises the
cervical spine, although the alterations have been worse in
the thoracolumbar region (42, 43). The change from a latency
prolongation to a lack of EMG waves suggests that an
increase in the neuronal damage occurred (16, 22, 32). This
premise can be confirmed by the analysis of the frequency of
absent EMG response in the HAM group comparing to the
asymptomatic group.

The analysis of sVEMP shows that, in HAM group, all
the participants have had altered responses, with a higher

frequency of absence of EMG waves (Figure5). In the
HTLV-1-asymptomatic group, the comparison of cVEMP
and sVEMP results (Table2 and Figure5) shows that the
electrophysiological alterations were already present in a
significant proportion of participants in both cervical and
lumbar levels, although the frequency of changes was much
higher in HAM group. In fact, VEMP recorded from different
muscles may be used to clarify the range of the neurological
injury (45).

In sVEMP, the first component of the wave (SL) is
assumed to result from a synchronous discharge of a common
supraspinal structure, which means, the reticulospinal and
the vestibulospinal tract, while the second component (ML)
represents the polysynaptic synchrony (21, 22). In accordance
with the present study, previous studies have already shown
that ML is the best component to discriminate changes since
this peak is easier to define with the best intrarater and
interrater agreement and presents the best area under the
ROC curve comparing to SL (47-49). Conversely, SL can be
often indistinguishable from the baseline and its measurement
has presented the worst interrater correlation comparing to
ML (45, 47-49).

The Table3 shows a higher frequency of simultaneous
changes in oVEMP, cVEMP, and sVEMP in HAM group.
This fact has confirmed the greater spinal impairment in
HAM when compared to the group with asymptomatic
infection. The changes in oVEMP have occurred only in
HAM group, which indicates a midbrain involvement. This
finding is precisely in accordance with the best knowledge
about HAM physiopathology and reinforces the validity and
accuracy of VEMP for clinical use (44-49). In this study, the
best contribution of VEMP in the evaluation of the HTLV-
1 population was to the asymptomatic infection. A subclinical
diagnosis of neurological impairment seems to be possible
using VEMP, and it will make difference when the scientific

Frontiers in Neurology | www.frontiersin.org

May 2020 | Volume 11 | Article 433

54



Siva et a VEMP and HTLV-1 Neurological Impairment

A- Ocular VEMP

Sensitivity

Sensitivity

B- Cervical VEMP

2 2
2 2
g g
2] "
C- Soleus VEMP

100}

80}
> 60 2
% «f 5

| BY S A (R :

¥ AUC = 0877
& P <0001
0 1 . 1 1
0 20 40 60 80 100
100-Specificity 100-Specificity

FIGURE 6 | The ROC curve of the components of the waves N10-P15 of ocular VEMP, P13-N23 of cenvical VEMP, and SL-ML of soleus VEMP, considering
neurological examination as the gold standard. AUC, area under the curve.

progress comes to a more effective treatment of HAM. Our  and has progressed through degradation of the response and
results allow to infer about a pattern of VEMP changes that  has ended with an absent response. Considering cVEMP and
has occurred. The deficit has started with subtle latency delay =~ sVEMP, the EMG alteration has started at the first component
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(P13, and SL), followed by a latency prolongation at the
second component (N23, and ML) until the EMG response has
become absent.

In short, we have found that the neurological damage
related to HTLV-1 follows an ascending progression since
the subclinical stage. The image of the spinal atrophy in the
advanced HAM confirms the ascendant damage as it shows
that the spinal cord is thinner at the thoracolumbar region
than at the cervical one (44). Considering the length of the
central pathway, sVEMP has represented a better tool for
the early diagnosis of HAM than oVEMP and cVEMP, since
these lasts show functional degradation in structures that are
anatomically higher in CNS and sVEMP shows degradation that
is located in a lower level. On the other hand, oVEMP was
useful for the early detection of midbrain changes found in
HAM (13, 14).

Vestibular-evoked muscle responses have been used to
evaluate the spinal cord in trauma and other neuroinfectious
diseases (45, 48). The Schistosomal myeloradiculopathy (SMR)
is the most severe and disabling ectopic form of Schistosoma
mansoni infection and represents 6% of non-traumatic transverse
myelopathies in endemic areas (50). The sVEMP triggered by
galvanic stimulation was shown to be a promising tool to add
electrophysiological information about the spine of patients with
chronic SMR. The sVEMP was a reliable and reproducible
method to define the integrity of the vestibulospinal tract, with
an excellent intrarater and interrater agreement and reliability.
Both in HAM and SMR, the component ML was shown to be the
most reliable to define alteration (47, 48).

One limitation of the present study was the lack of control
of the height and the gender as potential confounding variables.
Women have predominated in this study and the ML is more
prolonged in women than in men (19). Moreover, VEMP latency
has been found to correlate with height (33). Therefore, the cutoff
values for the latencies considered in the present study deserve
caution regarding the use of these values for the validation of
VEMP in different groups of people under different conditions.
To avoid this problem, in case of using VEMP in clinical practice,
it is desirable to conduct studies that assess VEMP latencies in
local healthy people under local conditions for the definition of
reliable cutoffs (29).

Another limitation was its transversal design. Although the
GIPH cohort includes incident cases of HAM, the participants
of the present sectional analysis were not submitted to the
entire battery of VEMP tests when they were asymptomatic
carriers and afterwards evolved to HAM. Therefore, we cannot
make any supposition, based on the present data, about the
prognostic value of VEMP alterations within HAM development.
The absence of a battery of neurocognitive tests, in addition to the
clinical examination, was also a limitation. We have constructed
the ROC curve based on the neurological examination, but
it would be interesting to analyze the correlation of HTLV-
1 cognitive alterations and oVEMP. We do not know if
the HTLV-1 infected population with a midbrain alteration
would also present a greater risk for cortical alterations.
This question deserves a properly designed study to remedy
this matter.

CONCLUSION

VEMP analysis of different muscles showed that in HAM the
neurological damage has occurred in the spine as well as at
the midbrain level. In the asymptomatic carriers, a sub-clinical
damage has followed an ascending progression, since changes in
VEMP were more frequent in the lumbar as compared to the
cervical spine. Thus, VEMP recorded from the soleus muscle,
compared to the cervical and ocular muscles, was a better clinical
tool for the early diagnosis of neurological changes in a HTLV-1-
infected population.
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6 CONSIDERACOES GERAIS

As alteragdes encontradas no SVEMP, no cVEMP e no oVEMP em pacientes
com HAM indicaram acometimento de toda a medula até o mesencéfalo. Dessa
maneira, 0 acometimento mesencefélico demonstra que a doenca néo fica restrita a
medula, mas avanca para o encéfalo, o que estd em linha com resultados recentes que
mostram acometimento encefélico relacionado ao HTLV-1. Observamos também um
comprometimento ascendente, 0 que ja estad bem estabelecido na literatura. O fato do
cVEMP e do sVEMP estarem mais alterados tanto nos pacientes com HAM quanto
nos portadores assintomaticos permite concluir que o acometimento medular é, de
fato, mais frequente que o encefalico. Chamou a atencdo um paciente com HAM com
resultado do cVEMP normal e do oVEMP alterado, sugerindo que a doenca pode nédo
respeitar contiguidade de localizacdo. Porém, sendo apenas um paciente, nenhuma
conclusdo pode ser estabelecida, permanecendo apenas como uma hipétese a ser
testada.

Os achados do presente estudo foram apresentados no 19th International
Conference on Human Retrovirology: HTLV and Related Viruses realizado em Lima
no Peru em abril de 2019. O trabalho foi apreciado pela comunidade cientifica e,
juntamente com outros trabalhos do mesmo grupo de pesquisa, foi premiado. A
premiacdo foi utilizada para custear a taxa de publicacdo do artigo Ocular vestibular
evoked myogenic potential (VEMP) reveals mesencephalic HTLV-1 associated
neurological disease (Artigo 2, PL0oS One)

Acredito que o presente estudo contribuiu para o avanco do conhecimento
sobre a fisiopatologia da HAM. Por enguanto, ndo existe tratamento curativo para a
HAM, de modo que o arsenal terapéutico disponivel visa apenas o controle dos
sintomas. Contudo, muitas pesquisas vém sendo desenvolvidas sobre o HTLV-1 com
enfoque em terapia. No momento em que algum tratamento se mostre eficaz para
evitar que o paciente desenvolva a mielopatia, o diagnoéstico de dano medular na fase
pré-clinica serd essencial para a selecdo dos candidatos ao tratamento. Nesse
momento, 0 VEMP se mostrara como uma ferramenta muito util.

Para pesquisas futuras, sugere-se estudos com delineamento prospectivo na
avaliacdo do SNC, ou seja, acompanhar os individuos infectados pelo HTLV-1 com
a finalidade de se definir o valor prognostico da alteracdo do VEMP ocular na

evolucgédo para uma alteracdo cognitiva relacionada ao HTLV-1.
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7 CONCLUSAO

O VEMP mostrou-se util para a identificacdo de alteracdo mesencefalica em
individuos infectados pelo HTLV-1 e para a melhor compreensdo sobre o
comprometimento neuroldgico na infeccdo pelo HTLV-1. Seguindo um padréo
progressivo de alteracdo eletrofisiologica, a piora na resposta do VEMP evoluiu de
aumento de laténcia para auséncia de resposta, de acordo com a piora no quadro
neurolégico. Além disso, as alteragbes seguiram um padrdo ascendente, com
alteracdes eletrofisioldgicas subcorticais frequentes nos pacientes com HAM e que
também foram observadas, embora de modo menos frequente, na fase de infeccédo
assintomatica. O dano neurologico subclinico parece preceder por anos as

manifestacdes clinicas da HAM.
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S2 Table. Descriptive variables of healthy controls, asymptomatic infection group, and HTLV-1-associated
myelopathy group: age, disability scales (EDSS and OMDS), the latency (ms) of cervical VEMP (P13 and N23
waves) and ocular VEMP (N10 and P15 waves).

Variables Control (n=26) Asymptomatic (n=26) HAM (n=26)
Mean 53.27 53.73 55,69
Standard 3.39 7.65 4.44
deviation
Age Median 53.00 58.50 57.00
Minimum 46.00 32.00 45.00
Maximum 59.00 60.00 60.00
Mean 0.00 0.00 3.00
Standard
deviation 0.00 0.00 2.08
EDSS Median 0.00 0.00 2.00
Minimum 0.00 0.00 1.00
Maximum 0.00 0.00 7.00
Mean 0.00 0.00 2.30
Standard
deviation 0.00 0.00 1.85
OMDS Median 0.00 0.00 1.00
Minimum 0.00 0.00 1.00
Maximum 0.00 0.00 6.00
Mean 12.80 13.73 14.83
Standard
_ deviation 0.91 1.03 3.22
Cervical VEMP
P13 latency Median 12.73 13.85 13.85
Minimum 11.15 11.25 12.00
Maximum 14.70 16.40 23.00
Mean 22.30 23.04 25.75
Standard
_ deviation 1.36 2.44 4.43
Cervical VEMP
N23 latency Median 21.88 22.63 24.63
Minimum 20.50 20.50 20.50
Maximum 24.80 33.00 33.00
Mean 10.49 10.38 11.51
Standard 0.65 0.92 2.80
deviation
Ocular VEMP
N10 latency Median 10.70 10.33 10.38
Minimum 8.75 9.00 9.05
Maximum 11.45 13.55 20.00
Mean 15.40 15.74 18.17
Standard 0.66 1.35 330
deviation
Ocular VEMP
P15 latency Median 15.44 15.68 16.85
Minimum 14.10 13.75 14.20
Maximum 16.60 20.90 25.00
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A proposta inicial deste projeto € avaliar e desenvolver ferramentas de diagnéstico e tratamento para as
alteracdes causadas pelo HTLV-1 no sistema nervoso central. (Obs.: O virus HTLV (sigla da lingua inglesa
que indica “virus que infecta células T humanas”) € um retrovirus isolado em 1980, a partir de um paciente
com um tipo raro de leucemia de células T.) Em rela¢éo ao comprometimento cognitivo associado ao HTLV-
1, O treinamento auditivo € um conjunto de estratégias utilizadas para desenvolver ou reabilitar as
habilidades auditivas, as quais sdo necessarias para a compreenséo da fala e melhorar a cognigéo.
Técnicas especificas de treinamento auditivo podem aprimorar as habilidades auditivas e a melhor
funcionalidade esta diretamente relacionada com a capacidade de reorganizagéo do substrato neural
auditivo. Tal fendmeno é conhecido como plasticidade neural, que pode ser observada em adultos. Em
relacéo ao comprometimento medular associado ao HTLV-1, a avaliacéo da resposta a reabilitacéo postural,
feita através da estimulagéo vestibular galvanica, depende da comparacéo de dois grupos infectados pelo
HTLV-1 com instabilidade postural; um sera exposto a estimulag&o galvanica como estratégia de tratamento
para a estabilidade postural enquanto o outro grupo né&o sera submetido ao tratamento teste.

Inicialmente os integrantes da coorte do Grupo Interdisciplinar de pesquisa em HTLV-1 (GIPH) que
aceitarem participar do estudo serdo submetidos a avaliacéo clinica, neuroldgica e
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otorrinolaringologica com a finalidade de serem divididos em trés grupos: controle negativo, HTLV-1
assintomatico e com mielopatia associada ao HTLV-1 (HAM). Em seguida, o exame Potencial evocado
miogénico vestibular ocular(o-VEMP), cervical (c-VEMP) e solear (s-VEMP)sera realizado com a finalidade
de se avaliar a via vestibulo-espinhal, que é relacionada ao reflexo postural. O objetivo é selecionar os
individuos infectados pelo HTLV-1 com reflexo postural alterado e com reflexo normal. Os participantes
terdo o seu equilibrio postural avaliado clinicamente através do teste de Romberg, Timedupandgo test,
Escala de equilibrio de Berg e Escala visual analogica. Além de submetidos ao VEMP, os participantes
seréao submetidos ao teste de processamento auditivo central - P300 para avaliar a cogni¢do auditiva. Os
participantes com todas as avaliag6es normais serdo reavaliados apos 6 meses (subprojeto 1). Os
participantes com alteragcdo no VEMP ou nos testes de estabilidade postural serdo convidados a participar
do subprojeto 2 cujo objetivo é avaliar o efeito da EVG na reabilitacdo da instabilidade postural. Os
participantes com alterac&o no processamento auditivo serdo convidados a participar do subprojeto 3 cujo
objetivo é avaliar o efeito do treinamento auditivo na reabilitacéo das habilidades auditivas centrais.
Subprojeto 1: VEMP para avaliar o equilibrio corporal na HAM - Serdo convidados a participar da pesquisa
150 individuos, na faixa etaria de 30 a 59 anos, compostos por um grupo de 50 individuos infectados pelo
HTLV- 1 assintomaticos, 50 com diagnostico definido de HAM e por um grupo controle de 50 individuos n&o
infectados pelo HTLV-1. Tratar-se de um estudo comparativo transversal analitico do tipo caso-controle
aninhado a coorte de infectados pelo HTLV1 acompanhados pelo Grupo Interdisciplinar de Pesquisa em
HTLV-1 (GIPH) desde 1997. Os participantes serdo submetidos a estimulacéo vestibular galvanica (EVG)
para gerar o VEMP. A resposta eletrofisioldgica sera captada por eletrodos de superficie nos musculos
oculares (0-VEMP) esternocleidomastoideo (c-VEMP) e so6leo da panturrilha (s-VEMP). Como etapa
longitudinal, prop6e-se a realizacdo semestral dos VEMPs nos individuos infectados pelo HTLV-1
assintomaticos para se avaliar a evolugédo de resposta eletrofisiologica de normal para alterada visando
selecionar individuos com possivel evolucéo da fase subclinica para HAM. Subprojeto 2: Avaliagéo da
estimulagéo vestibular galvanica na melhora da instabilidade postural associada a HAM - Trata-se de estudo
experimental com 30 infectados pelo HTLV-1 entre 18 a 75 anos de idade com instabilidade postural que
ser&ao randomicamente divididos em dois grupos. O diagnoéstico de instabilidade postural sera baseado no
exame neurologico, incluindo alteragéo na prova de Romberg, tempo superior a 10 segundos na realizacéo
da prova de marcha do Timed up and go test e pontuacéo menor ou igual a 49 pontos na Escala de
equilibrio de Berg, além de
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alteracdo nos VEMPs. Um dos grupos sera submetido a EVG que sera realizada com eletrodos de
superficie colocados na pele do 0sso da mastoide. O estimulo sera gerado por um estimulador de corrente
constante. Cada sesséo terapéutica sera constituida de dois ensaios de 60 estimulagées. O intervalo entre
0s ensaios sera de 5 minutos em cada sesséo e os intervalos entre os estimulos seréo randomizados entre
4 e 6 segundos. Os participantes serdo acompanhados quanto ao equilibrio postural pelo VEMP e testes
neuroldgicos. Subprojeto 3: Alteracédo da cogni¢do auditiva associada ao HTLV-1: avaliacéo
comportamental, eletrofisiologica e da efetividade do treinamento auditivo para reabilitacdo. O treinamento
auditivo sera usado para melhorar a cognicéo auditiva de individuos infectados pelo HTLV-1 com alteragé&o
da cognigéo auditiva detectada pelo P300 e testes comportamentais. Trata-se de estudo experimental com
30 infectados pelo HTLV-1 e com P300 alterado que serdao randomicamente divididos em dois grupos. Um
dos grupos sera submetido ao TA e o outro grupo sera submetido a atividades com mesmo tempo de
duracéo do TA mas que néo tem acdo em melhora da cogni¢éo auditiva (controle). Os grupos seréao
acompanhados pelo P300 e testes comportamentais para avaliar a cogni¢éo auditiva. O P300 & um teste
eletrofisiologico que avalia o processamento auditivo central (PAC) e detecta alteracdes cognitivas que tem
se mostrado frequentes na HTLV-1 (HAM). O treinamento auditivo (TA) podera se apresentar como uma
estratégia de tratamento com melhora na cogni¢éo auditiva dessa populag¢éo. Estudos envolvendo medidas
comportamentais, psicofisicas e eletrofisiolégicas pré e pos intervencéo demonstram associacéo positiva
entre Treinamento Auditivo (TA) e desenvolvimento das habilidades auditivas neurocognitivas em diferentes
populagdes.

Como critério de Incluséo o pesquisador descreve “Seréo incluidos no estudo individuos de 18 a 75 anos de
idade, de ambos os géneros. Os grupos estudados serdo:Grupo controle: Composto individuos com
sorologia negativa para o HTLV-1 pelo teste ELISA (Enzyme-linked-immunosorbent -assay). Grupo com a
infeccdo pelo HTLV-1: Composto por ex-doadores de sangue da Fundacédo Hemominas com
soropositividade definida pelo teste ELISA e confirmado por meio do WB (Western Blot) ou testes
moleculares (Reacéo em cadeia da polimerase - PCR). Os participantes foram subdivididos em dois
subgrupos de acordo com o resultado da avaliacdo neuroldgica:Grupo assintomatico: individuos sem
sintomas clinicos de acordo com os critérios propostos pela Organizacdo Mundial de Saude (OMS)
adaptado (GRASSI et al, 2011; CASTRO-COSTA, 2006), classificados conforme Escala de Incapacidade
Funcional Ampliada adaptada (EDSS) e OSAME apresentando classificacdo zero em ambas as escalas
(KURTZKE, 1983; OSAME, 1990).

Grupo HAM: individuos com sinais clinicos suficientes, de acordo com os critérios propostos pela OMS
adaptado (GRASSI et al, 2011; CASTRO-COSTA, 2006), classificados conforme Escala de

Enderecgo: Av. Presidente Antonio Carlos,6627 2° Ad S| 2005

Bairro: Unidade Administrativa II CEP: 31.270-901
UF: MG Municipio: BELO HORIZONTE
Telefone: (31)3409-4592 E-mail: coep@prpq.ufmg.br

Pagina 03 de 07

71



UNIVERSIDADE FEDERAL DE £ Plaboforma
MINAS GERAIS %’oﬂ

Continuacdo do Parecer: 2.898.825

Incapacidade Funcional Ampliada adaptada (EDSS) e OSAME apresentando classificac&o a partir de dois
em ambas as escalas. Ja os critérios de exclusé&o, serdo individuos com documentacéo de sorologia positiva
para virus da imunodeficiéncia humana (HIV), virus da hepatite B (HBV), virus da hepatite C (HCV), teste
Venereal Disease ResearchL aboratory (VDRL) positivo e participantes com historia de acidente vascular
encefalico e epilepsia.Para a realizacdo do VEMP serédo excluidos os participantes com incapacidade de
permanecer na posi¢cédo do exame e participantes com episddios recorrentes de vertigem ou historia de
vestibulopatia periférica ja diagnosticada previamente. Para a realiza¢éo da avaliagéo do processamento
auditivo e testes comportamentais serdo excluidos os participantes com perda auditiva superior a 25dBNA
nas frequéncias de 1000Hz ou 2000Hz."

Objetivo da Pesquisa:

Objetivo Primario

Avaliar e desenvolver testes eletrofisiologicos de diagnostico e de tratamento das alteracdes no equilibrio
corporal e na cogni¢éo auditiva e no equilibrio causadas pelo HTLV-1.

Objetivos Secundarios

Avaliar, por eletrofisiologia, utilizando-se o VEMP, as vias neuronais ascendentes (VEMP ocular) e
descendentes (VEMP cervical e solear) associadas ao equilibrio corporal de individuos infectados pelo
HTLV-1 assintomaticos e com HAM; Avaliar a resposta ao tratamento com a EVG de pacientes com
instabilidade postural; Avaliar e descrever o PAC através do P300 e de testes comportamentais relacionados
a cognicéo auditiva; Avaliar a resposta ao TA em caso de alteracdo no PAC; Comparar os resultados do
P300 com os resultados do VEMP.

Avaliagado dos Riscos e Beneficios:

Segundo o pesquisador

Riscos: Os riscos dos exames s&o minimos. Durante a estimulacé@o galvéanica, o paciente podera sentir um
leve formigamento no couro cabeludo; podera sentir também um desequilibrio passageiro durante o
estimulo. Para a realizacéo do VEMP, eletrodos de superficie para captar a resposta eletrofisiologica séo
colocados na perna ou pescoc¢o do paciente.Para a realizagéo do P300, um fone de ouvido em som de
intensidade normal é oferecida para o paciente que deve estr atento para o que escuta.

Beneficios: O paciente sera submetido a uma avaliacéo auditiva, exame neurologico, avaliagéo cognitiva.
Todos esses procedimentos tem carater preventivo se exames mostrarem-se normais e
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o paciente sera encaminhado para o devido diagnostico e tratamento se 0s exames se mostrarem
alterados.Para aqueles infectados pelo HTLV-1 com alterac&o do equilibrio corporal, a estimulacédo
galvanica sera oferecida como uma opg¢éo de tratamento para melhorar o equilibrio corporal. Vale ressaltar
que nao existe, até o presente momento, estudo controlado em pacientes com HTLV-1. A modalidade de
estimulacé&o elétrica do cranio tem se mostrado util para intervengdes em zumbido e depressé&o, mas com
um custo muito elevado (estimulacéo transmagnética). Oferecemos uma op¢éo a baixo custo, caso nossas
pesquisas mostrem ganho, o que é a nossa expectativa.Para aqueles infectados pelo HTLV-1 que tiverem o
diagnostico de alteragéo na cognicéo auditiva por causa da presente pesquisa, ter a oportunidade de ser
submetido ao treinamento auditivo € um privilégio, ao nosso ver. O treinamento auditivo € uma modalidade
de reabilitacdo da cognigéo auditiva que n&o tem qualquer risco para o paciente e vem sendo usado para
quadros de déficit de atencéo em criangas, dentre outras indicagdes. O participante desse estudo néo teria
oportunidade de ter acesso a esse tipo de tratamento se néo fosse por essa pesquisa.Por fim, a infecgéo do
HTLV-1 é considerada pelo Ministério da Saude como negligenciada e a HAM € uma mielopatia de
diagnéstico tardio e sem tratamento definido. Essa pesquisa tem como foco o diagnostico precoce e o
tratamento da instabilidade postural e cognitiva na HAM. Ambas as a¢des s&o muito importantes no contexto
de uma infeccéo que precisa de pesquisas clinicas para avancar nas questdes citadas.

Comentarios e Consideragoes sobre a Pesquisa:
A pesquisa néao apresenta questionamentos éticos. Mostra-se importante para o campo de conhecimento,
bem como tendo relevancia social ao se tratar de método diagnostico e de tratamento.

Consideragcoes sobre os Termos de apresentacao obrigatoria:

Todos os termos foram apresentados de forma correta. Ndo havendo comentarios sobre eles.

Conclusoes ou Pendéncias e Lista de Inadequacgodes:

Diante da resposta positiva aos questionamentos feitos na diligéncia do parecer de numero 2.816.069, sou
favoravel, s. m. j., a aprovagéo do projeto “Exames eletrofisiolégicos para testar a cogni¢éo auditiva e
equilibrio postural na mielopatia associada ao HTLV-1 (HAM)".

Consideracoes Finais a critério do CEP:

Aprovado conforme parecer.

Tendo em vista a legislag&do vigente (Resolugdo CNS 466/12), o COEP-UFMG recomenda aos
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pesquisadores: comunicar toda e qualquer alterac&o do projeto e do termo de consentimento via emenda na
Plataforma Brasil, informar imediatamente qualquer evento adverso ocorrido durante o desenvolvimento da
pesquisa (via documental encaminhada em papel), apresentar na forma de notificac&o relatorios parciais do
andamento do mesmo a cada 06 (seis) meses e ao término da pesquisa encaminhar a este Comité um

sumario dos resultados do projeto (relatorio final).

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacéao
Informagdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 21/08/2018 Aceito
do Projeto ROJETO 1080446.pdf 21:11:23
Outros Carta_resposta_COEP jpg 21/08/2018 |Denise Utsch Aceito
21:10:25 | Goncalves

Outros Parecer_Departamento_HTLV_2018.pdf| 21/08/2018 |Denise Utsch Aceito
21:09:10 _|Goncalves

TCLE/ Termos de | TCLE_nova_versao.pdf 21/08/2018 |Denise Utsch Aceito

Assentimento / 21:06:38 |Gongalves

Justificativa de

Auséncia

Declaragéo de Parecer_EBSERH.pdf 09/03/2018 |Denise Utsch Aceito

Instituicéo e 08:01:01 |Gongalves

Infraestrutura

Parecer Anterior COEP_VEMP_GALVANICO_2005.pdf 09/03/2018 |Denise Utsch Aceito
08:00:10 | Goncalves

Projeto Detalhado / | UniversalHTLV_2018.pdf 08/03/2018 |Denise Utsch Aceito

Brochura 19:33:48 |Gongalves

Investiaador

Folha de Rosto FolhaRostroHTLV_2018_pdf 08/03/2018 |Denise Utsch Aceito
19:28:58 | Gongalves

Situagao do Parecer:
Aprovado

Necessita Apreciagdao da CONEP:
Né&o
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BELO HORIZONTE, 17 de Setembro de 2018

Assinado por:

Eliane Cristina de Freitas Rocha
(Coordenador)
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ANEXO C: Escala EDSS

ESCALAS DE INCAPACIDADE FUNCIONAL EDSS e OSAME

(REVISADA)

‘as
a

4.0,

5.0

6.0.

ESCALA DE INCAPACIDADE FUNCIONAL AMPLIADA (EDSS)
(KURTZKE, 1965: KURTZKE, 1983)

Exame neurologico normal (grau 0) em todas as avaliagdes do sistema funcional - SF.
Nenhuma incapacidade: sinais minimos em wm SF (ou seja grau 1).

Nenhuma incapacidade: sinais minimos em mais de um SF (mais de um SF grau 1).
Incapacidade minima em um SF (wun SF grau 2: outros graus 0 ou 1).

Incapacidade em dois SF (dois SF grau 2: outros graus 0 ou 1).

Incapacidade moderada em um SF (um SF grau 3 . ounos grau 0 ou 1).ou discreta incapacidade
em trés ou quatro SF (rés ou quatro SF grau 2 :outros 0 ou 1) embora completamente
ambulatorial.

Deambulagdo plena. com incapacidade moderada em wm SF (um SF grau 3) e um ou dois SF grau
2: ou dois SF grau 3: ou cinco SF grau 2 (outros O ou 1),

Deambulacdo plena sem ajuda: auto-suficiente: ativo por cerca de 12 horas por dia. apesar da
incapacidade relativamente grave consistindo de um SF grau 4 (outros 0 ou 1). on combinagdes de
graus menores excedendo os limites das erapas anteriores capaz de caminhar cerca de 500 metros
sem ajuda ou descanso,

Deambulagio plena sem ajuda: ativo durante grande parte do dia: capaz de trabalhar por um dia
mteiro; porém. pode apresentar alguma limitacdo da atividade completa ou precisar de um pouco

de ajuda: caracteriza-se por incapacidade relativamente grave, geralmente consistindo de um SF

grau 4 (ourros O ou 1), ou combinagdes de graus menores excedendo os limites das etapas
anteriores: capaz de caminhar cerca de 300 metros sem ajuda ou descanso.

Deambulagio sem ajuda ou descanso para caminhar cerca de 200 metros: incapacidade grave o
suficiente para comprometer as atividades dianas (por exemplo. trabalhar o dia inteiro sem
dispositivos especiais); os equivalentes comuns do SF sfio de grau 5. isoladamente (outros 0 ou
1).0u combinagdes de graus menores. geralmente excedendo os limites da etapa 4.0.

Deambulagdo sem ajuda ou descanso para caminhar por 100 metros; incapacidade grave o
suficiente para impedir a realizagfio de anvidades didrias: 0s equivalentes comuns do SF sdo de
grau 5, 1soladamente (outros 0 ou 1), ou combinacdes de graus menores, geralmente excedendo os
limites da etapa 4.0,

Assisténcia intermitente ou com auxilio unilateral constante (bengala. muleta ou suporte) para
camunhar cerca de 100 metros com ou sem descanso: os equivalentes commns do SF sdo
combinagdes com mais de 2 SF grau 3-.

http://www.bibliotecadigital.ufba.br/tde_busca/arquivo.php?cod Arquivo=465.
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7.0.

8.0.

8.5.

9.0.

9.5,

10,

Assisténcia bilateral constante (bengala, mulera, suporte) para caminhar cerca de 20 metros sem
descanso: 0s equivalentes comumns do SF sdo combinagdes com mais de dois SF grau 3 -

Incapacidade para caminhar além de cerca de 5 metros, mesmo com auxilio: restrito a cadeira de
rodas: capaz de conduzir a cadeira de rodas comum sem auxilio. além de entrar e sair da cadeira
sem ajuda: consegue permanecer em atividade, na cadeira de rodas. por cerca de 12 horas por dia:
o0s equivalentes conmms do SF sfio combinagdes com mais de um SF grau 4+ muito raramente,
fungdo piramidal grau 5 isoladamente,

Incapacidade para dar mais do que alguns passos: confinamento a cadeira de rodas: pode precisar
de ajuda para sair e sentar na cadeira: capaz de conduzir a cadeira sem ajuda, mas nio consegue
permanecer na cadeira de rodas comum o dia inteiro: precisa de cadeira de rodas motorizada: os
equivalentes comuns do SF sdo combinagdes com mais de um SF gran 4-.

Restrito ao leito ou a cadeira. ou consegue se locomover com a cadeira de rodas. porém ndo
consegue ficar fora da cama por muito tempo: consegue realizar algumas funcées para cuidar da
sua propria higiene e mantém o uso dos bragos: os equivalentes comuns do SF sdo combinagdes
com grau 4+ em diferentes sistemas.

Essencialmente confinado a cama na maior parte do dia: consegue realizar algumas fungdes para
cuidar de sua propria higiene € mantém algum uso dos bragos: os equivalentes comuns do SF sio
combinagdes com grau 4+ em diferentes sistemas,

Paciente acamado ¢ desamparado: consegue se comunicar e comer: os equivalentes comuns do SF
s&io combinagdes. em sua maioria, do grau 4=

Paciente totalmente desamparado e acamado: incapaz de se comunicar com eficicia ou comer/
engolir: 0s equivalentes comuns do SF sdo combinagdes, quase todos do grau 4,

Morte devida a complicacdes da EM,

http://www.bibliotecadigital.ufba.br/tde_busca/arquivo.php?cod Arquivo=465.
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ANEXO D: Escala OSAME

BASELINE

ESCALA DE INCAPACIDADE MOTORA REVISADA DE OSAME
IZUMO et al., 1996

ESCALA OSAME
0 Deambula e corre normalmente
1 Marcha normal mas corre lentamente
2 Marcha anormal(vacilante ou espéstica)
Marcha anormal e incapacidade para correr
3
4 Necessita apoio para usar escadas mas deambula sem auxilio
Necessita apoio em uma das
B mios para deambular
Necessita apoio nas duas mios para deambular
6
Incapaz para deambular embora engatilhe
7
Incapaz de engatilhar embora
8 mude posi¢do no leito
Incapaz de mudar a posi¢do no leito embora mova os dedos
9
10 Completamente restrito ao leito

http://www .bibliotecadigital.ufba.br/tde_busca/arquivo.php?cod Arquivo=465



